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While	the	biology	of	IgD	begins	to	be	better	understood,	the	mechanism	of	expression	of	this	phylogenetically	33 
old	 and	 highly	 conserved	 Ig	 remains	 unknown.	 	 In	 B	 cells,	 IgD	 is	 expressed	 together	 with	 IgM	 as	34 
transmembrane	receptor	for	antigen	through	alternative	splicing	of	long	primary	VHDJH-Cμ-s-m-Cδ-s-m	RNAs,	35 
which	also	underpin	secreted	(s)IgD.		IgD	is	also	expressed	through	class	switch	DNA	recombination	(CSR),	as	36 
initiated	by	AID-mediated	double-strand	DNA	breaks	(DSBs)	in	Sµ	and	sd,	and	resolution	of	such	DSBs	by	a	37 
still	unknown	mechanism.		This	synapses	Sµ	with	sd	region	DSB	resected	ends	leading	to	insertion	of	extensive	38 
S-S	junction	microhomologies,	unlike	Ku70/Ku86-dependent	NHEJ	which	resolves	DSB	blunt	ends	in	CSR	to	39 
IgG,	IgA	and	IgE	with	little	or	no	microhomologies.	Our	previous	demonstration	of	a	novel	role	of	Rad52	in	a	40 
Ku70/Ku86-independent	“short-range”	microhomology-mediated	synapsis	of	intra-Sµ	region	DSBs	led	us	to	41 
hypothesize	 that	 this	 homologous	 recombination	 DNA	 annealing	 factor	 is	 also	 involved	 in	 short-range	42 
microhomology-mediated	alternative	endjoining	(A-EJ)	recombination	of	Sµ	with	sd.		We	found	that	induction	43 
of	IgD	CSR	by	selected	stimuli	downregulated	Zfp318	(the	suppressor	of	Cµ-s-m	transcription	termination),	44 
promoted	Rad52	phosphorylation	and	Rad52	recruitment	to	Sµ	and	sd, leading	to	Sµ-sd recombination	with	45 
extensive	microhomologies,	VHDJH-Cds	transcription	and	sustained	IgD	secretion.	 	Rad52	ablation	in	mouse	46 
Rad52–/–	B	cells	aborted	IgD	CSR	in	vitro	and	in	vivo	and	dampened	the	specific	IgD	antibody	response	to	OVA.		47 
Further,	Rad52	knockdown	in	human	B	cells	virtually	abrogated	IgD	CSR.		Finally,	Rad52	phosphorylation	was	48 
associated	with	high	 levels	of	 IgD	CSR	and	anti-nuclear	 IgD	autoantibodies	 in	 lupus-prone	mice	and	 lupus	49 
patients.		Thus,	Rad52	effects	CSR	to	IgD	through	microhomology-mediated	A-EJ	and	in	concert	with	Zfp318	50 
modulation.		This	is	a	previously	unrecognized,	critical	and	dedicated	role	of	Rad52	in	mammalian	DNA	repair	51 
that	provides	a	mechanistic	underpinning	to	CSR	A-EJ. 	52 
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IgD has been an enigmatic antibody class for many years, despite being evolutionarily ancient and highly 53 
conserved across species1-6.  As primordial as IgM, IgD appeared in cartilaginous fishes, amphibians and occurs 54 
in fishes, rodents, cattle and humans2,7.  As an example, in Xenopus, the Igδ exon cluster is in the same position, 55 
immediately 3′ of the Igµ locus, as it exists in mammals7.  In mice and humans, IgD is expressed primarily as a 56 
transmembrane IgD receptor together with IgM with identical antigen specificity on naïve mature B cells in the 57 
form of BCR.  IgD also exists as a secreted antibody.  In humans, circulating IgD occurs at concentrations up to 58 
more than two-thousand folds greater than IgE (10-250 µg/ml vs. ~0.1 µg/ml), the rarest peripheral blood Ig class.  59 
IgD are secreted by IgM−IgD+ plasmablasts and plasma cells differentiated from B cells in lymphoepithelial organs 60 
in aerodigestive mucosae, including palatine and pharyngeal tonsils.  IgM−IgD+B cells and plasma cells can also 61 
be found in the lachrymal, salivary and mammary glands3.  In addition to existing as free molecule, IgD can occurs 62 
on the surface of innate effector cells, including basophils, mast cells and monocytes1,8,9.  IgD bound to these cells 63 
would enhance immune surveillance and exert proinflammatory and antimicrobial effects1,8,9. These include 64 
triggering basophils to secret IL-4, IL-5 and IL-13 upon antigen engagement or attenuating basophil or mast cell 65 
allergic degranulation induced by IgE co-engagement1.  Thus, IgD would contribute to mucosal homeostasis by 66 
endowing effector cells with reactivity to microbial commensals and pathogens5,6. 67 

Identifying the stimuli and molecular mechanisms that underpin IgD expression is important to understand 68 
the regulation of IgD secretion throughout the body.  The immediately proximal location and unique integration 69 
of Cδ and Cµ gene loci in the same transcriptional unit allow these two Ig isotypes to be coordinately regulated in 70 
transcription10,11.  In naive mature B cells, (membrane) mIgM and mIgD are co-expressed by alternative splicing 71 
of long primary transcripts consisting of rearranged VHDJH exons and downstream Cµ and Cδ exons (VHDJH-Cµ-72 
s-m-Cδ-s-m).  Alternative splicing of the same long primary VHDJH-Cµ-s-m-Cδ-s-m transcripts also leads to 73 
expression of (secreted) sIgM and sIgD2,8.  Transcription of long primary VHDJH-Cµ-s-m-Cδ-s-m RNA requires 74 
the zinc finger ZFP318 repressor of transcriptional termination, which obliterates the effect of the transcriptional 75 
termination sites (TTS) intercalated between the Cµ and Cd exon clusters10,11 (Fig. 1a).  IgD can also be expressed 76 
through class switch DNA recombination (CSR), by which IgM+IgD+B cells juxtapose VHDJH DNA from the Cµ 77 
(IgM) to the Cδ (IgD) exons cluster, giving rise to VHDJH-Cδm RNA transcripts and IgM–IgD+B cells1,5,8,9,12 (Fig. 78 
1b).  In human and mouse nasopharyngeal and intestinal lymphoid tissues, a significant proportion of mucosal B 79 
cells class-switch to IgM–IgD+B cells, which subsequentially differentiate to plasmablasts and plasma cells1,3,5,6.  80 
Generally, CSR to IgD (Cδ) is a less frequent event than CSR to IgG (Cγ), IgA (Cα) or IgE (Cε), perhaps a 81 
reflection among other factors of the peculiar structure of the pseudo-switch σδ region lying immediately upstream 82 
of Cδ exons.  Compared to the canonical Sµ, Sg, Sa and Se regions lying 5’ of the respective Igµ, Igg, Iga and 83 
Ige  loci, σδ is shorter and contain differing motifs of nucleotide (nt) repeats2,5,8,13,14.  These would provide an 84 
unconventional substrate for AID-mediated insertion of DSBs, possibly more prone to end-resection and 85 
generation of single-strand overhangs for Sµ-sd recombination, which leads to expression of post-recombination 86 
VHDJH-Cδ RNA transcripts2,8,13-15. 87 

Unlike CSR to IgG, IgA and IgE, the mechanism of CSR to IgD remains unknown.  Recombination involving 88 
Sµ DSB ends with DSB ends in downstream Sµ, Sg, Sa or Se region is effected by non-homologous end-joining 89 
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(NHEJ), one of the two major DNA DSB repair pathways, the other being homologous recombination (HR)16,17. 90 
HR accurately repairs resected (staggered) DSB ends using a sister chromatid as a homologous single-strand 91 
template during cell cycle S-G2. It critically effects error-free DSB repair in somatic cells and helps orchestrate 92 
chromosome segregation in meiosis.  In contrast to HR, NHEJ is a homology-independent error-prone process.  It 93 
synapses blunt or virtually blunt DSB ends that lack substantial joining complementarity to form “direct” junctions, 94 
predominantly in G1 but also throughout the whole cell cycle16.  NHEJ requires Ku70/Ku86 and in CSR mediates 95 
efficient long-range synapses of Sµ DSB ends with Sg, Sa and Se DSB ends, leading to IgG, IgA and IgE15.  The 96 
finding, however, that reduction or deletion of Ku70/Ku86 led to reduced but still substantial CSR to IgG1 and 97 
IgG3 supported the existence of an alternative CSR end-joining (A-EJ) pathway18-20.  This, like HR, would join 98 
resected DSB ends, thereby giving rise to S-S junctions with microhomologies.  Unlike HR, however, the A-EJ 99 
pathway juxtaposes DSB overhangs to be joined without using a homologous template as a guide.  Rather, it 100 
utilizes differing extents of sequence complementarity (homology) between the upstream and downstream 101 
resected DSB overhangs to align the to-be DNA junctions21.  As we have shown, HR factor Rad52 competes with 102 
Ku70/Ku86 for binding to S region DSB ends and synapses DSB ends by A-EJ through microhomology-mediated 103 
end-joining (MMEJ)20, as inferred from increased NHEJ-mediated IgG, IgA and IgE CSR events with even fewer 104 
S-S junction microhomologies in Rad52–/– B cells in vivo and in vitro20.  This together with the increased CSR to 105 
IgD in B cells lacking 53BP1, which protects S regions DSB ends from resection and facilitates long-range NHEJ 106 
to IgG, IgA and IgE22-24, as well as other findings of ours showing reduced intra-Sµ DSB short-range rejoining in 107 
Rad52–/– B cells20 led us to hypothesize that by annealing to single-strand resected DSB ends, Rad52 mediates 108 
CSR to IgD through A-EJ involving short-range Sµ-sd DSB recombination. 109 

To test the hypothesis that Rad52 synapses Sµ with σδ DSB ends for IgD CSR, we first set up to define the 110 
stimuli that consistently induce CSR to IgD in mouse and human B cells.  We then used such stimuli in mouse 111 
Rad52–/–B cells and RAD52 siRNA knockdown human B cells together with molecular genetic methods to 112 
determine the impact of Rad52 deficiency as well as Rad52 phosphorylation on Sµ-σδ DNA recombination and 113 
IgD expression.  We validated our findings by analyzing specific IgD antibody and total IgD titers in mouse blood, 114 
lungs and gut, as well as recombined Sµ-σδ DNA sequences in mouse spleen, mesenteric lymph nodes (MLNs) 115 
and Peyer’s patches as well as human tonsil B cells.  We adapted chromatin immunoprecipitation (ChIP) assays 116 
to analyze the recruitment of Rad52/RAD52 to the σδ region in mouse and human B cells induced to undergo 117 
CSR to IgD, in which we also analyzed regulation of VHDJH-Cd transcription.  We found that different stimuli 118 
induced IgD expression by alternative splicing of long VHDJH-Cµ-s-m-Cδ-s-m RNA transcripts or by Sµ-σδ CSR.  119 
Further, we determined the expression of IgD by CSR to be related to Zfp318-mediated repression of the TTS 120 
integrated in Cµ-Cd loci.  We also correlated Sµ-σδ CSR with IgD secretion and plasma cell differentiation.  121 
Finally, we analyzed B cell Rad52 phosphorylation in lupus patients and lupus-prone mice and correlated it with 122 
CSR to IgD involving extensive microhomologies and somatic mutations in Sµ-σδ junctional sequences, as well 123 
as the occurrence of high levels of anti-nuclear antigen IgD autoantibodies. Our findings show that Rad52 124 
mediates CSR to IgD through microhomology-mediated A-EJ and in concert with Zfp318 modulation.  This is a 125 
previously unrecognized, critical and dedicated role of Rad52 in an essential DNA repair process in mammals.  126 
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Results 127 
Definition of stimuli that induce Sµ-σδ CSR in mouse and human B cells.  Toward testing our hypothesis that 128 
Rad52 mediates CSR to IgD, we first determined the stimuli that induce IgM+IgD+ B cells to undergo Sµ–σδ 129 
recombination.  In these B cells, mIgD and sIgD and IgM are expressed by alternative splicing of long primary 130 
VHDJH-Cµ-s-m-Cδ-s-m mRNAs – the Cδ locus is located immediately downstream of the Cµ locus in the same 131 
transcriptional unit, allowing these two loci be coordinately regulated at the transcriptional level1,2,4,6 (Fig. 1a).  132 
As CSR can be induced in a T-dependent or T-independent antibody fashion15,25, we used CD40 ligand CD154 133 
(for mouse and human B cells), TLR4 ligand LPS (mouse B cells) and TLR9 ligand CpG (human B cells) in 134 
conjunction with differing cytokines and/or BCR-cross-linking to induced CSR to IgD.  Recombined Sµ–σδ, Sµ–135 
Sg1, Sµ–Sg3, Sµ–Sa and Sµ–Se DNAs were detected by specific nested PCRs followed by positive identification 136 
of amplified DNA by blotting and hybridization with specific DNA probes (Fig. 1 inset), complemented by 137 
sequencing of the junctional Sµ-σδ or Sµ-SX DNA.  Of all stimuli used, only LPS or CD154 plus IL-4 induced 138 
CSR to IgD in mouse B cells (Fig. 2a), and only CpG plus IL-2 and IL-21, or CD154 plus IL-4 or IL-15 and IL-139 
21 induced CSR to IgD in human B cells.  IgD CSR was also detected in vivo in tonsil B cells (Fig. 2b).  The 140 
effectiveness of the stimuli that did not induce CSR to IgD was verified by the respective induction of the expected 141 
Sµ–Sg1, Sµ–Sg3, Sµ–Sa or Sµ–Se DNA recombination. (IgG1, IgG3, IgA or IgE) (Fig. 2a) – no CSR to IgD, IgG, 142 
IgA or IgE occurred in Aicda–/– B cells.  In all cases, CSR was further confirmed by detection of post-143 
recombination Iµ-Cg1, Iµ-Cg3, Iµ-Ca and Iµ-Ce transcripts at 72 h of culture – as post-recombination Iµ-144 
Cd transcripts are indistinguishable from germline Iµ-Cds-m RNA transcripts and consistent with high levels of 145 
the latter in naïve B cells, Iµ-Cd amplification products were less abundant in class-switched IgD than naïve B 146 
cells (Figs. 1, 2c).  Thus, only select stimuli induce CSR to IgD in mouse and human B cells. 147 

Sµ-σδ junctions are enriched in microhomologies and abetted by somatic mutations in mouse and human 148 
B cells.  The mechanisms effecting CSR S-S synapses can leave a S-S junctional signature20,26.  As we previously 149 
showed, Rad52 mediates A-EJ of resected DSB ends by juxtaposing overhangs with nucleotide complementarities, 150 
thereby giving rise to Sµ-Sx DNA junctions with microhomologies20.  Next generation sequencing of more than 151 
100,000 recombined Sµ-Sx DNA junctions from mouse and human B cells in vitro and/or in vivo showed that 152 
Sµ–σδ junctions contained significantly more microhomologies (p <0.01) than Sµ–Sg1 or Sµ–Sa DNA junctions 153 
(representative frequencies and lengths of microhomologies in human and mouse B cells are depicted in Fig. 3a; 154 
representative human and mouse intra-sd and junctional Sµ-Sx sequences are depicted in Fig. 4 and Extended 155 
Data Figs. 1,2), indicating  that a MMEJ21 synaptic process underpinned Sµ–σδ junction formation.  In both human 156 
and mouse B cells, the microhomologies in Sµ–sd junctions were significantly more extensive than those in Sµ–157 
Sg1 and, to a lesser extent, Sµ–Sa junctions (Fig. 4, Extended Data Figs. 1,2).  As one example, in human tonsil 158 
B cells, 100% of analyzed Sµ-sd junctions contained microhomologies, consisting of 2 to 13 nucleotides (mean 159 
= 6.30), while only 21% of Sµ–Sg1 junctions contained microhomologies, consisting of 1 to 6 nucleotides (mean 160 
= 0.72) (Fig. 3a).  Interestingly, there were a few common S-S sequences shared by recombined Sµ–sd DNA 161 
junctions in human tonsil B cells and blood naïve B cells stimulated in vitro by CpG plus IL-2 and IL-21, 162 
suggesting that Sµ and sd DSB hotspots underpin Sµ–sd in DNA recombinations. A high frequency of 163 
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microhomologies was also evident in the synaptic repair process of intra-σδ DSBs, evocative of what we showed 164 
in intra-Sµ DSBs20.  Consistent with the greatest occurrence of microhomologies in Sµ–sd junctions, Sµ is better 165 
suited for complementary DNA single-strand annealing with sd than Sg1 or, to a lesser extent, Sa (mouse) or Sa1 166 
(human), based on various numbers and contexts of these DNA regions discrete motifs, such as [Gn]AGCT repeats 167 
(Sµ, Sg and Sa) or AGCTGAGCTG repeats (Sµ and sd), as revealed by Pustell Matrix dot-plot analysis (Fig. 3b).  168 
Finally, Sµ–sd DNA junctions were associated with somatic point-mutations. These were more frequent in the 169 
sd area than Sµ area abetting the Sµ–sd junction (e.g., 0.559 x 10−2 vs. 0.973 x 10−2 change/base in mouse spleen 170 
B cells in vivo and 1.251 x 10−2 vs. 1.985 x 10−2 change/base in mouse B cells stimulated by LPS plus IL-4 in 171 
vitro) (Fig. 3c).  Thus, the high frequency of microhomologies in Sµ–σδ junctions supports a role of Rad52 in 172 
mediating CSR to IgD. 173 

Rad52 is critically required for Sµ–σδ recombination.  Having established that LPS or CD154 pus IL-4 induced 174 
CSR to IgD in mouse B cells, we used these stimuli and Rad52–/– B cells together with appropriate controls (LPS 175 
alone, LPS plus TGF-b and RA, CD154 or CD154 plus TGF-b and RA) and the same approach used in the 176 
experiments of Fig. 2 to investigate whether or not Rad52 was required for CSR to IgD.  LPS plus IL-4 and  177 
CD154 plus IL-4 failed to induce Sµ–σδ recombination in Rad52–/– B cells, while either treatment efficiently 178 
induced Sµ-Sg1 and Sµ-Se recombinations in the same Rad52–/– B cells, and Sµ–σδ recombination in Rad52+/+ B 179 
cells (Fig. 5a) – in Rad52–/– B cells, LPS and LPS or CD154 plus TGF-b and RA induced CSR to IgG3 and IgA, 180 
respectively.  As expected, CSR to IgD as well as IgG, IgA and IgE was ablated in Aicda–/– B cells.  Finally, the 181 
failure of Rad52–/– B cells to undergo CSR to IgD was associated with significantly decreased secretion of IgD 182 
(Fig. 5b).  Thus, Rad52 is critical for Sµ–σδ DNA recombination and seemingly important for IgD secretion. 183 

Rad52 is required to mount a specific IgD antibody response.  We determined the role of Rad52 in supporting 184 
a specific IgD antibody response by immunizing Rad52–/– and Rad52+/+ mice with OVA (20 µg in alum, i.p., 3 185 
times).  Rad52–/– mice showed no Sµ–σδ recombination in spleen, mesenteric lymph nodes (MLNs) or Peyer’s 186 
patch B cells (Fig. 6a).  The lack of CSR to IgD was specific, as B cells in such mice showed Sµ–Sg1 and  Sµ–187 
Sa DNA recombinations as B cells in Rad52+/+ mice, which also underwent Sµ–σδ recombination.  In Rad52–/– 188 
mice, Sµ–Sg1 and Sµ–Sa DNA junctions showed fewer and shorter microhomologies than in Rad52+/+ mice (Fig. 189 
6b, Extended Data Figs. 2,3), a reflection of involvement of Rad52 in CSR to isotypes other than IgD20.  Rad52–190 
/– mice showed significantly decreased total and/or OVA-specific IgD in circulating blood, bronchoalveolar lavage 191 
(BALF), feces (free or bound to fecal bacteria), and IgD-producing cells in MLNs and lamina propria, as compared 192 
to their Rad52+/+ counterparts (Fig. 6c-h).  This contrasted with the normal or elevated total and OVA-specific 193 
IgM, IgG1 and IgA levels in the same Rad52–/– mice, as predicted based on our previous findings27.  Thus, Rad52 194 
is required to mount an efficient antigen-specific class-switched IgD response. 195 

Rad52 is modulated and phosphorylated by IgD CSR-inducing stimuli, and it is recruited to Sµ and σδ.  We 196 
analyzed Rad52, Ku70, Ku86 and Aicda transcripts as well as respective Rad52, Ku70, Ku86 and AID proteins, 197 
including phosphorylated Rad52 (p-Rad52 has been shown to display enhanced ssDNA annealing activity28), in 198 
B cells induced to undergo CSR to IgD.  Mouse B cells stimulated by LPS plus IL-4 and human B cells stimulated 199 
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by CD154 plus IL-4 and IL-21 increased Ku70/Ku86 and Ku70/Ku86 expression at 24-48 h concomitant with 200 
significantly greater expression of Aicda and AID, which was nearly undetectable at time 0, while somewhat 201 
downregulating Rad52 and Rad52.  Rad52 protein, however, was progressively phosphorylated within the same 202 
time range (Fig. 7a-c).  Further supporting its role in CSR to IgD, Rad52 was recruited to Sµ, σδ (and Sg1) in B 203 
cells stimulated by LPS plus IL-4, which induced Sµ-sd (and Sµ-Sg1) DNA recombination, but not by stimuli 204 
that did not induce Sµ–σδ recombination, i.e., LPS alone or LPS plus TGF-b and RA, as shown by chromatin 205 
immunoprecipitation (ChIP) using an anti-Rad52 Ab – the specificity of the ChIP Rad52 recruitment assay being 206 
emphasized by the lack of chromatin immunoprecipitation in Rad52–/– B cells (Fig. 7d,e).  Recruitment of Rad52 207 
but not Ku70/Ku86 to σδ in CSR to IgD, as induced by LPS plus IL-4, contrasted with that of Ku70/Ku86 to Sg3 208 
and Sa regions as induced in CSR to IgG3 and IgA (Fig. 7f), a possible reflection of the competition of these HR 209 
and NHEJ elements for binding to S region DSB ends20.  Notably, LPS plus IL-4 induced recruitment of Rad52 210 
but not Ku70/Ku86 to sd, while inducing mostly Ku70/Ku86 recruitment to Cg1, consistent with the efficient LPS 211 
pus IL-4 induction of CSR to IgG1, mediated mainly by NHEJ20.  Thus, Rad52 expression and, importantly, Rad52 212 
phosphorylation are modulated by IgD CSR-inducing stimuli. 213 

Stimuli that induce Sµ-sd DNA recombination downregulate ZFP318/Zfp318 and lead to IgD secretion.  214 
Next, we addressed the expression of mIgD and sIgD and its regulation by stimuli inducing CSR to IgD.  Resting 215 
B cells expressed mIgD and mIgM, but little or no sIgD or sIgM, reflecting high levels of VHDJH-Cdm and VHDJH-216 
Cµm trancripts and low levels of VHDJH-Cds and VHDJH-Cµs transcripts (Fig. 8a).  Induction of CSR to IgD (by 217 
LPS or CD154 plus IL-4) resulted in loss of virtually all mIgD, emergence of VHDJH-Cds transcripts together with 218 
VHDJH-Cµs transcripts and significant IgD secretion (Fig. 8a-b).  By contrast, application of IgD CSR non-219 
inducing stimuli (LPS plus TGF-b and RA) to similar naive IgM+IgD+B cells resulted in partial loss of mIgD, no 220 
change in VHDJH-Cdm transcripts and marginal IgD secretion (Fig. 8a-b).  The changes in VHDJH-Cdm, VHDJH-221 
Cds transcripts, mIgD and sIgD brough about by IgD CSR-inducing stimuli paralleled the downregulation of 222 
Zfp318 transcripts and Zfp318 protein – Zfp318 represses the TTS that mediates alternative transcriptional VHDJH-223 
Cµ/VHDJH-Cd termination, thereby allowing for long-range transcription throughout VHDJH-Cµ-s-m-Cδ-s-m DNA 224 
(Fig. 8c-e).  Zfp318 downregulation was specific to IgD CSR, as it did not occur in response to IgA CSR-inducing 225 
stimuli (LPS plus TGF-b and RA).  ZFP318 downregulation concomitant with decreased mIgD expression and 226 
increased IgD secretion was reproduced in human B cells submitted to IgD CSR-inducing stimuli (CpG plus IL-227 
2 and IL-21) but not IgD CSR non-inducing stimuli (CpG plus IL-4 and IL-21) (Fig. 8,f).  Similarly, ZFP318 228 
transcripts and ZFP318 protein were downregulated in human B cells undergoing IgD CSR in vivo, as in tonsils 229 
(Fig. 8,g).  Zfp318 downregulation was independent and likely preceding expression of AID or Rad52, as revealed 230 
by virtual absence of Zfp318 transcripts in LPS plus IL-4-induced Aicda–/– B cells, Rad52–/– B cells and Rad52+/+ 231 
B cells, all of which lost mIgD expression as compared to similar B cells stimulated by IgA CSR-inducing stimuli 232 
(LPS plus TGF-b and RA) (Fig. 8h-j).  Thus, the stimuli that specifically induce CSR to IgD downregulate 233 
ZFP318/Zfp318 independently of AID or Rad52 expression and prior to Sµ-sd DNA recombination. 234 

RAD52 knockdown reduces Sµ-sd DNA recombination and IgD secretion in human B cells.  The high 235 
frequency of microhomologies in Sµ-sd junctions of human tonsil B cells in vivo and human B cells induced to 236 
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undergo CSR to IgD in vitro (Figs. 3a,4,6b, Extended Data Figs. 1-5) suggested to us that RAD52 also mediates 237 
Sµ-sd DNA recombination in human B cells.  We purified naïve IgM+IgD+B cells from peripheral blood of 3 238 
healthy subjects and knocked down using RAD52-specific siRNAs RAD52 transcripts and RAD52 protein by up 239 
to 75% and 95%, respectively.  In these B cells, Sµ-sd recombination, as induced by CpG plus IL-2 and IL-21, 240 
was virtually abolished, while AICDA or AID expression and Sµ-Sg1 recombination were not altered (Fig. 9a-c).  241 
The reduced Sµ-sd DNA recombination in RAD52 knockdown human B cells was associated with decreased 242 
expression of VHDJH-Cds transcripts, without significant alteration of VHDJH-Cdm transcripts (Fig. 9d).  The 243 
critical role of RAD52 in human CSR to IgD was emphasized by RAD52 recruitment to Sµ and sd regions in 244 
human naïve B cells induced to undergo CSR to IgD (by CpG plus IL-2 and IL-21) in vitro, human tonsil (IgD+) 245 
B cells undergoing CSR to IgD in vivo, but not in unstimulated naïve IgD+IgM+ B cells (Fig. 9e).  Thus, Rad52 246 
critically mediates CSR to IgD through Sµ–σδ recombination in human B cells. 247 

Sµ-sd DNA recombination leads to IgD plasma cell differentiation.  To determine whether the substantial IgD 248 
production we observed only upon induction of CSR to IgD (Figs. 5b,6c-h,8b,f) would be associated with plasma 249 
cell differentiation, we analyzed human IgM+IgD+B cells induced to undergo CSR to IgD by CpG plus IL-2 and 250 
IL-21. More than 13% of these B cells became mIgM–intracellular IgD+ compared to about half of their 251 
counterparts stimulated by CpG plus IL-4 and IL-21 and not switching to IgD (Fig. 10a).  More than 90% of the 252 
IgM–IgD+B cells emerging from CpG plus IL-2 and IL-21 simulation expressed BLIMP-1 and almost 60% were 253 
CD27+CD38+ versus about 10% of the IgM–IgD+B cells from CpG plus IL-4 and IL-21 expressing BLIMP-1 and 254 
less than 12% being CD27+CD38+.  Among mouse IgM+IgD+B cells induced to undergo CSR to IgD by LPS plus 255 
IL-4, about 25% expressed intracellular IgD.  All these B cells also expressed Blimp-1 and 70% or more acquired 256 
CD138 (Fig. 10b).  By contrast, among IgM+IgD+B cells induced to undergo CSR to IgA by LPS plus TGF-b and 257 
RA, about 50% expressed intracellular IgD but virtually none expressed Blimp-1 or acquired surface CD138.  The 258 
relevance of IgD CSR to sustained IgD secretion was suggested by analysis of 3 human myelomas, two IgD and 259 
one IgA.  Both IgD myelomas displayed Sµ–sd DNA, but not Sµ–Sa DNA recombination (Fig. 10c).  Conversely, 260 
the IgA myeloma showed Sµ–Sa, but not Sµ–sd DNA recombination.  Thus, IgD+B cells emerging by CSR would 261 
are prone to differentiate into IgD-secreting plasmablasts/plasma cells for sustained IgD secretion.  And such 262 
IgD+B cells may function as precursors of neoplastic IgD+ transformants. 263 

B cell Rad52 phosphorylation, increased CSR to IgD and IgD autoantibodies in systemic autoimmunity.  264 
Serum IgD have been suggested to increase in patients with inflammatory autoimmune diseases, such as systemic 265 
lupus erythematosus (SLE)29 and rheumatoid arthritis30, and in hereditary autoinflammatory syndromes, most 266 
notably the hyper-IgD syndrome (HIDS)31-34.  While in healthy humans, many B cells make IgD that react with 267 
components of the self35, we found patients with systemic lupus to display significantly higher levels of circulating 268 
IgD, including IgD specific for nuclear antigens, than their healthy subject controls (Fig. 11a,d).  This possibly 269 
reflected the higher level of B cell Rad52 and/or p-Rad52 expression in such lupus patients (Fig. 11k).  Similarly, 270 
we found lupus-prone MRL/Faslpr/lpr mice to show far higher levels of IgD than their wildtype C57BL/6 271 
counterparts in serum, feces and BALF as well as increased IgD-coated bacteria in feces, a reflection of high 272 
levels of VHDJH-Cds transcripts in bone marrow, spleen, MLNs and Peyer’s patches B cells as well as increased 273 
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numbers of IgD+ B cells in lamina propria, MLNs and Peyer’s patches (Fig. 11a-f).  In MRL/Faslpr/lpr mice, the 274 
elevated IgD levels reflected increased IgD-producing cells and increased Sµ-sd DNA recombination in bone 275 
marrow, spleen, MLNs and Peyer’s patches (Fig. 11g).  Increased CSR to IgD in MRL/Faslpr/lpr was associated 276 
with high levels of p-Rad52 expression, greater frequency and length of microhomologies in Sµ–sd as compared 277 
to Sµ-Sg1 and Sµ-Sa junctional sequences, as well as with a high frequency of somatic point-mutations in areas 278 
abetting Sµ-Sd DNA junctions (Fig. 11h-k and Extended Data Fig. 6).  Thus, high levels of B cells expressing p-279 
Rad52 are associated with high levels of IgD and IgD autoantibodies to nuclear antigens in lupus patients and in 280 
lupus-prone MRL/Faslpr/lpr mice.  In these mice, Sµ-sd DNA recombination events involving high frequency of 281 
junctional microhomologies occur in B cells of different body districts, giving rise to high levels of IgD 282 
autoantibodies locally and systemically.  283 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted July 14, 2021. ; https://doi.org/10.1101/2021.06.28.450246doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.28.450246


                 Rad52 mediates CSR to IgD 

Page 10 of 29. 

Discussion 284 
The mechanism of CSR to IgG, IgA and IgE are quite well understood, as mediated by Ku70/Ku86-dependent 285 
NHEJ, although occurrence of a “residual” IgM to IgG CSR in B cells lacking Ku70/Ku86 expression has 286 
suggested the existence of a Ku70/Ku86-independent A-EJ synaptic mechanism18-20.  Mice lacking 53BP1, in 287 
which NHEJ-dependent CSR to IgG, IgA and IgE was significantly decreased – 52BP1 protects resection of DSB 288 
ends, thereby skewing the synaptic process toward NHEJ – showed increased CSR to IgD and increased 289 
circulating IgD levels, suggesting that the short-range Sµ–σδ CSR was mediated by a 53BP1-independent synaptic 290 
process involving resected DSB ends and entailing a high frequency of Sµ–σδ junctional microhomologies22,23.  291 
This together with our previous demonstration that Rad52 plays a central role in synapsing intra-Sµ region 292 
resected DSB ends as well as c-Myc/IgH locus translocations also involving resected DSB ends, both processes 293 
entailing significant junctional microhomologies, prompted us to hypothesize that Rad52 mediates the A-EJ 294 
process that synapses Sµ and sd DSB with complementary overhangs in CSR to IgD20.  Here, we demonstrated 295 
that Rad52 mediates CSR to IgD in mouse and human B cells (Extended Data Fig. 7), thereby unveiling a 296 
previously unknown, critical and dedicated role of this HR factor in mammalian DNA repair. 297 

We have provided here unequivocal evidence that Rad52 is critical for CSR to IgD in vitro and in vivo, in 298 
mouse and human B cells.  In mouse Rad52–/– B cells, Sµ-sd DNA recombination was ablated and IgD secretion 299 
greatly reduced.  Similarly, in RAD52 knockdown B cells from healthy subjects, Sµ-sd DNA recombination was 300 
virtually abrogated and IgD secretion greatly decreased – as expected1,5, Sµ-sd DNA recombination could not 301 
occur in the absence of AID, which introduces DSBs in sd as it does in Sµ, Sg, Sa or Se.  In mouse Rad52–/– B 302 
cells and human RAD52 knockdown B cells, decreased post-recombination VHDJH-Cds transcripts resulted in 303 
reduced IgD secretion, which occurred in presence of unaltered transmembrane VHDJH-Cdm transcript levels, at 304 
least within the first 72 hours from CSR induction.  Interestingly, the stimuli that selectively induced CSR to IgD 305 
modulated the overall levels of Ku70/KU70, Ku86/KU86 and Rad52/RAD52 transcripts while significantly 306 
upregulating Aicda/AICDA in mouse and human B cells.  This was concomitant with induction of AID and 307 
moderate decrease in Rad52 protein, which, in fact, was increasingly phosphorylated at Tyr104.  Rad52 Tyr104 308 
phosphorylation has been shown to boost Rad52-mediated DNA single-strand annealing and is possibly effected 309 
by c-ABL kinase28.  Rad52 involvement in CSR to IgD was further emphasized by recruitment of this protein to 310 
sd region (in addition and necessarily to Sµ) in vivo in human tonsil IgD+ B cells, as well as in vitro, in mouse 311 
and human naïve B cells induced to undergo CSR to IgD, but no or only marginally in similar B cells undergoing 312 
CSR to IgG3 or IgA.  Instead, these B cells recruited Ku70/Ku86 to Sg3  and Sa, consistent with the major 313 
contribution of NHEJ to CSR to IgG3 and IgA. 314 

Rad52 is a member of the eponymous epistasis group for DSB repair that shows strong evolutionary 315 
conservation17,36.  In Saccharomyces cerevisiae, Rad52 is a key element of the HR pathway, and its deletion or 316 
mutation impairs DNA DSB repair37,38.  Indeed, yeast Rad52 is a recombination mediator and a facilitator of 317 
annealing of complementary DNA single-strands39,40.  It functions as a cofactor of Rad51, which forms 318 
nucleoprotein filaments with single-strand DNA and promotes strand pairing, by overcoming the inhibitory effect 319 
of replication protein A (RPA)41.  By contrast, Rad52 mutation or even deletion results in no obvious abnormalities 320 
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in viability or functions in mammalian cells.  As we have shown, Rad52–/– mice displayed no significant alteration 321 
of immune system elements, including B cells20, possibly owing to the presence of mammalian gene paralogues, 322 
such as BRCA2 and RAD51, which by encoding functions related to Rad52, can compensate for the absence of 323 
this factor42.  Human BRCA2 functions as a recombination mediator by facilitating RAD51 nucleoprotein filament 324 
formation40,43-45.  Nevertheless, human BRCA2 cannot facilitate annealing of RPA-coated DNA, a function that 325 
Rad52 carries out efficiently in the absence of BRCA246.  This together with Rad52 involvement in DSB repair at 326 
stalled or collapsed replication forks points at a unique role of Rad52 in catalyzing single-strand annealing in 327 
homology-directed DNA repair in human cells47-49. 328 

Our identification of Rad52 as essential in IgD CSR Sµ-sd synapses provides, to the best of our knowledge, 329 
the first demonstration of a critical and dedicated role of this factor in mammalian DNA repair.  The short-range 330 
Rad52-mediated Sµ-sd recombination of resected DSB ends adds to the other Rad52-mediated short-range DSB 331 
recombination we recently uncovered: intra-Sµ region DSB recombination20.  This, like Sµ-sd synapsing, 332 
engages resected DSB ends and yields significant junctional nucleotide microhomologies20.  In this function, as 333 
in CSR to IgD, Rad52 is not fungible in mouse or human B cells.  Our identification of Rad52 as the critical 334 
element in Sµ-sd synapsis also sheds light on the mechanistic nature of the CSR A-EJ DSB repair pathway 335 
(originally referred to as A-NHEJ19).  As per our current findings, the CSR A-EJ pathway uses HR Rad52 to 336 
synapse upstream and downstream DSB overhangs by a MMEJ process but does not require a homologous 337 
template as a guide, as the HR pathway does. The DNA polymerase q has been suggested to contribute to A-EJ21.  338 
Our previous findings, however, did not support a role of this polymerase in Rad52-mediated intra-Sµ DSB 339 
recombination or Sµ-Sg1, Sµ-Sg3, Sµ-Sg2a/Sg2c and Sµ-Sa recombination (CSR to IgG1, IgG3, IgG2a/IgG2c 340 
and IgA)20.  Finally, while (MMEJ) A-EJ functions as a back-up pathway in cells defective in NHEJ or HR, it also 341 
synapses DSB ends in cells that are competent for both NHEJ and HR50, as exemplified by microhomologies in 342 
S-S junctions in a proportion of B cells that class-switched to IgG, IgA and IgE, as well as the disappearance of 343 
such microhomologies upon Rad52 ablation20. 344 

