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Abstract 27 
 28 
Trypanosoma brucei lives an entirely extracellular life cycle in its mammalian host, facing a 29 
constant onslaught of host antibodies. The parasite evades clearance by the host immune 30 
system through antigenic variation of its dense variant surface glycoprotein (VSG) coat, 31 
periodically “switching” expression of the VSG using a large genomic repertoire of VSG-32 
encoding genes. Studies of antigenic variation in vivo have focused exclusively on parasites in 33 
the bloodstream, but recent work has shown that many, if not most, parasites are extravascular 34 
and reside in the interstitial spaces of tissues. However, it is unknown whether parasites 35 
undergo antigenic variation while in extravascular spaces. We sought to explore the dynamics 36 
of antigenic variation in extravascular parasite populations using VSG-seq, a high-throughput 37 
sequencing approach for profiling VSGs expressed in populations of T. brucei. Our experiments 38 
show that the expressed VSG repertoire is not uniform across populations of parasites within 39 
the same infection and that a greater number of VSGs are expressed in tissue spaces than in 40 
the blood. More than 75% of the VSGs detected in an animal were found exclusively within 41 
extravascular spaces. Interestingly, we also noticed a delay in the VSG-specific clearance of 42 
parasites in tissue spaces compared to the blood. This finding aligns with a model in which 43 
parasites “hide” from the immune system in tissue spaces, where a slower immune response 44 
provides them with more time to generate new antigenic variants. Overall, our results show that 45 
extravascular spaces are significant reservoirs of VSG diversity, potentially resulting from 46 
delayed clearance of tissue-resident parasites.   47 
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Introduction 48 
 49 
Trypanosoma brucei is a eukaryotic unicellular parasite and the causative agent of human and 50 
animal African Trypanosomiasis1. Transmitted by the bite of the tsetse fly, it lives extracellularly 51 
in the hosts' blood, lymphatic system, interstitial tissue spaces, and central nervous system2,3. 52 
Human African trypanosomiasis, a neglected tropical disease, is typically fatal if left untreated. 53 
Illness in domestic animals, which can also serve as large parasite reservoirs, results in a 54 
significant economic burden to rural Africa4,5.  55 
 56 
T. brucei parasites live an entirely extracellular life cycle and face continuous exposure to the 57 
host’s immune system during infection. To deal with this onslaught of host antibodies, the 58 
parasite has evolved a sophisticated mechanism of antigenic variation. T. brucei is surrounded 59 
by a dense coat of variant surface glycoprotein (VSG). ~107 copies of a single VSG pack onto 60 
the parasite’s plasma membrane, shielding invariant membrane proteins from immune 61 
detection. Though VSG is easily detected by the host immune system6, T. brucei periodically 62 
“switches” expression of the VSG on its surface, using a genomic repertoire of ~2800 different 63 
VSG-encoding genes and pseudogenes7–10. Parasites expressing these new VSGs are able to 64 
avoid immune clearance. In addition to drawing from its large genomic VSG repertoire, T. brucei 65 
can create novel VSGs using homologous recombination between two or more VSG genes or 66 
pseudogenes11,12. These mechanisms give T. brucei an enormous capacity for altering its 67 
antigenic profile. This arms race between parasites and the host immune system generates 68 
waves of parasitemia that are characteristic of T. brucei infections13.  69 
 70 
Studies examining T. brucei antigenic variation in vivo have revealed complex dynamics in 71 
which populations of parasites express many different VSGs at both peaks and valleys of 72 
parasitemia. Indeed, VSG diversity in the blood is much higher than was initially suspected to be 73 
required for immune evasion14–16.  It has recently become clear, however, that extravascular 74 
spaces represent an important niche for T. brucei, in both experimental and natural 75 
infections17,18. Within a week post-infection, tissue-resident parasites make up the majority of 76 
parasites in a mouse infection19, and significant reservoirs of parasites have been found in the 77 
interstitial areas of nearly every organ20,21. In addition, T. brucei parasites within the adipose, 78 
skin, and brain have altered gene expression profiles, suggesting an adaption to their tissue 79 
environment20,22,23. Extravascular parasites have also been shown to be associated with 80 
increased disease severity19. While it is clear parasites adapt to extravascular spaces, the 81 
precise role of tissue-resident parasites in infection remains unclear, and their contribution to 82 
