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Figure 2 

	

Figure 2 The nucleotide usage across 2,694 N1 regions and 9,320 N2 regions in unmutated NP 
rearrangements. A) A distinct linear decrease was observed for C frequencies across N1 regions 
(R2=0.92, β=-0.007 [-0.009;-0.004], p<0.0001) while a linear increase in G was seen (R2=0.80, 
β=0.006 [0.003;0.008], p<0.0001). B) Similar gradients were found in the N2 regions where the C 
gradient (R2=0.96, β=-0.007 [-0.008;-0.006], p<0.0001) was indistinguishable from that in N1 
(p=0.488), while the G gradient (R2=0.97, β=0.009 [0.008;0.010], p<0.0001) differed from that in 
N1 by a greater slope (p=0.005). The dATP gradients differed slightly between N1 and N2 
(p=0.021). The dATP remained constant throughout N1 (R2=0.004, β=0.0002 [-0.0017;0.0020], 
p=0.863) while it decreased slightly for N2 and (R2=0.52, β=-0.002 [-0.003;-0.001], p<0.0001). The 
dTTP frequencies remained constant throughout both N1 (R2=0.04, β=0.0008 [-0.0010;0.0026], 
p=0.393) and N2 (R2=0.11, β=0.0007 [-0.0003;0.0017], p=0.164) and did not differ between N1 and 
N2 (p=0.941). C) The G/C ratios across the N regions did not differ between N1 and N2 (p=0.054).  
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Figure 3 

 

Figure 3 The G/C gradient in N regions in unmutated NP, unmutated P and mutated P 
rearrangements, respectively. A) For N1, the slopes (G/C gradients) did not differ between 
unmutated NP and unmutated P VHDJH-rearrangements (p=0.895) but the Y-intercept was 
lower for unmutated NP (p=0.002) B) For N2 regions, no differences were found (p=0.30). C) 
In N1 the frequency of C nucleotides did not differ significantly between unmutated NP, 
unmutated P and mutated P rearrangements (p=0.084), while the content of G nucleotides was 
significantly higher in unmutated P and mutated P compared to unmutated NP rearrangements 
(p<0.0001) and D) In N2 the frequency of both C and G nucleotides were slightly higher in 
unmutated P and mutated P compared to unmutated NP rearrangements (p<0.0001).  
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Figure 4 

 

Figure 4 The figure illustrates the number of nucleotides trimmed of gene segments in 29,392 P 
VHDJH-rearrangements and 13,769 NP DJH- and VHDJH-rearrangements irrespective of mutation 
status. The trimming status is depicted as cumulated frequencies of gene segments with 0, 1, 2, 3 or 
more (up to 15) nucleotides removed from the ends facing N1 (VH and D-5’-end) or N2 (D-3’-end 
and JH). For NP rearrangements, 68% of VH-gene segments had been subject to some level of 
trimming while the same was true for 84% of the 3’-ends of D-gene segments, 83% of the 5’-ends 
of the D-gene segments and 88% of JH-gene segments. Also in P rearrangements fewer VH-gene 
segments (65%) had been subject to trimming compared to the 3’-end (87%) and 5’-end (82%) of 
D-gene segments and JH-gene segments (88%).  
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Figure 5 

 

Figure 5 The effect of gene segment trimming on the G/C ratios across N regions in unmutated NP 
rearrangements (panels A-D) or all rearrangements irrespective of functionality and mutation 
(panels E-F). A) A positive G/C gradient was seen for 1,547 N1 regions flanked by two trimmed 
gene segments (R2=0.84, β=0.05 [0.03;0.06], p<0.0001), the 711 N1 regions flanked by a trimmed 
D5’-end and an untrimmed VH-gene (R2=0.84, β=0.06 [0.03;0.09], p<0.0001) and 296 N1 regions 
flanked by a trimmed VH-gene segment and an untrimmed D5’-end (R2=0.76, β=0.07 [0.03;0.11], 
p=0.0004). The slopes did not differ significantly from one another (p=0.16) B) A positive G/C 
gradient was found for 6,924 N2 regions flanked by two trimmed gene segments (R2=0.96, β=0.08 
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[0.068;0.085], p<0.0001) and with a smaller slope for 1,352 N2 regions flanked by an untrimmed 
D3’-end and a trimmed JH-gene segment (R2=0.66, β=0.03 [0.01;0.05], p=0.004). No significant 
G/C gradient was observed in the 879 N2 regions flanked by a trimmed D3’-end and an untrimmed 
JH-gene segment (R2=0.33, p=0.067). The three lines differed significantly from one another 
(p=0.0003) C) There was no significant G/C gradient observed in the 140 N1 regions flanked by 
two untrimmed gene segments (R2=0.89, p=0.15). D) There was a negative G/C gradient observed 
in the 165 N2 regions flanked by two untrimmed gene segments (R2=0.65, β=-0.07[-0.12;-0.01], 
p=0.023). E and F) Including all rearrangements regardless of mutation and functionality, we found 
similar patterns for N1 and N2 both showing significant positive  G/C gradients for all three 
combinations of trimming (N1: p<0.002; N2: p<0.0001) but with significantly different slopes (N1: 
p<0.0001; N2: p<0.0001). 
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Figure 6 

 

Figure 6 Fine mapping of the impact of gene segment trimming on the G/C gradient across N2 
regions. The average G/C ratios in deciles 2-4 and 7-9 were calculated for all rearrangements with 
N2 segments between 5-38 bp in length and related to number of nucleotides removed from the 3’- 
end of the germline segment: D-3’ and JH, respectively. The elevated G/C ratio observed close to a 
trimmed JH-gene segment required removal of at least 4 bases compared to the G/C ratio when no 
nucleotides were trimmed. The lower G/C ratio found close to a trimmed D-gene segment required 
removal of at least 3 bases compared to when no nucleotides were trimmed. * and § indicate where 
trimming leads to a significant difference in G/C ratio (p<0.05) compared to no trimming, for JH 
and D-3’, respectively. 

 

  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted January 23, 2018. ; https://doi.org/10.1101/248021doi: bioRxiv preprint 

https://doi.org/10.1101/248021
http://creativecommons.org/licenses/by-nc-nd/4.0/


	 8 

Figure 7 

 

Figure 7 Graphic sketch illustrating the process by which the C gradient is generated during joining 
of the VH-gene and D-gene segments. First Artemis nicks the hairpin loop generated by the RAG-
complex resulting in a 3’-overhang. This 3’-overhang is processed by TdT, possibly removing it 
entirely as depicted in the figure and synthesising an N-addition preferentially composed of C. The 
two 3’-overhangs are then joined by microhomology and the resulting N1 region will display a 
negative C-gradient and positive G-gradient. 
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