As we showed here, Rad52 works in concert with Zfp318 to modulate IgD expression through an interplay of 345 
alternative RNA splicing and DNA recombination, the latter after AID intervention.  Zfp318 represses the TTS 346 
intercalated between the Cµ and Cd exons within the Ighµ/Ighd loci transcriptional complex unit10,11, thereby 347 
allowing for transcription of long primary VHDJH-Cµ-s-m-Cδ-s-m RNA.  Zfp318, however, would also 348 
simultaneously allow for the continuous expression of primary Iµ-Cµ-s-m-Cδ-s-m RNA transcripts.  In fact, albeit 349 
possibly more abundant, hence their predominant detection in our specific PCR assays, Iµ-Cδ transcripts – in 350 
secretory or membrane form – are identical in sequence to their post-recombination Iµ-Cδ counterparts (Fig. 1a,b).  351 
During B cell development, Zfp318 expression closely parallels mIgD expression10,11.  Indeed, consistent with its 352 
repression of the TTS intercalated between the Cµ and Cd exons complex, the Zfp318 protein is expressed during 353 
the transition from immature IgM+IgD– to mature IgM+IgDhi B cell10,11.  As we showed here, naïve mature B cells 354 
which express high levels of mIgD also express high levels of Zfp318 transcripts and Zfp318 protein.  In these B 355 
cells, stimuli that induced Sµ-sd DNA recombination, yielding primary VHDJH-Cδ-s-m RNA transcripts, also 356 
induced profound downregulation of Zfp318 transcripts and Zfp318 protein, suggesting that relieving Zfp318-357 
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mediated TTS repression is a prerequisite for Sµ-sd DNA recombination to unfold.  Conversely, as we also 358 
showed here, naïve mature IgM+IgD+ B cells submitted to stimuli that induced CSR to isotypes other than IgD, 359 
such as IgA (by LPS plus IL-4 and RA), further upregulated Zfp318 transcripts and Zfp318 protein, concomitant 360 
with no Sµ-sd recombination, thereby allowing for massive expression of mIgD rather than sIgD. 361 

The role of Zfp318 as gene transcription regulator is highly specific for IgD, as genome-wide transcriptome 362 
analysis of  B cell Zfp318-deficient (Vav-Cre dependent deletion) mice identified Sva as the only other gene 363 
altered in expression11 – interestingly, Sva is also involved in alternative splicing, albeit outside the IgH locus51.  364 
Zfp318 would be under the control of 5’AMP-activated protein kinase (Ampk).  This is phosphorylated by Lbk152, 365 
whose signaling triggers the B cell GC reaction.  Indeed, Lbk1’s failure to activate Ampk or Ampk loss specifically 366 
muted Zfp318 expression and IgD transcription52.  In contrast, activation of Ampk by phenformin impaired GC 367 
formation52, likely by heightening Zfp318 expression, possibly in addition to other mechanisms.  This would result 368 
in increased expression of primary VHDJH-Cµ-s-m-Cδ-s-m RNA transcripts but not Sµ-sd DNA recombination, 369 
suggesting that CSR to IgD is one of the multiple and complex events inherent to GC formation.  This is triggered 370 
by naturally occurring generally microbial stimuli, as in tonsil GCs and GCs or other secondary lymphoid 371 
formations in aerodigestive mucosae1,5,6.  Consistent with the contention that Ampk mediates the regulation of 372 
Zfp318 as well as the contrasting impact of IgD CSR-inducing (LPS plus IL-4) and non-inducing stimuli (LPS 373 
plus TGF-b and RA) on expression of Zfp318, stimulation of both human and mouse cells by LPS has been shown 374 
to result in dephosphorylation/inactivation of Ampk, while similar cell stimulation by TGF-b resulted in rapid 375 
phosphorylation/activation of this protein kinase53. 376 

In our experiments, stimuli that induced CSR to IgD (e.g., LPS plus IL-4 in mouse B cells, and CD154 plus 377 
IL-2 and IL-21 in human B cells) also downregulated Zfp318 expression which, in turn, reduced VHDJH-Cδm 378 
transcript level and mIgD, while greatly increasing VHDJH-Cδs transcripts and sIgD.  This argues for CSR to IgD 379 
to be critical for significant IgD secretion.  Indeed, stimuli that induced Sµ-sd recombination and IgD secretion 380 
also induced plasmablast/plasma cell differentiation, as shown by Blimp-1 and C38+CD27+ expression in human 381 
B cells, and Blimp-1 and CD138+ in mouse B cells.  A similar outcome was not produced by stimuli that did not 382 
induce Sµ-sd recombination and IgD secretion in mouse or human B cells.  Thus, while alternative splicing of 383 
long primary VHDJH-Cµ-s-m-Cδ-s-m RNA transcripts in B cells that have not undergo CSR would make some 384 
contribution to the overall level of IgD production in vivo, CSR to IgD is likely required for substantial and 385 
sustained IgD production, as secreted by plasmablasts/plasma cells or by neoplastic transformants, such as IgD 386 
myeloma cells. The limited IgD amounts detected in supernatants of mouse or human B cells primed by stimuli 387 
that induced high levels of mIgD but not Sµ–sd synaptic recombination would result from translation of 388 
alternative spliced long primary VHDJH-Cµ-s-m-Cδ-s-m RNA transcripts as well as some “shedding” of mIgD. 389 

Bacteria and viruses have been suggested to play an important role in driving CSR to IgD, generally through 390 
stimulation of TLRs in gut and respiratory lymphoid tissues, and mesenteric lymph nodes, possibly leading to 391 
emergence of plasmablasts and plasma cells secreting IgD1,3-5,51,54-56.  Circulating IgD are increased in patients 392 
with frequent respiratory infections or chronic lung inflammation suggesting a protective role for this Ig 393 
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isotype1,3,5,56.  Our findings support the notion that both T-dependent (CD154) and T-independent (TLR ligands) 394 
stimuli induce Sµ-sd DNA recombination, in combination with various cytokines1,4-6.  Interestingly, although we 395 
previously showed that BCR-signaling synergizes with TLR-signaling for induction of AID and CSR to IgG and 396 
IgA25, BCR signaling did not synergize with TLR7 or TLR9 signaling to induce CSR to IgD, as shown by the lack 397 
of Sµ-sd DNA recombination in B cells stimulated by CpG or R848 plus IL-4 and anti-Igd Ab.  In the in vivo T-398 
dependent antibody response to OVA, ablation of CSR to IgD (Rad52–/– mice) resulted in reduced levels of total 399 
and specific IgD in circulating blood and BALF, decreased total and/or bacteria-bound IgD in feces as well as 400 
decreased numbers of IgD+ B cells lamina propria and MLNs, a privileged site of IgD CSR12.  As predicted by 401 
our previous findings20, the overall decreased IgD levels in Rad52–/– mice were associated with increased IgG1 402 
and IgA as well as greatly decreased frequency and lengths of microhomologies in Sµ-Sg1 and Sµ-Sa junctions.  403 
This reflected the lack of Rad52 contribution to the synaptic process underpinning such junctions as well as the 404 
lack of Rad52 competition with Ku70/Ku8620, which resulted solely in Ku70/Ku86-mediated NHEJ, a process 405 
that limits microhomologies to 0-3 nt16. 406 

Information on the contribution of IgD to autoimmunity is scant and contradictory.  Self-antigen-binding and 407 
mostly polyreactive IgD occur in healthy subjects, much like IgM or even IgG and IgA do35,57-60.  High levels of 408 
IgD have been reported in rheumatoid arthritis patients and thought to possibly be implicated in the pathogenesis 409 
of the disease30.  mIgD expression, however, has been speculated to exert an inhibitory effect on B cell 410 
autoreactivity, as suggested by elevated autoantibody production, increased deposition of immune complexes in 411 
kidneys and severe nephritis in lupus-prone C56BL/6lpr mice with deletion of the Igd locus61,62.  Our findings 412 
showed total and self-reactive IgD (dsDNA, histone, RNP/Sm or RNA and ANAs) to be elevated in the circulation 413 
of lupus patients and lupus-prone MRL/Faslpr/lpr mice.  The latter displayed higher levels of IgD in serum, BALF 414 
and feces, than their wildtype C57BL/6 counterparts.  Such high IgD levels reflected CSR recombinations that 415 
included Sµ-sd junctions with extensive microhomologies and high frequency of somatic mutations in the DNA 416 
areas abetting Sµ-sd junctions.  Such IgD CSR occurred in different districts, such as bone marrow, spleen, MLNs 417 
and Peyer’s patches, and were reflected in the IgD+B cells in those districts.  This together with the B cell high 418 
levels of p-Rad52 and the low levels Zfp318 indicated that in murine and likely human lupus, IgD autoantibodies 419 
stem from extensive B cell Sµ-sd recombination rather than alternative splicing of primary VHDJH-Cµ-s-m-Cδ-s-420 
m RNA transcripts.  Our findings do not suggest a “protective” role of IgD in autoimmunity61,62, while supporting 421 
a role of CSR to IgD in systemic lupus autoantibody responses. 422 

Collectively, our data outline a critical and dedicated role of Rad52 in mediating the synapsis of Sµ with 423 
sd DSB resected ends.  They also provide the first demonstration of Rad52 as a critical element in the poorly 424 
understood contribution of A-EJ to the resolution of DSBs in nonmalignant cells.  In malignant B cells, Rad52 is 425 
involved in DNA recombination events that give rise to DNA deletions and translocations.  As we previously 426 
showed, Rad52 ablation reduced the frequency of c-Myc/IgH translocations in mouse p53–/– B cells by more than 427 
70%, with the residual translocations containing limited microhomologies20.  Whether Rad52 intervention extends 428 
to other modalities of A-EJ in neoplastic and non-neoplastic lymphoid mammalian cells remains to be determined.  429 
The importance of this newly unveiled and essential function of Rad52 is further emphasized by our demonstration 430 
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that this highly conserved HR element is critical for CSR to IgD in both mouse and human B cells. This together 431 
with the further reduction of the physiologically moderate microhomologies in Sµ–Sg1, Sµ–Sg3, Sµ–Sa and Sµ–432 
Se junctions in Rad52–/– B cells (current data and refs.18-20) solidifies the role of Rad52 as critical mediator of the 433 
A-EJ backup pathway underpinning the residual CSR to IgG, IgA and IgE in the absence of Ku70/Ku86 proteins20.  434 
Our findings also showed how stimuli that induce Sµ-sd recombination coordinate Rad52 function, as enabled 435 
by phosphorylation, with downregulation of Zfp318, unique repressor of the TTS intercalated between the Cµ and 436 
Cd loci, whose activity allows transcription throughout VHDJH-Sµ-Cµ-s-m-sd-Cδ-s-m and Iµ-Cµ-s-m-sδ-Cδ-s-m.  437 
Further, they indicate that CSR to IgD is required for sustained IgD secretion and possibly a prerequisite for IgD 438 
plasma cell differentiation.  They also add new and significant information to a potential role of CSR to IgD, as 439 
promoted by Rad52 phosphorylation, in systemic autoimmunity.  Finally, they provide important new molecular 440 
information to approach the virtually unexplored mechanistic underpinning of hyper-IgD syndrome, a relatively 441 
rare but a severe autoinflammatory disease associated with mevalonate kinase deficiency (due to MVK recessive 442 
mutations) and exorbitant levels of IgD31,32,63. 443 
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Methods 454 
Mice.  Rad52–/– mice were generated by replacing exon 3 of the Rad52 gene with positive selection marker 455 
neomycin, as driven by the phosphoglycerate kinase (PGK) promoter, and an upstream mouse sequence 456 
functioning as a transcription terminator (Dr. Albert Pastink, Leiden University, Leiden, The Netherlands)36. 457 
Rad52–/– mice were backcrossed to C57/BL6 mice for more than six generations.  No full length or truncated 458 
Rad52 protein was produced from the disrupted allele36.  Rad52–/– mice were viable and fertile, and showed no 459 
gross abnormalities.  Aicda−/− mice (C57BL/6 background)64 were obtained from Dr. Tasuku Honjo (Kyoto 460 
University, Kyoto, Japan).  C57BL/6 and MRL/Faslpr/lpr mice were purchased from Jackson Laboratory (Bar 461 
Harbor, Maine).  All mice were housed in pathogen-free conditions.  Both male and female mice aged 8-12 weeks 462 
were used for the experiments.  The Institutional Animal Care and Use Committees (IACUC) of the University 463 
of Texas Health Science Center at San Antonio approved all animal protocols. 464 

Mouse B cells and CSR induction in vitro.  Naïve IgM+IgD+B cells were isolated from spleens of 8–12-week-465 
old C57BL/6, Rad52–/– or Aicda−/− mice as described25.  B cells were resuspended in RPMI 1640 medium with 466 
10% FBS (FBS-RPMI), 50 mM β-mercaptoethanol and 1x antibiotic-antimycotic mixture (15240-062; Invitrogen) 467 
and stimulated with LPS (4 µg/ml) from Escherichia coli (055:B5; Sigma-Aldrich), CD154 (1 U/ml; obtained 468 
from membrane fragments of baculovirus-infected Sf21 insect cells25), CpG ODN 1826 (1.0 µM; Eurofins 469 
Genomics) or R848 (1.0 µM; Medkoo) plus nil, IL-4 (5.0 ng/ml; R&D Systems) and/or TGF-β (2.0 ng/ml; R&D 470 
Systems) and retinoic acid (RA, 10 nM) or anti-BCR Ab (anti-δ mAb-dextran, 30 ng/ml; Fina Biosolutions). 471 
Mouse B cells were cultured in FBS-RPMI at 37°C in 48-well plates for 24, 48, 72 and 96 h. 472 

Human B cells and CSR induction in vitro.  Naïve IgM+IgD+B cells were purified by negative selection using 473 
the EasySepTM human naive B cell enrichment kit (19254; StemCell Technologies) from healthy subject PBMCs, 474 
following manufacturer’s instructions.  Tonsillar IgD+ B cells were isolated from human tonsil cells by positive 475 
selection using biotin-anti-human IgD mAb (clone IA6-2; 348212, Biolegend) and MagniSort™ Streptavidin 476 
Positive Selection Beads (MSPB-6003-74, Thermo Fisher Scientific).  Naïve B cells were stimulated with CD154 477 
(10 U/ml) or CpG ODN 2395 (1.0 µM; Eurofins Genomics) plus nil, IL-2 (20 ng/ml; BioLegend), IL-4 (20 ng/ml; 478 
R&D Systems), IL-15 and/or IL-21 (50 ng/ml; R&D Systems).   Human B cells were cultured in FBS-RPMI at 479 
37°C in 48-well plates for 24, 48, 72, 96 and 120 h. 480 

Flow cytometry.  For surface staining, mononuclear cells were reacted with VF-anti-CD19 mAb (75-0193-0100, 481 
Tonbo), PE-anti-IgM mAb (clone RMM1, 406507, BioLegend), and FITC anti-mouse IgD mAb (clone 11-26c.2a, 482 
405704, BioLegend) and 7-AAD.  For intracellular staining, cells were stained with anti-CD19 mAb (Clone 1D3; 483 
Tonbo) and fixable viability dye eFluor® 450 (FVD 450, eBiosciences) followed by incubation with the BD 484 
Cytofix/Cytoperm buffer at 4°C for 20 min.  After washing twice with the BD Perm/Wash buffer, cells were 485 
resuspended in HBSS with 1% BSA and stored overnight at 4°C.  Cells were then stained with anti-Zfp318 Ab 486 
(AAS23325C, Antibody Verify; labeled with FITC using iLink™ Antibody Labeling Kits, ABP Biosciences). 487 
FACS analysis was performed on single cell suspensions.  In all flow cytometry experiments, cells were 488 
appropriately gated on forward and side scattering to exclude dead cells and debris.  Cell analyses were performed 489 
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using a LSR-II flow cytometer (BD Biosciences), and data were analyzed using FlowJo software (TreeStar).  All 490 
experiments were performed in triplicates. 491 

Fluorescence microscopy.  Fluorescence microscopy of tissues. To analyze IgM and IgD-producing cells in the 492 
lamina propria and PPs, the intestine was folded into a “Swiss-roll”, fixed with PFA (4%), and embedded in 493 
paraffin. Ten µm sections were cut and heated at 80 °C to adhere to the slide, washed four times in xylene for 494 
2 min, dehydrated two times with 100% ethanol for 1 min, two times with 95% ethanol for 1 min and washed two 495 
times in water for 1 min. Antigens were unmasked using 2 mM EDTA in 100 °C for 40 mins followed by a cooling 496 
step at 25 °C on the bench top, 3 times washing with 1x TBS and blocking using 10% BSA for 15 min.  Slides 497 
were again washed 3 times with 1x TBS and stained with FITC–anti-IgD mAb (clone 11-26c.2a; 405713, 498 
BioLegend), PE goat-anti-mouse-IgM mAb (406507, BioLegend) for 2 h in a dark moist chamber. After washing 499 
3 times with Triton X-100 (0.1%) in TBS, slides were air dried, and cover slips were mounted with ProLong® 500 
Gold Antifade Reagent with DAPI (Invitrogen).  Fluorescence images were captured using a 10x objective lens 501 
with a Zeiss Axio Imager Z1 fluorescence microscope.  To analyze IgD-producing cells in MLNs, 10 µm MLN 502 
sections were prepared by cryostat and loaded onto positively charged slides, fixed in cold acetone and stained 503 
with FITC–anti-IgD mAb (405704, BioLegend), or PE goat-anti-mouse-IgM mAb (406507, BioLegend), 504 
respectively, for 1 h at 25 °C in a moist chamber.  Cover slips were then mounted using ProLong® Gold Antifade 505 
Reagent using DAPI (Thermo Fisher), before examination with a fluorescence microscope. 506 

Fluorescence microscopy of B cells.  B cells were suspended at 105 cells/100 µl in FCS-RPMI.  Pre-labeled 507 
slides were then placed into Cytofunnels and ran with 50 µl of FCS-RPMI in order to wet the Cytofunnel paper. 508 
Cells were then placed again into the Cytofunnel and spun at 800 RPM for 3 min using a Cytospin™ 4 509 
Cytocentrifuge (Thermo Fisher).  For intracellular visualization of IgM, IgD, CD138 and Blimp-1 proteins, cells 510 
were fixed with methanol for 15 min and washed 3 times in PBS-Tween 20.  Cells were then blocked in 10% BSA 511 
for 15 min and stained with 1:20 APC-anti-mouse IgD Ab (clone 11-26c.2a; 405713, BioLegend), FITC-anti-512 
mouse IgM mAb (11-5790-81, Thermo Fisher), overnight in a dark moist chamber. 513 

Detection of free and bacterial-bound antibodies. Titers of serum, BALF or fecal total IgD, IgM, IgG1 and IgA 514 
and OVA-binding IgD, IgM, IgG1 and IgA were measured using specific ELISAs, as we described20,25,65,66.  Total 515 
IgD in in vitro culture supernatants of stimulated human and mouse B cells or in serum, BALF or feces were 516 
measured by dot blotting with serially two-fold diluted samples.  517 

Bacteria-bound IgD and IgA were detected in feces by flow cytometry, as we described27.  Feces (10 mg) 518 
were suspended in 100 µl 1x PBS (filtered through 0.2 µm filter), homogenized and centrifuged at 400 × g for 5 519 
min to remove large particles.  The supernatant was then centrifuged at 8000 g for 10 min to remove non-bound 520 
antibodies (in supernatant).  The bacterial pellet was suspended in 1 ml of PBS with 1% (w/v) BSA. After fixation 521 
with 7.2% formaldehyde for 10 min at room temperature, bacteria were washed with PBS, and stained with FITC–522 
anti-IgD mAb (clone 11-26c.2a; 405713, BioLegend) or FITC-anti-IgA mAb (C10-3, BD Biosciences) on ice for 523 
30 min, washed with PBS, and further resuspended in 1 x PBS containing 0.2 µg ml-1 DAPI for flow cytometry 524 
analysis.  All events that stained with DAPI were considered as bacteria. 525 
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S-S region DNA recombinations and S region somatic mutations.  Genomic DNA was prepared from human 526 
or mouse B cells using QIAmp DNA Mini Kit (Qiagen), or from paraffin-embedded human IgD or IgA myeloma 527 
tissue sections (obtained from the University of Arkansas for Medical Science) using Quick-DNA™ FFPE Kit 528 
(Zymo Research). Recombined Sµ–sd, Sµ–Sg1, Sµ–Sa and Sµ–Se DNA were amplified by two sequential rounds 529 
of specific PCR using Phusion™ high-fidelity DNA polymerase (Thermo Scientific™) and nested oligonucleotide 530 
primers67 (Supplementary Table 1).  The first and second rounds of PCR were performed at 98 °C for 30 sec, 531 
58 °C for 45 sec, 72 °C for 4 min (30 cycles).  Amplified DNA was fractionated through 1.0% agarose, blotted 532 
onto Hybond-N+ membranes (GE Healthcare) and hybridized to biotin-labeled Sµ and sd, Sg1, Sa or Se specific 533 
probes.  Detection was performed using the Chemiluminescent Nucleic Acid Detection Module (Thermo Fisher 534 
Scientific) according to the manufacturer’s instructions.  For sequence analysis of the recombined DNA, PCR 535 
products were purified using a QIAquick PCR purification kit (Qiagen).  The amplified library was tagged with 536 
barcodes for sample multiplexing, and PCR was enriched and annealed to the required Illumina clustering adapters.  537 
High-throughput 300–base pair (bp) paired-end sequencing was performed by the UTHSCSA Genome 538 
Sequencing Facility using the Illumina MiSeq platform.  S-S junctions and somatic mutations in the S regions 539 
were analyzed by sequence alignment as performed by comparing PCR products sequences with germline Sµ and 540 
sd, Sg1 or Sa sequences using National Center for Biotechnology Information BLAST 541 
(www.ncbi.nih.gov/BLAST). 542 

RT-PCR and quantitative RT-PCR (qRT-PCR).  For quantification of mRNA, germline IH-CH, post-543 
recombination Iµ-CH and mature VHDJH-CH transcripts, RNA was extracted from 0.2-5.0 x 106 cells using either 544 
Trizol® Reagent (Invitrogen) or RNeasy Plus Mini Kit (Qiagen).  Residual DNA was removed from the extracted 545 
RNA with gDNA eliminator columns (Qiagen).  cDNA was synthesized from total RNA with the SuperScriptä 546 
IV First-Strand Synthesis System (Thermo Fisher) using oligo-dT primer.  Transcript expression was measured 547 
by qRT-PCR with the appropriate primers (Supplemental Table 1) using a Bio-Rad MyiQä Real-Time PCR 548 
Detection System (Bio-Rad Laboratories) to measure SYBR Green (IQä SYBRÒ Green Supermix, Bio-Rad 549 
Laboratories) incorporation with the following protocol: 95°C for 15 sec, 40 cycles of 94°C for 10 sec, 60°C for 550 
30 sec, 72°C for 30 sec.  Data acquisition was performed during 72°C extension step.  Melting curve analysis was 551 
performed from 72°C-95°C. Mature VHDJH-Cµm, VHDJH-Cµs, VHDJH-Cdm and VHDJH-Cds transcripts were 552 
analyzed by semi-quantitative PCR using serially two-fold diluted cDNA. 553 

Western blotting.  B cells were lysed in Laemmli buffer. Cell extracts containing equal amounts of protein (50-554 
100 µg) were fractionated through SDS-PAGE (6%).  The fractionated proteins were transferred onto 555 
polyvinylidene difluoride membranes (Bio-Rad) overnight (30 V/90 mA) at 4 °C.  After blocking and overnight 556 
incubation at 4 °C with anti-AID antibody (H-80, Santa Cruz), anti-Ku70 antibody (A0883, Abclonal), anti-Ku86 557 
antibody (A5862, Abclonal), anti-Rad52 antibody (H-300, Santa Cruz Biotechnology), anti-phospho-Rad52 558 
antibody (Y408472, Applied Biological Materials Inc.) or anti-β-Actin mAb (2F1-1, BioLegend), the membranes 559 
were incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies.  After washing with TBS–560 
Tween 20 (0.05%), bound HRP-conjugated antibodies were detected using Western Lightning Plus-ECL reagents 561 
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(PerkinElmer Life and Analytical Sciences). 562 

ChIP and qPCR.  ChIP assays were performed as previously described68-70.  Human or mouse B cells (1.0 x 107) 563 
were treated with formaldehyde (1% v/v) for 10 min at 25°C to crosslink chromatin, washed once in cold PBS 564 
with protease inhibitors (Roche) and resuspended in lysis buffer (20 mM Tris-HCl, 200 mM NaCl, 2 mM EDTA, 565 
0.1% w/v SDS and protease inhibitors, pH 8.0).  Chromatin was fragmented by sonication (DNA fragments of 566 
about 200 to 1,000 bp in length), pre-cleared with protein A agarose beads (Pierce) and incubated with agarose 567 
conjugated anti-Rad52 mAb (clone F-7; sc-365341 AC, Santa Cruz Biotechnology) at 4°C overnight.  Immune 568 
complexes were washed and eluted (50 mM Tris-HCl, 0.5% SDS, 200 mM NaCl, 100 µg/ml proteinase K, pH 569 
8.0), followed by incubation at 65°C for 4 h. DNA was purified using a QIAquick PCR purification kit (Qiagen).  570 
The Sµ or sd region DNA was amplified from immunoprecipitated chromatin by qPCR using appropriate primers 571 
(Supplemental Table 1).  Data were normalized to input chromatin DNA and depicted as relative abundance of 572 
each amplicon.  573 

RAD52 knockdown in human B cells.  The human RAD52-specific siRNA oligo duplex (TT320001, Locus ID 574 
5893) and non-effective Trilencer-27 Flurescent-labeled transfection control siRNA duplex (SR30002) were 575 
obtained from Origene Technologies.  The siRNA duplexes were used to transfect purified human naïve B cells 576 
using the Human B Cell NucleofectorTM Kit (VPA-1001, LONZA).  Transfected B cells were then stimulated with 577 
CpG ODN 2395 plus IL-2 and IL-21 for 96 h before genomic DNA extraction for analysis of Sµ-sd and Sµ-Sg1 578 
DNA recombination. Expression of RAD52 and AICDA transcripts were analyzed by qRT-PCR using specific 579 
primers 24 h after transfection.  Expression of RAD52, phosphorylated-RAD52, AID and b-ACTIN proteins were 580 
analyzed by immune-blotting 24 h after transfection. 581 

High-throughput mRNA-Seq.  RNA was isolated from cells using the Directzol RNA Microprep Kit (Zymogen 582 
Research), according to manufacturer’s instructions and as previously described66. RNA integrity was verified 583 
using an Agilent Bioanalyzer 2100 (Agilent). Next generation RNA-Seq for mRNA and non-coding RNA was 584 
performed by the Genome Sequencing Facility at University of Texas Health Science Center San Antonio Greehey 585 
Children’s Cancer Research Institute.  High-quality RNA was processed using an Illumina TruSeq RNA sample 586 
prep kit v2 or TruSeq Small RNA Sample Prep kit following the manufacturer’s instructions (Illumina). Clusters 587 
were generated using TruSeq Single-Read Cluster Gen. Kit v3-cBot-HS on an Illumina cBot Cluster Generation 588 
Station. After quality control procedures, individual mRNA-Seq or small RNA-Seq libraries were then pooled 589 
based on their respective 6-bp index portion of the TruSeq adapters and sequenced at 50 bp/sequence using an 590 
Illumina HiSeq 3000 sequencer. Resulting reads were checked by assurance (QA) pipeline and initial genome 591 
alignment (Alignment). After the sequencing run, demultiplexing with CASAVA was employed to generate the 592 
Fastq file for each sample. All sequencing reads were aligned with their reference genome (UCSC mouse genome 593 
build mm9) using TopHat2 default settings, and the Bam files from alignment were processed using HTSeq-count 594 
to obtain the counts per gene in all samples.  Quality control statistical analysis of outliers, intergroup variability 595 
and distribution levels, were performed for statistical validation of the experimental data. 596 

Statistical analysis.  Statistical analysis was performed using Excel (Microsoft) or Prism® GraphPad software.  597 
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P-values were determined by paired and unpaired Student’s t-tests; and P-values <0.05 were considered 598 
significant. 599 

IRB for use of human tissues and peripheral blood as well as IACUC for use of mice.  For the use of DNA 600 
procured from formalin fixed paraffin embedded tissues obtained from the University of Arkansas for Medical 601 
Science, the study was reviewed by the University of Arkansas for Medical Sciences Institutional Review Board 602 
(IRB) which determined that this project is not human subject research as defined in 45 CFR 46.102.  Human B 603 
cells were purified from PBMCs of healthy subject buffy coats obtained from South Texas Blood and Tissue 604 
Center, San Antonio, Texas, under the Healthy Volunteer Blood Donor Program and lupus patients B cells were 605 
purified PBMCs obtained under the Long School of Medicine IRB HSC 20140234H Class switching, somatic 606 
hypermutation and plasma cell differentiation in B cells.  Mouse and mouse B cell studies were performed under 607 
the Long School of Medicine IACUC 20200019AR Somatic hypermutation, class switch DNA recombination and 608 
plasma cell differentiation in antibody and autoantibody responses.  609 
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Figure legends 610 
Fig. 1 | Expression of cell surface and secreted IgD and IgM, as well as Iµ-Cd transcripts by alternative 611 
splicing, alternative transcription termination and CSR. a, Schematics of alternative splicing and alternative 612 
transcription termination for expression of membrane and secreted IgM and IgD, as well as germline Iµ-Cµ and 613 
Iµ-Cd transcripts in B cells.  In the presence of Zfp318, which represses the transcription termination sites (TTS) 614 
of the Cµ gene, mature B cells constitutively transcribe long primary VHDJH-Cµ-Cds–m  transcripts initiated by the 615 
VH promoter. These long primary transcripts undergo alternative splicing which removes intronic regions, leading 616 
to dual expression of mature VHDJH-Cµs and VHDJH-Cdm transcripts encoding IgM and IgD. In the absence of 617 
Zfp318, transcription stops at Cµ TTS, resulting in a shorter primary transcript, which does not contain Cd exons, 618 
and lead to expression of a mature VHDJH-Cµ-s–m transcript only.  Mature B cells also transcribe Iµ,  Cµ, and Cd  619 
regions under control of the Iµ promoter. When Zfp318 is present, unswitched mature B cells constitutively 620 
transcribe long primary Iµ-Cµ-s-m-Cd–s-m transcripts, which undergo alternative splicing to removes intronic 621 
regions, leading to dual expression of germline Iµ-Cµ and Iµ-Cd  transcripts.  In the absence of Zfp318, Iµ 622 
promoter-initiated transcription stops at Cµ TTS, and only germline Iµ-Cµ transcripts are expressed.  b, Expression 623 
of membrane and secreted IgD, and Iµ-Cd transcripts by CSR.  Schematic representation of CSR from IgM to 624 
IgD.  The Sµ region recombines with the sd region and loops out the intervening DNA, which forms a switch circle.  625 
The recombined DNA is transcribed leading to expression of VHDJH-Cd-s–m and Iµ-Cd transcripts, initiated by 626 
the VH and Iµ promoters, respectively.  In this case, Iµ-Cd transcripts are generated as post-recombination 627 
transcripts. Graphics depict portion of the IgH locus and the resulting primary and mature transcripts. The inset 628 
depicts a schematic representation of the detection of Sµ-sd junctional DNA (CSR to IgD) by nested PCR 629 
amplification followed by Southern-blotting using specific Sµ and sd probes (Southern-blotting of amplified 630 
recombined Sµ-sd DNA from human naïve and germinal center B cells). In many cases the amplified Sµ-sd DNA 631 
was sequenced for further analysis of junctional sequence well as dentification and census of mutations.  iEµ, IgH 632 
intronic enhancer; Iµ, intervening µ exon; µm, exon encoding the transmembrane region of IgM; dm, exon 633 
encoding the secretory piece of IgM; sd, noncanonical switch-like region 5′ to Cd; ds, exon encoding the secretory 634 
region of IgD; Cdm, exon encoding the transmembrane region of IgD. Dotted gray lines show splicing 635 
configurations of primary transcripts to yield secreted and transmembrane forms of IgM and IgD. 636 

Fig. 2 | Identification of stimuli inducing CSR to IgD and Sµ-sd junctions in mouse and human B cells. a, 637 
Wildtype C57BL/6 and Aicda–/– mouse naïve B cells were stimulated with nil, LPS, LPS plus IL-4, LPS plus TGF-638 
b and RA, CD154, CD154 plus IL-4, CD154 plus TGF-b and RA, CpG, CpG plus IL-4, CpG plus TGF-b and RA, 639 
R848, R848 plus IL-4, R848 plus TGF-b and RA, or CpG plus IL-4, or R848 plus IL-4 in the presence of anti-BCR. 640 
Recombined Sµ-sd, as well as Sµ-Sg1, Sµ-Sg3, Sµ-Sa and Sµ-Sa DNA were analyzed 72 or 96 h post-stimulation 641 
by nested long-range PCR using forward Iµ and reverse Cd primers, or forward Iµ and reverse Sg1, Sg3, Sa or Se 642 
primers, respectively, followed by Southern-blotting using a specific Sµ, sd, Sg1, Sg3, Sa or Se probe, as indicated.  643 
b, Recombined Sµ-sd DNA in human tonsil IgD+ B cells, blood naive B cells, or blood naive B cells stimulated with 644 
CD145 or CpG plus IL-2 and IL-21, IL-4 and IL-21, or IL-2, IL-4 and IL-21 or IL-15 and Il-21, were analyzed 96 or 645 
120 h post-stimulation by nested long-range PCR using forward Iµ and reverse Cd primers, followed by Southern-646 
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blotting using specific human Sµ or sd probe. Data are one representative of 3 independent experiments yielding 647 
comparable results. c, Germline/post-recombination Iµ-Cd transcripts, post-recombination Iµ-Cg1, Iµ-Ca and Iµ-648 
Ce transcripts in wildtype C57BL/6 B cells stimulated with nil, LPS plus IL-4, or LPS plus TGF-b and RA, analyzed 649 
72 h post-stimulation by qRT-PCR and normalized to b-Actin expression.  Each dot represents data obtained with 650 
B cells from an individual mouse (n = 3 per group).  Data are mean ± SEM. 651 

Fig. 3 | Mouse and human Sµ-sd DNA recombination junctions contain microhomologies and somatic 652 
mutations.  a, Amplified junctional DNAs of intra-sd deletions, as well as Sµ-sd, Sµ-Sg1 and Sµ-Sa1 653 
recombination from OVA-immunized C57BL/6 mouse spleen B cells, C57BL/6 mouse naïve B cells stimulated 654 
with LPS plus IL-4 and cultured for 96 h, as well as human tonsil B cells or human peripheral blood naïve B cells 655 
stimulated with CpG plus IL-2 and IL-21 and cultured for 96 or 120 h were sequenced by MiSeq. The length and 656 
numbers of nucleotide overlaps (microhomologies) in intra-sd deletions, Sµ-sd, Sµ-Sg1 and Sµ-Sa1 junctional 657 
DNAs are shown by violin plots.  Each dot represents a unique junctional sequence (n = 45 per group). b, Mouse 658 
and human Sµ and sd regions consist of repetitive motifs, which are better suited substrates for Rad52-mediated 659 
MMEJ than those in Sµ and Sg1 or Sµ and Sa.  As such, they can facilitate the formation of microhomologies.  660 
Repetitive sequence elements in mouse and human Sµ, sd, Sg1 and Sa that can potentially form microhomologies 661 
were identified by Pustell Matrix dot plot using MacVector software and are depicted by small dots.  Intensity of 662 
dots depicts frequency and degree of complementarity of respective sequences. c, Somatic point-mutations in Sµ 663 
and sd regions abetting recombined Sµ-sd DNA junctions in IgD class-switched mouse and human B cells in vitro 664 
and in vivo.  Mutations were identified in a 48 to 506 nt stretch of Sµ or sd regions in unique Sµ-sd DNA 665 
recombination sequences.  Each dot represents an individual sequence.  Sequence data were pooled from 3 666 
individuals in each group.  In pie charts, the size of slices denotes the proportion of sequences with the same 667 
number of mutations and the grey hue denotes the number of point-mutations per sequence; below the pie charts 668 
is the overall mutation frequency (change/base).  **p < 0.01, ***p < 0.001, ns: not significant (unpaired t test). 669 

Fig. 4 | In vivo human Sµ-sd DNA recombination junctions contain high frequencies of microhomologies. 670 
Amplified intra-sd deletional, Sµ-sd, Sµ-Sg1 and Sµ-Sa1 junctional DNAs from human tonsil B cells were 671 
sequenced using MiSeq system.  Thirty-two intra-sd, Sµ-sd, Sµ-Sg1 or Sµ-Sa1 junction sequences are shown in 672 
each column. Each sequence is compared with the corresponding germline Sµ (above, blue) and sd, Sg1 or Sa1 673 
(below, red) sequences. Microhomologies (bold) were determined by identifying the longest region at the Sµ-sd, 674 
Sµ-Sg1 or Sµ-Sa1  junction of perfect uninterrupted donor/acceptor identity or the longest overlap region at the 675 
S–S junction with no more than one mismatch on either side of the breakpoint. 676 

Fig. 5 | Rad52 mediates Sµ-sd DNA recombination leading to IgD secretion.  a, Recombined Sµ-sd, Sµ-Sg1, 677 
Sµ-Sa and Sµ-Se DNA in mouse Rad52+/+, Rad52–/– and Aicda–/– naïve B cells stimulated with nil, LPS only, LPS 678 
plus IL-4, LPS plus TGF-b and RA, CD154 only, CD154 plus IL-4, or CD154 plus TGF-b and RA, as well as Sµ-679 
Sg3 in Rad52+/+, Rad52–/– and Aicda–/–B cells stimulated with LPS only, were analyzed 96 h post stimulation by 680 
nested long-range PCR using forward Iµ and reverse Cδ, Sg1, Sg3, Sa or Se primers, respectively, followed by 681 
Southern-blotting using specific Sµ, sd, Sg1, Sg3, Sa or Se probe, as indicated.  Data are one representative of 3 682 
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independent experiments yielding comparable results.  b, IgD titers in culture (96 h) fluid of Rad52+/+ and Rad52–683 
/–B cells stimulated with LPS plus IL-4, as measured by dot-blotting (two-fold serial diluted culture fluid) using a 684 
rat anti-mouse IgD mAb.  Data are one representative of 5 independent experiments yielding comparable results. 685 