antigenic variation has not been studied.  83 
 84 
Interestingly, parasite tissue tropisms related to antigenic variation have been reported in other 85 
organisms. For example in Plasmodium Falciparum, expression of a single var gene, var2csa, 86 
allows for parasites to be sequestered in the placenta, aiding in immune evasion and causing 87 
severe placental malaria24,25. Similarly, the pili of Neisseria gonorrhoeae have critical functions 88 
in both antigenic variation and adhesion to host tissue26. In some cases, specific T. brucei VSG 89 
genes have gained functions besides antigenic variation27,28 and VSGs have been shown to 90 
potentially influence parasite growth29. It is thus plausible that similar VSG-dependent tropisms 91 
exist in T. brucei infections, either influencing tissue invasion or adaptation to tissue spaces.  92 
 93 
In this study, we sought to evaluate the role of extravascular parasites in antigenic variation 94 
during T. brucei infection. We found that blood and tissue-resident parasites express distinct 95 
VSG repertoires, even within the same infected mouse, showing that parasite populations in the 96 
blood do not fully represent the antigenic complexity of T. brucei populations in vivo. Moreover, 97 
tissue-resident parasites account for most of the antigenic diversity in an infection, serving as a 98 
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reservoir of new VSGs with the potential to contribute to immune evasion. We also observed a 99 
delay in VSG-specific parasite clearance in tissue spaces compared to the blood which could 100 
explain the elevated VSG diversity observed in these spaces. Overall, our results demonstrate 101 
that tissue-resident T. brucei parasites play a distinct role in immune evasion during infection, 102 
highlighting the intimate interplay between antigenic variation and the host environment. 103 
 104 
  105 
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Results 106 
 107 
VSG diversification occurs after tissue invasion  108 
 109 
To investigate the expressed VSG repertoire of T. brucei parasites within the blood and tissues 110 
of infected mice, we intravenously injected 12 mice with ~5 pleomorphic T. brucei EATRO1125 111 
AnTat1.1E 90-13 parasites30. We tracked parasitemia in the blood throughout infection (Figure 112 
1A) and collected the heart, lungs, gonadal fat, subcutaneous fat, brain, and skin at each of 113 
three time points: days 6, 10, and 14. For each mouse, blood was collected on days 6, 10, and 114 
14 or until the mouse was sacrificed for tissue collection. Because tissue collection is terminal, 115 
each time point is represented by a distinct set of 4 mice. For each sample, we extracted RNA 116 
and quantified VSG expression using VSG-Seq. To compare VSG expression between 117 
samples, we grouped VSG open reading frames (ORFs) with >98% identity into VSG “clusters.” 118 
We then used qPCR to estimate parasite load in each tissue sample and filtered out VSGs that 119 
represented less than one parasite (Figure 1B). The number of VSGs in a sample did not 120 
correlate with either the number of reads aligned or the number of parasites in a sample 121 
(Supplemental Figure 1A & B), suggesting that sampling of each population was sufficient. In 122 
total, we identified 1,074 distinct VSGs in all infected mice.   123 
 124 
Our analysis of VSG expression in the blood and tissues revealed that initial populations are 125 
quite similar with respect to VSG expression. Because a small inoculum was used, each of 126 
these infections was essentially clonal, with a single VSG (either AnTat1.1 or EATRO1125 127 
VSG-421) dominating expression in the blood on day 6 post-infection. This “initiating VSG” was 128 
also the major population in every tissue space on day 6 (Figure 1C). This early uniformity in 129 
VSG expression suggests that in this model of infection T. brucei invades tissues before 130 
significant VSG switching has occurred.  131 
  132 
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 133 
  134 

 
Figure 1: Extravascular populations diversify independently in vivo. (A) Parasitemia of 12 
mice infected with AnTat1.1E T. brucei counted from tail blood by hemocytometer (n.d. = not 
detectable). (B) Estimated parasite load per gram from QPCR performed on RNA extracted from 
perfused and homogenized tissue samples (s.c. fat = subcutaneous fat; gon. fat = gonadal fat). (C) 
The percent of parasites expressing each VSG within a space. The top 11 VSGs with the highest 
overall expression are colored and all other VSGs are in grey as “other”. Each row, from the top 
down, represents mice that were harvested on day 6, 10, and 14, respectively. Day 10 and day 14 
mice also have matching blood samples from earlier time points. 