Fig. 6 | Rad52 deletion ablates in vivo Sµ-sd DNA recombination and reduces IgD production. Rad52+/+ and 686 
Rad52–/– mice were immunized (i.p.) with OVA.  a, Recombined Sµ-sd, Sµ-Sg1, and Sµ-Sa DNA in spleen, 687 
mesenteric lymph nodes (MLN) and Peyer’s patches B cells, as analyzed by nested long-range PCR using forward 688 
Iµ and reverse Cd, Sg1 or Sa primers, followed by Southern-blotting using specific Sµ, sd, Sg1 or Sa probe, as 689 
indicated. Data are one representative of 3 independent experiments yielding comparable results. b, Sµ-sd, Sµ-690 
Sg1 and Sµ-Sa junctional DNAs were amplified by nested PCR and sequenced using by MiSeq.  The length and 691 
numbers of nucleotide overlaps (microhomologies) in Sµ-sd, Sµ-Sg1 and Sµ-Sa junctional DNAs are shown by 692 
violin plots.  Each symbol represents a unique sequence (n = 45 per group).  c-f, Titers of total IgD in serum, 693 
BALF and feces, as analyzed by dot-blotting using rat anti-mouse IgD mAb.  Titers of total IgM, IgD, IgG1 and IgA 694 
as well as OVA-binding IgM, IgD, IgG1 and IgA as analyzed by specific ELISAs.  Each dot represents data from 695 
one individual mouse (n = 5-8 per group, pooled from two experiments). *p < 0.05, **p < 0.01, ***p < 0.001, ns: not 696 
significant (unpaired t test). g, Bacteria-bound IgD and IgA in feces as analyzed by flow cytometry. h, IgM, IgD 697 
and IgA positive cells in mesenteric lymph nodes (MLNs) and lamina propria as visualized by fluorescence 698 
microscopy. Data in g,h are representative of 3 independent experiments. 699 

Fig. 7 | Rad52 is phosphorylated and recruited to Sµ and sd in B cells induced to undergo IgD CSR.  a, 700 
C57BL/6 mouse naïve B cells were stimulated with LPS plus IL-4 and cultured for 0, 24, 48, 72 and 96 h. Rad52, 701 
Ku70, Ku86 and Aicda transcripts were analyzed by real-time qRT–PCR, normalized to β-Actin expression and 702 
depicted as relative to the expression in unstimulated B cells (set as 1.0).  Data are mean ± SEM of 3 independent 703 
experiments. b, Expression of Rad52, phosphorylated Rad52 (p-Rad52), AID, Ku70, Ku86, and β-Actin proteins 704 
in mouse B cells stimulated with LPS plus IL-4 (as in a), as analyzed by specific immunoblotting.  Data are one 705 
representative of 3 independent experiments yielding comparable results. c, Human peripheral blood naive B cells 706 
were stimulated with CD154 plus IL-4 and IL-21 and cultured for 0, 24, 48, 72 and 96 h.  RAD52, KU70, KU86 and 707 
AICDA transcripts were analyzed by real-time qRT-PCR, normalized to β-ACTIN expression and depicted as 708 
relative to the expression in unstimulated B cells (set as 1.0). Data are mean ± SEM of 3 independent experiments. 709 
d, Recruitment of Rad52 to sd region DNA, as analyzed by ChIP-qPCR assays in mouse Rad52+/+ and Rad52–/B 710 
cells stimulated with LPS plus IL-4 and cultured for 72 h.  Data are expressed as percent of pre-IP input for each 711 
sample (mean ± SEM). e,f,  C57BL/6 mouse B cells were stimulated with nil, LPS, LPS plus IL-4 or LPS plus TGF-712 
b and RA and cultured for 72 h. Recruitment of Rad52 (e) and Ku70/Ku86 (f) to Sµ, sd, Sg1, Sg3 and Sa region 713 
DNA, as analyzed by ChIP-qPCR assays. Data are mean ± SEM of 3 independent experiments. 714 

Fig. 8 | Stimuli inducing Sµ-sd DNA recombination downregulate ZFP318/Zfp318 in human and mouse B 715 
cells.  a, C57BL/6 mouse naïve B cells were stimulated with nil, LPS plus IL-4 or LPS plus TGF-b and RA.  Surface 716 
expression of IgM and IgD were analyzed 96 h post stimulation by flow cytometry.  Expression of VHDJH-Cd-m, 717 
VHDJH-Cd-s, VHDJH-Cµ-m and VHDJH-Cµ-s transcripts were analyzed 72 h post-stimulation by semi-quantitative 718 
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RT-PCR using serial two-fold dilution of cDNA templates.  Data are representative of 3 independent experiments. 719 
b, IgD in supernatant from cultures (96 h) of C57BL/6 mouse naïve B cell stimulated with nil, LPS plus IL-4, LPS 720 
plus TGF-b and RA, or CD154 plus IL-4, as analyzed by dot-blotting using rat anti-mouse IgD mAb.  Data are 721 
representative of 5 independent experiments. c, Expression of Zfp318 transcripts in mouse naïve B cells 722 
stimulated with nil, LPS plus IL-4, or LPS plus TGF-b and RA, as analyzed 72 h post-stimulation by qRT-PCR and 723 
normalized to b-Actin expression and depicted relative to the average expression in unstimulated B cells (set as 724 
1).  Data are mean ± SEM of 3 independent experiments. d, Expression of Zfp318 transcripts in mouse naïve B 725 
cells stimulated with LPS plus IL-4, as analyzed 96 h post-stimulation by mRNA-Seq.  Data are mean ± SEM of 4 726 
independent experiments. e, Zfp318 protein level in mouse naïve B cells stimulated with nil, LPS plus IL-4, or LPS 727 
plus TGF-b and RA, as analyzed 96 h post-stimulation by intracellular staining with rabbit anti-Zfp318 Ab in flow 728 
cytometry. Bars on the right panel represent the MFI (mean ± SEM) from 3 independent experiments. f, Human 729 
blood naïve B cells stimulated with nil, CpG plus IL-2 and IL-21 or CpG plus IL-4 and IL-21. Human VHDJH-Cd-m, 730 
VHDJH-Cd-s, VHDJH-Cµ-m and VHDJH-Cµ-s transcript levels were measured 72 h post-stimulation by semi-731 
quantitative RT-PCR with serial two-fold dilution of cDNA templates – data are representative of 3 independent 732 
experiments (left panels).  Expression of ZFP318 transcripts as analyzed 72 h post-stimulation by qRT-PCR and 733 
normalized to HPRT expression (f middle panel) – data are mean ± SEM of 3 independent experiments.   Secreted 734 
IgD in supernatants of the human B cell cultures, as analyzed 120 h post stimulation by specific ELISA (f right 735 
panel) – data are mean ± SEM of 4 independent experiments. g, Expression of VHDJH-Cd-m, VHDJH-Cd-s, VHDJH-736 
Cµ-m and VHDJH-Cµ-s transcripts in human total IgD+ tonsil B cells, as analyzed by semi-quantitative RT-PCR 737 
involving serial two-fold dilution of cDNA templates (left panel) – data are representative of 3 independent 738 
experiments. Expression of ZFP318 protein in human tonsil IgM+IgD+B cells and IgM–IgD+B cells, as analyzed by 739 
intracellular staining with anti-Zfp318 Ab in flow cytometry (middle panel) – data are representative of 4 740 
independent experiments (mean ± SEM, right panel).  h, Surface expression of IgM and IgD in mouse naïve 741 
Rad52+/+, Rad52–/– and Aicda–/–B cells stimulated with LPS plus IL-4, or LPS plus TGF-b and RA, as analyzed 96 742 
h post-stimulation by flow cytometry. Data are representative of 3 independent experiments. i, Expression of 743 
VHDJH-Cd-m and VHDJH-Cd-s transcripts in mouse naïve Rad52+/+ and Rad52–/–B cells stimulated with nil, LPS 744 
plus IL-4 or LPS plus TGF-b and RA, as analyzed 72 h post-stimulation by semi-quantitative RT-PCR using serial 745 
two-fold dilution of cDNA templates.  Data are representative of 3 independent experiments.  j, Rad52 or AID 746 
deficiency does not alter Zfp318 expression.  Expression of Zfp318 transcripts in mouse naïve Rad52+/+, Rad52–747 
/– and Aicda–/–B cells stimulated with nil, LPS plus IL-4, or LPS plus TGF-b and RA, as analyzed 72 h post-748 
stimulation by qRT-PCR and normalized to b-Actin expression, as depicted relative to expression in unstimulated 749 
B cells (set as 1). Data are mean ± SEM of 3 independent experiments. 750 

Fig. 9 | RAD52 is required for Sµ-sd DNA recombination in human B cells.  a, Human blood naïve IgM+IgD+B 751 
cells were transfected with specific RAD52 siRNA or scrambled (Scra) siRNA and stimulated by CpG plus IL-2 752 
and IL-21. Recombined Sµ-sd and Sµ-Sg1 DNA in the transfected B cells 120 h after siRNA transfection, as well 753 
as Sµ-sd DNA in tonsil IgM–IgD+ and blood naive IgM+IgD+B cells were analyzed by nested long-range PCR using 754 
forward Iµ and reverse Cd or Sg1 primers followed by Southern-blotting using indicated specific probes.  Data are 755 
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from 3 independent experiments.  b, Expression of RAD52 and AICDA transcripts was analyzed 48 h after siRNA 756 
transfection by qRT-PCR and normalized to HPRT expression. Data are mean ± SEM of 3 independent 757 
experiments.  c, Expression of RAD52 and AID proteins were analyzed 72 h after siRNA transfection by specific 758 
immunoblotting.  Data are representative of 3 independent experiments.  d, Expression of VHDJH-Cdm and VHDJH-759 
Cds transcripts as analyzed by semi-quantitative RT-PCR with of serial two-fold dilution of cDNA templates. Data 760 
are representative of 3 independent experiments.  e, RAD52 is recruited to sd region DNA in human B cells 761 
undergoing CSR to IgD. Recruitment of RAD52 to Sµ and sd region DNA in human blood B cells stimulated for 762 
120 h with CpG plus IL-2 and IL-21, as analyzed by specific ChIP-qPCR.  Data are mean ± SEM of 3 or 4 763 
independent experiments. 764 

Fig. 10 | B cells undergoing CSR to IgD differentiate to IgD-producing plasmablasts/plasma cells. a, Human 765 
B cells stimulated with CpG plus IL-2 and IL-21, which induce IgD CSR, or CpG plus IL-4 and IL-21, which do not 766 
induce IgD CSR.  Proportions of CD138+IgD+IgM– plasmablasts/plasma cells among intracellular sIgM– IgD+B cells 767 
and Blimp1 expression in intracellular IgD+ sIgM– cells, as analyzed 120 h post stimulation by flow cytometry.  b, 768 
mouse Rad52+/+ and Rad52–/–B cells stimulated with LPS plus IL-4, which induce IgD CSR.  Proportions of 769 
sCD138+ plasmablasts/plasma cells among intracellular IgD+ sIgM– cells and Blimp1 expression in intracellular 770 
IgD+ sIgM– cells, as analyzed 96 h post stimulation by flow cytometry. Data in a and b are representative of 3 771 
independent experiments. c, Recombined Sµ-sd and Sµ-Sa DNA in two IgD+ myelomas and one IgA+ myeloma 772 
as analyzed by nested long-range PCR followed by Southern-blotting using indicated probes. 773 

Fig. 11 | p-Rad52 expression, CSR to IgD and anti-nuclear antigen IgD autoantibodies in lupus mice and 774 
patients. a, Concentrations of total, and dsDNA-, RNA-, histone- or RNP/Sm-binding IgD in healthy human 775 
subjects and SLE patients, as analyzed by specific ELISAs. Data are mean ± SEM of 6 to 10 healthy subjects or 776 
SLE patients.  b, Concentrations of total IgD in serum, feces and BALF as analyzed by dot-blotting, and 777 
concentrations of dsDNA- or histone-binding IgD autoantibodies in serum of C57BL/6 and MRL/Faslpr/lpr mice as 778 
analyzed by specific ELISAs.  Data are mean ± SEM of 3 to 9 mice. c, IgD concentrations in the serum, BALF and 779 
feces of C57BL/6 and MRL/Faslpr/lpr mice, as analyzed by dot-blotting.  Shown are dot-blots from one C57BL/6 780 
and one MRL/Faslpr/lpr mouse, representative of 3 to 9 C57BL/6 and MRL/Faslpr/lpr mice.  Expression of VHDJH-781 
Cdm, VHDJH-Cds, VHDJH-Cµm and VHDJH-Cµs transcripts in bone marrow (BM), spleen and mesenteric lymph 782 
nodes (MLNs) as analyzed semi-quantitative RT-PCR in serial two-fold dilutions of cDNA templates. Shown are 783 
RT-PCR data from one C57BL/6 and one MRL/Faslpr/lpr mouse, representative of 3 C57BL/6 and 3 MRL/Faslpr/lpr 784 
mice.  d, ANAs as visualized by indirect immunofluorescence on HEp-2 cells that were incubated with sera from 785 
a human healthy subject and a SLE patient or C57BL/6 and MRL/Faslp/lpr mice and revealed using FITC-labeled 786 
rat mAb to mouse IgD.  e, Bacteria-bound IgD and IgA in feces of C57BL/6 and MRL/Faslpr/lpr mice, as analyzed 787 
by flow cytometry.  f, IgD+B cells in lamina propria, MLNs and Peyer’s patches of C57BL/6 and MRL/Faslpr/lpr mice, 788 
as visualized by fluorescent microscopy. g, Recombined Sµ-sd, Sµ-Sg1, and Sµ-Sa DNA in bone marrow, spleen, 789 
MLNs and Peyer’s patches B cells from C57BL/6 and MRL/Faslpr/lpr mice were analyzed by nested long-range 790 
PCR using forward Iµ and reverse Cd, Sg1 or Sa primers, followed by Southern-blotting using indicated probes.  791 
Data are representative of 3 independent experiments. h, Sµ-sd, Sµ-Sg1 and Sµ-Sa junctional DNAs in non-792 
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immunized MRL/Faslpr/lpr mice, as amplified by nested PCR and sequenced by MiSeq.  The length and numbers 793 
of nucleotide overlaps (microhomologies) in Sµ-sd, Sµ-Sg1 and Sµ-Sa junctional DNAs are shown by violin plots. 794 
Each dot represents a unique sequence (n = 45 per group).  i, Somatic point-mutations in Sµ and sd regions 795 
abetting recombined Sµ-sd DNA junctions in IgD class-switched spleen B cells from 3 MRL/Faslpr/lpr mice.  796 
Mutations were identified in a 48 to 506 nt stretch of Sµ or sd regions in unique Sµ-sd DNA recombination 797 
sequences.  Each dot represents an individual sequence.  In pie charts, the size of slices denotes the proportion 798 
of sequences with the same number of mutations and the grey hue denotes the number of point-mutations per 799 
sequence; below the pie charts is the overall mutation frequency (change/base).  **p < 0.05, **p < 0.01, 800 
***p < 0.001, ns: not significant (unpaired t test). j, Expression of Zfp318 and Aicda transcripts in MLNs from non-801 
immunized C57BL/6 and MRL/Faslpr/lpr mice as analyzed by specific qRT-PCR.  Data are mean ± SEM of 3 802 
C57BL/6 and 3 MRL/Faslpr/lpr mice.   k, Expression of phosphorylated Rad52 (p-Rad52), Rad52 and β-Actin 803 
proteins in peripheral blood B cells from healthy human subjects and SLE patients as well as B cells from non-804 
immunized C57BL/6 and MRL/Faslpr/lpr mice, as analyzed by specific Western blotting using rabbit anti-p-Rad52 805 
Ab (Y408472, Applied Biological Materials Inc.) or anti-β-Actin mAb (2F1-1, BioLegend).  P-Rd52 (Y104) Ab 806 
detected endogenous levels of Rad52 protein only when phosphorylated at tyrosine 104.  807 
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Extended Data Fig. 1 | Sµ-sd and intra-sd DNA recombination junctions in mouse spleen B cells contain high frequencies of microhomologies. The

junctions of intra-sd, Sµ-sd, Sµ-Sg1 and Sµ-Sa recombinant DNAs from spleen B cells of an OVA-immunized C57BL/6 mouse were amplified and sequenced

using MiSeq system. Thirty-two representative junction sequences from each group are shown. Each intra-sd recombinant DNA sequence (middle) is compared

with the upstream (above) and the downstream (below) germline sd sequences. Each Sµ-sd, Sµ-Sg1 and Sµ-Sa recombinant DNA sequence (middle) is

compared with the germline Sµ (above) and the sd, Sg1 or Sa (below) sequence. Microhomologies (bold) were determined by identifying the longest regions at

the junctions of perfect uninterrupted donor/acceptor identity or the longest overlap region at the S–S junction with no more than one mismatch on either side of

the breakpoint.

Sµ-SaSµ-Sg1
Sm  AATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAA 
    ||||||||||||||||||||||||||||||||||||||||||||    | | ||      ||| |      ||  ||||||   
86  AATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAACTGATC 
       |  |           |     ||  | |  |    | |||||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAACTGATC 
 
Sm  GGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGT 
    ||||||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |  |   |    |  |    
47  GGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAG 
        ||   | | |  |      | | |      |     |||||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAG 
 
Sm  GGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGT 
    ||||||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |  |   |            
64  GGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAG 
        ||   | | |  |          |      |     |||||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAG 
 
Sm  GGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGT 
    ||||||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |  |   |    |        
91  GGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAG 
        ||   | | |  |        | |      |     |||||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAG 
 
Sm  GGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTG 
    |||||||||||||||||||||||||||||||||||||||||||            |         | |   |  |    |   
41  GGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGTAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACA 
       || |   |    |           |      |     ||| |||||||||||||||||||||||||||||||||||||||| 
Sg1 ACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACA 
 
Sm  GGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAA 
    ||||||||||||||||||||||||||||||||||||||||||| |   |         |  ||    |    |  |  ||    
24  GGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGT 
    ||| || || |         |  |  | ||       |   || |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGT 
 
Sm  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCA 
    |||||||||||||||||||||| |||||||||||||||||||| | |   |  | ||    ||     | |  | |||||  | 
29  AGAGAAGGCCAGACTCATAAAGTTTGCTGAGCAAAATTAAGGGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAAATACC 
         |  |    |      ||  | | | | | |     | ||||||||||||||||||||||||||||||||||||  |||| 
Sg1 CAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACC 
 
Sm  GGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAA 
    |||||||||||||||||||||||||||||||||||||||||||   |    |   |      |                 |  
07  GGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGAGGTACCAGGTTGAGCAGCTACAGGAGTGTTAGGACATGTGG 
    |      |   |  | ||         |         |||  ||||||||||||||||||||||||||||| |||||||||||| 
Sg1 GCTGGAAAAATCACCAGGGAGCTGGAGCTGATGGGTATAAAAAGGTACCAGGTTGAGCAGCTACAGGAGAGCTAGGACATGTGG 
 
Sm  ACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGCTA 
    |||||||||||||||||||||||||||||||||||||||||||  |       |||  ||          | |     |||  | 
30  ACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCATCTTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAA 
    ||  |   |   | |         |      | |||||    |||||||||||||||||||||||||||||||||||||||||| 
Sg1 ACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAA 
 
Sm  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCA 
    ||||||||||||||||||||||||||||||||||||||||||| | |   |  | |||   ||   | |    | |||||  | 
43  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAAATACC 
                 |      ||  | | | | | |     | ||||||||||||||||||||||||||||||||||||  |||| 
Sg1 CAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACC 
 
Sm  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCA 
    ||||||||||||||||||||||||||||||||||||||||||| | |   |  |   |   ||     | |  |  ||||  | 
49  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGCAAATACTACATGGCTGGAGCTGATGGGTGTATAAAATACC 
                 |      ||  | | | | | |     | ||||||||||||| ||||||||||||||||||||||  |||| 
Sg1 CAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACC 
 
Sm  GTGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGATGGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACTGAG 
    |||||||||||||||||||||||||||||||||||||  ||||       |     |||       ||     |   |      
69  GTGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGGAATGGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGCAGA 
     |               |||||| | || ||  |  ||    |||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGCAGA 
 
Sm  AGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCT 
    |||||||||||||||||| ||||||||||||||||||||||| || |   |            ||    |    |  |  || 
09  AGGGAACAAGGTTGAGAGTCCTAGTAAGCGAGGCTCTAAAAAACACGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGA 
    | ||| || || |     |   |  |  | ||       |  ||| |||||||||||||||||||||||||||||||||||||| 
Sg1 AAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGA 
 
Sm  GAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCT 
    ||||||||||||||||||||||||||||||||||||||||||   |  |  | ||   |       ||    |||         
99  GAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAGGGGTACACAGCTGAGCAAATACTACATAGCTGGAACTGATG 
    ||    |  ||  |    |  ||||     |    ||  |  ||||||||||||||||||||||||||||||||||| |||||| 
Sg1 GATTCTAAGCAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATG 
 
Sm  CTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGC 
    ||||||||||||||||||||||||||||| |||||||||||| |       ||   |  |   | |     |    |   
01  CTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGTGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGACAT 
       | | |     |  |            ||   |||    | ||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGACAT 
 
Sm  GAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAA 
    ||||||||||||||||||||||| ||| ||| ||||||||   | |    ||  |  |  |     |||    |  |||  ||| 
02  GAGCCAAAATGAAGTAGACTGAACTGATCTGAAATGAGCTACTCTGGAGTGCCTAGTTGAGTGTCTTTAGAGAAATTGAGGCAA 
       | |           ||   |  | |       |    |   |||||  || ||||||||||||||||||||| |||||||| 
Sg1 AGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCC-AGTTGAGTGTCTTTAGAGAAACTGAGGCAA 
 
Sm  CTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGC 
    |||||||||||||||||||||||||||||||||||||||||| |       ||   |  |     |     |    |       
10  CTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGTGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGACAT 
       | | |     |  |             |   |||    | ||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGACAT 
 
Sm  CTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGC 
    |||||||||||||||||||||||||||||||||||||||||| |       ||   |  |     |     |    |       
11  CTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGTGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGACAT 
       | | |     |  |             |   |||    | ||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGACAT 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTC 
    ||||||||||||||||||||||||||||||||||||||||||| || |   |         |  ||    |    |  |  || 
12  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
       ||| || || |         || |  | ||       |  ||| ||||||||||||||||||||||||||||||||||||| 
Sg1 CAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTC 
    ||||||||||||||||||||||||||||||||||||||||||| || |   |         |  ||    |    |  |  || 
15  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
       ||| || || |         || |  | ||       |  ||| ||||||||||||||||||||||||||||||||||||| 
Sg1 CAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
 
Sm  TAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTT 
    ||||||||||||||||||||||||||||||||||||||||  |||        |  | ||  |    ||    |     |    
16  TAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTATTAAGGGATAGACATGTAAGCAGTCAAGGTCAGTTATTACATGA 
    ||  ||      |            |               | |||||||||||||||||||||||||||||| || ||||||| 
Sg1 TAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
 
Sm  TAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTT 
    ||||||||||||||||||||||||||||||||||||||||  |||        |  | ||  |    ||    |     |    
17  TAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTATTAAGGGATAGACATGTAAGCAGTCAAGGTCAGTTATTACATGA 
    ||  ||      |            |               | |||||||||||||||||||||||||||||| || ||||||| 
Sg1 TAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
 
Sm  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||    ||||      | |  |       || |        ||| 
18  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGGGATGAGCAGCTACCAAGGGATAGACATGTAAGCAGTCAAGC 
       |        | || |   |    |     | |  | |  | |    |        |||||||||||||||||||||||||| 
Sg1 AAGGTAACCTGGAGCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGC 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTC 
    ||||||||||||||||||||||||||||||||||||||||||| || |   |         |  ||    |    |  |  || 
20  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
     | ||| || || |         || |  | ||       |  ||| ||||||||||||||||||||||||||||||||||||| 
Sg1 CAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
 
Sm  TGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCA 
     |||||||||| |||||||||| | ||| |||||||||| |   | |    |   |  |  |     |||    |  |||| || 
23  AGAGCCAAAATAAAGTAGACTGAACTGATCTGGAATGAGTTACTCTGGAGTGTCTAGTTGAGTGTCTTTAGAGAAACTGAGGCA 
        | |    |      ||   |  | |   |   |  | |   |||||  || ||||||||||||||||||||||||||||| 
Sg1 CAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGG-TCCAGTTGAGTGTCTTTAGAGAAACTGAGGCA 
 
Sm  GCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAG 
        ||||||||||||||||||||||| ||| ||| |||||| |    |   |   |  | | |  || ||| |  || |    
31  AGCAGAGCCAAAATAAAGTAGACTGAACTGATCTGAAATGAGTTACTCTGGAGTGTCTAGTTGAGTGTCTTTAGAGAAACTGAG 
         || |||  | |  ||              ||  |   | |   ||||| ||| |||||||||||||||||||||||||| 
Sg1 AAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAG-GTCCAGTTGAGTGTCTTTAGAGAAACTGAG 
 
Sm  AGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCT 
    ||||||||||| |||||||||||||||| ||||||||||||| || |   |         |  ||    |    |  |  || 
32  AGGGAACAAGGCTGAGAGCCCTAGTAAGTGAGGCTCTAAAAAACACGAGAGCTGGAGCTAGTATGAAGGTGGGGGTCCAGTTGA 
      ||| || || |         || |    ||       |  ||| |||||||||||||||||||||||||| ||||||||||| 
Sg1 AAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGA 
 
Sm  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGC 
    ||||||||||||||||||||||||||||||||||||||||||  |||        |  | |   |    ||    |     | 
33  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTATTAAGGGATAGACATGTAAGCAGTCAAGGTCAGTTATTACAT 
      ||  ||      |            |         |     | ||||||||||||||||||||||||| |||| || ||||| 
Sg1 GCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACAT 
 
Sm  CTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
       ||||||||||||||||||||||| ||| ||| |||||| |   | |    |   |  |  |      ||    |  |||| 
35  GCAGAGCCAAAATGAAGTAGACTGAACTGATCTGAAATGAGTTACTCTGGAGTGTCTAGTTGAGTGTCTCTAGAGAAACTGAGG 
        || |||  | |  ||              ||  |    |      |   ||| |||||||||||| |||||||||||||| 
Sg1 AAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGG 
 
Sm  CTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
       ||||||||||||||||||||||| ||| ||| |||||| |   | |    |   |  |  |      ||    |  |||| 
36  GCAGAGCCAAAATGAAGTAGACTGAACTGATCTGAAATGAGTTACTCTGGAGTGTCTAGTTGAGTGTCTCTAGAGAAACTGAGG 
        || |||  | |  ||              ||  |    |      |   ||| |||||||||||| |||||||||||||| 
Sg1 AAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGG 
 
Sm  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||    ||||      | |  |       || |        ||| 
37  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGGGATGAGCAGCTACCAAGGGATAGACATGTAAGCAGTCAAGC 
       |        | || |   |    |     | |  | |  | |    |        |||||||||||||||||||||||||| 
Sg1 AAGGTAACCTGGAGCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGC 
 
Sm  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||    ||||      | |          | |||   |  |   
65  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGGGATGAGCAGCTACCAAGG------GATAGACATGTAAGCAG 
           ||  || |||||   |       |     ||    || ||||||||||||||||      ||||||||||||||||| 
Sg1 CAGCTGAAGGTAACCTGGAGCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAG 

C57BL/6 mouse B cells (in vivo)

Intra-sd
sd    GTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCAG 
      ||||||| ||| |||||||||||||||||||||||||||||||| ||                    || |    | || 
16929 GTTACCCGGGGGTGCTGGGGCAAAGTGCCACACATGGCAGTTTGCGCCAGCAGCACAAAGAAACGAACATTGAGGGTGGTATA 
         | | |       | |  |||| ||||| |  |||||||||||||||||||| ||||||||| ||||| || | ||||||| 
sd    AAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATA 
 
sd    TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAGGATTATCTGAATAGAGCCTAGGAACTGGAAATGGAACAG 
      ||||||||||||||||||||||||||||||||||||||||||| ||   |   |     ||      |    | | || | || 
19978 TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
      ||| |     |  || |  |  |     |      |||||||||||||||||||||||||||||||||||||||||||||||| 
sd    TTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
 
sd    TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAGGATTATCTGAATAGAGCCTAGGAACTGGAAATGGAACAG 
      ||||||||||||||||||||||||||||||||||||||||||| ||   |   |     ||      |    | | || | ||  
5848  TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
      ||| |     |  || |  |  |     |      |||||||||||||||||||||||||||||||||||||||||||||||| 
sd    TTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
 
sd    TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAGGATTATCTGAATAGAGCTTAGGAACTGGAAATGGAACAG 
      ||||||||||||||||||||||||||||||||||||||||||| ||   |   | |   |||     |    | | || | || 
21219 TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAAGAAACTAACATAGATGCTGGTAATGGACCTAGGGTATAG 
      ||| |     |   | |  |  |     |      |||||||||||||||||||||||||||||||   ||| |||||||||| 
sd    TTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
 
sd    TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAGGATTATCTGAATAGAGCCTAGGAACTGGAAATGGAACAG 
      ||||||||||||||||||||||||||||||||||||||||||| ||   |   |     ||      |      | ||   || 
5341  TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAAGAAACTAACATAGATGGCAAGTAAAGGGCAAAGGGTTAA 
      ||| |     |  || |  |  |     |      |||||||||||||||||||||||||       | |    ||||  ||  
sd    TTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
 
Sd    TTGTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAGGATTATCTGAATAGAGCCTAGGAACTGGAAATGGAACAG 
      ||||||||||||| ||||||||||||||||||||||||||||| ||   |   |          |  |    ||  || |  | 
9873  TTGTTTTGTTTTTGAAACCTTTCCTGCGGTGTTGACAGCCCAAAGAAACTAACATAGATCGAAGGATATGATAATGGGGAATG 
      ||  |     |   | |  |  |            ||||||||||||||||||||||||    | |||||| |  ||| |    
sd    TTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAG 
 
sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
      |||||||||||||||||||||||||| ||||||||||||||||||  |       |         |        |   ||   
23000 TGTTACCCTGGGATGCTGGGGCAAAGGGCCACACATGGCAGTTTGCCCCAGCAGCCCAAAGAAACTAAACTAGATGCTGGTAT 
            |         | |  ||||  |||| |  ||||| |||||||||||||||||||||||||||  ||||||||||||| 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
      |||||||||||||||||||||||||||||||||||||||||||||  |       |         |        |   ||   
7249  TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGTCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
            |         | |  |||| ||||| |  ||||| |||||||||||||||||||||||||||||||||||||||||| 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
      |||||||||||||||||||||||||||||||||||||||||||||  |       |         |        |   ||   
15329 TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGCCCCAGCAGCCAAAAGAAACTAACATAGATGCTGGTAT 
            |         | |  |||| ||||| |  ||||| ||||||||||||||| |||||||||||||||||||||||||| 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
       ||||||||||||||||||||||||||||||||||||||||||||  |       |         |  ||        ||   
7638  GGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGCCCTAGCAGCCCAAAGAAACTAACATAGATGCTGGTAC 
            |         | |  |||| ||||| |  ||||| ||||||| ||||||||||||||||||||||||||||||||| 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
Sd    CCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCC 
      ||||||| ||||||| |||||| |||||||||||||||| ||||| |  || |  |||   |       |         |  | 
5046  CCAGCATTTATTTTTTTTACCCCGGGATGCTGGGGCAAACTGCCATAGGTGACCCTTTACCCCAGCAGCCCAAAGAAACTAAC 
      ||   |            | |         |    |||||||||||||||| | |||| |||||||||||||||||||||||| 
sd    CCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAAC 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      ||||||||||||||||||||||||||||| ||||||||||||||   |           || |  ||       | |       
12004 TACTTCTCATACCAGCATCTATTTTTGTTCCCCTGGGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
        |   |    |||||| |             |   ||||||||||||||||||||||||||||||||||||||||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      ||||||||||||||||||||||||||||||||||||||||||||   |           || |  ||       | |       
6024  TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
        |   |    |||||| |             |   ||||||||||||||||||||||||||||||||||||||||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      |||||||||||||||||| | ||||| |||||| ||||||||||   |           ||||  || |     | |       
10540 TACTTCTCATACCAGCATTTTTTTTTTTTACCCGGGGATGCTGGTATAAGGAATAGGGTATGGAGGTGTCTCTTGAATTGGAT 
        |   |    ||||||               |   |||||||||||| |  |||||||||  ||||| |||| ||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      ||||||||||||||||||||||||||||||||||||||||||||   |           ||||  || |     | |       
1091  TACTTCTCATACCTGCATCTATTTTTGTTACCCTGGGATGCTGGTATATGAAATAGGGTATAGGGGGGACTCTGGAATGGGAT 
        |   |    ||||||               |   ||||||||||||||| ||||||||||| || ||||||||||| |||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      ||||||||||||||||||||||||||||||||||||||||||||   |           |     ||       | |      
18312 TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGTATATGCAATAGGGTAAAAAGGTGACTCTGGAATTGGAT 
        |   |    |||||| |             |   ||||||||||||||  |||||||| | |||||||||||||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      ||||||||||||||||||||||||||||||||||||||||||||   |           || |  |          |      
1473  TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGTATATGAAATAGGGTATAGAGGGGACTCTGGAATTGGAT 
            |    |||||| |             |   ||||||||||||||| |||||||||||||| |||||||||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      |||||||||||||||||| ||||||| |||||||||||||||||   |           |  |  |        | |      
19590 TACTTCTCATACCAGCATTTATTTTTTTTACCCTGGGATGCTGGTATATGACATAGGGTATAGGGGGGACTTTGGAATTGGAT 
            |    ||||||               |   |||||||||||||||||||||||||||||| |||| ||||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
      |||||||||||| |||  ||||||||  ||  | ||||||||||   |           |  |  |  ||    |   || 
8674  TGTTACCCTGGGTTGCGTGGGCAAAGGTCCTAAGATGGCAGTTTTCACCAGGACCTCAAGGACACTAACATAGATGTTGGTAT 
          | |     |    ||  ||||   ||  || ||||| ||| | ||||||   ||| || ||||||||||||| |||||| 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
Sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
      | | ||||| || ||| |||| |||||||||| |||||| |||||  |       |             |    |   ||       
11742 TTTGACCCTCGGTTGCGGGGGGAAAGTGCCACCCATGGCTGTTTGCCCCAAGACCCCAAAGGAACAAAAATAAATTCTGGTAT 
         || |     |     |   ||| ||||     ||||  |||||||||  | ||||||| ||| || ||| || ||||||| 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
Sd    TGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCA 
      ||||  ||  |||     |||||||| |  ||||||||||| |||  |   |             |  ||    |   |   
20044 TTTTTTCCCTGGAATGCTGGGCAAAGGGGAACACATGGCAGGTTGCCCCAGAAGCACAAAGAAACTAACATAGATGATGAGAT 
            |       || ||  ||||  |  | |  |||||  ||||||||| ||| |||||||||||||||||||||||  || 
sd    AAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTAT 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      |||||||||||||||||||||||||||||||| ||||||| |||   |           || |  ||       | |       
9998  TACTTCTCATACCAGCATCTATTTTTGTTACCATGGGATGTTGGTATATGAAATAGGGTATAGAGGTGACTCTGGAATTGGAT 
        |   |    |||||| |                 |||| |||||||||| ||||||||||||||||||||||||||||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
Sd    GTTTTGTTTTTCAAACCTTTCCTGCGGTGTTGACAGCCCAAGGATTATCTGAATAGAGCCTAGGAACTGGAAATGGAACAGTG 
      ||||| ||||| ||||| || |||  | |||  || ||||| ||   |   |      |     |       |  | | |||| 
23121 GTTTTTTTTTTGAAACCGTTACTGGTGGGTTACCATCCCAAAGAAACTAACATAGAGTCTGGAAATGGTACTAATGTATAGTG 
      | |         | |           |    |  | ||||| ||||||||||||||  |||| |   |   ||  |||||| | 
sd    GCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAG 
 
Sd    ACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCC 
      |||||||||| ||||| || || || |||||||||||||| ||| | |  ||||| ||    |   |   |         | 
1284  ACCAGCATCTTTTTTTTTTCCCGTGTGATGCTGGGGCAAACTGCAATAGGTGGCACTTAACCCCAGAAGCCCAAAGAAACTAA 
       ||   |              |           |  |||||||| |||||||||||||  |||||| |||||||||||||||| 
sd    GCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAA 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      ||||||||||||||||||||||||||||  ||| ||||||||||   |           ||||  || |     | |       
12060 TACTTCTCATACCAGCATCTATTTTTGTATCCCGGGGTTGTTGGTATATGACAAGGGGTATATAGGTGATTCTGGAAGTGGAT 
        |   |    ||||||               |   |||||| ||||||||||  ||||||| |||||| ||||||| ||||| 
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
Sd    GTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCCCAGTTCTAGAGGCCAG 
       |||||||||||||||||||||||   |||||||| ||||||||  || |    |         |  ||    |   ||    
3325  TTTACCCTGGGATGCTGGGGCAAATGCCCACACATTGCAGTTTGTCCAAGCAGCCCAAAGAAACTAACATAGATGCTGGTATA 
         | |           |  ||||   ||| |  | ||| |||| || ||||||||||||||||||||||||||||||||||| 
sd    AAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATA 
 
Sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      |||||||||||||||||| | ||||| || ||||||||||||||   |           || |             |       
14834 TACTTCTCATACCAGCATTTTTTTTTTTTCCCCTGGGATGCTGGTATATGACATAGGGTATAGGGTGGACTCTGGAATTGGAG 
        |        ||||||               |   |||||| |||||||||||||||||||| |  |||||||||||||||  
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
sd    TACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTC 
      |||||||||||| |||||||||||||||| ||| ||||| |||||  |  |        ||||  ||       | |       
3802  TACTTCTCATACAAGCATCTATTTTTGTTTCCCGGGGATTCTGGGATATTGCATAGGGTATGGAGGTGGATCTGGAATTGGAA 
        |   |    | |||| |          |  |   ||| |||| ||||  |||||||||| ||||||  ||||||||||||  
sd    GGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGAT 
 