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VSG clearance is delayed in tissues compared to the blood 135 
 136 
Because parasite populations in all spaces on day 6 were so similar, we were able to track the 137 
clearance of parasites expressing the initiating VSG in blood and tissue spaces. Parasites 138 
expressing the initiating VSG were undetectable in every blood sample on day 10 post-infection 139 
but remained detectable in 23/24 (~96%) tissue samples. Despite its absence in the blood, the 140 
initiating VSG still represented a majority of parasites in some tissue spaces on day 10. By day 141 
14, however, parasites expressing the initiating VSG were undetectable in most spaces (Figure 142 
2A). Notably, there was no correlation between any specific tissue and the proportion of the 143 
population still expressing the initiating VSG.  144 
 145 
To confirm this result from the VSG sequencing data, we performed flow cytometry on parasites 146 
from the blood and tissues of mice infected with a tdTomato-expressing “triple reporter” T. 147 
brucei EATRO1125 AnTat 1.1E cell line31. These parasites express tdTomato in their cytoplasm 148 
and then we stained samples with an anti-AnTat1.1 antibody. We found that in the blood on day 149 
13 on average 0.02% of parasites, just above our limit of detection for VSG-seq, expressed 150 
AnTat1.1, while on average 1.73% of parasites within the lungs and gonadal fat stained positive 151 
for AnTat1.1 (Figure 2B and 2C). These data corroborate measurements by VSG-seq and show 152 
that parasites expressing AnTat1.1 persist within tissues after they have been cleared from the 153 
blood. As parasites appear to eventually be cleared from tissue spaces, these results are 154 
consistent with a model in which the clearance of parasites within extravascular spaces is 155 
delayed, but not abolished, compared to the blood.  156 
  157 
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Figure 2: Clearance of parasites expressing the initiating VSG is delayed in tissues 
compared to the blood. (A) The percent of parasites (log10) expressing the infection initiating VSG 
(AnTat1.1 or VSG-421) at each time point. Tissue samples were grouped together (blue) and 
compared to blood samples (red). Statistical significance was determined by a pairwise Wilcoxon 
test. The horizontal dotted line represents the VSG-seq limit of detection. (B) Representative flow 
cytometry plots from tissues collected from mice infected with chimeric triple marker parasites that 
express tdTomato constitutively in their cytoplasm. Parasites were stained with anti-AnTat1.1 
antibody. The top row shows blood and tissues from one mouse that was collected on day 6 P.I. and 
the second row shows blood collected from a mouse on both day 6 and day 13 and tissues from day 
13 P.I. (C) Quantification of the number of parasites that were tdTomato positive and stained 
positive for AnTat1.1 by flow cytometry (n = 5 per group).  The horizontal dotted line marks the limit 
of detection of VSG-seq. 