Sd    ACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCT 
      ||||||||||||||||| |||||| |||||||||| ||||| |   |           ||||  || |     | |        
13419 ACTTCTCATACCAGCATTTATTTTGGTTACCCTGGTATGCTTGTATAGGACATAGGGTATAGGGGTTACTAGGGAATTGGATG 
       |   |    ||||||               |    ||||| ||||| |||||||||||||| |||||||  ||||||||||| 
sd    GCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGATG 
 
sd    ACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAACTCTGTTCTTTCC 
      |||||||||||||||| ||||||||||||||||||| ||| || || |  |||  |||||  ||   |   |        |   
581   ACCAGCATCTATTTTTTTTACCCTGGGATGCTGGGGGAAACTGGCATAGGTGGGTGTTTGCCCACGTGGCGTAAAGAACCTAA 
       ||   |            | |         | |   |||||| |||||||||   |||||||  |  |   |||||| |||| 
sd    GCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAA 
 
Sd    GGTACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAAC 
      ||||||||||||||||||||||||||||||||||| |||||| | |   |           || |  ||       | |     
5934  GGTACTTCTCATACCAGCATCTATTTTTGTTACCCGGGGATGGTTGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGG 
      |   |   |    |||||| |             |   |||| | |||||||||||||||||||||||||||||||||||||| 
sd    GTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGG 
 
Sd    GGTACTTCTCATACCAGCATCTATTTTTGTTACCCTGGGATGCTGGGGCAAAGTGCCACACATGGCAGTTTGAGCAGCAGAAC 
      ||||||||||||||||||||||||||||||| |||  ||||| | |   |           ||||  || ||      |    
7092  GGTACTTCTCATACCAGCATCTATTTTTGTTCCCCATGGATGTTTGTATAGGAAATGGGGTATGGATGTGTGTCTGAAATGGT 
      |   |   |    |||||| |             ||| |||| | ||||| || || |||||| || |||  |||| ||| |   
sd    GTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGG 

Sµ-sd
Sm    CAGCCATCGGGCACACACATAATACACAAATTCACACATCGAAAATAAAAAACATGGAAAAATTAAGGTCACAGTGCAAGCTCTG 
      ||||| ||||||| ||||||||||||||||||||||||| |||||||    | ||   | ||     |    |     ||  | | 
6390  CAGCCGTCGGGCATACACATAATACACAAATTCACACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGTAGTGCAG 
            |        |    |      | || |  |||||||||||||||||||||||||||||||||||||||||||||||||| 
sd    ATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGTAGTGCAG 
 
Sm    CAGCCATCGGGCACACACATAATACACAAATTCACACATCGAAAATAAAAAACATGGAAAAATTAAGGTCACAGTGCAAGCTCTG 
      ||||| ||||||| ||||||||||||||||||||||||  |||||||    | ||   | ||     |    |     ||  | | 
3588  CAGCCGTCGGGCATACACATAATACACAAATTCACACAGTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGTAGTGCAG 
            |        |    |      | |||   ||| |||||||||||||||||||||||||||||||||||||||||||||| 
sd    ATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGTAGTGCAG 
 
Sm    AGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATA 
      ||||||||||||||||||||||||||||||||||||||||||||||  || || |     ||| | |    |    ||       
12484 AGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAAGCAAAGAATCACTCCACAGAAGCCACCAAAGCTATTAC 
      ||  |   |      || ||   | |   |     | |||||||||||||||||||||||||||||||||||||||||||||||| 
sd    AGTCATGGGATTCCCAGTCCTCTAAGAGAGTCACTCCAACTCTCCAAGCAAAGAATCACTCCACAGAAGCCACCAAAGCTATTAC 
 
Sm    TAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAG 
      ||||||||||||||||||||||||||||||||||||||||||||||        |         ||  ||  |||    |||| 
11087 TAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCT 
      |    |      |||||     |||        | |  |||||||||| |||||||||||||||||||||||||||||||||||| 
sd    TTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCT 
 
Sm    TCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAA 
      |||||||||||||||||||||||||||||||||||||||||| ||| |                |         |     || | 
6116  TCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGGGAAAGAACAGAATTCTGTTGCTCAAACTGTCATAGGTGGCAC 
          | |    |  |  ||        ||    |    |||||||||||||||||||||||||||||||||| |||||||||||| 
sd    ATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCTCAAACTGCCATAGGTGGCAC 
 
Sm    GGCCAGAGGGAGTTCACACAGAGCATGTGGACTGGCTTAGAAGCCCTTCACGTCACTGACTGACTGAGTGTCCTCTCAACCACCA 
      ||||||||||||||||||||||||||||||||||||||||||||||       |    |  ||    |        ||      | 
11587 GGCCAGAGGGAGTTCACACAGAGCATGTGGACTGGCTTAGAAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTA 
        |    |          || ||   |     || |  || |||||||||||||||||||||||||||||||||||||||||||| 
sd    TTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTA 
 
Sm    GGCCAGAGGGAGTTCACACAGAGCATGTGGACTGGCTTAGAAGCCCTTCACGTCACTGACTGACTGAGTGTCCTCTCAACCACCA 
       ||||||||   |||   |       ||||||||||||||||||||       |    |  ||    |     |  ||      | 
9755  GGCCAGAGGTTTTTCTTTCCTTTTGGGTGGACTGGCTTAGAAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTA 
        |    | |    ||  | |    ||     || |  || |||||||||||||||||||||||||||||||||||||||||||| 
sd    TTCTGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTA 
 
Sm    GTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGA 
      ||||||||||||||||||||||||||||||||||||||||||||| |  |||| || ||  |||        |     |   |  
2875  GTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTGGCCTCTAGAA 
             |    || |||    |            |   ||||||||||||||||||||||||||||||||||| |||||||||| 
sd    CCTCAGAGCTAGAAGTCTGTGACAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAA 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      ||||  |||||||||||||||||||||||||||| ||||||||||         |     | | |   | |   |  |        
18597 CATGTGATTTTGAGGAAATCTTAGAAAACGTGTAGACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
         | |    ||    |    || |              |||||||||||||||||||||||||||||||||||||||||||||| 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      ||||||||| |||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |        
16877 CATGGTATTGTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTATGGGATACTGTAGAATGGGACATTGAAGATAGTTGATAT 
         ||     ||    |    || |         |    |||||| ||||||||||||||||||||||||||| ||||||||||| 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    TGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCT 
      |||||||||||||||||||| |||| |||||||||||||||||||         |  ||        |  |  | | |    |   
17862 TGAGGTAAGCAAAGCTGGGCGTGAGGCAAAATGAAGTAGACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAG 
          |      |       | |  |          | | |||||||||||||||||||||||||||||||||||||||||||||| 
sd    CACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAG 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      |||||||||||||| ||||||||||||||||||||||||||||||         |     | | |   | |   |  |        
2429  CATGGTATTTTGAGAAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGAGACTGTAGGAGGGGACATTGAAAATATTTGACAT 
         ||     ||    |    || |         |    |||||||||||| ||||||| | |||||||||||||||||||| || 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      |||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |      |        
4796  CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGTGAGACGTTTGTAAGGGACAGTGAAATTATTTAATAT 
         ||     ||    |    || |         |    |||||||||||| || |||| | |||||||||||| ||||| |||| 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      |||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |      |        
1157  CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGAGAGTCTAGACAGGGAGTGTAAAAATCTTTGACCT 
         ||     ||    |    || |         |    |||||||||||| | | ||||| ||||   | ||||| |||||  | 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    TGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCT 
      |||||||||||||||||||||||||||||||||||||||||||||         |  ||        |  |  | | |    | 
14807 TGAGGTAAGCAAAGCTGGGCGTGAGGCAAAATGAAGTAGACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAG 
          |      |       | |  |          | | |||||||||||||||||||||||||||||||||||||||||||||| 
sd    CACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAG 
 
Sm    GCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGA 
      ||||||| ||||||||||||||||||||||||||||  ||||||| |              | |            | |    || 
9683  GCTGGGCGTGAGGCAAAATGAAGTAGACTGTAATGAG-TGGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGA 
      |       | |       ||       |||  ||    | ||||||||||||||||||||||||||||||||||||||||||||| 
sd    GTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGA 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      |||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |      |        
20200 CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||||| 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      |||||||||||||| ||||||||||||||||||||||||| ||||         |     | | |   | |   |  |        
8797  CATGGTATTTGGAGAAAATCTTAGAAAACGTGTATACAATGGTCTCTGGGATACTGTAGAATTGGACATTGAAAATATTTGATAT 
         ||     ||  | |    || |         |    | |||||||||||||||||||||||||||||||||||||||||||| 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      |||||||||||||| ||||| ||||||||||||||||||| ||||         |     | | |   | |   |  |        
8424  CATGGTATTTTGAGAAAATCGTAGAAAACGTGTATTCAATGGTCTCTGGGATACTGTAGAATGGGACAGTGAAACTATTTGATAT 
         ||     ||  | |    || |         |    | ||||||||||||||||||||||||||||||||| |||||||||| 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    GGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAAC 
      |||||||||| ||||||||||||||||||| ||  |||||||||     | || |     |||   |      | | |  |    
7027  GGCCGCTAAGTTAAACTAGGCTGGCTTAACAGAATTGAGCCAAAAATCCAAGACCACTGATAAGAAAAAGGTCACACATTTTCCT 
       | | |     |||             ||||||||    ||||| ||||||| ||||||||||||||||| ||||||||| |||| 
sd    AGACACGGTTCTAAGAGCAAAGCTAAGAACAGAATCTCTCCAAATATCCGAGGCCACTGATAAGAAAAAGCTCACACATTCTCCT 
 
Sm    CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGATG 
      ||||||||||||||||||||||||||||||||||||||||| |||         |     | | |   | |   |  |        
2488  CATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTTTCTCTGGGATACGGTAGAATGGGTCATTGAAAATATTGGCCAT 
         ||     ||    |    || |         |    || |||||||||||| |||||||||| ||||||||||||| || || 
sd    GGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATAT 
 
Sm    TGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAA 
      ||||||||||||||||||||||||||||   ||||||   |||| |  | |    |  |    |  |  ||||       |   | 
5917  TGAGGCAAAATGAAGTAGACTGTAATGAGT-GGAATGGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGA 
             | ||    |         ||        | |||||||||||||||||||||||||||||||||||||||||||||||| 
sd    TACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGA 
 
Sm    CAAAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAGCTT 
      ||||||||||||||||||||||||||||||||||||||||||||   | ||| | |        |        |           
12490 CAAAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCAAAG 
      | |   |  ||  |           |   |         ||| || |||||| |||||||||||||||||||||||||||||||| 
sd    CCAGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTGATAAAAAGGAACCTGACATGTTCCTCCTCTCAGAGTGCAAAG 
 
Sm    AGACTCTGGAC---CTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAGCTT 
      |    ||||||   ||||||||||||||||||||||||||||||   | ||| | |        |            |        
12594 ATCGGCTGGACTAACTCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGATTGCAAAG 
                 |             |   |         ||| || |||||| |||||||||||||||||||||||| ||||||| 
sd    CCAGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTGATAAAAAGGAACCTGACATGTTCCTCCTCTCAGAGTGCAAAG 
 
Sm    CTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTG 
      ||||||||||||||||||||||| |||||||||||  |||||||    | | | |||  ||          |   | |     |  
3588  CTGGAATGAGCTGGGCCGCTAAGTTAAACTAGGCTCACTTAACCATAGTAAACTAAAAGGGGGCTTCTGAAAGGCATCATCACTA 
        |  |             |     |  |   ||     ||| ||||||| |||||||||||||||||||||||||||||||||| 
sd    TAGAGACCTAGAACCAAGATTTAGGAGCCAGAGCTTGAATAAGCATAGTAGACTAAAAAGGGGCTTCTGAAAGGCATCATCACTA 
 
Sm    GCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACT 
      |||||||||||||||||||||||||||||||||||||||||||  ||          |   |||     | ||              
6390  GCCGCTAAGCTAAACTAGGCTGGCTTAACCAAGATGAGCCAAAAGGGGGCTTCTGAAAGGCATCATCACTAAAGGATCAGGGTTC 
         | |     |  |   ||| |  ||| ||   |   | |||| |||||||||||||||||||||||||||||||||||||||| 
sd    CAAGATTTAGGAGCCAGAGCTTGAATAAGCATAGTAGACTAAAAAGGGGCTTCTGAAAGGCATCATCACTAAAGGATCAGGGTTC 
 
Sm    CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGA 
      ||||||||||||||||||||||||||||||||||||||| |||      | |    | |      |        |           
3398  CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAG 
        ||   | | |  |      | | |      |      |||||||||||||||||||||||||||||||||||||||||||||| 
sd    GATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAG 
 
Sm    GAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAA 
      |||||   ||| ||||| |||||||| ||| |||||||| |||    |         |  || |  |       |   |      
6506  GAACAGTATTGTGAGCCTTAGTAAGCTAGGGTCTAAAAAACATAACAGCTGGACCTAGTATGAGGGTGGGGATCCAGGTGAGTGT 
      || |||   |       | || |  | ||       |  |||| ||||||||||||||||||| ||||| | ||||| ||||||| 
sd    GATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGT 
 
Sm    ACCTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAGCTTGTAAACTGTTTC 
      | ||||||||||||||||||||||||||||||||||||||||      | |    ||  | |    |    || |           
16479 AACTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCATGGTATGGTACTTCTCATACCAGCATCTATTTTTGTTACCCTG 
               |    |  |     | || |||  |      ||||||||||||||||||||||||||||||||||||||||||||| 
sd    GGACTCGTCACCAAATTCCAGATATATTGTAGTCATTCACCATGGTATGGTACTTCTCATACCAGCATCTATTTTTGTTACCCTG 
 
Sm    AATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGC 
      |||||||||||||||||||||||||||||||||||||||||| |      |   |||     |   |  | |     |||  |  
22374 AATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATAACTCTGGCAAGAAGAGTGATACTGTCCAG 
           ||||   ||||       |||  ||   |  ||  ||||||||||||||| ||||||||||||||||||||||||||||| 
sd    GCCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTCCAG 
 
Sm    AGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAA 
      ||||||||||||||||||||||||||||||||||||||||||   |||    |          |      |  |     |    | 
1439  AGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAGTGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGA 
        | |  ||    |          |      ||   |   || |||||||||||||||||||||||||||||||||||||||||| 
sd    GTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGA 
 
Sm    AGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAA 
      ||||||||||||| |||| |||||||||||||||||||||||   | |    |          |      |  |     |    | 
19902 AGCAAAGCTGGGCGTGAGGCAAAATGAAGTAGACTGTAATGAGTGG-ACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGA 
        | |  ||               |      ||   |   || ||| |||||||||||||||||||||||||||||||||||||| 
sd    GTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGA 

Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGA 
    |||||||||||||| ||||||||||||||||||||||| |||||||      |         | | |                
133 TTGAGCCAAAATGAGGTAGACTGTAATGAACTGGAATGGGCTGGGCTCAGTTGACCTTGCTCGTTTGAGCTGGTCTAGATG 
        |         ||  |          |   || |||||||| ||||||||||||||||||| |||||||||||||||| 
Sa  GATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATG 
 
Sm   CAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCT 
     ||||||||||||||||||||||||||||||||||||||||||||    |    ||     |   |     | |  ||      
104  CAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGACTGGGCTGGGCTCAGTTGACCTTGCTCGTTTGAGC 
        ||   ||  || |     | |   | |  ||  |||||||||||||||||| ||||||||||||||||||| ||||| 
Sa   ACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGC 
 
Sm  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    |||||||| |||||||||||||||||||||||||||||||| |||  ||     |   |   ||       ||||   |  
28  GATGAGCCGAACTGGAATGAACTTCATTAATCTAGGTTGACCAGACATAGCAGGTGTGGGTGACTTGCAGATGTTGGAAAT 
       |    ||    |   |  |       |    |   |||||||| |||||| ||||||||||||||||||||||||||| 
Sa  ACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTGTGGGTGACTTGCAGATGTTGGAAAT 
 
Sm  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||  |||  ||     |   |   ||       ||||   |  
77  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGACCAGACATAGCAGGTGTGGGTGACTTGCAGATGTTGGAAAT 
    |   |     |    |   |          |    |  ||||||||| |||||| ||||||||||||||||||||||||||| 
Sa  ACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTGTGGGTGACTTGCAGATGTTGGAAAT 
 
Sm  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTG 
    ||||||||||||||||||||||||||||||||||||||||||||    |  ||||   | |     |     |  |        
47  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
      | | ||   |    | |          |     || | ||||||||||||||||||||||||||||||||||||||||| 
Sa  GGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
 
Sm  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTG 
    ||||||||||||||||||||||||||||||||||||||||||||    || ||||   | |     |     |  |      
02  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
      | | ||   ||   | |          |     || | ||||||||||||||||||||||||||||||||||||||||| 
Sa  GGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
 
Sm  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTG 
    ||||||||||||||||||||||||||||||||||||||||||||    || ||||   | |     |     |  |       
06  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
      | | ||   ||   | |          |     || | ||||||||||||||||||||||||||||||||||||||||| 
Sa  GGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
 
Sm  AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTG 
    ||||||||||||||||||||||||||||||||||||||||||||    |  ||||   |       |     |  |      
106 AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGCAAT 
        | ||   ||   | |          |     || | ||||||||||||||||||||||||||||||||||||| ||| 
Sa  GGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAAT 
 
Sm  AATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGA 
    ||||||||||||||||||||||||||||||||||||||| |||    || ||||   | |     |     |  |      
01  AATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCCCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATT 
     | | ||   ||   | |          |     || |  ||||||||||||||||||||||||||||||||||||||||| 
Sa  GACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATT 
 
Sm  GTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGC 
    ||||||||||||||||||||||||||||||||||||||||||| |    |  |   || |  |  |    |       |   
131 GTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCAATGAGCTA 
    || | |  | |    ||   ||     |    |||  |  |||||||||||||||||||||||||||||||| |  ||||  
Sa  GTAGGAATGTGGAGGACCAGACCTAACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTG 
 
Sm  AATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGA 
    ||||||||||||||||||||||||||||| ||||||||| |||       ||||   | |     |     |  |       
132 AATTAAGGGAACAAGGTTGAGAGCCCTAGCAAGCGAGGCCCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATT 
     | | ||   ||   | |          |     || |  ||||||||||||||||||||||||||||||||||||||||| 
Sa  GACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATT 
 
Sm  CAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTC 
    |||||||||||||||||| || |||||||||||||||||||||      |||  |  |||| || ||||    | |    | 
179 CAAAATTAAGGGAACAAGATTAAGAGCCCTAGTAAGCGAGGCTGAGCTGAGCTGGAATGAGATGGGATGAACTGA-CTGGG 
             ||            | |      | |||   ||||||||||||||||||||| ||||||||||||| || || 
Sa  GCTGGGCTGGGCTGGTGTGAGCTGGGTTAGGCTGAGCTGAGCTGAGCTGAGCTGGAATGAGCTGGGATGAGCTGAGCTAGG 
 
Sm  CAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTC 
    ||||||||||||| |||||||||||||||||||||||||||||      |||  |  |||| || ||||    |   |    
141 CAAAATTAAGGGAGCAAGGTTGAGAGCCCTAGTAAGCGAGGCTGAGCTGAGCTGGAATGAGATGGGATGAACTGA-CTGGG 
             ||  |    |    | |      | |||   ||||||||||||||||||||| |||||||| |||| || || 
Sa  GCTGGGCTGGGCTGGTGTGAGCTGGGTTAGGCTGAGCTGAGCTGAGCTGAGCTGGAATGAGCTGGGATGAGCTGAGCTAGG 
 
Sm  TAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGT 
    |||||||||||||||||||||||||||||||||||||||||||        |  ||               |       |  
186 TAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGA 
    | |      |         |||     |   | || ||   |||||||||||||||||||||||||||||||||||||||| 
Sa  TGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGA 
 
Sm  TAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGT 
    |||||||||||||||||||||||||||||||||||||||||||        |  ||               |       |  
03  TAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGA 
    | |    | |      |  |||     |   | || ||   |||||||||||||||||||||||||||||||||||||||| 
Sa  TGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGA 
 
Sm  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTG 
    |||||||||||||||||||||||||||||||||||||||||||  |||   |     |   |   ||       ||||    
163 CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGACCAGACATAGCAGGTGTGGGTGACTTGCAGATGTTGGA 
    | |   |     |        |  |       |    |   |||||||| ||||||||||||||||||||||||||||||| 
Sa  CTAACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTGTGGGTGACTTGCAGATGTTGGA 
 
Sm  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTG 
    |||||||||||||||||||||||||||||||||||||||||||  |||  ||     |   |   ||       ||||   
54  CGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGACCAGACATAGCAGGTGTGGGTGACTTGCAGATGTTGGA 
      ||  |     |    |   |  |       |    |   |||||||| |||||| |||||||||||||||||||||||| 
Sa  TCAGCAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTGTGGGTGACTTGCAGATGTTGGA 
 
Sm  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGAC 
    |||||||||||||||||||||||||||||||||||||||||||   |  ||       |    |  |   |    |      
05  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTA 
          |     |    |                   |    ||||||||||||||||||||||||||||||||||||||| 
Sa  GAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTA 
 
Sm  CTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGAC 
    ||||| ||||||||| |||||||||||||||||||||||||||   |  ||       |    |  |   |              
154 CTGAGTGCTTCTAAAGTGCGCTAAACTGAGGTGATTACTCTGATAAATTCAGCTAGCTGAACCAAACTTGACAGTGAGCTA 
          |     |    ||                   |   |||||||||||| |||||||||||||||||||||||||| 
Sa  GAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTA 
 
Sm  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||  ||        ||      ||   |    | |       
11  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTAC 
       |     |      |            |     ||   |  |||||||||||||||||||||||||||||||||||||| 
Sa  CTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTAC 
 
Sm  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    ||||||||||||||||||||||||||||||||| ||||||||   ||        |       ||   |    | |      
13  AGATGAGCCAAACTGGAATGAACTTCATTAATCTGGGTTGAATTTAGGCTGGAATTGGGCGAAACTTGGCTTGGCTGGTTA 
        |     |      |            |     ||      |||||||||||| |||||||||||||||||||||||| 
Sa  GCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
 
Sm  GAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTG 
    |||||||||||||||||||||||||||||||||||||||||||       |    |  |  |  |     | ||   |||   
15  GAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATATTATTCAACTGGCTGAACCAAACTTGACAGTGAGCTA 
    ||     ||    |              | ||   |    |      |||| ||||||||||||||||||||||||||||| 
Sa  GAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTA 
 
Sm  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    |||||||||||||||||||||||||||||||||||||||||||  ||        ||      ||   |    | |      
18  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
        |     |      |            |     ||   |  ||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
 
Sm  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    |||||||||||||||||||||||||||||||||||||||||||| ||        ||      |    |    | |     
39  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
        |     |      |            |     ||   |  ||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
 
Sm  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    |||||||||||||||||||||||||||||||||||||||||||  ||        ||      ||   |    | |       
48  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
        |     |      |            |     ||   |  ||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
 
Sm  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    |||||||||||||||||||||||||||||||||||||||||||  ||         |      ||   |    | |      
65  AGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
        |     |      |            |     ||   |  ||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTA 
 
Sm  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||  ||        ||      ||   |    | |     | 
98  GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTAC 
       |     |      |                  ||   |  |||||||||||||||||||||||||||||||||||||| 
Sa  CTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTAC 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGC 
    ||||||| ||||||||||||||||||||||||||||||||||| || | |         |            |    | |  
100 AAGGGAATAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGCCGCTAAACTAAACTAGGCTGGCTTAACCGAGA 
          |           |        |  ||      |  |     |||||||||||||||||||||||||||||||||| 
Sa  GGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAACTAAACTAGGCTGGCTTAACCGAGA 
 
Sm  TGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAAT 
    |||||||| ||||||||||||||||||||||||||||||||||     ||| | | |||  || ||  || | |  |     
121 TGGGCTTCACTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGAAAGAGCTGGGCTGAGCTGAGGTGAACTGGGGTGAGTTG 
      |        | | |                             |||||||||||||||| ||||| |||||||||| || 
Sa  GAGCTGAACTGGGGTGAGCTGGGCTGAGCTGGGGTGAGCTGAGCTGAGCTGGGCTGAGCTGGGGTGAGCTGGGGTGAGCTG 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGC 
    ||||||| ||||||||||||||||||||||||||||||||||| ||   |         |     |      |    | |  
126 AAGGGAATAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGCCGCTAAACTAAACTAGGCTGGCTTAACCGAGA 
          |          ||        |  ||      |  |      ||||||| ||||||||||||||||||||||||| 
Sa  GGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGA 
 
Sm  AGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGC 
    ||||||||||||||||||||||||||||||||||| |||||||   ||   |   ||   |    | |   |   || |   
144 AGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGGGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTG 
     ||    |       |         | |  |    |     | |||||||||||||||||||||||||||||||||||||| 
Sa  TGGCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTG 
 
Sm  GGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTC 
    |||| ||||||||||||||||||||||||||||||||||| || |           |     |      |    | | |   
156 GGAATAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGCCGCTAAACTAAACTAGGCTGGCTTAACCGAGATGA 
       |          ||        |  ||      |  |     |||||||| |||||||||||||||||||||||||||| 
Sa  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGA 
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Sm   AAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAACTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAAT 
     |||||||||||||||||||||||||||||||||||||||||||||    | |      | |            |  |    
1120 AAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAACTGGCGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTG 
        ||   |      | |    |    |   | ||||||  ||||||||||||||||||||||||||||||||||||||||||| 
sd   CCCTGACATCCCTACATGAATGTTGGTTTCAGCAAGCAAGTCTGGCGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTG 
 
Sm  TCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTA 
    |||||||||||||||||||||||||||||||||||| |||||||    | || ||        || | |   ||    |  |  | 
957 TCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACA 
     ||   |  |  |  |             |||   |||||||||||||||||||||||||||||||||||||||||||||||||| 
sd  GCAAGCAAGTCTGGCGGGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACA 
 
Sm   TAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACT 
     ||||||||||||||||||||||||||||||||||||||| |||   |     |    | |     | ||   |      | | 
1774 TAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACCTCAACCACACTTGCACCAGAAACTGAGCCAAAAGGAAAGAAAAA 
       ||    |     |    ||       | | | |||||||||||||||||||||||| |||   | ||||||||||||||||| 
sd   ATGGTCCTCCAGGTCACTGTGCTGGCCTCAGAACTGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAGAAAAA 
 
Sm   TAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACT 
     ||||||||||||||||||||||||||||||||||||||| |||   |     |    | | |   |  |   |      | |  
2044 TAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACCTCAACCACACTTGCACCAGAAACTGAGCCAAAAGGAAAGAAAAA 
       ||    |     |    ||       | | | |||||||||||||||||||||||| |||   | ||||||||||||||||| 
sd   ATGGTCCTCCAGGTCACTGTGCTGGCCTCAGAACTGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAGAAAAA 
 
Sm   TCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGC 
     |||||||||||| ||||||||||||||||||||||||||||| |      |         ||  ||  |||    ||||    | 
1509 TCTCCAGCCACAATAATGACCCAGACAGAGAAAGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCTCAC 
      |      ||||      |||        | |  |||||||||||||||||||||||||||||||||||||||||||||||||| 
sd   CCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTTGCTCAC 
 
Sm  CATTTAACTTTCCTTGAAAAACTAGTAAAAGAAAAATGTTGCCTGTTAACCAATAATCATAGAGCTCATGGTATTTTGAGGAAAT 
    ||||||||||||||||||||||||||||||||||||||| |||      ||     ||    |         |     |     |�
222 CATTTAACTTTCCTTGAAAAACTAGTAAAAGAAAAATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGT 
    ||  |         || | |     ||  ||    |||||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGT 
 
Sm   GCATGGCTGAGCTGAGATGGG-TGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAA 
     |||  ||||||||||| |||| || |||   |||||| | |||  | |  | |  ||                     |     
1500 GCACAGCTGAGCTGAGCTGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCT 
       || |          |     |||        ||| ||||||||||||||||||||||||| ||||||||||||||||||||| 
Sd   CTACTGGGTTTGATGCCAACCCTGATTCAGCACGAGTTCATCTCCACTAGGTTCCACCCGCCGTGACCTCAGAGCTAGAAGTCT 
 
Sm   ATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTAT 
     ||||||||||||||||||||||||||||||||||||||||||    | || ||        || | |   ||    |  |  || 
1718 ATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACAT 
     |   |  |  |  |    | |      |||   | ||||||||||||||||||||||||||||||||||||||||||||||||| 
sd   AAGCAAGTCTGGCGGGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACAT 
 
Sm   ATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTAT 
     ||||||||||||||||||||||||||||||||||||||||||    | || ||        || | |   ||    |  |  || 
2093 ATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACAT 
     |   |  |  |  |    | |      ||    | ||||||||||||||||||||||||||||||||||||||||||||||||| 
sd   AAGCAAGTCTGGCGGGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACAT 
 
Sm   GAGCTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGATACTCTGGAGTAGCTGAGATGGGGT 
     ||| |||||||||||||||||||||||||||||||||||||          | |       || | |  |  ||  |      | 
1864 GAGGTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACT 
         |||  | |||       |    ||  | |  ||||||||||||||||||||||||||||||||||||||||||||||||| 
sd   ATGTTGGTTTCAGCAAGCAAGTCTGGCGGGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACT 
 
Sm   TCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGT 
     |||||||||||  ||||||||||||||||||||||||||||      | || |||| |  |     |     | |       | 
1752 TCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGA 
            |         |  |        ||    ||||||||||||||||||||||||||||||||||||||||||||||||| 
sd   GGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGA 
 
Sm   GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGA 
     ||||||||||||||||||||||||||||||||||||||||| |   ||   |          | |   |    |  |     | 
1750 GATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAACATGTCTTCCCCTCTGAAATGAGAAATGGCAATTATACAATGG 
         |  ||    |||   ||     | ||     ||||||||||||||||||||||||||||||||||||||||||||||||| 
sd   TGAAAATCAGCTGGGAGCCAAAGAAGTCAAGTATAGTTGAACATGTCTTCCCCTCTGAAATGAGAAATGGCAATTATACAATGG 
 
Sm  AGCACAGCTGAGCTGAGAT-GGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAA 
    ||||||||||||||||| | ||||| |||   |||||  | |||  | |  | |  ||                     |     
588 AGCACAGCTGAGCTGAGCTGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCT 
       || |                |||         || ||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCT 
 
Sm  AGCACAGCTGAGCTGAGAT-GGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAA 
    ||||||||||||||||||| ||||| |||   |||||  | |||  | |  | |  ||                     |    
843 AGCACAGCTGAGCTGAGATGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGCTC 
       || |                |||         || ||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCT 
 
Sm  AGCATGGCTGAGCTGAGAT-GGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAA 
    ||||  ||||||||||||| ||||| |||   |||||| | |||  | |  | |  |                      |     
51  AGCACAGCTGAGCTGAGATGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCT 
       || |                |||         || ||||||||||||||||||||||||||||||||||||||||||||||| 
sd  TATACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCT 
 
Sm   GATGGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTAGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGAGCTAA 
     ||||||||||||||||||||||||||||| ||| | ||| |||  | | | | ||      |      |   ||  |     || 
1883 GATGGGGTGAGATGGGGTGAGCTGAGCTGAGCTCATCTACACTAGGTTAAACAAGCCATGACCTCAGAGCTAGAAGTCTGTGAA 
     |                |||         || |||||| |||||||||  ||  |||||||||||||||||||||||||||||  
sd   GGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCTGTGAC 
 
Sm  TAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGA 
    ||||||||||||||||||||||||||||||||||||||||||          |   || |     |   |   | |  || | | 
319 TAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGT 
     | | |       |        |   | |    |   |||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGT 
 
Sm  CAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCT 
    ||||||||||||||||||||||||||||||||| |||  |||   |  | ||         ||          |||        
111 CAGACTCATAAAGCTTGCTGAGCAAAATTAAGGTAACTGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGA 
     |             | |  |     |   | |   ||||||||||||||||||||||||||||||||||||||||||||||||| 
sd  GATTCAACCCCTTTGTCCCAAAGTTGAGACATGGGTCTGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGA 
 
Sm  CCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAAT 
    ||||||||||||||||||||||||||||||||||||||||||  ||       | |  |  ||   |     || ||| |    | 
547 CCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACATAGGGTATAGAGGTGACTCTGGAATTGGATGATGAACCCTGA 
    ||     | |    | |   |   |  |  |      |||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGATGATGAACCCTGA 
 
Sm  CCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAAT 
    ||||||||||||||| |||||||||||||||||| |||||||  ||       | |  |  ||   |  |  || ||| |    
82  CCAGCAGGTCGGCTG-ACTAACTCTCCAGCCACAATAATGACATAGGGTATAGAGGTGACTCTGGAATTGGATGATGAACCCTGA 
    ||     | |    | |   |   |  |  |      |||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGATGATGAACCCTGA 
 
Sm  TAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTAC 
    |||||||||||||||||||||||||||||||||||||||||       |  |  |            | |     |   |  | | 
200 TAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTTCCTTCTCAGGTTCTGGGATATCAAATATTTTCAATGTCCCGTTC 
        |   |       |       |    ||  | |  ||||||||||||||||||||||||||||||||||||||||||| ||| 
sd  CTTTCCCCAAGTCATGGTTCGGTTCTGTCTGCACTACTCTTCCTTCTCAGGTTCTGGGATATCAAATATTTTCAATGTCCCATTC 
 
Sm  TTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAAC 
    |||||||||||||||||||||||||||||||||||||||||   |||  | |  |  |   ||   |  |  |   |     || 
905 TTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAATGGGACATTGAAAATATTTGATATCCCAGAACC-GAGAAGGAAG 
     ||| || |  |             || |         |||||||||||||||||||||||||||||||||||| |||||||||| 
sd  CTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAG 
 
Sm  TTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAAC 
    |||||||||||||||||||||||||||||||||||||||||   |||  | |  |  |   ||   |  |  |   |     || 
711 TTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAG 
     ||| || |  |             || |         ||||||||||||||||||||||||||||||||||||||||||||||| 
sd  CTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAG 
 
Sm   TACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAAC 
     ||||||||||||||||||||||||||||||||||||||||   |||  | |  |  |   |    |  |  |   |     || 
1988 TACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAG 
     ||| || |  |             || |         ||||||||||||||||||||||||||||||||||||||||||||||| 
sd   TACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAG 
 
Sm   CCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGG 
     ||||||||||||||||||||||||||||||||||||||| |         |   |     |  | |  |      |    || | 
1463 CCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
             | |         ||  |  |         || |||||||||||||||||||||||||||||||||||||||||||| 
sd   GTCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
 
Sm   CCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGG 
     ||||||||||||||||||||||||||||||||||||||| |         |   |     |    |  |      |    || | 
1667 CCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
             | |         ||  |  |         || |||||||||||||||||||||||||||||||||||||||||||| 
sd   GTCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
 
Sm  CCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGG 
    |||||||||||||||||||||||||||||||||||||||| |         |   |     |  | |  |      |    || | 
682 CCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGCTCATCTACACTGGGTTCCACCCGCCATGACTTCAGAGCTAGAAG 
             | |         ||  |  |         || |||||||||||||||||||||||||||||||||||||||||||| 
sd  AGTCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
 
Sm  AAAAGCACAGCTGAGCTGAGAT-GGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGC 
    |||||||||||||||||||| | ||||| |||   |||||    |||  | |  | |  ||                     | | 
99  AAAAGCACAGCTGAGCTGAGCTGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
    |     || |          |     |||         || |||||||||||||||||||||||||||||||||||||||||||| 
sd  AGTCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
 
Sm   AAAGCACAGCTGAGCTGAGAT-GGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGC 
     ||||||||||||||||||||| ||||| |||   |||||    |||  | |  | |  ||                     |  
2029 AAAGCACAGCTGAGCTGAGATGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
          || |                |||         || |||||||||||||||||||||||||||||||||||||||||||| 
sd   GTCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
 
Sm   AAAGCACAGCTGAGCTGAGAT-GGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGC 
     ||||||||||||||||||||| ||||| |||   |||||    |||  | |  |    ||                     |  
1970 AAAGCACAGCTGAGCTGAGATGGGGTGAGCTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
          || |                |||         || |||||||||||||||||||||||||||||||||||||||||||| 
sd   GTCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAGAAG 
 
Sm   AAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGG 
     ||||||||||||||||||||||||||||||||||||||| |  ||      |                |       || |  | 
1018 AAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGT 
     |        | |||||        |             |||||||||||||||||||||||||||||||||||||||||||||| 
sd   ATGTTGGTTTCAGCAAGCAAGTCTGGCGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGT 
 
Sm  AAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCT 
    || ||||||||||||||||||||||||||||||||||||      |  |  | ||| |     | |||  |     ||  ||| 
112 AAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGACCAGGC 
     | | |     |  |  | |   | ||  |       | |||||||||||||||||||||||||||||||||||||||||||||| 
sd  CATGGCTAGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGACCAGGC 
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Sm  TCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAG 
    |||||| |||||||||||||||||||||||||||||||||||||          |   |     |     |        | 
9   TCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATCGGGAAGCTGGTATAAGTAGTAGTTGGG 
        || ||       |   |  |      || |   |  ||| ||| |||| |||||||||| |||||||||||||||| 
sg1 CAGAAGAGCAGGAGCTAATTGGCACGGGCTGGGGTGCATGCTGGCTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGG 
 
Sm  TCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAG 
    |||| | |||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      | 
34  TCTGCGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGG 
         | |        |   |  |    | || |   |  ||| ||| ||||||||||||||| |||||||||||||||| 
sg1 CAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGCTACTCATAGGGAAGCTGGAATAAGTAGTAGTTGGG 
 
Sm  AAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAA 
    ||||||||||||||||||||||||||||||||||||||  |||           || |    | |    | |    |  | 
4   AAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCA 
     | |      |       |    ||     ||         ||||||||||||||||||||||||||||||||||||||| 
sg1 CAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCA 
 
Sm  AGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCG 
    ||||||||||||||||||||||||| |||||||||||||||||        | |  |    |   | |     |  |  | 
7   AGGTGATTACTCTGAGGTAAGCAAACCTGGGCTTGAGCCAAAAGCTCAGCTATTACATGAGAGCTGGAGCTAGTATGAAG 
     |   |     |   | | ||  |        |        ||||||||||||||||||||||||||||||||||||||| 
sg1 TGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAG 
 
Sm  GCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTC 
    |||||||||||||  ||||||||||||||||||||| ||||||   |  |     |   |    |        |     | 
12  GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCCTCTCTGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAAC 
          | |          |          |  ||      ||||||||||||||||||||||||||||||||||||||| 
sg1 CGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAAC 
 
Sm  AAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAA 
    ||||||||||||||||||||||||||||||||||||||  |||           || |    | |    | |    |  | 
23  AAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCA 
     | |      |       | |  ||     ||      |  ||||||||||||||||||||||||||||||||||||||| 
sg1 CAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCA 
 
Sm  TGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCC 
    |||||||||||||||||| ||||||||| ||||| |||||||| ||  |       |    |    |    |||  || 
8   TGGGTGGGCTTCTCTGAGTGCTTCTAAAGTGCGCCAAACTGAGATGGCTGTATAAGGTACCGGGCTGAGCAGCTGAAGGT 
         |||         | |    ||                ||||||||||||||||||| |||||||||||||||||| 
sg1 GTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGT 
 
Sm  AAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTA 
    ||||||   ||||||||||||| ||||||||||||||| ||||  | |       |||                  | | 
10  AAAGCACATCTGAGCTGAGATGAGTGGGCTTCTCTGAGTGCTTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATG 
      |     ||  ||   || |||    | |      |  |  |||||||||||||||||||||||||||||||||||||| 
sg1 CTAAGCAGTCACAGAGAAGCTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    |||||||||||||||||  ||||||||||||||||||||||||    |     || |           ||    | | | 
14  CGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      | |   |||  | |     |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    |||||||||||||||||  ||||||||||||||||||||||||    |     || |           ||    | | | 
17  CGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      | |   |||  |       |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATG 
    |||||||||||||||||||||||||||||||||||||||||||    |       |    || | ||       ||  || 
24  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGAAGAGCAGTTGGAGGGCAGCCAGGACAGGTGGAAGTG 
         |      |         ||    |  |||        | ||||||| |  ||||||||||||||||||||||||| 
sg1 AGCTCCATGGCAGCCAGGACAGGTGGAAATGTGGTGACCCAGGCAGAGCAGCTCCAGGGCAGCCAGGACAGGTGGAAGTG 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATG 
    |||||||||||||||||||||||||||||||||||||||||||    ||      |    || | ||       |   || 
29  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGAAGAGCAGTTGCAGGGCAGCCAGGACAGGTGGGAGTG 
         |    | | |       ||       |||||      ||||||||||  ||||||| ||||||||||||| | || 
sg1 AGCTACAGGTAAGCACAGACAGGTGGAAGTGTGGAAACTCAGGAAGAGCAGTGCCAGGGCATCCAGGACAGGTGGAATTG 
 
Sm  AAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTA 
    ||||||  |||||||||||||| ||||||||||||||| ||||  | |       |||        |         | | 
31  AAAGCACAGCTGAGCTGAGATGAGTGGGCTTCTCTGAGTGCTTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATG 
      |      |  ||   |  |||    | |      |  |  |||||||||||||||||||||||||||||||||||||| 
sg1 CTAAGCAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    ||||||||||||| |||| ||||||||||||||||||||||||    |     || |           ||    | | | 
35  CGAGGCTCTAAAAGGCATAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      |     |||  | |     |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    |||||||||||||||||  ||||||||||||||||||||||||    |     || |           |     | | | 
37  CGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      |     |||  | |     |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    |||||||||||||||||  ||||||||||||||||||||||||    |     || |           ||    | | | 
39  CGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      |     |||  | |     |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    |||||||||||||||||  ||||| ||||||||||||||||||    |     || |           ||    | | | 
40  CGAGGCTCTAAAAAGCACAGCTGAACTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      |     |||  | |     |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    || ||||||||||||||  ||||||||||||||||||||||||    |     || |           |     | | | 
1   CGTGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTTATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      | |   |||  | |      ||||||||||||||||||||||||||||||||||||| 
Sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
 
Sm  CTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAG 
    ||||||||||||||||||||||||||| ||| |||||||||||           |   || |  |  | |      || 
2   CTCCAGCCACAGTAATGACCCAGACAGCGAAAGCCAGACTCATGGTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGA 
     | |    |    |       |  |   |  |  || |     | ||||||||||||||||||||||||||||||||||| 
sg1 ATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGA 
 
Sm  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAA 
    || ||| ||||| ||||||||||||||||||||||||||||||      |  |  | ||           ||         
3   AGCGAAAGCCAGCCTCATAAAGCTTGCTGAGCAAAATTAAGGGGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGG 
    |    |   | |   |  |  |||   | ||  |       | ||||||||||||||||||||||||||||||||||||| 
sg1 ACTACATAGCTGGAGCTGATGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGG 
 
Sm  CTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGAC 
    ||||||||||||||||||||||||||||||| | |||||| |||     ||  |     |             |   | 
11  CTTAACCGAGATGAGCCAAACTGGAATGAACGTAATTAATATAGAAGAGATCCAAGCTGAGCAGCTCCAGCTTAGCTGTA 
      |      ||    |   |  | ||   | | || |   |  | ||||||||||||||||||||||||||||||||||| 
sg1 GGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGCAGAGATCCAAGCTGAGCAGCTCCAGCTTAGCTGTA 
 
Sm  CTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGA 
    ||||| |||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      | 
15  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGG 
       |  |            |  |      || |   |   || ||| ||||||||||||||||||||||||||||||||| 
sg1 AGAAGAGCAGGAGCTAATTGGCACGGGCTGGGGTGCATGCTGGCTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGG 
 
Sm  CTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGAT 
    |||||||||||||||||||||||||||||||||||||||| |||    ||      |    || | ||        |  | 
16  CTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGACCTGAAGAGCAGTTGCAGGGCAGCCAGGACAGGTGGAAGT 
    |            |         ||        ||     |  | ||||||| | ||||||||||||||||||||||||| 
sg1 CAGCTATAGGTTAGCCAGGACAGGTGGGAGTGTGGTGACCCAGGCAGAGCAGCTCCAGGGCAGCCAGGACAGGTGGAAGT  
 
Sm  TAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGT 
    |||||||||||||||||||||  ||||||||||||||||||||         | |||  ||  |||    |     || | 
19  TAAGCGAGACTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGTGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTT 
        |  |     | |    |    | |           |   ||||||||||||||||||||||||||||||||||||| 
sg1 GGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTT 
 
Sm  AGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAA 
    |||||| | |||||||||||||||||||| |||||||||||||      |  |  | ||           ||       
20  AGAGAAAGTCAGACTCATAAAGCTTGCTGGGCAAAATTAAGGGGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGG 
    |    | | |     |  |  | |   |  |  |       | ||||||||||||||||||||||||||||||||||||| 
sg1 ACTACATGGCTAGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGG 
 
Sm  CTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGA 
    ||||| |||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      | 
21  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGG 
       |  |        |   |  |    | || |   |  |||  || ||||||||||||||||||||||||||||||||| 
sd  AGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGG 
 
Sm  CAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAA 
    |||||||||||||||||||||||||||||||||||||||   ||           || |    | |    | |    | 
27  CAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCC 
    | | |      |       | |  ||     ||      |  |||||||||||||||||||||||||||||||||||||| 
sg1 CCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCC 
 
Sm  CTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGA 
    ||||| |||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      | 
28  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGG 
       || ||       |   |  |      || |   |  ||| ||| ||||||||||||||| ||||||||||||||||| 
sg1 AGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGCTACTCATAGGGAAGCTGGAATAAGTAGTAGTTGGGG 
 
Sm  CAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCT 
    |||||||||||||||||||||||||||||||||||||||||||| |  |           |  |    |    |  |  | 
30  CAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCCACTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTT 
      | |                   |||      | | |||      |||||||||||||||||||||||||||||||||| 
sg1 ATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTT 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATG 
    |||||||||||||||||||||||||||||||||||||||||||    |  |         ||   || | | | ||| || 
33  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGTAGGGTGAGCTGGGCTGAGCTGGGGTGAGCTGAGCTG 
        |       |          |             | |   | || || |||| |||| | || | || ||||||||| 
sg1 AGCTGAGCTGGAGTGAGCTGAGCTGGGCTGAGCTGGGGTGAGCTGGGCTGGGCTGAGCTGGGGTGAGCTGGGCTGAGCTG 
 
Sm  CTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGA 
    ||| | |||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      | 
34  CTGCGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGG 
        | |        |   |  |    | || |   |  ||| ||| ||||||||||||||| ||||||||||||||||| 
sg1 AGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGCTACTCATAGGGAAGCTGGAATAAGTAGTAGTTGGGG 
 
Sm  CGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATT 
    ||||||||||||| |||| ||||||||||||||||||||||||    |     || |           ||    | | | 
35  CGAGGCTCTAAAAGGCATAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 
       ||     |     |      |     |||  | |     |||||||||||||||||||||||||||||||||||||| 
sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTG 

Extended Data Fig. 2 | Recombined Sµ-sd DNA junctions in mouse B cells stimulated in vitro to
undergo IgD CSR contain high frequencies of microhomologies. C57BL/6 mouse B cells were stimulated
with LPS plus IL-4 and cultured for 96 h. The recombined Sµ-sd and Sµ-Sg1 DNA junctions were amplified and
sequenced using MiSeq system. Thirty-two representative Sµ-sd and 32 representative Sµ-Sg1 junction
sequences are shown. Each recombinant DNA sequence (middle) is compared with the germline Sµ (above,
blue) and the sd or Sg1 (below, red) sequence. Microhomologies (bold) were determined by identifying the
longest region at the Sµ-sd or Sµ-Sg1 junction of perfect uninterrupted donor/acceptor identity or the longest
overlap region at the S–S junction with no more than one mismatch on either side of the breakpoint.
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Rad52−/− mouse B cells (in vivo)
Sµ-Sg1

Rad52+/+ mouse B cells (in vivo)
Sµ-Sg1

Sm   GAATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGAC 
     |||||||||||||||||||||||||||||||||||||||||||||||||   |        |      |    ||          
643  GAATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCA 
     |  |  |  |                 ||        |||  |||||||||||||||||||||||||||||||||||||||||| 
sd   GGTTCCACCCGCCATGACCTCAGAGCTAGAAGTCTGTGACAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCA 
 
Sm   TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCT 
     |||||||||||||||||||||||||||||||||||||||||||| |||   |     |        | || |     |      
34   TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG 
       |    ||    |     |    ||       | | | ||||||||||||||||||||||||||||||||||||||||||||| 
sd   ATACAATGGTCCTCCAGGTCACTGTGCTGGCCTCAGAACTGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG 
 
Sm   TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCT 
     |||||||||||||||||||||||||||||||||||||||||||| |||   |     |        | || |     |     
272  TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACCTCAACCACACTTGCACCCAGAACCTGAGAAGGAAGAAAG 
       |    ||    |     |    ||       | | | ||||||||||||||||||||||||||||       |  | ||||| 
sd   ATACAATGGTCCTCCAGGTCACTGTGCTGGCCTCAGAACTGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG 
 
Sm   TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCT 
     |||||||||||||||||||||||||||||||||||||||||||| |||   |     |        | || |     |       
632  TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG 
       |    ||    |     |             | | | ||||||||||||||||||||||||||||||||||||||||||||| 
sd   ATACAATGGTCCTCCAGGTCACTGTGCTGGCCTCAGAACTGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG 
 
Sm   TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCT 
     |||||||||||||||||||||||||||||||||||||||||||| |||   |     |    ||| |   |  |   |    
42   TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG 
     | |    ||    |          ||       | | | ||||| ||||||||||||||||||||||||||||||||||||||| 
sd   ATACAATGGTCCTCCAGGTCACTGTGCTGGCCTCAGAACTGAACCTCAACCACACTTGCACCATAAATAAACCCAAAAGGAAAG  
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||| |||||||        |     | | |   | |   |  |   
175  TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACATTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||||||||||     |   |     | | |   | |      |     
64   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGTTACTGTAGAATGGGACATTGAAACTATTTGAT 
         ||     ||    |    || |              ||||||||||| ||||||||||||||||||||||| |||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     |||||| |||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |     
231  TCATGGCATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |    
162  TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||| ||||||||||||||||||||||||||||||               ||| | |   |   |  |      
01   TCATGGTATTTTGAGTAAATCTTAGAAAACGTGTATACAATTGTCTCAGGGATACAGTAGAAAGAGAAAGTGAAAATATTTGAT 
         ||     ||    |    || |              ||||||| |||||||||||||| | || | |||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT  
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |     
19   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||      |    |    || |              |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |     
103  TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |  ||  |     
316  TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAGATATTTGAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||| ||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
      |||||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |     
506  GCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||| ||||||||||||||||||||||||||||||||||         |     | | |   | |   |  | 
185  TCATGGTATTT-GAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
         ||      |    |    || |              |||||||||||||||||||||||||||||||||||||||||||| 
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
     ||||||||||||||||||||||||||||||||||||||||||||||               | |     | |   |  |     
985  TCATGGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACAGTAGAATGGGACATTGAAAATATTTGAG 
         ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||  
sd   CGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm   TAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGA 
     |||||||||||||||||||||||||||||||||||||||||| ||| |   ||     | || ||         |   | 
20   TAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAACAAACCTGAGAAGGAAGAGTAGTGCAGACAGAACCGAACCATGACT 
       |     |        |    |    | |||  |     |||||||||||||||||||||||||||||||||||||||||||| 
sd   ATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGAAGGAAGAGTAGTGCAGACAGAACCGAACCATGACT 
 
Sm   TAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCA 
     ||||||||||||||||||||||||||||||||||||||||||||||   |     |  |      |    || |           
380  TAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGAC 
     |  |  |     |           ||        |||  | ||||||||||||||||||||||||||||||||||||||||||| 
sd   TCCACCCGCCATGACCTCAGAGCTAGAAGTCTGTGACAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGAC 
 
Sm   TAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCA 
     ||||||||||||||||||||||||||||||||||||||||||||||   |     |  |      |    || |          
424  TAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGAC 
     |  |  |     |           ||        |||  | ||||||||||||||||||||||||||||||||||||||||||| 
sd   TCCACCCGCCATGACCTCAGAGCTAGAAGTCTGTGACAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGAC 
 
Sm   CACAAAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAG 
     |||||||||||||||| |||||||||||||||||||||||||||||   | ||| | |        |        |         
491  CACAAAGACTCTGGACATCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGAACTGACATGTTCCTCCTCTCAGAGTGCA 
     | | |   |  ||  |           |   |         ||||||||||||||| ||||||||||||||||||||||||||| 
sd   CCCCAGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCA 
 
Sm   AAAGACTCTGGAC---CTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAG 
     |||||  ||||||   ||||||||||||||||||||||||||||||   | ||| | |        |        |         
523  AAAGAGGCTGGACTAACTCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCA 
          |       |             |   |         ||||||||||||||||||||||||||||||||||||||||||| 
sd   CCCCAGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCA 
 
Sm   CACAAAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAG 
     ||||||||||||||||||||||||||||||||||||||||||||||   | ||| | |        |        |        
907  CACAAAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCA 
     | | |   |  ||  |           |   |         ||||||||||||||||||||||||||||||||||||||||||| 
sd   CCCCAGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCA 
 
Sm   AATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACT 
     ||||||||||||||||||||||||||||||||||||||||||||||  |     |      |||| ||||           | 
849  AATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTGGAATTGGATGATGAACCCTGACATCCCTACATGAATG 
     | ||              |    |    |      |   | ||||||||||||||||||||||||||||||||||||||||||| 
sd   ACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGATGATGAACCCTGACATCCCTACATGAATG 
 
Sm   AAGAATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAG 
     ||||||||||||||||||||||||||||||||||||||||||||||      ||     ||        |  | ||| | 
949  AAGAATAGAGACCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACT 
     ||            ||| ||    |||||||  |       ||||||||||||||||||||||||||||||||||||||||||| 
sd   AACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACT 
 
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||||||||||||||| |      |   |||     |   |  | |     ||| 
12   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
            ||||   ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   TGGCCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC  
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||||||||||||||| |          |||     |   |  | |     ||| 
40   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
          || ||    ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   GGCCATAGGGCTTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC  
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||||||||||||||| |          |||     |   |  | |     |||  
101  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
            ||||   ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   TGGCCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC  
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||||||||||||||| |           ||     |   |  | |     |||  
144  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
           | ||    ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   TGCCATAGGGCTTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
 
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||||||||||||||| |   |      |||     |   |  | |     ||| 
304  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGCC 
            ||||   ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||| | 
sd   TGGCCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
 
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||||||||||||||| |   |      |||     |   |  | |     |||  
407  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
            ||||   ||||       |||  |       ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   TGGCCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
 
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     ||||||||||||||||||||||||||||||||| |||||||||| |          |||     |   |  | |     ||| 
547  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAGGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
          || ||    ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   GGCCATAGGGCTTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
 
Sm   AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAG 
     |||||||||||||||||||||||||||||||| ||||||||||| |          |||     |   |  |       |||  
1000 AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTGAGCGAGGCTCTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
          || ||    ||||       |||  ||   |  ||  |||||||||||||||||||||||||||||||||||||||||| 
sd   GGCCATAGGGCTTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGTC 
 

Sµ-sd
Sm  ACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTG 
    |||||||||||||||||||||||||||||||||||||||||||             || | |  |       | |     || 
293 ACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGTTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTT 
           |    |    ||  ||  | ||  |  |     ||| ||||||||||||||||||||||||||||||||||||||| 
Sg1 GGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTT 
 
Sm  AGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTA 
    ||||||||||||||||||||||||| |||||||||||||||||        | |  |    |   | |     |  |  | | 
7   AGGTGATTACTCTGAGGTAAGCAAACCTGGGCTTGAGCCAAAAGCTCAGCTATTACATGAGAGCTGGAGCTAGTATGAAGGTG 
     |   |     |   | | ||           |        |||||||||||||||||||||||||||||||||||||||||| 
Sg1 TGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTG 
 
Sm  AAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATG 
    ||||||||||||||||||||||||||||||||||||||| |||           || |    | |    |||    |  | | 
22  AAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACGGCTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTT 
     | ||     |       | |  ||     ||      |  |||||||||||||||||||||||||||||||||||||||||| 
Sg1 CAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTT 
 
Sm  GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGA 
    |||||||||||||||||||||||||||||||||||| ||||||  ||  |     |   ||   |        |     |    
12  GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCCTCTCTGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTG 
          | |          |          |  ||      ||| |||||||||||||||||||||||||||||||||||||| 
Sg1 CGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTG 
 
Sm  AAAGCACAGCTGAGCTGAGATGAGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGC 
    |||||||||||||||||||||||||||||||||||||||||||  | |       |||        |         | |    
31  AAAGCACAGCTGAGCTGAGATGAGTGGGCTTCTCTGAGTGCTTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCT 
      |      |  ||   || |||      |      |  |  |||||||||||||||||||||||||||||||||||||||| 
Sg1 CTAAGCAGTCACAGAGAAGCTGATCCCGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCT 
 
Sm  TGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTA 
    |||||||||||||||||||||||||||||||||  ||||||||     |    |      |        |  |      | 
96  TGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCT 
      |       |   ||              |       | | ||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTAAGCAGTCACAGAGAAGCTGATCCCGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCT 
 
Sm  CGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACT 
    |||||||||||||||||||||||||||||||||||||||||||    |     || |           ||    | | |    
17  CGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAG 
       ||     |     |      | |   |||  | |     ||||||||||||||||||||||||||||||||||||||||| 
Sg1 GTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAG 
 
Sm  GCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTAC 
    ||| |||||||||||||||||||||||||||||||||||||||     |     || |     |     ||    | | |    
1   GCGTGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTTATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGA 
        ||     |     |      | |   |||  | |      ||||||||||||||||||||||||||||||||||||||| 
Sg1 TGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGA 
 
Sm  TCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCC 
    |||||||||||||||||||||||||| |||||||||||||||           |   || |  |  | |      ||  |    
2   TCCAGCCACAGTAATGACCCAGACAGCGAAAGCCAGACTCATGGTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGA 
    | |    |    |       |  | | |. |  || |     | ||||||||||||||||||||||||||||||||||||||| 
Sg1 TGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGA 
 
Sm  CAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAG 
    ||| ||| ||||| ||||||||||||||||||||||||||||||      |  |  | ||.          ||        | 
3   CAGCGAAAGCCAGCCTCATAAAGCTTGCTGAGCAAAATTAAGGGGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAG 
     |    |   | |   |  |  |||   | ||  |       | ||||||||||||||||||||||||||||||||||||||| 
Sg1 TACTACATAGCTGGAGCTGATGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAG 
 
Sm  CAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAG 
    ||||||||||||||||||| ||||||||||||||||||||||||      |  |  | ||           ||         | 
5   CAGAGAAAGCCAGACTCATCAAGCTTGCTGAGCAAAATTAAGGGGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAG 
     |      | |     |     | |   | ||  |       | ||||||||||||||||||||||||||||||||||||||| 
Sg1 TACTACATGGCTAGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAG 
 
Sm  GTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATG 
    ||||||||||||||||||||||||| |||||||||||||| ||  |       |    |    |    |||  ||  ||  || 
8   GTGGGCTTCTCTGAGTGCTTCTAAAGTGCGCCAAACTGAGATGGCTGTATAAGGTACCGGGCTGAGCAGCTGAAGGTAACCTG 
      |||           ||   ||        |       ||||| ||||||||||||| |||||||||||||||||||||||| 
Sg1 CGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTG 
 
Sm  TCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACT 
    ||||||||||||||||||||||||||||||||||||||||||||          |   |     |     | |      |  | 
9   TCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATCGGGAAGCTGGTATAAGTAGTAGTTGGGGAT 
        || ||       |   |  |  | | || |   |  |||  || |||| |||||||||| ||||||||||||||||||| 
Sg1 CAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGAT 
 
Sm  TAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGA 
    ||||||||||||||||||| |||||||||||||||||||||||      |  |      |       ||||    | | |  | 
13  TAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGATATGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAA 
                       ||| |     | | |||| |     ||||||||||||||||||||||||||||||||||||||| 
Sg1 AGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAA 
 
Sm  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAAGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    |||||||||||||||||||||||||||||||||||||||||||        | |   |    ||     |        |  | 
15  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
       |  ||       |   |  |      ||     |   || ||| |||||||||||||||||||||||||||||||||||| 
Sg1 AGAAGAGCAGGAGCTAATTGGCACGGGCTGGGGTGCATGCTGGCTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
    ||||||||||||||||||||||||||||||||||||||| |||    ||      |    || | ||        |  ||   
16  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGACCTGAAGAGCAGTTGCAGGGCAGCCAGGACAGGTGGAAGTGTGG 
                |         ||       |||     |  | ||||||| | ||||| ||||||||||||||||||||||| 
Sg1 AGCTATAGGGGAGCCAGGACAGGTGGAAGTGTGGTGACCCAGGCAGAGCAGCTNCAGGGCAGCCAGGACAGGTGGAAGTGTGG 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
    ||||||||||||||||||||||||||||||||||||||| |||            |    |    ||           || | 
18  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGACCTGAAGAGAAGTTGCAGGGCAAACAGGACAGGTGGGAGTGTGG 
      |  |      |         ||       |||     |    |||| || |||||||||| |||||||||||||||||||| 
Sg1 CAGCTCATGGCAGCCAGGACAGGTGGGAGTGTGGTGACCCAGTCAGAGCAGCTGCAGGGCAGCCAGGACAGGTGGGAGTGTGG 
 
Sm  TAAGCGAGACTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGAT 
    |||||||||||||||||||||||||||||||||||||||||||         | |||  ||  | |    |     || ||| 
19  TAAGCGAGACTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGTGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAG 
      | |  |  |  | |    |    | |           |   |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAG 
 
Sm  AGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGC 
    |||||||| |||||||||||||||||||| |||||||||||||      |  |  | ||           ||        || 
20  AGAGAAAGTCAGACTCATAAAGCTTGCTGGGCAAAATTAAGGGGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGA 
    |    |   | |   |  |  | |   |  |  |       | |||||||||||||||||||| ||||||||||||||||||| 
Sg1 ACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACCTGGAGCTAGTGGGGGTGTGGGAGA 
 
Sm  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    |||||||||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      |  | 
21  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
       || |        |   |  |    | || |   |   ||  ||||||||||||||||||||||||||||||||||||||| 
Sg1 AGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
    |||||||||||||||||||||||||||||||||||||||||||    |       |    ||   ||        |  || | 
24  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGAAGAGCAGTTGGAGGGCAGCCAGGACAGGTGGAAGTGTGG 
         |      |         ||    |  |||        | ||||||| |  |||||||||||||||||||||||||||| 
Sg1 AGCTCCATGGCAGCCAGGACAGGTGGAAATGTGGTGACCCAGGCAGAGCAGCTCCAGGGCAGCCAGGACAGGTGGAAGTGTGG 
 
Sm  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    ||||||||||||||| |||||||||||||||||||||||||||          |   |    ||     |        |  | 
25  CTGAGTGCTTCTAAA-TGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
       || |            |  |    | || |   |  |||  || |||||||||||||||||||||||||||||||||||| 
Sg1  GAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
 
Sm  TAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGAT 
    |||||||||||||||||||||||||||||||||||||||||||         | |||  ||  | |    |     || ||| 
26  TAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGTGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAG 
      | |  || |  | |    |    | |           |   |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAG 
 
Sm  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    |||||||||||||||||||||||||||||||||||||||||||        | |        ||     | |      |  | 
28  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
       || ||       |   |  |    | || |   |  |||  || |||||||||||||||||||||||||||||||||||| 
Sg1 AGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
    |||||||||||||||||||||||||||||||||||||||||||    ||      |    || | ||       |   || | 
29  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGAAGAGCAGTTGCAGGGCAGCCAGGACAGGTGGGAGTGTGG 
      |  |      |         ||       |||          ||||||| ||||||||||||||||||||||||||||||| 
Sg1 CAGCTCATGGCAGCCAGGACAGGTGGGAGTGTGGTGACCCAGTCAGAGCAGCTGCAGGGCAGCCAGGACAGGTGGGAGTGTGG 
 
Sm  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGA 
    ||||||||||||||||||||||||||||||||||||||||||| |  |     |     |  |    |    |  |  |  || 
30  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCCACTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGA 
     | |                   |||      | | |||      |||||||||||||||||||||||||||||||||||||| 
Sg1 TAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGA 
 
Sm  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGC 
    |||||||||||||||||||||||||||||||||||||||||||    |  |         ||   || | | | ||  ||||| 
33  TTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGTAGGGTGAGCTGGGCTGAGCTGGGGTGAGCTGAGCTGAGC 
        |    ||    |       | |             |   |||||||||||| ||||||||||||||||||||||||||| 
Sg1 AGCTGAGCTAAGCTGGGGTGAGCTGAGCTGAGCTTGGCTGAGCTAGGGTGAGCTGAGCTGAGCTGGGGTGAGCTGAGCTGAGC 
 
Sm  CTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    ||| |||||||||||||||||||||||||||||||||||||||        | |   |    ||     | |      |  | 
34  CTGCGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGACTATTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
        | ||       |   |  |    | || |   |  |||  || |||||||||||||||||||||||||||||||||||| 
Sg1 AGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATT 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTT 
    |||||||||||||||||||||||||||||||||||||||||||          |  |     |||    ||   ||  | 
28  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAACAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAG 
       |  |              ||      | |      |     ||||||||||||||||||||||||||||||||||||||| 
Sg1 ATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAG 
 
Sm  GAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCA 
    ||||| |||||||||||||||||||||||||||||||||||||  |      |   |     |      |        |    
296 GAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGATGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAAG 
    |  | ||  | ||| ||  || |    |  |    |  |  | |||||||||||||||||||||||||||||||||||||||| 
Sg1 GTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAG 
 
Sm  ACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGT 
    |||||||||||||||||||||||||||||||||||||| ||||    |   |       |||                 || 
298 ACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTG 
    |  |    |  |     |   |                |    |||||||||||||||||||||||||||||||||||||||| 
Sg1 ATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTG 
 
Sm  TCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAG 
    |||||||||||||||||||||||||||||||| ||||||||||   |    | ||           | |            | 
300 TCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCAAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAA 
      |  |  ||    |      |    | |  |   | |   | |||||||||||||||||||||||||||||||||||||||| 
Sg1 CATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAA 

Extended Data Fig. 3 | Rad52–/– mice display no Sµ-sd recombination and even lower frequencies of
microhomologies in Sµ-Sg1 junctions. The junctions of recombined Sµ-sd and Sµ-Sg1 DNAs from spleen B
cells of OVA-immunized Rad52+/+ and Rad52–/– mice were amplified and sequenced using MiSeq system. No
Sµ-sd recombination was detected in B cells from Rad52–/– mice. Thirty-two representative Sµ-sd and 32
representative Sµ-Sg1 junction sequences are shown. Each recombinant DNA sequence (middle) is compared
with germline Sµ (above, blue) and sd or Sg1 (below, red) sequences. Microhomologies (bold) were
determined by identifying the longest region at the Sµ-sd or Sµ-Sg1 junction of perfect uninterrupted
donor/acceptor identity or the longest overlap region at the S-S junction with no more than one mismatch on
either side of the breakpoint.

Sm  AGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAG 
    |||||||||||||||||| |||||||||||||||||||||||||| |   ||   ||  ||    |    |  | |    ||  
58  AGCTGGGCCGCTAAGCTACACTAGGCTGGCTTAACCGAGATGAGCTAGGGTGAGCTGGGCTGAGGTGGAGTGAGGTACACAGTT 
     |    |     |    |     ||   |||     ||| ||||||||||||||||| |||| ||||||||||| |   | |  
Sg1 TGAGCTGAGCTGAGCTGAGCTGGGGTGAGCTGGGGTGAGCTGAGCTAGGGTGAGCTGAGCTGTGGTGGAGTGAGCTGAGCTGGG 
 
Sm  CCAGCCACAGTAATGACCCAGACAGAGAAGGCCAG--ACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCC 
    ||||||||||||||||||||||||||||| |||||  |||||||  |      |   ||     ||      |   | ||     
116 CCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGCTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGT 
         |  | |             | | | ||  | |||||||||||||||||||||||||||||||||||||||||||||||| 
Sg1 AGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGT 
 
Sm  GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCT 
    |||||||||||||||||||||||||||||||| |   |||||||  | |       |||         |  | || || |     
209 GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAATCACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAAGGTACC 
          | |      | | |||  |        ||||||||||||||||||||||||||||||||||||| ||||||||||||| 
Sg1 CAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACC 
 
Sm  AGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATT 
    |||||||||||||||||||||||||||||||||||||||||||| || | |   |   |       ||||    |        | 
530 AGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGTCAAAAACCACAGAAGAGCAGGAGCTAATCGGCACGGGGT 
           | |     || |  |       |  ||    |||||||||||||||||||||||||||||||||||||||||||||| 
Sg1 GCAGATACAGGGAAGCTGAGGCAGGTAAGAGTGTGGGAACCCAGTCAAAAACCACAGAAGAGCAGGAGCTAATTGGCACGGGGT 
 
Sm  CTGAGCTGGAGTGAGCTGAGCTGGGCTGAGCTGGGGTGAGCTGGGCTGAGCTGGGCTGAGCTGGGCTGAGCTGGGGTGAGCTGG 
    ||| |||||||||||||||||||||| || |||||||||| |||          |     ||     ||    | |  |  ||| 
133 CTGGGCTGGAGTGAGCTGAGCTGGGCAGAACTGGGGTGAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGG 
    |  |    |      |      |         |     |||||||||||||||||||||||||||||||||||||||||||||| 
Sg1 CAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGG 
 
Sm  AGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCT 
    ||||||||||||||||||||| ||||||||||||||||||||||       ||  |||     |       |  |  |     | 
182 AGCAAAATTAAGGGAACAAGGCTGAGAGCCCTAGTAAGCGAGGCAAGTGGGAGTGCAGAGATCCAAGCTGAGCAGCTCCAGCTT 
    |  ||  |  |||       |           || ||  ||||||||||||||||||||||||||||||||||||||||||||| 
Sg1 ATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGCAGAGATCCAAGCTGAGCAGCTCCAGCTT 
 
Sm  GCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGC 
    ||||||||||||||||| | |||||||||||||||| ||||||| |   ||   ||  ||    |    |  | |  | ||    
208 GCTGGGCCGCTAAGCTACAATAGGCTGGCTTAACCGGGATGAGCTAGGGTGAGCTGGGCTGAGGTTGGGTGAGGTACACAGTTG 
    |    |     |         ||    ||| | | | | |||||| ||||||||||||||||||| ||||||| |   | |    
Sg  GAGCTGAGCTGAGCTGGGGTGAGCTGAGCTGAGCTGAGCTGAGCTGGGGTGAGCTGGGCTGAGCTGGGGTGAGCTGGGCTGAGC 
 
Sm  TAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCT 
    ||||||||| ||||||||||||||||||||||||||||||||| |   | | ||   |||   |                 |  
304 TAAGCAAAGATGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGTTGAGTGTCTTTAGAGAA 
           |        |    ||  |          |   ||| ||||||| |        ||||||||||||||||||||||| 
Sg1 AGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGG--------TCCAGTTGAGTGTCTTTAGAGAA 
 
Sm  CTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAG 
    |||||||||||||||||||||||||||||||||||||||||||  |   |  |   ||    |    |   |       |  || 
102 CTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAG 
    || ||       |    |      |   ||       | | ||||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAG 
 
Sm  TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCT 
    |||||||||||||||||||||||||||||||||||||||||||   ||   |        | | |     | |       |  | 
316 TAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATAAAGGACAGGGAAGCTATAGGGAAACCAGGACAGGTGGAAGAAT 
      |     |   |  |    |    |    |   | | |  ||||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTAGAAGTGTGTGAATCCAGGCAGAGCAGTACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAAT 
 
Sm  ATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCT 
    |||||||||||||||||||||||||||||||||||||||||||  |   |||  |   | |    | ||     |    |  | 
83  ATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCACAGGGGAGCAGGTTCTAGTATGCATAGGAGTGGGGATCCA 
       | |||| || |   |||| |   | | |   || |  | ||||||||||||||||||||| |||||||||||||||||||| 
Sg1 GGTAGCTGGGATAAATGGGGCTGGAGAACCAGGCTAAGAAGACACAGGGGAGCAGGTTCTAGTCTGCATAGGAGTGGGGATCCA 
 
Sm  ATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCT 
    |||||||||||||||||||||||||||||||||||||||||||  |   |||  |   | |    | |      |    |  |  
206 ATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCACAGGGGAGCAGGTTCTAGTCTGCATAGGAGTGGGGATCCA 
       | |||| || |   |||| |   | | |  ||| |  | |||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGTAGCTGGGATAAATGGGGCTGGAGAACCAGGCTAAGAAGACACAGGGGAGCAGGTTCTAGTCTGCATAGGAGTGGGGATCCA 
 
Sm  CTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTA 
    |||||||| ||||||||||||||||||||||||||||||||||                |        | |     | |    | 
59  CTAAAAAGTATAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCTACATAGGTGGAGCTGATGGCTGTATAAGGTACCAGGCTGA 
        |       |       | |       |           |||||||| |||||||||||| |||||||||||||||||||| 
Sg1 ACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGA 
 
Sm  TGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCT 
    |||||||||||||||||||||||||||||||||||||||||||      |  ||  |   |  |||||     | |||   | | 
63  TGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTGTAT 
     |     |   |       |     | |||     |      |||||||||||||||||||||||||||||||||||| ||||| 
Sg1 AGCAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTAT 
 
Sm  TGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACT 
    ||||||||||||||| ||||||||||||||||| |||| ||||        | || |                     |     
65  TGGCTTAACCGAGATAAGCCAAACTGGAATGAAATTCAGTAATGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAAGGG 
    |  |  |                   | | |   | ||    ||||||||||||||||||||||||||||||| |||||||||  
Sg1 TCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGT 
 
Sm  GAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCC 
    |||||||||||||||||||||| |||||||||||||||||||| |  |  | |   |   ||          ||      |  | 
269 GAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACAGGAGCTAATTGGCCCGGGCTGAGGTGCATGCTGGCTACTC 
     ||    | | |           |     ||     |   | ||||||||||||||| |||| || |||||||||||||||||| 
Sg1 CAGGTAAGAGTGTGGGAACCCAGGTCAAAAACCACAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGCTACTC 
 
Sm  GCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAG 
    |||  |||||||||||||||||||||||||||||| |||||||         | |||     | |    |||| |   | | | 
284 GCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTGTATAA 
          | |||           ||          | |     |||||||||||||||||||||||||||||||||| ||||||| 
Sg1 CAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAA 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||||||||||||||||||||||||||||||||||||| |   | | ||   |||   |                ||    
210 AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
     | |  ||  |           ||   |     |         ||| ||||||||||||||||||||||||||||||||||||| 
Sg1 TACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||||||||||||||||||||||||||||||||||||| |   | | ||   |||   |              | |    
324 AAGCAAAGATGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGGTGCTGCAGCTACA-GTAA 
       |  ||  |           ||   |    ||    |   ||||||||||||||||||||||||||||||||||||| |||| 
Sg1 TGCCTTAGGAGCAAGGACAGGGAAGCTATAGGGAAACCAGGACAGGTGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||||||||||||||||||||||||||||||||||||| |   | | ||   |||   |                 | 
502 AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGTTGAGTGTCTTTAGAGAAA 
    |     |    |    |  |    |  |  |      |   |   ||   |   |||||||||||||||||||||||||||||| 
Sg1 ACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAA 
 
Sm  GCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACT 
    ||||||||||||||||||   |||| ||||||||||||||||   ||| | |     |    ||        |  | | |    
90  GCGAGGCTCTAAAAAGCACAACTGAACTGAGATGGGTGGGCTGACCTGGGTGAGCTGAGCTAGCTGAGCTTGGCTGAGCTAGGG 
      | |          |            |    |    |     |||||||||||||||||    ||||||||||||||||||| 
Sg1 CTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGAGCTAAGCTGGGGTGAGCTGAGCT----GAGCTTGGCTGAGCTAGGG 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||||||||||||||||||||||||||||||||||||| |     | ||   |||                    ||    
02  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATC-AGGTGCTGCAGCTACAGGTAA 
     | |  ||  |           ||   |          |   |||| ||||||||||||||| |||||||||||||||||||| 
Sg1 TACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||||||||||||||||||||||||||||||||||||| |   | | ||   |||   |              | ||    
08  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
     | |  ||  |           ||   |     |    |   |||| ||||||||||||||||||||||||||||||||||||| 
Sg1 TACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||| ||||||||||||||||||||||||||||||||| |   | | ||   |||   |                ||   
12  AAGCAAAGATGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
    | |  ||  |           ||   |     |    |   |||| |||||||||||||||||||||||||||||||||||||| 
Sg1 TACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
 
Sm  TCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGAC 
    |||||||| ||||||||||||||||||||||||||||||||||  |     |   |  |       ||    |    |       
249 TCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCATACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGCTG 
           ||       |||       |  ||||   |      | ||||||||||||||||||||| ||| |||||||||| || 
Sg1 CTAAGCAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATGGCTAGAGCTGATGGGTG 
 
Sm  TGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGAGCTAAGCTGGGG 
    ||||||||||||||||||||||||||||||| ||||||||||     | |    |  ||   |   ||||            || 
200 TGAGATGGGGTGAGCTGAGCTGGGCTGAGCTAGACTGAGCTGGAAGTGTGGAGACCCAGGCAGAGCAGCTATAGGGCAGCCAGG 
       |||      ||   ||       |          || | |||| |||| || |||||||  | |||||||||||||||||| 
Sg1 GTGGATTCATGCAGTGTAGTGCCTTGGGAGCCAGAACAGATAGAAGGGTGGGGATCCAGGCATTGTAGCTATAGGGCAGCCAGG 
 
Sm  CTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGG 
    |||||||||||||||||||||||||||||||||||||||||||    ||          | ||              | |  | 
25  CTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAGC 
        | |       |  | |        |     |        ||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAAC 
 
Sm  TAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCT 
    ||||||||||||||||||||||||||||||||||||||||||| |   | | ||   |||   | | |          | ||   
578 TAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAAGGGCTGCAGCTACAGGTA 
      | |  ||  |           ||   |     |    |   |||| ||||||||||||||||||| |||||||||||||||| 
Sg1 GTACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTA 
 
Sm  AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATC 
    |||||||||||||||||||||||||||||||||||||||||||            |     |    |   ||      | |    
322 AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGGAAGCTGATCCCGGTGAGAGTACGGGGGACACAGCTGAGCG 
    ||        ||  ||  |    |       |         | ||| ||||||| ||||||||||||||| ||||||||||||  
Sg1 AAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCA 
 
Sm  GCTTGAGCCAAAATGAAGTAGACTGTAATGAAC-TGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGA 
    |||||||||||||||||||||||||||||| |  |||||  |   ||  |           ||     |        |  |    
186 GCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGTGGAAGAATGGGGATCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTG 
        |  |    |     |      |   ||  |    |    || | |||||||||||||||||||||||||||||||||||| 
Sg  TCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTG 
 
Sm  GGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGA 
    ||||||||||| |||||||||||||||||||||||||||||| |   || |             |     ||   |         
285 GGCTCAAAAAAACACAGCTGAGCTGAGATGGGTGGGCTTCTCCGCAAGCCTGGGGTGAATTAGCATGACTGGACTTATTCACAG 
    |    || | ||         |||||         |    |  || |||||||||||||||||||||||||||||||||||||| 
Sg1 GAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACTGGACTTATTCACAG 
 
Sm  AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTT 
    |||||||||||||||||||||||||||||||||||||||||| |  || | ||   |||                  | ||   
592 AAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGCAGGGGGAAGAATGGGGAGCGGGGTGCTGCAGCTACAGGTAA 
     | |  ||  |            |   |     |    |   |||| ||||||||||||| |  |||||||||||||||||||| 
Sg1 TACCTTAGGAGCAAGGACAGGGAAGCTATAGGAAAACCAGGACAGGAGGAAGAATGGGGATCCAGGTGCTGCAGCTACAGGTAA 
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Rad52−/− mouse B cells (in vivo)
Sµ-Sa

Rad52+/+ mouse B cells (in vivo)
Sµ-Sa

Extended Data Fig. 4 | Rad52–/– mice display lower frequencies of microhomologies in B cell Sµ-Sa
junctions. The junctions of recombined Sµ-Sa DNAs from spleen B cells of OVA-immunized Rad52+/+ and
Rad52–/– mice were amplified and sequenced using MiSeq system. Thirty-two representative junction
sequences from Rad52+/+ mice and 32 representative sequences from Rad52–/– mice are shown. Each
recombinant DNA sequence (middle) is compared with germline Sµ (above, blue) and Sa (below, red)
sequences. Microhomologies (bold) were determined by identifying the longest region at the Sµ-Sa junction of
perfect uninterrupted donor/acceptor identity or the longest overlap region at the S-S junction with no more than
one mismatch on either side of the breakpoint.