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VSG diversification is not uniform across spaces within a mouse 159 
 160 
Host humoral immunity and antigenic variation are intrinsically intertwined. As parasites 161 
expressing specific VSGs are cleared, other switched parasites persist. We see that as infection 162 
progresses and the initiating VSG disappears, VSG expression in populations begins to diverge. 163 
On days 10 and 14, the VSG composition of each space is different, and no single VSG 164 
dominates. Importantly, VSG expression in the blood no longer matches expression in tissue 165 
spaces (Figure 1C). However, we still often see the same VSGs expressed within populations, 166 
both within and between infected mice, although in varying compositions. On days 10 and 14, 167 
the top eleven most highly expressed VSGs represent an average of 84.07 % and 67.55%, 168 
respectively, of parasites in every space. This suggests that the semi-predictable switching 169 
hierarchy previously observed within the blood governs antigenic variation in tissue spaces14,32.  170 
 171 
Tissue-resident parasites account for most of the antigenic diversity in infections 172 
 173 
The stochasticity of T. brucei’s semi-predictable switching hierarchy, however, allows tissue-174 
resident populations to diverge from the blood and from one another. In addition to this 175 
frequently expressed subset, populations display a huge diversity of VSGs. At any time, most of 176 
the antigenic diversity in an infection is found exclusively within extravascular spaces. In each 177 
mouse, 77.19%-94.0% of expressed VSGs were detected exclusively in tissues, while only 178 
0.41% to 5.0% of VSGs are found exclusively within the blood (Figure 3A and 3B). Individual 179 
tissue spaces generally harbor more VSGs than the blood as well (Figure 3C). Given the large 180 
number of VSGs unique to these spaces, we sought to address whether certain VSGs were 181 
more likely to emerge in certain tissue microenvironments. Notably, we found no evidence for 182 
tissue-specific VSGs or VSG sequence motifs (Supplemental Figure 2). 183 
 184 
Central to antigenic variation is the expression of new VSGs to which the host immune system 185 
has not yet been exposed. To evaluate the potential for tissue-resident parasite populations to 186 
generate new variants, and thus facilitate immune evasion, we examined the proportion of 187 
VSGs expressed in each space that are only found within that space in a mouse. We termed 188 
these “unique” VSGs (Figure 4A). Day 6 samples were excluded from this analysis because 189 
very few VSGs are expressed at this time point. Between 4.8% to 35.5% of VSGs within any 190 
space are unique to that space. Tissue spaces generally display a greater proportion of unique 191 
VSGs than the blood (Figure 4B), though these unique VSGs typically represent a relatively 192 
small proportion of the total parasite population in each space (Figure 4C). Taken together 193 
these results suggest that tissue-resident populations are diversifying independently and that 194 
blood-resident parasites alone do not reflect the complexity of antigenic variation in vivo. There 195 
is the potential capacity for parasites in every space to contribute new antigenic variants to an 196 
infection. 197 
  198 
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  199 

 
Figure 3: Populations of extravascular parasites harbor most of the antigenic diversity in an 
infection. (A) Stacked bar graphs from each mouse representing the proportion of VSGs that were 
found exclusively within the blood (red), exclusively within tissue spaces (blue), or shared by both 
the blood and at least one tissue space (green). (B) Quantification of the number of VSGs found 
within the blood (red) or tissue spaces (blue) at each timepoint. Each point represents a blood or 
tissue sample from a mouse. Statistical significance was determined by a Student’s t-test between 
the blood and tissues within each timepoint. (C) The number of VSGs represented in each tissue 
space (for each tissue and day 14 blood; n= 4, for day 6 blood n = 12, for day 10 blood n =8). A 
pairwise Dunnett’s test was performed between all spaces within each timepoint.  
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 200 
 201 
VSGs initially only seen in tissues can be found in all spaces later during infection  202 
 203 
Tissue spaces harbor many VSGs unique to the extravascular niche, but many of these are 204 
expressed by a small number of parasites. We sought to understand whether these rare VSGs 205 
exclusive to tissues had the potential to establish within other spaces in the host, suggesting a 206 
role in immune evasion, or if they simply represented dead ends for the parasite. To address 207 
this question, we identified VSGs only expressed in tissues on day 6 post-infection and 208 
analyzed their fates at later timepoints, specifically looking to see if they appeared later within 209 
the blood. Of these 58 VSGs only in tissues on day 6, 43 (74.1%) were expressed on day 10 or 210 
day 14 within the blood. By examining a few of these VSGs more closely, we saw that VSG 211 
cluster 294, which was initially only expressed in tissues on day 6, represented a large 212 
proportion of parasites on day 10, particularly within the blood. Interestingly, we also observed 213 
the same delayed clearance of VSG cluster 294 within extravascular spaces as we had 214 
previously seen with the initiating VSG. VSG clusters 504 and 1831 also represented small 215 
populations of parasites in tissues on day 6, but later become highly expressed in both the 216 
blood and tissue spaces (Figure 5). Thus, rare VSGs expressed at low levels exclusively in 217 
tissue spaces have the potential to become ubiquitously expressed within a host, raising 218 
interesting questions about the ability for tissue parasites to reseed the blood, aiding in immune 219 
evasion.  220 

 
Figure 4: Tissue-resident parasites have the potential to contribute unique VSGs to an 
infection. (A) We define “unique” VSGs as those VSGs solely found within a specific space in a 
mouse (Created with BioRender.com). (B) The percent of VSGs that were unique to one space 
within a mouse (n = 4 per group). Statistical significance was determined using a pairwise 
Dunnett’s test. (C) The percentage of each population represented by unique VSGs.  
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Discussion 221 
 222 
Previous in vivo studies of antigenic variation in T. brucei have investigated the phenomenon 223 
solely in blood-resident parasite populations12,14,15. Recent work, however, has revealed that 224 
large numbers of parasites reside in extravascular spaces outside of the bloodstream3,17,20. Here 225 
we show that the majority of the antigenic diversity during infection is found exclusively within 226 
these tissue-resident populations of T. brucei parasites. Moreover, individual extravascular 227 
parasite populations often express more VSGs than populations in the blood. VSGs detected at 228 
low levels in tissues at early time points post-infection can become highly expressed VSGs 229 
within the blood at later time points, suggesting these extravascular reservoirs of antigenic 230 
diversity could be vital for parasite immune evasion and disease chronicity.  231 
 232 
The renewed interest in tissue-resident T. brucei parasites has generated speculation about the 233 
possibility that VSGs could play a role in tissue tropism for T. brucei. Interestingly, we saw no 234 
evidence of tissue-specific VSG expression in these experiments. Because parasites invade 235 
tissues efficiently before significant VSG switching has occurred, it appears unlikely that any 236 
specific VSG is required for tissue invasion. Whether some VSGs may provide an adaptation to 237 
specific host spaces is less clear. We only measured VSG expression up to day 14 post-238 
infection, at which point tissue-resident populations were just beginning to diverge from one 239 
another and the blood. It is therefore possible that, as these populations further evolve, there 240 
may be selection for VSGs better adapted to certain tissue spaces. It is also possible that a 241 
relationship between VSG expression and tissue tropism could emerge in an infection initiated 242 
by a tsetse bite, where the inoculum is larger36 and likely more antigenically diverse.  243 
 244 
Instead of tissue-specific VSG expression, our data support a model in which each tissue-245 
resident population is evolving independently, influenced by the same semi-predictable 246 
switching hierarchy that has been seen to govern VSG expression in the blood14,37. 247 
Nevertheless, the scale of antigenic variation in these spaces is quite different. The number of 248 
VSGs we detected in the blood corroborates previous estimates12,14,15, but the diversity in tissue 249 
spaces is, on average, two to four times higher than the blood. Overall, tissue-resident 250 
populations harbor ~95% of the antigenic diversity in any given infection.  251 
 252 
It is unclear what mechanisms or circumstances lead to the increased diversity we observe in 253 
extravascular spaces. Why do tissue spaces harbor so many more VSGs? One intriguing 254 
possibility is that parasites in tissue spaces are actually switching at a higher rate than those in 255 

Figure 5: VSGs only seen in tissues on day 6 are often seen in the blood and tissues later 
during infections. The expression (log10) of VSG cluster 294, 504, and 1831 within all samples 
on days 6, 10, and 14. Samples were grouped into two groups, blood (red) or tissues (blue).   