Sm  CTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGA 
    |||||||||||||||||||||||||||||  |||||||| |||                     |   ||     | | 
1   CTGGACTAACTCTCCAGCCACAGTAATGAGTCAGACAGATAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGAC 
    ||||    | |   |   || |        |     |   |||||||||||||||||||||||||||||||||||||||| 
Sa  CTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGAC 
 
Sm  CTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTA 
    |||||||||||||||||||||||||||||||||||||||||||  | |    | |    |     |   |          
09  CTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGC 
    |   ||  |     |  | |    ||      |  | |   ||||||||||||||||||||||||||||||||||||||| 
Sg1 CCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGC 
 
Sm  TGAGGCGGGCTAATCTGGGATGAGGTGGACTGAGCTGGGCTAAGCTAAATTAAGCTGAGATGAGCTAGGCTAGACTTACT 
    |||||||||||||||||||||||||||||||||||||||||||         |        |      |    |      
66  TGAGGCGGGCTAATCTGGGATGAGGTGGACTGACCTGGGCTAATGAGGTAACATAAATTCAGCTGGCTGAACCAAACTTG 
          |    |||  ||    |  |||  || |  |    |||||| |||||||||||||||||||||||||||||||| 
Sa  AACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTG 
 
Sm  GGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGA 
    |||||||||||||||||||||||||| ||||||||||||||||   |      |||  | | || |     |  ||| 
02  GGGCTTGAGCCAAAATGAAGTAGACTATAATGAACTGGAATGATGAGTTAACATAAATTCAGCTGGCTGAACCAAACTTG 
          |    ||   |  | |   |    ||    |  |  |||||||||||||||||||||||||||||||||||||| 
Sg1 AACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTG 
 
Sm  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGC 
    |||||||||||||||||||||||||||||||||||||||||||        |                  |  ||||  | 
10  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
    | |   | |  |    |     |     |   |         |||||||||||||||||||||||||||||||||||||| 
Sa  TAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
 
Sm  GGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGA 
    |||||||||||||||||||||||||| ||||||||||||||||   |      |||  | | || |     |  |||   
28  GGGCTTGAGCCAAAATGAAGTAGACTATAATGAACTGGAATGATGAGTTAACATAAATTCAGCTGGCTGAACCAAACTTG 
     |    |    ||        |   |    ||    |  |  ||||| |||||||||||||||||||||||||||||||| 
Sa  AGCTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTG 
 
Sm  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGC 
    |||||||||||||||||||||||||||||||||||||||||||        |                  |  ||||  | 
34  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
    | |   | |  |    |     |     |   |         |||||||||||||||||||||||||||||||||||||| 
Sa  TAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
 
Sm  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGC 
    |||||||||||||||||||||||||||||||||||||||||||        |                  |  ||||  | 
52  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
    | |   | |  |    |     |     |   |         |||||||||||||||||||||||||||||||||||||| 
Sa  TAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCG 
    |||||||||||||||||||||||||||||||||||||||||||        ||   ||             ||  |  | 
12  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAATGGGATGAGATGGGATGAACTGACTGGGCTGGGCTCA 
        |    |   ||||          |  |           |||||||| |||||||||||||||||||||||| |||| 
Sa  GGATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
 
Sm  GGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGA 
    |||||||||||||||||||||||||| ||||||||||||||||   |      |||  | |  | |        |||   
53  GGGCTTGAGCCAAAATGAAGTAGACTATAATGAACTGGAATGATGAGTTAACATAAATTCAGCTGGCTGAACCAAACTTG 
     |    |    ||   |    |   |    ||    |  |  |||||||||||||||||||||||||||||||||||||| 
Sa  AGCTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTG 
 
Sm  GGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGA 
    |||||||||||||||||||||||||| ||||||||||||||||   |      |||  | | || |        |||   
43  GGGCTTGAGCCAAAATGAAGTAGACTATAATGAACTGGAATGATGAGTTAACATAAATTCAGCTGGCTGAACCAAACTTG 
     |    |    ||   |  | |   |    ||    |  |  ||||| |||||||||||||||||||||||||||||||| 
Sa  AGCTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTG 
 
Sm  TCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGA 
    |||||||||||||||||||||||||||||||| ||||||||||           |            | |  |   | 
02  TCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGAC 
           | |            |             |     |||||||||||||||||||||||||||||||||||||| 
Sa  CTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGAC 
 
Sm  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGC 
    |||||||||||||||||||||||||||||||||||||||||||        |                  |  ||||  | 
64  TTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
    | |   | |  |    |     |     |   |         |||||||||||||||||||||||||||||||||||||| 
Sa  TAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
 
Sm  TCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAA 
    ||||||||||||||||||||||||||||||||||  ||  ||    |||    ||         |     |          
41  TCGGCTGGACTAACTCTCCAGGCACAGTAATGACTGAGGTAGGCTGAGCTGAGCTGGAGTGAGCTAGCCTGGGGTGAATT 
          ||     ||     ||    ||     ||| | ||||||||||||||||||| |||||| |  |||| |||| | 
Sa  GGAATAGGCTGGGCTGGGCTGGGCTGGTGTGAGCTGGGCTAGGCTGAGCTGAGCTGGAATGAGCTGGGATGGGCTGAACT 
 
Sm  AGATCTAGCAGCTATAGGGGAGCAGGGATAGGTGGGAGTATTAGAGACCAGTCCCAGCAGCCGTGAAGGAGCTGGGGATG 
    |||||||||||||||||||||||||||||||||||||||||||  |            | |    |   ||||||    
3   AGATCTAGCAGCTATAGGGGAGCAGGGATAGGTGGGAGTATTATGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
         |   | |||    |||    ||  |     |  |    ||||||||||||||||||||||||||||||||||||| 
Sg1 GATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
 
Sm  TTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATG 
    ||||||||||||||||||||||||||||||||||||||||||| |  ||  ||||  |      |  |       |  | 
06  TTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCACAGTTGACCTTGCTCGTTTGAGCTGGTCTAGATGGTC 
       |   ||| | |    || | |||     ||| | |  |  ||||||||||||||||| ||||||||||||||||||| 
Sa  GGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTC 
 
Sm  CACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTA 
    |||||||||||||||||||||||||||||||||||||||||||   |      ||     |     || || ||      
07  CACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTATGGGATGGGATGGGATGGGATGGGATGGGATGGGAT 
       |           |  |  | | |  |         |    ||||||||||||||||||||||||||||||||||||| 
Sa  AGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGAT 
 
Sm  AGATCTAGCAGCTATAGGGGAGCAGGGATAGGTGGGAGTATTAGAGACCAGTCCCAGCAGCCGTGAAGGAGCTGGGGATG 
    |||||||||||||||||||||||||||||||||||||||||||  |            |      |   ||||||     
08  AGATCTAGCAGTTATAGGGGAGCAGGGATAGGTGGGAGTATTATGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
    |    |   || ||    |||    ||  |     |  |    ||||||||||||||||||||||||||||||||||||| 
Sa  AATAGTCAGAGCTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
 
Sm  GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTC 
    |||||||||||||||||||| ||||||||||||||||||||||    ||     ||              | | |  |  
15  GCTCTAAAAAGCACAGCTGAACTGAGATGGGTGGGCTTCTCTGTCAACTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
       | |||              | | |  |             ||| ||||||||||||||||||||||||||||||||| 
Sa  AGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
 
Sm  ATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGA 
    |||||| ||||||||||||||||||||||||||||||||||||  |        |     |        |   |    | 
18  ATAAAGTTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCGGATGGGATGGGATGGGATGGGATGGGATGGGATGGG 
    | |    ||                       |          ||||||||||||||||||||||||||||||||||||| 
Sa  AGATGAGTTAGGATAACCTGAGCTAAAGTAAGGTGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGG 
 
Sm  AACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGC 
    ||||||||||||||||||||           |||||||||||||||||||    | |   || |    ||        || 
25  AACTAGGCTGGCTTAACCGA-----------CTGGAATGAACTTCATTAAATGGGATGAGATGGGATGAACTGACTGGGC 
    |              |  |              |||  | |     |   |||||||||||||||||||||||||||||| 
Sa  ATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGAGATGGGATGAACTGACTGGGC 
 
Sm  TTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATG 
    ||||||||||||||||||||||||||||||||||||||||||| || ||  ||||  |      |  |          | 
26  TTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCACAGTTGACCTTGCTCGTTTGAGCTGGTCTAGATGGTC 
           ||| | |    || | |||     ||| | |     ||||||||||||||||||||||||||||||||||||| 
Sa  GGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTC 
 
Sm  GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTC 
    |||||||||||||||||||||||||||||||||||||||||||    ||     ||              | | |  | 
31  GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGTCAACTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
       | |||     |      | | | |  |             ||| ||||||||||||||||||||||||||||||||| 
Sa  AGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
 
Sm  AGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGA 
    |||||||||||||||||||||||||||||||||||||||||||   ||| |||  |   |   |     |      |   
49  AGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGAGCTGAGCTGGGTGAGTGGGATGAGATGGGATGAACTGACT 
     | || |   |   | |    |    |    |    | ||   ||   |   |  ||||||||||||||||||||||||| 
Sa  TGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGAGATGGGATGAACTGACT 
 
Sm  ATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGA 
    |||||||||||||||||||||||||||||||||||||||||||  |      |       |            |    | 
58  ATAAAGTTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCGGATGGGATGGGATGGGATGGGATGGGATGGGATGGG 
    |   |   |   | |      |  |     | ||    |    ||||||||||||||||||||||||||||||||||||| 
Sa  AGCTAAAGTAAGGTGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGGATGGG 
 
Sm  TTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGT 
    |||||||||||||||||||||||||||||||||||||||||||  |     ||    |  |      |    | || 
06  TTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAATGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAG 
              | | | ||            |     | |    ||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAG 
 
Sm  AAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGA 
    ||||||||||| |||||||||||||||||||||||||||||||    |   |           | ||          || 
14  AAAGCTTGCTGCGCAAAATTAAGGGAACAAGGTTGAGAGCCCTTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGT 
             |  || ||| |  |       ||||   |     ||||||||||||||||||||||||||||||||||||| 
Sa  GGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGT 
 
Sm  AAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGA 
    ||||||||||| |||||||||||||||||||||||||||||||    |   |           | ||          || 
16  AAAGCTTGCTGCGCAAAATTAAGGGAACAAGGTTGAGAGCCCTTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGT 
             |  || |||    |       ||||   |     ||||||||||||||||||||||||||||||||||||| 
Sa  GGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGT 
 
Sm  TGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAA 
      |||||||||||||||||||||||||||||| ||||||||||      |       | ||        ||||  |    
05  CAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAAGATAACAGTTAGGAGGGAGCTGGGGCAGGTGGGAGTG 
       |   |  ||| |||    | |         |      |    |||||| |||||||||||||||||||||||||||| 
Sa  AGCCGTGGGAGAGCTGGAGATGATAGGAATGTGGAGGACCAGTCCTAACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTG 
 
Sm  GCTCTAAAAAGCACAGCTGAGTTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTC 
    |||||||| | ||||||||||||||||||||||||||||||||    ||     ||              | |    | 
59  GCTCTAAAGACCACAGCTGAGTTGAGATGGGTGGGCTTCTCTGTCAACTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
       | |||     |        | | |  |             ||| ||||||||||||||||||||||||||||||||| 
Sa  AGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
 
Sm  GCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTC 
    |||||||||||||  ||||||||||||||||||||||||||||    ||     ||              | | |  |  
142 GCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGTCAACTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
       | |||     |      | | | |  |             ||| ||||||||||||||||||||||||||||||||| 
Sa  AGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
 
Sm  AGATCTAGCAGCTATAGGGGAGCAGGGATAGGTGGGAGTATTAGAGACCAGTCCCAGCAGCCGTGAAGGAGCTGGGGATG 
    ||||||||||| |||||||||||||||||||||||||||||||  |            | |    |   ||||||      
192 AGATCTAGCAGTTATAGGGGAGCAGGGATAGGTGGGAGTATTATGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
         |   |  |     |||    ||  |     |  |    ||||||||||||||||||||||||||||||||||||| 
Sa  GATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
 
 

Sm  GTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGAT 
    ||||||||||||||||||| ||   ||||||||||||||||| |||   ||| | |     |                     | 
50  GTAAGCGAGGCTCTAAAAAACACAACTGAGCTGAGATGGGTGAGCTGAGCTGGGTGAGCTGAGCTAAGCTGGGGTGAGCTGACT 
      |   |||        |     |             |||||||||||||||||||||||||||||||||||||||||||||   
Sa  TGAGCTGAGCTGGGCTGAGCTGGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGAGCTAAGCTGGGGTGAGCTGAGC 
 
Sm  ACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
    ||||||||||||||||||||||||||||||||||||||||||||| |  | |    |     | ||      |  |    | || 
03  ACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGAATAGTCAGAGCTAGGCTGGAATTAGGCGAAACTTGGCTT 
         |     |||     ||      |     | |   ||||||||||||||||||||||||||||||||||||||||||||| 
Sa  TTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTT 
 
Sm  GCTGAGATGGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGA 
    ||||||||||||||||||||||||| ||||||||  |||||||||    | |  |  |            ||  || | |    
34  GCTGAGATGGGGTGAGATGGGGTGACCTGAGCTGTCCTGAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATT 
         |    ||   | |    ||| || |       | ||||||||||||||||||||||||||||||||||||||||||||| 
Sa  AACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATT 
 
Sm  AAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAAT 
    |||||||||||||||||||||||||||||||||||||||||||||     |      |  |   |  | |     |     || 
40  AAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGTTACAATGAGGTAACATAAATTCAGCTGGCAGAACCAAA 
    | |  |   |    |  |  ||||  |  |  |  ||   ||||||||||||||| ||||||||||||||||||| |||||||| 
Sa  ATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAA 
 
Sm  GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTGAGATGGGTGGGCTTCTCTGAGTGCTTCTAAAATGCGCT 
    ||||||||||| |||||||||||||||||||||||||||||||||    ||||  |  ||  |          | |    |  |  
06  GTTGAGAGCCCGAGTAAGCGAGGCTCTAAAAAGCACAGCTGAGCTAGCCTGGGGTGAATTAGCATGACTGGACTTATTCACAGT 
        |          |   |        |||         |||||||||||||||||||||||||||||||||||||||||||| 
Sa  AGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACTGGACTTATTCACAGT 
 
Sm   CTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACA 
     |||||||||||||||||||||| |||||||||||||||| |||                     |   ||     | |     
24   CTGGACTAACTCTCCAGCCACATTAATGACCCAGACAGACAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACTGG 
     ||||    | |   |   || |       |      |  |||||||||||||||||||||||||||||||||||||||||||| 
Sa   CTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACTGG 
 
Sm  CAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTG 
    |||||||||||||||||||||||||||||||||| |||||||||      ||   |      | ||   || ||    || |   
61a CAAAATGAAGTAGACTGTAATGAACTGGAATGAGTTGGGCCGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAA 
     | | | |     |   |        |  |    | |    ||||||||||||||||||||||||||||||||||||||||||| 
Sa  GATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAA 
 
Sm  TGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCT 
    ||||||||||||||||||||||||||||||||||||||||||||  ||      |||              ||   || | |   
01b TGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCTGGGTGAACCAAACTTGACAGTGCGCTAGCCTGGGGTGAA 
                    ||  |||| |     |     | | |||||||||||||||||||||||||| |||||||||||||||| 
Sa  GAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAA 
 
Sm  CTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACT 
    ||||||| |||||||||||||||||||||||||||||||||||  | |    | |    |     |   |    |  |      
09  CTCTGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
    |   ||  |     |  | ||   ||   |  |  | |   ||||||||||||||||||||||||||||||||||||||||||| 
Sa  CCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAA 
 
Sm  GTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGA 
    |||||||||||||||||||| ||||||||||||||||||||||       |      ||  || |         |     |   
58  GTAATGACCCAGACAGAGAAAGCCAGACTCATAAAACTTGCTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCT 
              || ||||   || | |     |         ||||||||||||||||||||||||||||||||||||||||||| 
Sa  TGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCT 
 
Sm  GGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTG 
     | |||||||||||||||||||||||||||||||||||||||| | | |           | ||||  | | |       |||| 
65  AGTCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTG 
    |                   | || | ||      |||   ||||||||||||||||||||||||||||||||||||||||||| 
Sa  ATGGTAGGAATGTGGAGGACCAGACCTAACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTG 
 
Sm  CTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTT 
    ||||||||||||||||||||     ||||||||||||||||||   ||      | |            | |   |     | 
86  CTGGAATGAGCTGCTAAGCT-----AAACTAGGCTGGCTTAACAATGAGCTAATATAAATTCAGCTGGCTGAACCAAACTTGAC 
           |    |                          | |||||||||||| |||||||||||||||||||||||||||||| 
Sa  AGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGAC 
 
Sm  CTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCC 
    ||||||||||||||||||||||||||||||| ||||||||||     |     |            | |  |   |     | | 
02  CTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACTGGAC 
          | |            |             |  |  ||||||||||||||||||||||||||||||||||||||||||| 
Sa  TGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACTGGAC 
 
Sm  TGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTG 
    |||||||||||     ||||||||||||||||||||||||||   ||      | |     |      | |   |     |  
21  TGGAATGAGCT-----GCTAAGCTAAACTAGGCTGGCTTAACAATGAGCTAATATAAATTCAGCTGGCTGAACCAAACTTGACA 
          |                               |  ||||||||||| ||||||||||||||||||||||||||||||| 
Sa  GAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACA 
 
Sm  AGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGA 
    ||||||||||||||||||||| |  |||||||||||||||||  |||      | |     | | |       | |   ||   
37  AGTAAGCGAGGCTCTAAAAAGTACAGCTGAGCTGAGATGGGTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTG 
       || |  ||||        ||||                ||||||||||||||||||||||||||||||||||||||||||| 
Sa  GCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTG 
 
Sm   GGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCT 
     |||||||||||||||||||||||||||||||||||||||||         |   ||             ||     |  ||   
13   GGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAATGGGATGAGATGGGATGAACTGACTGGGCTGGGCTCAGTTGA 
       |    |   ||||          |  |           |||||||| |||||||||||||||||||||||| ||||||||| 
Sa   ATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGA 
 
Sm  GGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGAGCTAAGCT 
    ||||||||||||||||| ||||||||||||||||| ||||||      |    |   |               |||||||  || 
57  GGGGTGAGATGGGGTGAACTGAGCTGGGCTGAGCTAGACTGATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
         |        ||   ||    |     |         ||||||||||||||||||||||||||||||||||||||||||| 
Sa  AATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
 
Sm  AGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGA 
    ||||||||||||||||||||| |  |||||||||||||||||  |||      | |     | | |       | |   ||   
85  AGTAAGCGAGGCTCTAAAAAGTACAGCTGAGCTGAGATGGGTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTG 
       || |  ||||        ||||                ||||||||||||||||||||||||||||||||||||||||||| 
Sa  GCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTG 
 
Sm  TGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTG 
    ||||||||||||    ||||| |||  ||     ||||||||   ||      | |     |      | |   |     | 
61  TGGAATGAGCTGCTAAGCTAAACTAGGCT-----GGCTTAACAATGAGCTAATATAAATTCAGCTGGCTGAACCAAACTTGACA 
          |              |                   ||||||||||| ||||||||||||||||||||||||||||||| 
Sa  GAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACA 
 
Sm  GCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAA 
    ||||||||||||||||||||||||||||||||||||||||||  |    |    |     |  |        |||  ||||  | 
145 GCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAATGGTCTAGTTGGGCTGGCCAGAATAGTCAGAGGTAGGCTGGA 
         |       |   ||    |    |   |||   |  |||||||||||||||||||||| ||||||||| |||||||||| 
Sa  GGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGA 
 
Sm  AAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGT 
    |||||||||| |||||||||||||||||||||||||||||||    |   |  |        | |           ||   | | 
14  AAGCTTGCTGCGCAAAATTAAGGGAACAAGGTTGAGAGCCCTTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCT 
            |  || ||| |  |       ||||   | |   |||||||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCT 
 
Sm  TGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCT 
    ||||||||||||||||||||||||||||||||||||||||||  |     |     |  |||    |    | ||      | 
06  TGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAATGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGC 
             | | | ||            |     | |    |||||||||||||||||||||||||||||||||||||||||| 
Sa  CTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGC 
 
Sm  AGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCT 
    ||||||||||||||||||||||||||||||||||||||||||        ||   ||             ||  |  |  || 
52  AGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAATGGGATGAGATGGGATGAACTGACTGGGCTGGGCTCAGTTGA 
          | |   ||||          |  |            ||||||| |||||||||||||||||||||||| ||||||||| 
Sa  GATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGA 
 
Sm  TGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAG 
    ||||||||||||||||||||||||||||||||||||||||||  |     || |  |   |                       
78  TGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGACAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACT 
    ||    |   |  | ||||||  ||   |    |  | ||  |||||||||||||||||||||||||||||||||||||||||| 
Sa  TGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCTGGGGTGAATTAGCATGACT 
 
Sm  GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCT 
    |||||||||||||||||||||||||||||||||||  |||||          | |      |     |   |     |  |  
21a GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACAGCTGATGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAA 
     | |  ||  ||||   |  |       |||         | |||||||||||||||||||||||||||||||||||||||||| 
Sa  ATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAA 
 
Sm  AATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCG 
    ||||||||||||||||||| |||||||||||||||||||||| |   |   || |||| || ||||      ||   ||| || 
65a AATTAAGGGAACAAGGTTGCGAGCCCTAGTAAGCGAGGCTCTGATGGGATGGGATGAGATGGGATGAACTGACTGGGCTGGGCT 
     |    ||            ||||   | || |   || |  |||||||||||||| |||||||||||||||||||||||| || 
Sa  TAGGCTGGATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACT 
 
Sm  CTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCC 
    ||||||||||||||||||||||||||||||| ||||||||||     |                  |        | ||  | | 
158 CTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCAGGGCTCAGTTGACCTTGCTCGTTTGAGCTGGTCTAGATGGTC 
         |      |        |      |||         | || ||||||||||||||||||| ||||||||||||||||||| 
Sa  GATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTC 
 
Sm  AGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCT 
    |||||||||||||||||||||||||||| |||||||||||||    |  |     |      | |    | ||   |       
51  AGCAAAATTAAGGGAACAAGGTTGAGAGTCCTAGTAAGCGAGACGTTTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGAA 
     | |               ||    || ||     |       ||| ||||||||||||||||||||||||||||||||||||| 
Sa  GGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGA 
 
Sm  TAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACT 
    ||||||||||||||||||||||||||||||||||||||||||   | ||          |          |      |||  || 
20b TAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCTAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
     |    |    |   |   ||              |      |||||||||||||||||||||||||||||||||||||||||| 
Sa  AATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCCT 
 
Sm  GCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAA 
     ||||||||||||||||||||||| |||||||||||| ||||          | |  ||      ||      |  || |    
39b GCTTCTAAAATGCGCTAAACTGAGATGATTACTCTGAAGTAATGGTCTAGATGGTCTAGTTGGGCTGGCCAGAATAGTCAGAGC 
    |     |    ||   |  | |      || |||    |   |||||||||||||||||||||||||||||| ||||||||| | 
Sa  GAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAAC 
 
Sm  TAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGC 
    |||||||||||||||||||||||||||||||| |||||||||     |      ||         |  |        | | | 
182 TAATCTAGGTTGAATAGAGCTAAACTCTACTGACTACACTGGCTCAGTTGACCTTGCTCGTTTGAGCTGGTCTAGATGGTCTAG 
           | | | || |      |                | ||||||||||||||||||| |||||||||||||||||||||| 
Sa  GGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAG 
 
Sm  AGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCT 
    |||||||||||||||||||||||||||||||||||||||||| |            |||              |         
191 AGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAATTTGAGGTGGTCTAGATGGTCTAGTTGGGCTGGCCAGAATA 
      | |     |     | ||||||||| |||   |        | |||| |||||||||||||||||||||||||||||| ||| 
Sa  GATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATA 
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Human blood B cells (in vitro, CpG+IL-2+IL-21)

Sµ-sd Sµ-Sg1
Sm  CCCAGGAAAGGGGCCGCAGAAGCAGGTGGGCCAGACTCAGACTCGGGGCATGCCCAGCCTGATGGAAGGAAGG 
        ||||||||||||||||||||||||||||||||||||||||      || |   | |   | |   |    
210 AGGTGGAAAGGGGCCGCAGAAGCAGGTGGGCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCA 
              |  ||       |||     ||||||||||||||||||||||||||||||||||||||||||| 
sd  GCCCTGCCCTGCCCCTTGTCCTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCA 
 
Sm  CCCAGGAAAGGGGCCGCAGAAGCAGGTGGGCCAGACTCAGACTCGGGGCATGCCCAGCCTGATGGAAGGAAGG 
    |||||||||||||||||||||||||||||||||| |||||||||      || |     |   | |   |    
955 CCCAGGAAAGGGGCCGCAGAAGCAGGTGGGCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCA 
     ||  |    |  ||       |||     ||||||||||||||||||||||||||||||||||||||||||| 
Sd  GCCCTGCCCTGCCCCTTGTCCTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCA 
 
Sm  TGAGACAAGCAGGTCTGGTGGGCTGACCATTTCTGGC-CATGACAACTCCATCCAGCTTTCAGAAATGGACTC 
    |||| |||||||||||||||||||||||||||||| | |||||||                 | |   |  | 
797 TGAGCCAAGCAGGTCTGGTGGGCTGACCATTTCTGACTCATGACACAGGAGCGGCAGCAGGGGCATGCGTGTT 
         |||        |     ||      ||||||||||  ||||||||||||||||||||||||||||||| 
Sd  GTCCACAAAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTT 
 
Sm  CTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGAT 
    |||||||||||||||||||||||||||||||||||||||||||  |   |      |   || |  ||| |  
11  CTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGG 
                      | | |  | |   ||||| |||||||||||||||||||||||||||||||||||| 
sd  AAAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGG 
 
Sm  CTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGAT 
    |||||||||||||||||||||||||||||||||||||||||||| |   |      |   || |  ||| | 
15  CTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCGCGGCAGCAGGGGCATTCGTGTTCACGGG 
                      | | |  | |   ||||| |||||| ||||||||||||||||||||||||||||| 
sd  AAAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGG 
 
Sm  CTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGAT 
    |||||||||||||||||||||||||||||||||||||||||||  |   |      |   || |  ||| |   
80  CTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGG 
                      | | |  | |   ||||| |||||||||||||||||||||||||||||||||||| 
Sd  AAAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGG 
 
Sm  CTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTT 
    ||||||||||||||||||||||||||||||||||||||||||        ||    || |  ||        | 
148 CTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTGTCCCCACCTGTCCCTGACGCTGTCCCCCAT 
    |    ||      |     |   |   |      ||||||||||||||||||||||||||||||||||||||| 
sd  CCCATGCTGTCACAAACTGTCTCTGACACTGTCCCACAGGCTGTCCCCACCTGTCCCTGACGCTGTCCCCCAT 
 
Sm  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
    |||||||||||||||||||||||||||||||||||||||||| |     |  ||||          |      
226 AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGG 
        |  |        |         ||    | ||| ||||||||||||||||||||||||||||||||||| 
sd  CTGCCCTGCCCCTTGTCCTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGG 
 
Sm  GAACCAAAACCCAGGTGGCGCTGGGGCAGGACTGCAGGGAACTGGGGTATCAAGTAGAGGGAGACAAAAGATG 
    |||||||||||||||||||||||||||||||||||||| ||      |       | ||  | |      |  
02  GAACCAAAACCCAGGTGGCGCTGGGGCAGGACTGCAGGCAAAATCCCTGCATCCCATAGCAACATCTCCAAGA 
    |  |      ||            | |       ||||||||||||||||||||||||||||||||||||  | 
sd  GCCCTCCGTTCCCCCCATAATCATGTCCTTCTCACAGGCAAAATCCCTGCATCCCATAGCAACATCTCCAGAA 
 
Sm  TGGGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGAACTGGGCTGAGCTGAGCTGAACTGGGCTGA 
    |||||||||||||||||||||||||||||||||||||||||      |  |   |  |.|  | | |||   | 
14  TGGGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTCCGGATGTGTTCCCCCATCATATCAGGGTGCA 
      | |             |    ||   ||  | ||||||||||||||||||||||||||||||||||||||| 
sd  CAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGGCTCCGGATGTGTTCCCCCATCATATCAGGGTGCA 
 
Sm  TGGGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGAACTGGGCTGAGCTGAGCTGAACTGGGCTGA 
    |||||||||| ||||||||||||||||||||||||||||||      |  |   |     |     ||      
586 TGGGCAAAACGGACCTAAGCTGACCTAGACTAAACAAGGCTCCGGATGTGTTCCCCATCATATCAGGGTGCAG 
      |            |  |    ||   ||  | ||||||||||||||||||||||||||||||||||||||| 
sd  CAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGGCTCCGGATGTGTTCCCCATCATATCAGGGTGCAG 
 
Sm  TGGGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGAACTGGGCTGAGCTGAGCTGAACTGGGCTGA 
    ||||||||||||||||||||||||||||||||| |||||||      |  |   |     |     ||     
930 TGGGCAAAACTGACCTAAGCTGACCTAGACTAACCAAGGCTCCGGATGTGTTCCCCATCATATCAGGGTGCAG 
      |            |  |    ||   ||  ||||||||||||||||||||||||||||||||||||||||| 
Sd  CAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGGCTCCGGATGTGTTCCCCATCATATCAGGGTGCAG 
 
Sm  ACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGA 
    ||||||||||||||||||||||||||||||||||||||||   |   |  | |   |           ||    
170 ACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCC 
             ||   |   | ||  |          |||||||||||||||||||||||||||||||||||||| 
sd  CTCTGCCCTGCCCTGCCCCTTGTCCTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCC 
 
Sm  TAGTGGAGGGTGGTAATGATTGGTAATGCTTTGGAACCAAAACCCAGGTGGCGCTGGGGCAGGACTGCAGGGA 
    ||||||||||||||||||||||||||||||||||||||||  | | ||  | | |          |   ||   
08  TAGTGGAGGGTGGTAATGATTGGTAATGCTTTGGAACCAAGGCTCCGGATGTGTTCCCCATCATATCAGGGTG 
         ||         ||  ||             |||||||||||||||||||||||||||||||||||||| 
sd  CCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGGCTCCGGATGTGTTCCCCATCATATCAGGGTG 
 
Sm  AAAAGATGGAAGCCAGCCTGGCTGTGCAGGAACCCGGCAATGAGATGGCTTTAGCTGAGACAAGCAGGTCTGG 
    |||||||||||||||||||||||||||||||||| |||||  ||          |    | |     |  
992 AAAAGATGGAAGCCAGCCTGGCTGTGCAGGAACCTGGCAACAAGGGCCAGGGGTCCACAAAACCACAGGTCCC 
        || ||||| |  |     |      |  |  ||||||||| |||  ||||||||||||||||||||||| 
Sd  TCTGGAGGGAAGACCCCTCCCTTCCAGGAGCTCTCGGCAACAAGAGCCCAGGGTCCACAAAGCCACAGGTCCC 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCT 
    ||||||||||||||||||||||||||||||||||||||| |   |   |      |        |||    || 
1   GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
     |  |    |      |    |  |  | |||   |||||||||||||||||||||||||||||||||||||| 
sd  AAGGTCGGCCGCACGTTGTCCCCAGCTGTCCTTGACATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCT 
    ||||||||||||||||||||||||||||||||||||||| |   |   |      |        |||    || 
249 GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
     |  |    |      |    |  |  | |||   |||||||||||||||||||||||||||||||||||||| 
sd  AAGGTCGGCCGCACGTTGTCCCCAGCTGTCCTTGACATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCT 
    ||||||||||||||||||||||||||||||||||||||| |   |   |      |        |||    || 
295 GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
     |  |    |      |    |  |  | |||   |||||||||||||||||||||||||||||||||||||| 
sd  AAGGTCGGCCGCACGTTGTCCCCAGCTGTCCTTGACATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCT 
    ||||||||||||||||||||||||||||||||||||||| |   |   |      |        |||    || 
350 GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
     |  |    |      |    |  |  | |||   |||||||||||||||||||||||||||||||||||||| 
sd  AAGGTCGGCCGCACGTTGTCCCCAGCTGTCCTTGACATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCT 
    |||||||||||||||||||||||||||||||||| ||||     |   |               |||    || 
691 GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCCCATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
     |  |    |      |    | ||  | |||   |||||||||||||||||||||||||||||||||||||| 
Sd  AAGGTCGGCCGCACGTTGTCCCCAGCTGTCCTTGACATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
 
Sm  ACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGA 
    |||||||||||||||||||||||||||||||||||||||    |   |  | |   |           || 
756 ACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCC 
       |     ||   |   | ||  |          |||||||||||||||||||||||||||||||||||||| 
Sd  CTCTGCCCTGCCCTGCCCCTTGTCCTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCC 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCT 
    ||||||||||||||||||||||||||||||||||||||| |   |   ||     |        |||    || 
854 GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
     |  |    |      |    | ||  | |||   |||||||||||||||||||||||||||||||||||||| 
Sd  AAGGTCGGCCGCACGTTGTCCCCAGCTGTCCTTGACATTGTCCCCCATGCTGTCACAAACTGTCTCTGACACT 
 