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the blood. The mechanisms that initiate VSG switching during infection remain poorly 256 
understood. While DNA double-strand breaks can trigger VSG switching in vitro38,39, it remains 257 
unclear whether they serve as a natural trigger for switching in vivo. It is plausible to speculate 258 
that some aspect of the extravascular environment could supply a molecular or physical 259 
stimulus that promotes VSG switching, leading to increased VSG diversity within these spaces.  260 
 261 
A second, and not mutually exclusive, explanation for the increased antigenic diversity in tissue 262 
spaces lies in the observation that VSG-specific clearance of parasites is delayed in 263 
extravascular spaces. By day 10 post-infection, parasites expressing the initiating VSG are 264 
undetectable in the blood but remain in tissue spaces until at least day 14. Perhaps parasites 265 
within these spaces, which survive longer before being cleared, simply have more opportunity to 266 
switch. An increased survival time would allow extravascular populations to accumulate many 267 
more switched parasites over time, resulting in the higher VSG diversity we observe. Thus, 268 
extravascular spaces could serve as a haven for diversification and a reservoir of antigenic 269 
diversity to seed the blood.  270 
 271 
This increased diversity could be vital in natural infections, particularly in wild animals, where 272 
pre-existing anti-VSG immunity is more likely to exist. In this case, a high rate of switching may 273 
be required to successfully evade the host’s existing anti-VSG antibody repertoire. For 274 
extravascular populations to impact systemic antigenic variation, however, extravascular 275 
parasites must be able to exit tissue spaces and enter the blood. Vascular permeability is high 276 
after the initial stages of infection19, suggesting parasites likely move back and forth between 277 
spaces, but this has not yet been definitively demonstrated. It will thus be critical to demonstrate 278 
that parasites can move from tissue spaces to the blood. Nevertheless, our data are consistent 279 
with a model in which variants generated in tissues later seed the blood: rare variants detected 280 
exclusively within tissue spaces on day 6 post-infection can be detected at high levels in the 281 
blood at later timepoints.  282 
 283 
While the immune response in extravascular spaces is clearly distinct from the blood, the nature 284 
of the immune response in these spaces that leads to a delay in VSG-specific parasite 285 
clearance is unknown. Perhaps surprisingly, our data suggest the mechanism is not organ-286 
specific. Instead, delayed clearance and increased antigenic diversity appear to be general 287 
features of extravascular infection. This fact points to one possible explanation for the delay we 288 
observe. IgM, a bulky pentamer, is the first antibody to respond to infection and initiates around 289 
day 6 with a peak around day 10 post-infection in mice. IgG, on the other hand, is a monomer 290 
that peaks around day 14 post-infection40,41. There is some evidence that IgM cannot diffuse 291 
into tissue spaces adequately42,43. If anti-VSG IgM diffuses poorly into extravascular spaces, 292 
then extravascular parasites would not be fully cleared until IgG is produced. We observe 293 
clearance in extravascular spaces that coincides with peak serum levels of IgG, supporting this 294 
model. Of course, it is also possible that local extravascular immune responses mount with 295 
different dynamics than the systemic response. Whatever the mechanism, it is apparent that 296 
extravascular spaces are distinct from the blood in multiple ways.  297 
 298 
Our experiments demonstrate that extravascular spaces serve as important reservoirs of VSG 299 
during T. brucei infection, accounting for the vast majority of antigenic diversity in any individual 300 
infection. Our data suggest that this could be due, in part, to a delayed immune response in 301 