Sm  ACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGA 
    |||||||||||||||||||||||||||||||||||||||    |   |  |     |           ||    
04  ACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCC 
       |     ||   |   | ||  |          |||||||||||||||||||||||||||||||||||||| 
sd  CTCTGCCCTGCCCTGCCCCTTGTCCTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCC 
 
Sm  AAGCAGGTCTGGTGGGCTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGG 
    |||||||||||||||| ||||| |||| ||||||||||                 | | | |  |     ||  
191 AAGCAGGTCTGGTGGGATCACCCTTTCCGGCCATGACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
    ||||                   ||      ||  |||||||||||||||||||||||||||||||||||||| 
sd  AAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
 
Sm  AAGCAGGTCTGGTGGGCTGACCATTTCTGGCCATGACAACCCATCCAGCTTTCAGAAATGGACTCAGATGGGC 
    ||||||||||||||||  ||||||||| ||||| ||||                 | | | |  |     ||| 
348 AAGCAGGTCTGGTGGGTGGACCATTTCGGGCCAGGACACAGGCGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
    ||||            | |   |||  |   ||  ||||||| |||||||||||||||||||||||||||||| 
sd  AAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
 
Sm  AAGCAGGTCTGGTGGGCTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGG 
    ||||||||||||||||||||||||| ||||||||||||                 | | | |  |      |  
135 AAGCAGGTCTGGTGGGCTGACCATTCCTGGCCATGACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGTGC 
    ||||              |   ||||     ||  ||||||||||||||||||||||||||||||||||| || 
sd  AAGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
 
Sm   AGCAGGTCTGGTGGGCTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGG 
     ||||||||||||||||||||| |||||||||||||||                 | | | |  |     || 
1062 AGCAGGTCTGGTGGGCTGACCGTTTCTGGCCATGACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
     |||              |    ||      ||  |||||||||||||||||||||||||||||||||||||| 
Sd   AGCCACAGGTCCCACTCGGTTATTCTGACTCACAACACAGGAGCGGCAGCAGGGGCATTCGTGTTCACGGGC 
 
Sm  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
    |||||||||||||||||||||||||||||||||||||          |              |   |       
36  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
                |         |  ||   |    |||||||||||||||||||||||||||||||||||||| 
sd  GACATTCCTATTCTAAAAGGGATACATAGAAAGGGAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
 
Sm  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
    |||||||||||||||||||||||||||||||||||||          |      |       |   |       
306 AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
                |         |  ||   |    |||||||||||||||||||||||||||||||||||||| 
sd  GACATTCCTATTCTAAAAGGGATACATAGAAAGGGAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
 
Sm  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
    |||||||||||||||||||||||||||||||||||||          |      |       |   |       
366 AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
                |         |  ||        |||||||||||||||||||||||||||||||||||||| 
sd  GACATTCCTATTCTAAAAGGGATACATAGAAAGGGAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
 
Sm  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
    |||||||||||||||||||||||||||||||||||||          |      |       |   |       
600 AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
                |         |  ||        |||||||||||||||||||||||||||||||||||||| 
sd  GACATTCCTATTCTAAAAGGGATACATAGAAAGGGAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
 
Sm  GCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCA 
    |||||||||||||||||||||||||||||||||||||   |  |||         | |    |||    | 
723 GCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCTTGGTGCAGAAGATATGCTGCCACTTCTAGAGCAAG 
    |  |  |  ||     | | | ||    |      |||||||||||||||||||||||||||||||||||||| 
Sd  GGAAGGTGGAGGCTCTGAGCATCTCAATACCCTCCTCTTGGTGCAGAAGATATGCTGCCACTTCTAGAGCAAG 
	
Sm  AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
    |||||||||||||||||||||||||||||||||||||          |      |       |   | 
769 AGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
                |         |  ||   |    |||||||||||||||||||||||||||||||||||||| 
Sd  GACATTCCTATTCTAAAAGGGATACATAGAAAGGGAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
 
Sm   GAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTT 
     ||||||||||||||||||||||||||||||||||||          |      |       |   | 
1178 GAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
                |         |  ||   |    |||||||||||||||||||||||||||||||||||||| 
sd   ACATTCCTATTCTAAAAGGGATACATAGAAAGGGAGAGAGGAGCCATGGGTCCCAAGCAAGCCCAAACCCAG 
 
Sm  ACCAGGTGAGCTGAGCTGAGCTGGGCTTGGCTGCACTAAGCTGGGCTGAGCTGGGCTGAGCTGGGCAGGGCTG 
    |||||||||||||||||||||||||||||||||||||   |  |      |   |         |     | 
897 ACCAGGTGAGCTGAGCTGAGCTGGGCTTGGCTGCACTCTTCCAGCACCCACCAAGGCTCCGGATGTGTTCCCC 
      |||     |    || ||     |   |   |  ||||||||||||||||||||||||||||||||||||| 
Sd  CTCAGAGCCTCCAGCCTCAGACTCCCACTGTGTCTGTCTTCCAGCACCCACCAAGGCTCCGGATGTGTTCCCC 
 
Sm  ATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGAT 
    ||||||||||||||||||||||||||||||||||||  |   | |    ||       |               
164 ATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAACCACAGTCCATGGCAAAGTCAAGGACAGCAGTGGCTG 
      || |  |    |             ||     | ||||||||||||||||||||||||||||||||||||| 
sd  GCTCACTTGGCCATGGTGCAGTCACCCAGGGGTGACCCACAGTCCATGGCAAAGTCAAGGACAGCAGTGGCTG 

Sm  AGGTCTGGTGGGCTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAAAACTGACCT 
      |||||||||||||||||  ||||||||||||||| |||     ||     |    | | ||             | || 
51  GAGTCTGGTGGGCTGACCAGCTCTGGCCATGACAACCCCAGGGCCCTGTGCCAGTCAGGCCCACTCACTAGGGGAGGTCCA 
     |     | |   ||    ||   || || |  |   |||||||||||||| ||||||||| ||||||||||||||| ||| 
Sg1 AAGAAAAGGGCCTTGGAGGGCAGAGGGCAGGCTATGACCAGGGCCCTGGGCAAGTCAGGCCAACTCACTAGGGGAGGGCCA 
 
Sm  AGGTCTGGTGGGCTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAAAACTGACCT 
    |||||||||||||||||| |||||||||| ||||||||||     |    | |    | | ||             | || 
185 AGGTCTGGTGGGCTGACCTTTTCTGGCCACGACAACTCCAGGGCCCGGGGAAAGTCAGGCCCACTCACTAGGGGAGGGCCA 
    | |    | |   ||         || || |  |   ||||||||| ||| |||||||||| ||||||||||||||||||| 
Sg1 AAGAAAAGGGCCTTGGAGGGCAGAGGGCAGGCTATGACCAGGGCCCTGGGCAAGTCAGGCCAACTCACTAGGGGAGGGCCA 
 
Sm  TCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATG 
    ||||||||||||| ||||||||||||||||||||||||||       | | |       | ||      | |  |    || 
14  TCTTGGTCTCATTGTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGACAGGGGGTTCCGGGGCCCTATGCAGTGTCTG 
         |       |       |    |    |      ||||||||||| |||||||||||||||||||  |        | 
Sg1 GGAAAGGAGGGGAGAGGCTGAGGAGGAGGCTCCAGGAGGCTATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGGCTGAAGGG 
 
Sm  CAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGG 
    ||||||||||||||||||||||||||||||||||||||||    | | |     |  ||  |  | |      | |   || 
15  CAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGGGCAAGTCAGGCCCACTCACTAGCGGAGGGCCACGCTGGGG 
       |   |    |  |   |  | | | |         ||||||||||||||| ||||||||||||||||||||||||||| 
Sg1 GGCCTTGGAGGGCAGAGGGCAGGCTATGACCAGGGCCCTGGGCAAGTCAGGCCAACTCACTAGGGGAGGGCCACGCTGGGG 
 
Sm  TCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATG 
    ||||||||||||| ||||||||||||||||||||||||||       | | |       | ||       |||  | |  | 
24  TCTTGGTCTCATTGTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGACAGGGGGTTCCGGGGCCCTGGGGCTGAAGGG 
         |       |       |    |    |    | ||||||||||| ||||||||||||||||||||||||||||||| 
Sg1 GGAAAGGAGGGGAGAGGCTGAGGAGGAGGCTCCAGGAGGCTATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGGCTGAAGGG 
 
Sm  CTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAAAACTGACCTAAGCTGACCTAG 
    ||||||||||||||||||||||||||||||||||||||||   |       |  |     |             | || || 
25  CTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGTCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGCCAAG 
       |||  |    | |  ||      |     |   | || |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGCCAAG 
 
Sm  GAACTGGGCTGAGCTGAGCTGAACTGGGCTGAGTTGAACTGGGTTGAGCTGAGCTGAGCTGAGCTGGGCTAAGTTGCACC 
    ||||||||||||| ||||||||||||||||||||| |||| ||  || |       |||       |   | |   | | 
151 GAACTGGGCTGAGATGAGCTGAACTGGGCTGAGTTAAACTCGGGGGACCCACAAGAAGCCATCTGAGAACAGGGGCCACG 
    |  |  |   | |  |    |    |||||        |||||||||||||||||||||||||||||||||| | |||| 
Sg1 GGCCACGCTGGGGCGGCAGGGTCAGGGGCTTCAGGGGGCTCGGGGGACCCACGAGAAGCCATCTGAGAACAGTGTCCACT 
 
Sm  CTGAGCTGAGCTGGGCTAAGTTGCACCAGGTGAGCTGAGCTGAGCTGGGCTTGGCTGCACTAAGCTGGGCTGAGCTGGGCT 
    ||||||||||||||||||||||||||||||||||||||||      |  | ||      |   | ||| | |||||| | 
70  CTGAGCTGAGCTGGGCTAAGTTGCACCAGGTGAGCTGAGCATGAGCGTCCCTGAGGTGGCCCCGATGGCCAGAGCTGAGGC 
            | |      | | || |   ||     || |||||||||||||||||||||| |||||||||||||||||||| 
Sg1 AGCCAGGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGC 
 
Sm  CAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGG 
    ||||||||||||||||||||||||||||||||||||||||      | |     |  ||  |  | |      | |    | 
81  CAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGATGGGCAAGTCAGGCCCACTCACTAGCGGAGGGCCACGCTGGAG 
    | | |    | | |     |  | | | |         ||||||||||||||||||||||||| ||||||||| ||||||| 
Sg1 CCGGAACCTCCCGTCTCGGCAGGCTATGACCAGGGCCCTGGGCAAGTCAGGCCCACTCACTAGGGGAGGGCCATGCTGGAG 
 
Sm  TCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGATTGGTAATGCT 
    |||||||||||||||||||||||||||||||||||||||| |        |       | |  |  |    |||  |    
2   TCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATAATGGGCATGAGCGTCCC-TGAGGTGGCACCGATGGCCAGAG 
    |    |        |   |    |     |    |    |||||||||||||||||| ||||||||||||||||||||||| 
Sg1 TGGTCAAGCCAGGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCCGTCCCTGAGGTGGCACCGATGGCCAGAG 
 
Sm  TCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGATTGGTAATGCT 
    ||||||||||||||||||||||||||||||||||||||||     |    |       | |  |  |   ||||  |    
04  TCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATAATGGGCATGAGCGTCCCTGAGGTGGCACCGATGGCCAGAGC 
    |    |        |   |    |     |    |    |||||||||||||||||||||||||||||||||||||||||| 
Sg1 TGGTCAAGCCAGGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCGTCCCTGAGGTGGCACCGATGGCCAGAGC 
 
Sm   CTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAAAACTGACCTAAGCTGACCTA 
     |||||||||||||||||||||||||||||||||||||||    |       |  |     |             | || | 
05   CTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGTCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGCCAA 
        |||  |    | |  ||      |     |   | || ||||||||||||||||||||||||||||||||||||||| 
Sg1  GGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGCCAA 
 
Sm  TCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGATTGGTAATGCT 
    |||||||||||||||||||||||||||||||||||||||| |   |    |       | |  |  |    ||    | | 
49  TCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATAATGGGCATGAGCGTCCCTGAGGTGGCACCGATGAGCGTCCC 
    |    |        |        |     |    |    ||||||||||||||||||||||||||||||||||  |    | 
Sg1 TGGTCAAGCCAGGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCGTCCCTGAGGTGGCACCGATGGCCAGAGC 
 
Sm  CTGGGCTAAGTTGCACCAGGTGAGCTGAGCTGAGCTGGGCTTGGCTGCACTAAGCTGGGCTGAGCTGGGCTGAGCTGGGCA 
    |||||||||| |||||||||||| | ||||||| ||||||  ||         |    |        ||  ||         
216 CTGGGCTAAGGTGCACCAGGTGAACGGAGCTGACCTGGGCAGGGGCCAGTGGGGGGCAGGATGAGCAGGGGGAAGCTCCTG 
    |||| ||   | | ||||||            |  ||  |||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTGGACTTCAGGGGACCAGGGAGGGCATCTGAAGGTGAACAGGGGCCAGTGGGGGGCAGGATGAGCAGGGGGAAGCTCCTG 
 
Sm   CTGAGCTGAGCTGGGCTAAGTTGCACCAGGTGAGCTGAGCTGAGCTGGGCTTGGCTGCACTAAGCTGGGCTGAGCTGGGC 
      ||||||||||||||||||||||||||||||||||||||       |    ||      |   | ||| | |||||||| 
313  TTGAGCTGAGCTGGGCTAAGTTGCACCAGGTGAGCTGAGCATGAGCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGG 
             | |      | | || |   ||     || |||||||||||||||||||||||||||||||||||||||||| 
Sg1  AGCCAGGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGG 
 
Sm  CTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAAAACTGACCTAAGCTGACCTA 
    ||||||||||||||||||||||||||||||||||||||||   |       |  |  |  | |           | || | 
130 CTGACCATTTCTGGCCATGACAACTCCATCCAGCTTTCAGTCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGCCAA 
        ||  |    | |  |       |     |   | || ||||||||||||||||||||||||||||||||||||||| 
Sg1 GGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCCGTCCCTGAGGTGGCACCGATGGCCAGAGCTGAGGCCAA 
 
Sm  TCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATG 
    ||||||||||||| ||||||||||||||||||||||||||       | |         | ||       |||  | |  | 
30  TCTTGGTCTCATTGTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGACAGGGGGTTCCGGGGCCCTGGGGCTGAAGGG 
        ||            || |                | ||||||||||||||||||||||||||||||||| ||||||| 
Sg1 GAAAGGAGGGGAGAGGCTGAGGAGGAGGCTCCCGGGGCGATATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGG-TGAAGGG 
 
Sm  TGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGAAC 
    ||||||||||||||||||||||||||||||||||||||||||    |||||   ||        | | |       | | 
74  TGACAACTCCATCCAGCTTTCAGAAATGGACTCAGATGGGCAGCTATGACCAGGGCCCTGGGCAAGTCAGGCCCACTCACT 
            |     ||          ||||       ||   ||||||||||||||||||||||||||||||||||||||| 
Sg1 CTCTGCTGCACAGAAGAAAAGGGCCTTGGAGGGCAGGGGCAGGCTATGACCAGGGCCCTGGGCAAGTCAGGCCCACTCACT 
 
Sm  AAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGATTGGTAATGCTTTGGAACCAAAACCCAGGTGGCG 
    |||||||||||||||||||||||||||||||||||||||| |   | |  |  | |||  |        |     |  | | 
206 AAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGATCGGGCTGAGCCAAGCTGGGCCGAGCTCAGCAGAGCTGAG 
          |   ||      |  ||   | |      |     |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGCTGGGCTGAGCCGAGCTGAACTGGGCTGAGCAGGCTGTGTCGGGCTGAGCCAAGCTGGGCCGAGCTCAGCAGAGCTGAG 
 
Sm  TGGTGCAGAAGATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGG 
    ||||||||||||||||||||||||||||||||||||||||  |               |     |              | 
214 TGGTGCAGAAGATATGCTGCCACTTCTAGAGCAAGGGGACGAGGGAGGAGGTGGGCTGGTGGCCGAGAAGGCCAGGCCAG 
    | | ||  |       |     |       ||   ||   ||||||||||||||||||||||| |||||||||||||||| 
Sg1 TTGAGCCCAGCAGGGACCTTGCCGGGGGAAGCTCTGGAGAGAGGGAGGAGGTGGGCTGGTGGCTGAGAAGGCCAGGCCAG 
 
Sm  TCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATG 
    ||||||||||||| ||||||||||||||||||||||||||       |   |       | ||       |||  | |  | 
36  TCTTGGTCTCATTGTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGGCTGAAGGG 
        ||            || |         |      | ||||||||||||||||||||||||||||||||| ||||||| 
Sg1 GAAAGGAGGGGAGAGGCTGAGGAGGAGGCTCCCGGGGCGATATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGG-TGAAGGG 
 
Sm  TCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATG 
    ||||||||||||| ||||||||||||||||||||||||||       |   |       | ||       |||  | |  | 
301 TCTTGGTCTCATTGTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGGCTGAAGGG 
        ||            || |         |        ||||||||||||||||||||||||||||||||| ||||||| 
Sg1 GAAAGGAGGGGAGAGGCTGAGGAGGAGGCTCCCGGGGCGATATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGG-TGAAGGG 
 
Sm  TGGTGCAGAAGATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGT 
    ||||||||||||||||||||||||||||||||||||||||  |        |      |     |              | 
288 TGGTGCAGAAGATATGCTGCCACTTCTAGAGCAAGGGGACGAGGGAGGAGGTGGGCTGGTGGCCGAGAAGGCCAGGCCAGG 
    | | |   |       |     |      |||   ||   ||||||||||||||||||||||||||||||||||||||||| 
Sg1 TTGAGCCCAGCAGGGACCTTGCCGGGGGAAGCTCTGGAGAGAGGGAGGAGGTGGGCTGGTGGCCGAGAAGGCCAGGCCAGG 
 
Sm  AAATTCTTGGTCTCATTCTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGT 
    |||||||||||||||||||||| |||||||||||||||||  |     | |  ||   |   |   |    ||  | |   
217 AAATTCTTGGTCTCATTCTCAATATGTTTTAATGACTTTAGTGAGCAGAGGGGATGGCCTGGCTGAGGGCAGGGCGCTTAG 
           ||     |                          |||||||||||||||||||||||||||||||||||||||| 
Sg1 GTGCAGGTGAGGGGAAGGGGTGGTGAGCGGGGCCCTGGGGCTGAGCAGAGGGGATGGCCTGGCTGAGGGCAGGGCGCTTAG 
 
Sm  GGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGAACTGGGCTGAGCTGAGCTGAACTGGGCTGAGTTGAACTGG 
    ||||||||||||||||||||||||||||||||||||||||    ||||   |||| |  |    || | | |       || 
225 GGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGCGGAGGGCCACGCTGGGGCGGCAGGGTCAGGGGCTTCAGGG 
         | |    |   |   |  |      |||      | |||||||||||||||||||||||||||||||||||||||| 
Sg1 CTATGACCAGGGCCCTGGGCAAGTCAGGCCAACTCACTAGGGGAGGGCCACGCTGGGGCGGCAGGGTCAGGGGCTTCAGGG 
 
Sm  GGCAAAACTGACCTAAGCTGACCTAGACTAAACAAGGCTGAACTGGGCTGAGCTGAGCTGAACTGGGCTGAGTTGAACTGG 
    | |||||  ||||||||||| |||||| ||||||||||||    ||||   |||| |  |    || | | |       || 
234 GTCAAAAACGACCTAAGCTGCCCTAGAATAAACAAGGCTGCCGAGGGCCACGCTGGGGCGGCAGGGTCAGGGGCTTCAGGG 
     |   |   |  |   |      |      |||      |  ||||||||||||||||||||||||||||||||||||||| 
Sg1 CTATGACCAGGGCCCTGGGCAAGTCAGGCCAACTCACTAGGGGAGGGCCACGCTGGGGCGGCAGGGTCAGGGGCTTCAGGG 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCA 
    ||||||||||||||||||||||||||||||||||||| | |     |      |        |     | |     |    
62  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCACTCTTGGAGCTCAGGGGACCAGGGCAGAGCCGCTGCAGGTGAGC 
    |    |             || | | | |            |||||||||||||||||||||||||| || |||||||||| 
Sg1 GCAGGGGCAGGTGGGGGGCAGGAGGAGCAGGGGGCAGGCACTGGAGCTCAGGGGACCAGGGCAGAGCAGCCGCAGGTGAGC 
 
Sm  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCA 
    ||||||||||||||||||||||||||||||||||||| | ||    |      | |      |     | |     |    
73  GATATGCTGCCACTTCTAGAGCAAGGGGACCTGCTCACTCTTGGAGCTCAGGGGACCAGGGCAGAGCCGCTGCAGGTGAGC 
      |     |  |      |    ||| |    |  ||      |||||||||||||||||||||||| || |||||||||| 
Sg1 AGTCGCAGGTGAACAGGGGCAGGAGGAGCAAGGGGCAGCTCCTGAGCTCAGGGGACCAGGGCAGAGCAGCCGCAGGTGAGC 
 
Sm  TGCTGCCACTTCTAGAGCAAGGGGACCTGCTCATTTTTATCACAGCACAGGCTCCTAAATTCTTGGTCTCATTCTCAAGAT 
    ||||||||||||||||||||||||||||||||| | ||    |      | |      |   |   |    |      ||| 
339 TGCTGCCACTTCTAGAGCAAGGGGACCTGCTCACTCTTGGAGCTCAGGGGACCAGGGCAGCGTCCCTGAGGTGGCACCGAT 
     |   |||||  |  ||| |||   ||     |  || |                   ||||||||||||||||||||||| 
Sg1 AGTGTCCACTGGTCAAGCCAGGCACCCATAAAAGGCTGGAGTGGGGCCAATGGGCATGAGCGTCCCTGAGGTGGCACCGAT 
 
Sm  CTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGATTGGTAATGCTT 
     ||||||||||||||||||||||||||       | | |       | ||      | |  |    ||     |       
39  GTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGACAGGGGGTTCCGGGGCCCTATGCAGTGTCTGGCCCCTCTGCTGC 
    |        |   |   |        |        |    |  |  |   | ||||||||||||||||||||||||||||| 
Sg1 GGGCGATATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGGTGAAGGGCGCCGACCCTATGCAGTGTCTGGCCCCTCTGCTGC 
 
Sm  CTCAAGATGTTTTAATGACTTTAAAGCAGCAAAGAAATATTCCACCCAGGTAGTGGAGGGTGGTAATGATTGGTAATGCTT 
     ||||||||||||||||||||||||||       | |         | ||      | |  |    ||     |        
307 GTCAAGATGTTTTAATGACTTTAAAGCTATTCCAAGACAGGGGGTTCCGGGGCCCTATGCAGTGTCTGGCCCCTCTGCTGC 
    |        |   |   |        |    ||  |    |  |  |     ||||||||||||||||||||||||||||| 
Sg1 GGGCGATATTCCAAGGCAGGGGGTTCCGGGGCCCTGGGGTGAAGGGCGCCGACCCTATGCAGTGTCTGGCCCCTCTGCTGC 
 
 

Extended Data Fig. 5 | Human B cells stimulated to undergo CSR to IgD and IgG1 in vitro display a
higher frequency of microhomologies in Sµ-sd DNA junctions. Human naïve B cells were stimulated with

CpG plus IL-2 and IL-21 and cultured for 120 h. The junctions of recombined Sµ-sd and Sµ-Sg1 DNAs were

amplified and sequenced using MiSeq system. Thirty-two representative sequences from Sµ-sd and Sµ-Sg1
junctions are shown. Each recombinant DNA sequence (middle) is compared with germline Sµ (above, blue)

and sd or Sg1 (below, red) sequences. Microhomologies (bold) were determined by identifying the longest

region at the Sµ-sd or Sµ-Sg1 junction of perfect uninterrupted donor/acceptor identity or the longest overlap

region at the S-S junction with no more than one mismatch on either side of the breakpoint.
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Sµ-sd Sµ-SaSµ-Sg1

MRL/Faslpr/lpr mouse B cells (in vivo)

Sm    TCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGATGGGGTGAGATGGGGT 
      ||||||||||||||||||||||||||||||||||||||||||||  |           |   | |       |     || 
6482N TCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGAAATGGCAATTATACAATGGTCCTCCAGGTCACTGT 
                       ||     ||   |   ||||||||||||||||||||||||||||||||||||||||||||||| 
sd    AAGAAGTCAAGTATAGTTGAACATGTCTTCCCCTCTGAAATGAGAAATGGCAATTATACAATGGTCCTCCAGGTCACTGT 
 
Sm    TCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGATGGGGTGAGATGGGGT 
      ||||||||||||||||||||||||||||||||| ||||||||||  |           |   | |       |     || 
38826 TCAGCTATGCTACGCTGTGTTGGGGTGAGCTGAGCTGAAATGAGAAATGGCAATTATACAATGGTCCTCCAGGTCACTGT 
                       ||     ||   |    |||||||||||||||||||||||||||||||||||||||||||||| 
sd    AAGAAGTCAAGTATAGTTGAACATGTCTTCCCCTCTGAAATGAGAAATGGCAATTATACAATGGTCCTCCAGGTCACTGT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||||||||||||||||||||| |    | | |       ||  ||  |||    ||| 
10651 ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||||||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    TCTCCAGCCACAGTAATGACCCAGA--CAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||  | ||||||||||||||| |      |         ||  ||  | |    ||| 
3371  TCTCCAGCCACAGTAATGACCCAGAACCTGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGGATTCTGTT 
         || ||  ||   | ||  |    |    | || |||||||||||||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||||||||||||||||||||| |    | | |       ||  ||  |||    ||| 
12658 ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||||||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||||||||||||||||||||| |      |         ||  ||  |||    ||| 
12893 ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||| ||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||||||||||||||||||||| |      |         ||  ||  |||    ||| 
14147 ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||| ||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||||||||||||||||||||| |      |         ||  ||  |||    ||| 
21004 ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||| ||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||| ||||||||||||||||||||||||||| |      |         ||  ||  |||    |||  
13470 ACTCTCCAGCCACAGTCATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||| ||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTT 
      |||||||||||||||||||||||||||||||||||||||||||| |      |         ||  ||  |||    || 
21183 ACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCCTGGCCTCTAGAACAGGGAAAGTACAGAATTCTGTT 
         |      |||||     |||        | || |||||||||| ||||||||||||||||||||||||||||||||| 
sd    CTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAATTCTGTT 
 
Sm    CTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGC 
      |||||||||||||||||||||||||||||||||||||| |||||  |   |  || |        |||          | 
19217 CTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGGCTGTTTAGTAATTGGAAGTCAGCCACTGAAAATCAGCTGGG 
                       ||| |  |  |   |  |||||||||||||||||||||||||||||||||||||||||||||| 
sd    GTGCAAAGCCCCAGAGGAAAATGAAAAGATAAACCTGGGCTGTTTAGTAATTGGAAGTCAGCCACTGAAAATCAGCTGGG 
 
Sm    CAGAGGGAGTTCACACAGAGCATGTGGACTGGCTTAGAAGCCCTTCACGTCACTGACTGACTGAGTGTCCTCTCAACCAC 
      |||||||||||||||||||||||||||||||||||||||||||       |    |  ||    |        ||      
4675  CAGAGGGAGTTCACACAGAGCATGTGGACTGGCTTAGAAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGG 
          |          || ||   |     || |  || |||||||||||||||||||||||||||||||||||||||||| 
sd    TGTTGCTCAAACTGCCATAGGTGGCACTTTGCCCCAGCAGCCCAAAGAAACTAACATAGATGCTGGTATATGACATAGGG 
 
Sm    CATTTAACTTTCCTTGAAAAACTAGTAAAAGAAAAATGTTGCCTGTTAACCAATAATCATAGAGCTCATGGTATTTTGAG 
      ||||||||||||||||||||||||||||||||||||||| |||      ||     ||    |         |     | 
38615 CATTTAACTTTCCTTGAAAAACTAGTAAAAGAAAAATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAAT 
      ||  |         || | |     ||  ||    ||||||||||||||||| ||||||||||||||||||||||||||| 
sd    CAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAAT 
 
Sm    CATTTAACTTTCCTTGAAAAACTAGTAAAAGAAAAATGTTGCCTGTTAACCAATAATCATAGAGCTCATGGTATTTTGAG 
      ||||||||||||||||||||||||||||||||||||||| |||      ||     ||    |         |     | 
19896 CATTTAACTTTCCTTGAAAAACTAGTAAAAGAAAAATGTAGCCCAGACTCCTGGCCTCTAGAACAGGGAAAGAACAGAAT 
      ||  |         || | |     ||  ||    ||||||||||||||||| ||||||||||||||||||||||||||| 
sd    CAGATTCTCCCTGCTGCACAGAGGATACCAGCCTGATGTAGCCCAGACTCCTAGCCTCTAGAACAGGGAAAGAACAGAAT 
 
Sm    CATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCA 
      ||||||||||||||||||||||||||||||||||| |||||||    | || ||        || | |   ||    |  
13366 CATTAATCTAGGTTGAATAGAGCTAAACTCTACTGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGG 
          |       | |    | |      ||    |||||||||||||||||||||||||||||||||||||||||||||| 
sd    AGCAAGCAAGTCTGGCGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGG 
 
Sm    CATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCA 
      |||||||||||||||||||||||||||||||||||||||||||    | || ||        || | |   ||    |   
17015 CATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGG 
          |       | |    | |      ||    | |||||||||||||||||||||||||||||||||||||||||||| 
sd    AGCAAGCAAGTCTGGCGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGG 
 
Sm    ATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGATGGGGTGAGATGGGGTGAGCTG 
      |||||||||||||||||||||||||||||||||||||| |||| | || | |   |       |                
30446 ATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAA 
         |    ||    |    |    || |      || ||||||||||||||||||||||||||||||||||||||||||| 
sd    TCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAA 
 
Sm    GGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
      ||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |      
21051 GGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACGGTAGAATGGGACATTGAAAATATTTGAT 
      ||     ||    |    || |         |    |||||||||||||||||||||||||||||||||||||||||||| 
sd    GGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm    GGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTGGAATTATTTCAGTTAAGTGTATTAGTTGAGGTACTGA 
      ||||||||||||||||||||||||||||||||||||||||||         |     | | |   | |   |  |      
13544 GGTATTTTGAGGAAATCTTAGAAAACGTGTATACAATTGTCTCTGGGATACTGTAGAAGGGGACATTGAAAATATGTGAG 
      ||     ||    |    || |         |    |||||||||||||||||||||| |||||||||||||||| |||  
sd    GGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGAT 
 
Sm    TGAGCTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGAT 
      |||| |||||||||||||||||||||||||||||||||||||          | |       || | |  |  ||  |   
22391 TGAGGTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGG 
      |||     |||      |   | |    || | |  |||||||||||||||||||||||||||||||||||||||||||| 
sd    TGAATGTTGGTTTCAGCAAGCAAGTCTGGCGGGGGGGGGGTGTCACAGGTCTACACTTATATCTTTTGCTTGTCTCTGGG 
 
Sm    AAGACTCTGGACCTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAG 
      |||||||||||| |||||||||||||||||||||||||||||   | ||| | |        |        |         
491   AAGACTCTGGACATCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGAACTGACATGTTCCTCCTCTCAGAGTGCA 
      |   |  ||  |           |   |         ||| || |||||| ||||||||||||||||||||||||||||| 
sd    AGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTGATAAAAAGGAACCTGACATGTTCCTCCTCTCAGAGTGCA 
 
Sm    ACTCTGGAC---CTCTCCGAAACCAGGCACCGCAAATGGTAAGCCAGAGGCAGCCACAGCTGTGGCTGCTGCTCTTAAAG 
         ||||||   ||||||||||||||||||||||||||||||   | ||| | |        |            |     
20635 CGGCTGGACTAACTCTCCGAAACCAGGCACCGCAAATGGTAATGAAAAGGGACCTGACATGTTCCTCCTCTCAGAGTGCA 
               |             |   |         ||| || |||||| ||||||||||||||||||||||||||||| 
sd    AGTTCCATGTCCTCAGAACTTCACTATCTGTCTTGCAGGTGATAAAAAGGAACCTGACATGTTCCTCCTCTCAGAGTGCA 
 
Sm    AAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCT 
      |||||||| ||||||| |||||| ||||| ||| |  |||||| |      |   |||     |   |  |       || 
5728  AAATTAAGTGAACAAGTTTGAGATCCCTATTAATCTTGGCTCTTAGTCTTTTTTATGACTCTGGCAAGAAGATTGATACT 
            || |   |||       ||||   |  ||||||  || |||| ||||||||||||||||||||||| ||||||| 
sd    GGCCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACT 
 
Sm    TTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAG 
      |||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |  |   |    |       
3398  TTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGA 
       ||   | | |  |      | | |      |     ||||||| ||| ||||||||||||||||||||||||||||||| 
sd    ATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATGGCTAGAGCTGATGGGTGTATAAGGTACCAGGCTGA 
 
Sm    TGGGGTGAGCTGGGGTGAGCTGAGCTGGGGTGAGCTGGGGTAAGCTGAGCTGAGCTGGGGTGAGCTGAGCTGAGCTGGGG 
      |    ||||| |||||| || ||||||||||| | |||||| |     |    |   |    | |    |    ||    
18028 TTTTTTGAGC-GGGGTGGGCGGAGCTGGGGTGGGGTGGGGTGACTCTGGAATTGGATGATGAACCCTGACATCCCTAAAT 
         |   |     | |||     |     | |    | ||||||||||||||||||||||||||||||||||||||| || 
sd    AACTAACATAGATGCTGGTATATGACATAGGGTATAGAGGTGACTCTGGAATTGGATGATGAACCCTGACATCCCTACAT 
 
Sm    ACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTA 
      |||   ||| ||||| |||||||| ||| |||||||| |||  | |         |  || |  |       |   |    
6506  ACAGTATTGTGAGCCTTAGTAAGCTAGGGTCTAAAAAACATAACAGCTGGACCTAGTATGAGGGTGGGGATCCAGGTGAG 
       |||   |       | || |  | ||       |  |||| | ||||||||||||||||| ||||| | ||||| |||| 
sd    TCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAG 
 
Sm    CCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATA 
      |||||||||||||||||||||||||||||||||||||||||  ||                 | |     |||    | | 
11741 CCTGCAGTTGAGGCCAGCAGGTCGGCTGGACTAACTCTCCATGCAAGTGTGGTTGAGGTGGGGGGTGTCACAGGTCTACA 
           |     | |   |      |   |      ||  || |||||| |||  | ||  |||||||||||||||||||| 
sd    TGATGAACCCTGACATCCCTACATGAATGTTGGTTTCAGCAAGCAAGTCTGGCGGGGG--GGGGGTGTCACAGGTCTACA 
 
Sm    CTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAAC 
      |||||||||||||||||||||||||||||||||||||||||    |         |    ||      ||         | 
24457 CTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTTCCTTCTCAGGTTCTGGGATATCAAATATTTTCAATGTC 
      |    |   |       |       |    ||  | |  ||||||||||||||||||||||||||||||||||||||||| 
sd    CCTTTCCCCAAGTCATGGTTCGGTTCTGTCTGCACTACTCTTCCTTCTCAGGTTCTGGGATATCAAATATTTTCAATGTC 
 
Sm    GCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGC 
      |||||||||||| |||| |||||||||||||||||||||||    ||    |          |      |  |     |  
7157  GCAAAGCTGGGCGTGAGGCAAAATGAAGTAGACTGTAATGAGTGGGACATTGAAAATATTTGATATCCCAGAACCTGAGA 
       | |  ||               |      ||   |   || |||||||||||||||||||||||||||||||||||||| 
sd    TCTACACTTATATCTTTTGCTTGTCTCTGGGATACTGTAGAATGGGACATTGAAAATATTTGATATCCCAGAACCTGAGA 
 
Sm    ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGA 
      ||||||||||||||||||||||||||||||||||||||||| |      |   |||     |   |  | |     |||  
3751  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTGAGCCATTTTTATGACTCTGGCAAGAAGAGTGATACTGT 
          ||||   ||||       |||  ||   |  ||  ||||| ||||||||||||||||||||||||||||||||||| 
sd    CCATAGGGCTTAAGGCCCTTCTCCCCTGTCTTCTTGGGACTGAGTCATTTTTATGACTCTGGCAAGAAGAGTGATACTGT 
 
Sm    GGGGTGAGCTGAGCTGGGCTGAGCTGGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGTGAGCTGAGCTAAGCTGGGGTG 
      ||||||||||||||||||||||||| ||||||||||||||    |   ||  | |       |   |        |   | 
17106 GGGGTGAGCTGAGCTGGGCTGAGCTAGACTGAGCTGAGCTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAG 
             |        | |    ||           |  ||||||||||||||||||||||||||||||||||||||||| 
sd    TCCTACTGGGTTTGATGCCAACCCTGATTCAGCACAAGTTCATCTCCACTAGGTTCCACCCGCCATGACCTCAGAGCTAG 
 
Sm    AGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
      ||||||||||||||||||||||||||||| ||||||||||   |  ||       |       |   |             
10460 AGTGCTTCTAAAATGCGCTAAACTTAGGTTAGTACTCTGAGAAATTCAGCTGTCAGAAACAAACTTGACAGTGAGCTAGC 
         |     |    |         |      |  ||   | ||||||||||| | ||| ||||||||||||||||||||| 
sd    TTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGC 

Sm  GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATG 
    ||||||||||||||||||||||||||||||||||| |||||||| |  |     |  |     |   |   |    | | 
580 GTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTC 
       |  | |   ||  || | || | |   |  |  |||||||||||||||||||||||||||||||||||||||||||| 
Sg1 AAGGTAACCTGGAGCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTC 
 
Sm  TGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGG 
    ||||||||||||||||||||||||||||||||||||||||||    | | ||      ||| |      ||  |||||| 
452 TGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAACTGA 
     |  |    |      |      |  | |  |    | |||||||||||||||||||||||||||||||||||||||||| 
Sg1 GGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGAGAAACTGA 
 
Sm  CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAA 
    ||||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |  |   |    |     
148 CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGCTGTATAAGGTACCAGGCTG 
      ||   | | |  |        | |            |||||||||||||||||||||| ||||||||||||||||||| 
Sg1 GATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTG 
 
Sm  CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAA 
    ||||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |  | | |           
579 CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAGGGTACCAGGCTG 
      ||   | | |  |      | | |      |     ||||||||||||||||||||||||||||| |||||||||||| 
Sg1 GATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTG 
 
Sm  CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAA 
    ||||||||||||||||||||||||||||||||||||||| |||   |  | |    | |   |      |    |      
354 CTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTG 
      ||   | | |  |      | | |      |     |||||||||||||||||||||||||||||||||||||||||| 
Sg1 GATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTG 
 
Sm  AGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCT 
    ||||||||||||||||||||||||||||||| ||||||| || |       ||         | ||  || ||       
129 AGAGCCCTAGTAAGCGAGGCTCTAAAAAGCACGGCTGAGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAATC 
     | |  |      | |    |   | |     ||    |||||||||||||||||||||||||||||||||||||||| | 
Sg1 GGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGGCTGAGCAGCTGAAGGTAACC 
 
Sm  GCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTC 
    ||||||||||||||||||||||||||||||||||||||||||     | | |   |           |         |  
149 GCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGGATAGACATGTAAGCAGTCAAGCTCAGTTACTACATGA 
    |      |  | || || | |    |||           |||||||||||||||||||||||||||||| |||||||||| 
Sg1 GGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
 
Sm  GAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTC 
    ||||||||||||||||||||||||||||||||||||||| || |   |         |  ||    |    |  |  || 
227 GAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAACACGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
    || || || |         || |  | ||       |  ||| ||||||||||||||||||||||||||||||||||||| 
Sg1 GATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTG 
 
Sm  CAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCT 
    ||||||||||||||||||||||||||||||||||||||||||           |    | |  |    |    |   |   
302 CAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCATGGTGGCTACTCATAGGGAAGCTGGGATAAGTAGTAG 
     |      | |       | | |  | |   |   | |  ||||| |||||||||||||||||||||||||||||||||| 
Sg1 AACCACAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAG 
 
Sm  TAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGA 
    |||||||||||||||||||||||| |||||||||||||||||        | | |||  |        ||    |  ||| 
241 TAGTAAGCGAGGCCCTAAAAAGCACGGCTGAGCTGAGATGGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
        | | | |   | |    |  | |||     |     |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
 
Sm  TAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGA 
    |||| ||||||||||||||||||| |||||||||||||||||        | | |||  |        ||    |  ||| 
265 TAGTGAGCGAGGCTCTAAAAAGCACGGCTGAGCTGAGATGGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
      | | | | |   | |    |  | |||     |     |||||||||||||||||||||||||||||||||||||||| 
Sg1 GGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACATGA 
 
Sm  GCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTC 
    ||||||||||||||||||||||||||||||||||||||||||            |    | |  |    |    |   |  
27  GCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCATGGTGGCTACTCATAGGGAAGCTGGGATAAGTAGTA 
      |  |   | |       | | |  | |   |   | |  ||||| ||| ||||||||||||||||||||||||||||| 
Sg1 AAACCACAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTA 
 
Sm  GGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAAT 
    |||||||||||||||||||||||||||||||||||||||||| |||   |  | |      |   |  |   |    |     
236 GGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGGTGGGTGTATAAGGTACCAGG 
         ||   | | |  |      | | |      |     |||||||||||||||||| |||||||||||||||||||| 
Sg1 ACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGG 
 
Sm  GAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAA 
    |||||||||||||||||||||||||||||||||||||||||| | |   |  | |||   ||     | |  |  |||| 
68  GAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAAAT 
        |  |    |      ||  | | | | | |     | ||||||||||||||||||||||||||||||||||||  | 
Sg1 AGAGAAACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGT 
 
Sm  TGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAA 
    |||||||| ||||||||||||||||| ||||  |||||||||    ||     | |      |  |   | | | |  || 
170 TGCGCTAAGCTGAGGTGATTACTCTGGGGTACACAAAGCTGGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCAAA 
       |    |  | ||     |  |||||       | |   ||||||||||||||||||||||||||||||||||||| | 
Sg1 ATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACA 
 
Sm  GCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGG 
    || |||||||||||||||||||||||||||||| ||||||||     ||   ||      |   |    | ||     || 
209 GCAGGACTAACTCTCCAGCCACAGTAATGACCCGGACAGAGAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGG 
         |      || |  |   ||   ||   |    |   ||||||||||||||||||||||||||||||||||||||| 
Sg1 AGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGG 
 
Sm  CACTGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATG 
    || ||||||||||||| ||||||||||||||||||| |||||    |       |||| | |      | |         
191 CATTGGACTGTTCTGAACTGAGATGAGCTGGGGTGACCTCAGAGGCGGGTAAGAGTGTGGAGACCCAGTCAAAAACCACA 
      | | |    |       |    |         |      ||||| |||||||||||||   ||||||||||||||||| 
Sg1 ATTAGAATGAATGCACCTGGGTGAGCAGATACAGGGAAGCTGAGGCAGGTAAGAGTGTGGGAACCCAGTCAAAAACCACA 
 
Sm  GGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAAT 
    ||||||||||||||| |||||||||||||||||||||||||| |     |  | |    | |   |  |   |        
320 GGGCTTCTCTGAGCGTTTCTAAAATGCGCTAAACTGAGGTGACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGG 
         ||   | | |  |      | |        |     ||||||||||||||||||||||||||||||||||||||| 
Sg1 ACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGG 
 
Sm  TGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAA 
    |||||||||||||||||||||||||||||||||||||||||     |      |    |    |        |  |||    
589 GTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGACTGCATAGCTGGAGCTGATGGGTGTATAAGGTACCAGG 
       |       |||| |        |  |     |   |  ||||||||||||||||||||||||||||||||||||||| 
Sg1 ACTGATCCAGGTGAGAGTACGGGGTACACAGCTGAGCAAATACTACATAGCTGGAGCTGATGGGTGTATAAGGTACCAGG 
 
Sm  TGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTT 
    |||||||||||||||||||||| | ||||||||||||||||      | ||  |||||  ||| ||||   | |  |    
549 TGAGATGGGTGGGCTTCTCTGAACACTTCTAAAATGCGCTAGTGCATGATGGCTACTCATAGGGAAGCTGGGATAAGTAG 
      | |     |             | ||   |   |     ||||||| ||| ||||||||||||||||||||||||||| 
Sg1 AAAAACCACAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAG 
 
Sm  GACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGA 
    |||||||||||||||||||||||||||||||||||||||||  |          ||   ||   |  ||    |    || 
404 GACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGA 
                      |       ||     |       ||||||||||||||||||||||||||||||||||||||| 
Sg1 TGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAGTAGTTGGGGATTCTAAGCAGTCACAGA 
 
Sm  TGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGATGGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACT 
    |||||||||||||||||||||||||||||||||||||||||        |     |||       ||   | |   |    
30  TGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAAATGGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGC 
    |               |||||| | || ||  |  |     ||||||||||||||||||||||||||||||||||||||| 
Sg1 TACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGC 
 
Sm  GAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTG 

|||||||||||||||||||||||||||||||||||||||||    ||||      | |          | |||   |  | 
348 GAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGGGATGAGCAGCTACCAAGG------GATAGACATGTAAG 
          ||  || |||||   |       |      |    || ||||||||||||||||      |||||||||||||| 
Sg1 AGCTGAAGGTAACCTGGAGCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAG 
 
Sm  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCG 
    |||||||||||||||||||||||||||||||||||||||  |||        |  | ||  |    ||    |     | 
40  AAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTATTAAGGGATGGACATGTAAGCAGTCAAGGTCAGTTATTACA 
    |  ||      |            |               | |||||| |||||||||||||||||| |||| || |||| 
Sg1 AGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACA 
 
Sm  TGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCAGCTATGCTACGCTGTGTTGGGGTGAGCTGATCTGAAATGAGC 
    |||||||||||||||||||||||||||||||||||||| ||          |||  ||          | |     |||  
46  TGGACTGTTCTGAGCTGAGATGAGCTGGGGTGAGCTCATCTTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGA 
      |   |   | |         |        |||||     ||||||||||||||||||||||||||||||||||||||| 
Sg1 ATGTAAGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGA 
 
Sm  TGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTT 
    |||||||||||||||||||||| | |||||||||||||||       | ||  |||||  ||| ||||   |    |    
94  TGAGATGGGTGGGCTTCTCTGAACACTTCTAAAATGCGCTCGTGCATGATGGCTACTCATAGGGAAGCTGGGATAAGTAG 
      | |     |     |       | ||   |   |     ||||||| ||| ||||||||||||||||||||||||||| 
Sg1 AAAAACCACAGAAGAGCAGGAGCTAATTGGCACGGGGTGGGGTGCATGCTGGGTACTCATAGGGAAGCTGGGATAAGTAG 
 
Sm  AGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAA 
     |||||||||||||||||||||| |||||||||||| |      |   |   |    |   | |  |  |        |  
307 GGACTGTAATGAACTGGAATGAGTTGGGCCGCTAAGATCCAAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACAT 
    |    |   ||       | |    |   |    |      ||||||||||||||||||||||||||||||||||||||| 
Sg1 GTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACAT 
 
Sm  TGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTG 
    |||||||||||||||||||||||||||||||||||||| ||         ||   |  |   | |     |    |    
99  TGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAATTGTGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGA 
      | | |     |  |             |   |||    | |||||||||||||||||||||||||||||||||||||| 
Sg1 GTACCAGGCTGAGCAGCTGAAGGTAACCTGGACCTAGTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGGATAGA 
 
Sm  AGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAA 
    ||||||||||||||||||||||| |||||||||||| |  |   |   | | |    |   | |  |  |        |  
183 AGACTGTAATGAACTGGAATGAGTTGGGCCGCTAAGATCCAAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACAT 
         |   ||       | |    |   |           ||||||||||||||||||||||||||||||||||||||| 
Sg1 GTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACAT 
 
Sm  CTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGAT 
       ||||||||||||||||||||| | ||| ||| ||||||||   | |    |   |  |  |     |||    |  | 
184 ---GAGCCAAAATGAAGTAGACTGAACTGATCTGAAATGAGCTACTCTGGAGTGTCTAGTTGAGTGTCTTTAGAGAAACT 
          | |           ||   |  | |       |  | |   ||||| ||| ||||||||||||||||||||||| 
Sg1 AGCAGTCAAGCTCAGCTACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAG-GTCCAGTTGAGTGTCTTTAGAGAAACT 
 
Sm  AGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGC 
    |||||||||||||| |||||||||||||||||||||||  |||        |  | ||  |    ||    |     |   
116 AGGGAACAAGGTTGGGAGCCCTAGTAAGCGAGGCTCTATTAAGGGATAGACATGTAAGCAGTCAAGGTCAGTTATTACAT 
      ||      |   |        |               | ||||||||||||||||||||||||| |||| || ||||| 
Sg1 GTGGGGGTGTGGGAGACCAGGCTGAGCAGCTACCAAGGATCAGGGATAGACATGTAAGCAGTCAAGCTCAGCTACTACAT 
 
Sm  TGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGAGATGGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACT 
    ||||||||||||||||||||||||||||||||||||  ||||       |     |||       ||   | |   |    
110 TGAGCTGATCTGAAATGAGCTACTCTGGAGTAGCTGGAATGGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGC 
    |               |||||| | || ||  |  ||    ||||||||||||||||||||||||||||||||||||||| 
Sg1 TACTACATGAGAGCTGGAGCTAGTATGAAGGTGGAGGTCCAGTTGAGTGTCTTTAGAGAAACTGAGGCAAGTGGGAGTGC 

Sm  AGGTGGGAGTGCAGGGATCCAGGCTGAGCAGGGTCCAGGCTGAGGAGCTACATGGGAGCTGAGGCAGCTAAGAGTGTCAGGA 
    ||||||||||||||||||||||||||||||||||||||||||||       |     |      |     |||||  ||   
222 AGGTGGGAGTGCAGGGATCCAGGCTGAGCAGGGTCCAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAGAGTTGCACTG 
      |  |   |  |        ||    |   |  | |||||||||||||||||||||||||||||||||||||||||||||| 
Sa  GAGCTGAGCTAGACTTAGGGTGGAATGGGCTGAACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAGAGTTGCACTG 
 
Sm  GAGTAGCTGAGATGGGGTGAGATGGGGTGAGCTGAGCTGGGCTGAGCTGGACTGAGCTGAGCTAGGGTGAGCTGAGCTGGGT 
    |||||||||||||||| ||||||||| ||| |||| |||||||| |||    ||| ||               |    |    
256 GAGTAGCTGAGATGGGATGAGATGGGATGAACTGA-CTGGGCTGGGCTCAGTTGACCTTGCTCGTTTGAGCTGGTCTAGATG 
    |  | |    |   ||    |   ||    |     ||||||||| ||||||||||||||||||| |||||||||||||||| 
Sa  GGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATG 
 
Sm  GCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTC 
    ||||||||||||||||||| ||||||||||||||||||||||||      |||  |  ||||||| |||||   |   |    
595 GCAAAATTAAGGGAACAAGATTGAGAGCCCTAGTAAGCGAGGCTGAGCTGAGCTGGAATGAGCTGGGATGGGCTGAGCTAGG 
    | | |     ||            |        |  || ||||||||||||||||||||||||||||||||||||| ||||| 
Sg1 GAATAGGCTGGGCTGGGCTGGGCTGGTGTGAGCTGGGCTAGGCTGAGCTGAGCTGGAATGAGCTGGGATGGGCTGAACTAGG 
 
Sm  AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAA 
    |||||||||| ||||||||||||||||||||||||||||||||  |      |    |    |    | |   ||  | | | 
23  AATGAACTGGGATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
       ||   |  |      |     ||| |      | || |||||||||||||||||||||||||||||||||||||||||| 
Sa  CTGGATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
 
Sm  AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAA 
    |||||||||||||  ||||||||||||||||||||||||||||  |      |    |    |   || ||  ||  | | | 
174 AATGAACTGGAATTGGCTGGGCCGCTAAGCTAAACTAGGCTGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
       |    |  |      |     ||| |      | || |||||||||||||||||||||||||||||||||||||||||| 
Sa  CTGGATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
 
Sm  AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAA 
    |||||||||||||||||||||||||||||||||||||||||||  |      |    |    |   || ||  ||  | | | 
181 AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
       |    |  |      |     ||| |      | || |||||||||||||||||||||||||||||||||||||||||| 
Sa  CTGGATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
 
Sm  AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAA 
    |||||||||||||||||||||||||||||||||||||||||||  |      |    |    |   || ||  ||  | | | 
460 AATGAACTGGAATGAGCTGGGCCGCTAAGCTAAACTAGGCTGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
       ||   |  |      |     ||| | |    | || |||||||||||||||||||||||||||||||||||||||||| 
Sg1 CTGGATGGGCTAAACTGAGCTGAACTAGGATGGGATGGGATGGGATGGGATGGGATGGGATGAACTGACTGGGCTGGACTCA 
 
Sm  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGC 
    ||||||||||||| ||||||||||||||||||||||||||||    |  ||||   | |     |     |  |         
07  ATTAAGGGAACAAAGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAG 
      | ||   ||   | |          |     || | |||||||||||||||||||||||||||||||||||||||||||| 
Sa  ACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAG 
 
Sm  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||    |  ||||   | |     |     |  |         
20  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAG 
      | ||   ||   | |          |     || | |||||||||||||||||||||||||||||||||||||||||||| 
Sa  ACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAG 
 
Sm  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGC 
    ||||||||||||||||||||||||||||||||||||||||||    |  ||||   | |     |     |  |        
34  ATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAG 
      | ||   ||   | |          |     || | |||||||||||||||||||||||||||||||||||||||||||| 
Sa  ACTCAGTTGACCTTGCTCGTCTGAGCTGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAG 
 
Sm  GAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    ||||||||||||||||| ||||||||||||||||||||||||  |||  ||     |   |   ||       ||||   | 
09  GAGATGAGCCAAACTGGGATGAACTTCATTAATCTAGGTTGACCAGACATAGCAGGTGTGGGTGACTTGCAGATGTTGGAAA 
     |   |     |    |   |  |            |   |||||||| |||||| |||||||||||||||||||||||||| 
Sa  TAACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTGTGGGTGACTTGCAGATGTTGGAAA 
 
Sm  GCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGC 
    ||||||||||||||||||||||||||||||||||||||||||   |  |       |  | |      | ||   || 
320 GCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAG 
         |    | |  ||          |  || |   |  |||||||||||||||||||||||||||||||||||||||||| 
Sa  AGGCTGAGTTAGTCTGGACTAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAG 
 
Sm  GAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAG 
    ||||||||||||||||||||||||||||||||||||||||||  |||  ||     |   |   ||       ||||   | 
10  GAGATGAGCCAAACTGGAATGAACTTCGTTAATCTAGGTTGACCAGACATAGCAGGTGTGGGTGCCTTGCAGATGTTGGAAA 
     |   |     |    |   |  |            |   |||||||| |||||| |||||||||||||||||||||||||| 
Sa  TAACAGCTAGGAGGGAGCTGGGGCAGGTGGGAGTGTGAGGGACCAGACCTAGCAGCTGTGGGTGACTTGCAGATGTTGGAAA 
 
Sm  AAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTG 
    ||||||||||||||||| ||||||||||||||||||||||||       |   |  ||||||| ||||||  |   |     
596 AAAATTAAGGGAACAAGATTGAGAGCCCTAGTAAGCGAGGCTGAGCTGGGCTGGAATGAGCTGGGATGGGCTGAGCTAGGCT 
           |||            |     |  || |   | |||||||||||||||||||||||||||||||||||||||||| 
Sa  CTGGAATAGGCTGGGCTGGGCTGGTGTGTGCTAGGTTGGTCTGAGCTGAGCTGGAATGAGCTGGGATGGGCTGAGCTAGGCT 
 
Sm  AAGCTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTA 
    ||| ||||||||||||||||||||||||||||||||||||||                    |  |        |  |    
33  AAGTTAAACTAGGCTGGCTTAACCGAGATGAGCCAAACTGGAGGTTGGGAGTAATGCAGCATTCCAGACTTAGCAGTCCAGG 
               ||            ||| |      |   |||||||||||||||||||||||||||||||||||||||||| 
SA  GGTAGGTTACAGGTCAAGGCTGAGTAGAAGCAGGGGAGCTGAGGTTGGGAGTAATGCAGAATTCCAGACTTAGCAGTCCAGG 
 
Sm  AGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTAAACTGAGGT 
    ||||||||||||||||||||||| |||||||||||||||||| |   |     ||       |   | | || | ||||| | 
442 AGTAAGCGAGGCTCTAAAAAGCACGGCTGAGCTGAGATGGGTTGCACTGAGGTAGGTTAGACAGGGTTGTCTGAGCTGAGCT 
    |  | ||   |||     |  |  ||| || ||     | |||||||||||||||||||||||||||||||||||||||||| 
Sa  ACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAGAGTTGCACTGAGGTAGGTTAGACAGGGTTGTCTGAGCTGAGCT 
 
Sm  GCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGC 
    ||||||||||||||||||||||||||||||||||||||||||   |  |       |  | |      | ||   ||   
572 GCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAG 
         |    | |  ||          |  || |   |  |||||||||||||||||||||||||||||||||||||||||| 
Sg1 AGGCTGAGTTAGTCTGGACTAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAG 
 
Sm  TGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    ||||||||||||||||||||||||||||||||||||||||||   |  ||       |    |  |   |    |       
12  TGAGCGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGC 
         |          ||                  ||   ||||||||||||||||||||||||||||||||||||||||| 
Sa  AATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGC 
 
Sm  TGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTG 
    ||||||||||||||||||||||||||||||||||||||||||   |  ||       |    |  |   |    |        
40  TGAGTGCTTCTAAAATGCGCTAAACTGAGGTGATTACTCTGATAAATTCAGCTG-CTGAACCAAACTTGACAGTGAGCTAGC 
         |     |    ||                  ||   ||||||||||||| ||||||||||||||||||||||||||| 
Sa  AATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGC 
 
Sm  GCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCT 
    ||||||||||||||||||||||||||||||||  |||||||| |  |     |||  | | ||    ||  |  ||  | 
52  GCCAGACTCATAAAGCTTGCTGAGCAAAATTACTGGAACAAGATAAACTAAGCTATCATGAGACAGGCTGGACTGCAGGCGG 
    |   ||        |      |   |       ||||  | |||||||||||||   ||||||||||||||||||||||||| 
Sa  GAATGAGCTGAGCTGAGCTGGGCTAAGCTGGGATGGACTAGGATAAACTAAGCTGGGATGAGACAGGCTGGACTGCAGGCGG 
 
Sm  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAA 
    |||||||||||||||||||||||||||||||||||||||||   ||   |   ||   |    | |  || | || |      
03  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGTTGGGCTGGGC 
    |    |       |         | |  |          | |||||||||||||||||||||||||||||| |||||||||| 
Sa  GCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
 
Sm  CACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGT 
    |||||||||||||||||||||||| ||||||||||||||||   |   ||  |    |   |    ||               
05  CACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCGAACAAGGCTGAGCCTACCTAGACCGGGCAGACCTAGATAG 
           ||    | ||   |||      |    ||     |||||||||||||| |||||||||||||||||||||||||| 
Sa  ACAATGGATTGAGCTGAGCTAGACTTAGGGTGGAATGGGCTGAACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAG 
 
Sm  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAA 
    |||||||||||||||||||||||||||||||||||||||||   ||   |   ||   |    | |  ||   || | 
22  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
    |    |       |              |            ||||||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
 
Sm  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAA 
    |||||||||||||||||||||||||||||||||||||||||   ||   |   ||   |    | |  ||   || |     
30  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCT-GGC 
    |    |       |         | |  |          | ||||||||||||||||||||||||||||||||||||| ||| 
Sa  GCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
 
Sm  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAA 
    |||||||||||||||||||||||||||||||||||||||||   ||   |   ||   |    | |  |||  || |     
32  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
    |    |       |         | |             | ||||||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
 
Sm  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAA 
    |||||||||||||||||||||||||||||||||||||||||   ||   |   ||   |    | |  ||   || |      
45  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
    |    |       |         | |  |          | ||||||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
 
Sm  GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAATGAAGTAGACTGTAATGAACTGGAATGAGCTGGGCCGCTAA 
    |||||||||||||||||||||||||||||||||||||||||   ||   |    |   |    | |  ||   ||        
374 GTGATTACTCTGAGGTAAGCAAAGCTGGGCTTGAGCCAAAACTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
    |    |       |         |    |          | ||||||||||||||||||||||||||||||||||||||||| 
Sa  GCTGGTGTGAGCTGAGTTAGGCTGATCCGAGCTGAAATGAGCTGAGATAAGATTAGCTAGGCTGGAATAGGCTGGGCTGGGC 
 
Sm  TGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTTCT 
    ||||||||||||||||||||||||||||||||||||||||| |   |  |       |  | |      | ||   || 
474 TGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGTAAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTA 
    |     |    | |  ||          |   | |   |  ||||||||||||||||||||||||||||||||||||||||| 
Sa  TAGGCTGAGTTAGTCTGGACTAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTAGGCTGAGTTAGTCTGGGCTA 
 
Sm  CACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGCAAAATTAAGGGAACAAGGTTGAGAGCCCTAGT 
    |||||||||||||||||||||||| ||||||||||||||||       |   |  | |   |    ||               
496 CACAGTAATGACCCAGACAGAGAAAGCCAGACTCATAAAGCGAACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAG 
       |   ||    | ||   |||      |    ||     ||||||||||||||||||||||||||||||||||||||||| 
Sg1 ACAATGGATTGAGCTGAGCTAGACTTAGGGTGGAATGGGCTGAACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAG 
 
Sm  GAGAGCCCTAGTAAGCGAGGCTCTAAAAAGCATGGCTGAGCTGAGATGGGTGGGCTTCTCTGAGCGCTTCTAAAATGCGCTA 
    ||||||||||||||||||||||||||| || | |||||| |  | | || || ||||  ||   |    |  |  |       
263 GAGAGCCCTAGTAAGCGAGGCTCTAAAGAGAACGGCTGAACGAACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAG 
            | |               || |       |   ||||||||||||||||||||||||||||||||||||||||| 
Sa  ACAATGGATTGAGCTGAGCTAGACTTAGGGTGGAATGGGCTGAACAAGGCTGAGCTTACCTAGACCGGGCAGACCTAGATAG 
 
Sm  GGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATGACCCAGACAGAGAAGGCCAGACTCATAAAGCTTGCTGAGC 
    |||||||||||||||||||||||||||||||||||||||||       |    |  |  |  |     | ||   |||   | 
01  GGCCAGCAGGTCGGCTGGACTAACTCTCCAGCCACAGTAATATTATTCAACTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
         ||    |              | ||   |    |     ||||| |||||||||||||||||||||||||||||||| 
Sa  ATTAGGCGAAACTTGGCTTGGCTGGTTACAATGAGCTAACATAAATTCAGCTGGCTGAACCAAACTTGACAGTGAGCTAGCC 
 
Sm  ATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATAGAGCTAAACTCTACTGCCTACACTGGACTGTTCTGAGCTG 
    |||||||||||||||||||||||||||||||||||||||||  ||       |||      ||   |    | |     | 
25  ATGAGCCAAACTGGAATGAACTTCATTAATCTAGGTTGAATTTAGGCTGGAACTAGGCGAAACTTGGCTTGGCTGGTTACAA 
      |     |      |            |     ||   |  |||||||||| ||||||||||||||||||||||||||||| 
Sa  TGGTCTAGATGGTCTAGTTGGGCTGGCCAGGATAGTCAGAACTAGGCTGGAATTAGGCGAAACTTGGCTTGGCTGGTTACAA 

Extended Data Fig. 6 | Increased CSR to IgD associates with high frequency of microhomologies in
recombined Sµ-sd, Sµ-Sg1 and Sµ-Sa DNA junctions in autoimmune mice. The junctions of Sµ-sd, Sµ-
Sg1 and Sµ-Sa recombinant DNAs from spleen B cells of MRL/Faslpr/lpr mice were amplified and sequenced by
MiSeq. Thirty-two representative sequences from Sµ-sd, Sµ-Sg1 and Sµ-Sa junctions are shown. Each
recombinant DNA sequence (middle) is compared with the germline Sµ (above, blue) and sd, Sg1 or Sa
(below, red) sequences. Microhomologies (bold) were determined by identifying the longest region at the Sµ-
sd, Sµ-Sg1 or Sµ-Sa junction of perfect uninterrupted donor/acceptor identity or the longest overlap region at
the S-S junction with no more than one mismatch on either side of the breakpoint.
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Extended Data Fig. 7 | Rad52 mediates Sµ-sd DNA recombination (CSR to IgD). CSR is initiated by
AID-mediated generation of multiple DSBs in the targeted upstream Sµ and downstream Sg3 (shown here),
Sa or Se regions. Ku70/Ku86, a core NHEJ factor, binds to blunt DSB ends to synapse DSBs by NHEJ
involving synapsis and long-range end-joining of S region DSBs, leading to inter-S–S region recombination.
This entails deletion of the intervening sequence between S regions as an extrachromosomal circle and leads
to CSR to IgG, IgA and IgE. Rad52, an HR element, which is phosphorylated upon CSR induction, binds
preferentially to resected DSB single-strand overhangs and facilitates a (Ku70/Ku86-independent)
microhomology-mediated A-EJ, which favors intra-S region recombination but can also mediate, particularly
in the absence of the NHEJ pathway, inter-S–S CSR. In CSR to IgD, which involves short-range Sµ-sd
recombination. B cells recruit the CSR machinery, including AID, to constitutively transcribed Sµ and sd
regions, and introduce DSBs into these regions. These DSB ends undergo abundant resection, yielding
single-strand DNA overhangs. Upstream Sµ and downstream sd DSB complementary overhangs are
rejoined by Rad52 through MMEJ; Upstream Sµ and downstream Sg3 DSB blunt ends are rejoined by
Ku70/Ku86 through NHEJ.
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Supplemental Table 1. Primers used for this study. 
 Forward primer Reverse primer 

Human and mouse genes 
Human   
ZFP318 5’-CCTGGGGAATCTGGGGGATA-3’ 5’-GCGGGATCGGAGGAATTACA-3’ 
RAD52 5’-GTAGGGAGAGGCTCTGGACA-3’ 5’-GCAGGTGCTTAGGACCAAGT-3’ 

KU70 5’-GAAGCAAAAGGCCCAAGGTG-3’ 5’-AGCAGCTCCTGCTTCTTCAG-3’ 
KU86 5’-GCAGTGTCACCTCTGTTGGA-3’ 5’-GCTCGGATGCAGTCTATGCT-3’ 
AICDA 5’-GTCACCTGGTTCACCTCCTG-3’ 5’-CTTGCGGTCCTCACAGAAGT-3’ 

b-ACTIN 5’-AGAGCTACGAGCTGCCTGAC-3’ 5’-AGCACTGTGTTGGCGTACAG-3’ 
Mouse   
Zfp318 5’-CGTAGTCGTCCCAATCTCCG-3’ 5’-TGGAATGGACACCCGAACAG-3’ 

Rad52 5’-CATTGGGACTCCCCAAACCA-3’ 5’-GCGAGTCTCCATCTGTTCCC-3’ 
Ku70 5’-CACCAAGCGGTCTCTGACTT-3’ 5’-AGAGAGGGCCTCAGGTAGTG-3’ 
Ku86 5’-AGGCCCAGGAAGCTCTATCA-3’ 5’-GCACTCTTGGATTCCCCACA-3’ 
Aicda 5'-AGAAAGTCACGCTGGAGACC-3' 5'-CTCCTCTTCACCACGTAGCA-3' 

b-Actin 5’-CTAAGGCCAACCGTGAAAG-3’ 5’-ACCAGAGGCATACAGGGACA-3’ 
Post-recombination transcripts 
Mouse   

Iµ-Cµ 5’-ACCTGGGAATGTATGGTTGTGGCTT-3’ 5’-GAAATGGTGCTGGGCAGGAA-3’ 

Iµ-Cd 5’-ACCTGGGAATGTATGGTTGTGGCTT-3’ 5’-GCACTCTGAGAGGAGGAACA-3’ 

Iµ-Cg1 5’-ACCTGGGAATGTATGGTTGTGGCTT-3’ 5′-ATGGAGTTAGTTTGGGCAGCA-3′ 

Iµ-Ca 5’-ACCTGGGAATGTATGGTTGTGGCTT-3’ 5′-TAATCGTGAATCAGGCAG-3′ 

Iµ-Ce 5’-ACCTGGGAATGTATGGTTGTGGCTT-3’ 5′-ACAGGGCTTCAAGGGGTAGA-3′ 
Secreted and transmembrane forms of IgM and IgD 
Human   

VHDJH-Cµm 5’-GACACGGCYGTRTATTACTGTGCG-3’ 5’-AGAGGCTCAGGAGGAAGAGG-3’ 
VHDJH-Cµs 5’-GACACGGCYGTRTATTACTGTGCG-3’ 5’-CTGTGTCGGACATGACCAGG-3’ 
VHDJH-Cdm 5’-GACACGGCYGTRTATTACTGTGCG-3’ 5’-CCACAAACGTGGACAGGGT-3’ 
VHDJH-Cds 5’-GACACGGCYGTRTATTACTGTGCG-3’ 5’-CATGGGGCCATGGTCTGTTACA-3’ 
Mouse   
VHDJH-Cµm 5’-GCCTGACATCTGAGGACTCTGC-3’ 5’-GCCTTCCTCCTCAGCATTCACCTC-3’ 
VHDJH-Cµs 5’-GCCTGACATCTGAGGACTCTGC-3’ 5’-CATGATCAGGGAGACATTGTACAG-3’ 
VHDJH-Cdm 5’-GCCTGACATCTGAGGACTCTGC-3’ 5’-ACACGAGTGTTGGATGGTGTTGAC-3’ 
VHDJH-Cds 5’-GCCTGACATCTGAGGACTCTGC-3’ 5’-GGGCAGGACCATCAGGTTT-3’ 
S-S recombination 
Human 

Sµ-sd   
First round 5’-TACCCTCCTCTTGGTGCAGA-3’ 5’-CTGGCCAGCGGAAGATCTCCTTCTT-3’ 
Second round 5’-TGCTGCCACTTCTAGAGCAA-3’ 5’-AGGGCTGTTATCCTTTGGGTG-3’ 
Sµ probe 5’-CCCCAGCCCTTGTTAATGGA-3’ 5’-CCAGTGGGGCTTGGTATGTT-3’ 
sd probe 5’-ACCAAAGCCTCTGGAGGGAA-3’ 5’-AGGGCTGTTATCCTTTGGGTG-3’ 
Sµ-Sg1   
First round 5’-TACCCTCCTCTTGGTGCAGA-3’ 5’-AGTCAGCACAGTCCAGTGTCTCTAG-3’ 
Second round 5’-TGCTGCCACTTCTAGAGCAA-3’ 5’-CATCGGTGCCACCTCAGGGACGCT-3’ 
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Sµ probe 5’-CCCCAGCCCTTGTTAATGGA-3’ 5’-CCAGTGGGGCTTGGTATGTT-3’ 
Sg1 probe 5’-CACTGGGGCTAAGGGGAAAG-3’ 5’-GCCCCACTCCAGCCTTTTAT-3’ 
Sµ-Sa1   
First round 5’-TACCCTCCTCTTGGTGCAGA-3’ 5’-CTTTCGCTCCAGGTCACACT-3’ 
Second round 5’-TGCTGCCACTTCTAGAGCAA-3’ 5’-TACTGGAGGAACCCAGCACA-3’ 
Sµ probe 5’-CCCCAGCCCTTGTTAATGGA-3’ 5’-CCAGTGGGGCTTGGTATGTT-3’ 
Sa1 probe 5’-CTCTCTGTGCTGGGTTCCTC-3’ 5’-TGTAGTGCTTCACGTGGCAT-3’ 
Mouse 
Sµ-sd   
First round 5’-GGGCTTCTAAGCCAGTCCAC-3’ 5’-CCAATTACTAAACAGCCCAGGT-3’ 
Second round 5’-CTCTGGCCCTGCTTATTGTTG-3’ 5’-CAGCCCAGGTTTATCTTTTCA-3’ 
Sµ probe 5’-CTGGGAATGTATGGTTGTGGC-3’ 5’-TGACCCAGACAACGGTACTC-3’ 

sd probe 5’-CCCAGAACCTGAGAAGGAAG-3’ 5’-CAGCCCAGGTTTATCTTTTCA-3’ 

Sµ-Sg1   

First round 5’-GGGCTTCTAAGCCAGTCCAC-3’ 5’-GGACAGGACAGGACCAAACC-3’ 

Second round 5’-CTCTGGCCCTGCTTATTGTTG-3’ 5’-TAGAAGGCCGCTCTTTTGCA-3’ 

Sµ probe 5’-CTGGGAATGTATGGTTGTGGC-3’ 5’-TGACCCAGACAACGGTACTC-3’ 

Sg1 probe 5’-GTGCCGACTTCAATGTGCTT-3’ 5’-CCCATGTCCCCGACTCTCTA-3’ 

Sµ-Sg3   

First round 5’-GGGCTTCTAAGCCAGTCCAC-3’ 5’-CTTTGACAAGGCATCCCAGTGT-3’ 

Second round 5’-CTCTGGCCCTGCTTATTGTTG-3’ 5’-ACCAAGGGATAGACAGATGGGG-3’ 

Sµ probe 5’-CTGGGAATGTATGGTTGTGGC-3’ 5’-TGACCCAGACAACGGTACTC-3’ 

Sg3 probe 5’-AAGCACAGGTGCAAGAGACT-3’ 5’-ACCAAGGGATAGACAGATGGGG-3’ 

Sµ-Sa   

First round 5’-GGGCTTCTAAGCCAGTCCAC-3’ 5’-CATCCAATTCTTGGACGGCG-3’ 

Second round 5’-CTCTGGCCCTGCTTATTGTTG-3’ 5’-CGGCGTTAGAGTCATGTTGC-3’ 

Sµ probe 5’-CTGGGAATGTATGGTTGTGGC-3’ 5’-TGACCCAGACAACGGTACTC-3’ 

Sa probe 5’-ACCCAGTGATAATCGGCTGC-3’ 5’-CGGCGTTAGAGTCATGTTGC -3’ 

Sµ-Se   

First round 5’-GGGCTTCTAAGCCAGTCCAC-3’ 5’-TCCACATGCCCAGGACATTC-3’ 

Second round 5’-CTCTGGCCCTGCTTATTGTTG-3’ 5’-TTCTCCTGAGAGAGGGGCTC-3’ 

Sµ probe 5’-CTGGGAATGTATGGTTGTGGC-3’ 5’-TGACCCAGACAACGGTACTC-3’ 

Se probe 5’-GGTGGGGTTGAGCTGAATGA-3’ 5’-ATTCCTGCTAGGCCCGATTG-3’ 

ChIP Assays 
Mouse Sµ 5’-ACCGCAAATGGTAAGCCAGA-3’ 5’-TGTGAGTGACCCAGACAACG-3’ 

Mouse sd 5’-ATGCCAACCCTGATTCAGCA-3’ 5’-AGGCTAGGAGTCTGGGCTAC-3’ 
Mouse Sg1 5’-AACCACAGAAGAGCAGGAGC-3’ 5’-TACCCCGTACTCTCACCTGG-3’ 
Mouse Sg3 5’-AGGGGACCTGGATAAGCCAT-3’ 5’-CCCCACTATGGTTGCTTGGT-3’ 
Mouse Sa 5’-CTGGGCTGGACTCAGTTGAC-3’ 5’-AGTCCAGTCATGCTAATTCACC-3’ 
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