extravascular spaces that allows parasites to survive longer and switch more. This study raises 302 
compelling questions about the nature of extravascular immunity, initiation of VSG switching in 303 
vivo, and the process of reseeding parasites into the blood. Overall, our results establish 304 
extravascular spaces as an important and previously overlooked niche for antigenic variation in 305 
T. brucei. 306 
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Methods 307 
 308 
Mouse infections and sample collection 309 
 310 

12 female C57Bl/6J (Jackson Laboratory) between 7-10 weeks old were each infected 311 
by intravenous tail vein injection with ~5 pleiomorphic EATRO 1125 AnTat1.1E 90-13 T. brucei 312 
parasites30. Blood parasitemia was counted by tail bleed every 2 days starting on day 4 post-313 
infection (PI) by hemocytometer. Blood (25uL) was collected by a submandibular bleed on days 314 
6, 10, and 14 PI and placed into TRIzol LS. Four Mice were anesthetized and perfused at each 315 
time point (days 6, 10, and 14 PI). Mice were perfused with 50mL of PBS-Glucose (0.055M D-316 
glucose) with heparin. After perfusion, tissues were dissected and placed immediately into 1mL 317 
of RNA later. The heart, lungs, gonadal fat, subcutaneous fat, brain, and skin (ear) were 318 
collected.  319 
 For flow cytometry experiments, 7-10 week old female C57Bl/6J mice were infected by 320 
intravenous tail vein injection with ~5 AnTat1.1E chimeric triple reporter T. brucei parasites 321 
which express tdTomato31. Blood was collected by a submandibular bleed at each time point.  322 
Mice were anesthetized and perfused on days 6 and 13 P.I. as discussed above and the 323 
gonadal fat and lungs were harvested. 324 
 325 
VSG-seq sample and library preparation  326 
 327 
 RNA was isolated from blood samples stored in TRIzol LS (ThermoFisher, 10296010) by 328 
phenol/chloroform extraction. Tissue samples were weighed and homogenized in TRIzol, and 329 
then RNA was isolated by phenol/chloroform extraction. RNA from each sample was DNase 330 
treated using Turbo DNase and cleaned up with Mag-Bind® TotalPure NGS beads (Omega Bio-331 
Tek 332 
 M1378-00). First-strand cDNA synthesis was performed using SuperScript III Reverse 333 
Transcriptase and a primer that binds to the conserved VSG 14-mer in the 3´-UTR (5’-334 
GTGTTAAAATATATC-3’). Products were cleaned up using Mag-Bind® TotalPure NGS beads 335 
(Omega Bio-Tek, M1378-01). Next, a VSG-specific PCR with Phusion polymerase 336 
(ThermoFisher, F530L) was performed using primers for the spliced leader (5’- 337 
ACAGTTTCTGTACTATATTG-3’) and SP6-VSG 14-mer sequences (5’-338 
GATTTAGGTGACACTATAGTGTTAAAATATATC-3’) for 25 cycles. VSG-PCR products were 339 
cleaned up using Mag-Bind® TotalPure NGS beads and quantified using the QuBit HS DNA kit 340 
(Life Technologies). Finally, sequencing libraries were prepared with the Nextera XT DNA 341 
Sample Prep Kit (Illumina) using the manufacturer’s guidelines, and libraries were sequenced 342 
with 100bp single-end reads on an Illumina HiSeq 2500.  343 
 344 
Tissue QPCR  345 
 346 
 First-strand synthesis was performed with SuperScript III Reverse Transcriptase 347 
(Thermo Fisher Scientific, 18080051) and random hexamers primers on tissue RNA samples. 348 
QPCR was performed in triplicate using SYBR Green qPCR Master Mix (Invitrogen, 4309155). 349 
ZFP3 primers were used to estimate parasite load in tissue samples (FW: 5’-350 
CAGGGGAAACGCAAAACTAA-3’; RV: 5’-TGTCACCCCAACTGCATTCT-3’).  CT values were 351 
averaged between the triplicates and parasite load per mg of tissue were estimated using a 352 
standard curve of values from RNA isolated from known numbers of cultured parasites.  353 
 354 
 355 
 356 
 357 
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VSG-seq analysis  358 
 359 
 Analysis of sequencing results was performed following the method we reported 360 
previously14, with two changes: no mismatches were allowed for bowtie alignments and each 361 
sample was analyzed (assembly, alignment, and quantification) separately. To compare 362 
expressed VSG sets between samples, all assembled VSGs were clustered using CD-HIT-363 
EST44, with VSGs with >98% identity grouped into clusters. VSGs were then identified by their 364 
Cluster number for further analysis. Samples that had less than 100,000 successfully aligning 365 
reads to VSGs were excluded from further analysis. Four samples, 3 brain and 1 heart, were 366 
discarded because fewer than 100,000 reads aligned to VSG (Supplemental Figure 1A).  367 
Downstream analysis of expression data and generation of figures was performed in R. Code 368 
for generating the analysis and figures in this paper are available at 369 
https://github.com/mugnierlab/Beaver2022.  370 
 371 
Analysis of VSG sequence motifs 372 
  373 
 To identify tissue-specific VSGs, the similarity of N terminal sequences from all 374 
assembled VSGs were compared. N terminal sequences were identified using a HMMER scan 375 
against a database curated by Cross et al. Then all N termini were compared in an all vs all 376 
blast using default parameters. All VSG pairwise comparisons with an e-value higher than 1E-3 377 
were considered sufficiently similar to one another for further analysis. VSGs that were found in 378 
a given tissue were binned into that tissue group, and the distribution of the bitscores in a given 379 
compartment was compared against the total population of similar VSGs. 380 
 381 
Flow Cytometry 382 
 383 
 Once mice were perfused, tissues were dissected and washed with HBSS (Hanks 384 
balanced salt solution, ThermoFisher Scientific 14175095). Tissue samples were minced and 385 
placed in DMEM (ThermoFisher Scientific, 11995065) containing either 1 mg/mL collagenase 386 
type 1 (ThermoFisher Scientific, 17100017) for adipose fat or 2 mg/mL collagenase type 2 387 
(ThermoFisher Scientific, 17101015) for lung samples. These were then incubated in a 37°C 388 
water bath for 1 hour and briefly vortexed every 10 minutes. Next, samples were passed 389 
through a 70µM filter and centrifuged at 2600 x g for 8 mins at 4 C, and the cell pellet was taken 390 
for antibody staining.  391 
 Blood samples were collected by submandibular bleed and red blood cells were 392 
depleted by magnetic-activated cell sorting (MACS) with anti-Ter-119 MicroBeads (Miltenyi 393 
Biotech, 130-049-901) following the manufacturer’s protocol. Cells were pelleted and washed 394 
with HMI-9 media.  395 
 All samples, both blood and tissues, were stained with Zombie Aqua™ dye at 1:100 in 396 
PBS and washed with PBS following the manufacturer’s protocol (BioLegend, 423101). 397 
Samples were then stained for 10 minutes at 4°C with a rabbit anti-AnTat1.1 polyclonal antibody 398 
diluted 1:15,000 in HMI-9 media and washed once with HMI-9 (antibody courtesy of Jay Bangs). 399 
Then, secondary antibody staining was performed for 10 minutes at 4°C with Anti-Rabbit IgG 400 
conjugated to Alexa Fluor® 488 fluorescent dye (Cell Signaling Technology, 4412S). Finally, 401 
samples were washed with cold PBS and resuspended in PBS for flow cytometry analysis. 402 
Samples were run on a Beckton Dickenson A3 Symphony flow cytometer and analysis was 403 
performed using FlowJo (version 10.6.1).   404 
 405 
 406 
 407 
 408 
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Supplemental Figures 580 

 
Supplemental Figure 1: VSG diversity counts are not biased by the sample's read 
count or parasite count. (A) A comparison of the number of reads successfully aligned in 
a sample and the number of VSGs found. (B) A comparison of the total number of 
parasites and the number of VSGs found in each sample.  
 

 
Supplemental Figure 2: No tissue-specific VSGs or VSG sequence motifs exist. 
Distribution of bitscores across tissue compartments. The similarity of VSGs extracted 
from each tissue as measured by bitscore, a sequence similarity metric normalized to the 
database size, allows for comparing tissue compartments with different numbers of total 
VSGs expressed in each tissue. No statistical significance was found. 
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