
Unraveling the role of Xist in X chromosome inactivation: insights from rabbit 1 
model and deletion analysis of exons and repeat A 2 

Mingming Liang1, Lichao Zhang1, Liangxue Lai1,2,3*, Zhanjun Li1* 3 

1 Key Laboratory of Zoonosis Research, Ministry of Education, Jilin University, 4 

Changchun 130062, China 5 

2 China-New Zealand Joint Laboratory on Biomedicine and Health, CAS Key Laboratory 6 

of Regenerative Biology, Guangdong Provincial Key Laboratory of Stem Cell and 7 

Regenerative Medicine, Centre for Regenerative Medicine and Health, Hong Kong 8 

Institute of Science and Innovation, Guangzhou Institutes of Biomedicine and Health, 9 

Chinese Academy of Sciences, Guangzhou 510530, China. 10 

3 Research Unit of Generation of Large Animal Disease Models, Chinese Academy of 11 

Medical Sciences (2019RU015), Guangzhou, 510530, China. 12 

* Corresponding author. Tel: (86)431-87836176; Fax: (86)431-87980131;  13 

E-mail: lizj_1998@jlu.edu.cn (Zhanjun Li); lai_liangxue@gibh.ac.cn (Liangxue Lai);  14 

 15 
Abstract 16 
X chromosome inactivation (XCI) is a dosage compensation process that aims to equalize 17 
the expression of X-linked genes between males and females. Initiation of XCI relies on 18 
Xist, which is continuously expressed in somatic cells during XCI maintenance. How Xist 19 
impacts XCI maintenance remains unclear, and its functional motifs remain unclear. In this 20 
study, we conducted a comprehensive analysis of the Xist. The results demonstrate that 21 
rabbits serve as an ideal non-primate animal model for investigating the functions of Xist 22 
in vivo. And homozygous knockout of exon 1, exon 6 and repeat A in females resulted in 23 
embryonic lethality. However, X∆ReAX females with Xist expression from the intact X 24 
chromosome, did not display any abnormalities. Interestingly, there were no significant 25 
differences between females with homozygous knockout of exons 2-5 and wild-type 26 
rabbits. This suggests that exons 2, 3, 4, and 5 of Xist are less important for XCI. These 27 
insights provide valuable knowledge about the functional mechanism of Xist. 28 
 29 
Introduction 30 

X chromosome inactivation (XCI) is a dosage compensation mechanism that has 31 
evolved in marsupial and placental mammals to equalize the level of X-linked gene 32 
expression between females (XX) and males (XY) (Lyon, 1961, 1962; Graves, 1996; 33 
Arthold et al, 2011; Morey & Avner, 2011). The initiation of XCI is genetically controlled by 34 
a master regulatory locus named the X-inactivation center (Xic) (Avner & Heard, 2001; 35 
Brockdorff & Duthie, 1998a; Goto & Monk, 1998a; Heard et al, 1997a; Willard, 1996). In 36 
mice and humans, dosage compensation is mediated by a long noncoding RNA (lncRNA) 37 
termed Xist (Brown et al, 1992; Brockdorff et al, 1992), which is up-regulated from one of 38 
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the two X chromosomes. Its RNA accumulates over the inactive X chromosome (Xi) in cis 39 
to trigger gene silencing (Brockdorff & Duthie, 1998b; Heard et al, 1997b; Lyon, 1999). 40 
Once established, XCI is stably inherited upon successive cell divisions in female somatic 41 
cells. Extensive studies have confirmed that Xist is both necessary and sufficient for XCI 42 
(Loda et al, 2022; Pandya-Jones et al, 2020a; Chu et al, 2015).  43 

Since the proposal of XCI by Lyon in 1961 (Lyon, 1961), mouse models have been 44 
widely used to investigate the molecular mechanisms underlying X inactivation (Morey & 45 
Avner, 2011; Avner & Heard, 2001; Brockdorff & Duthie, 1998b; Dossin et al, 2020; Arnold, 46 
2022; Markaki et al, 2021; Yang et al, 2011). In mice, the Xist gene is composed of seven 47 
exons, which are interspersed with repetitive sequences known as repeats A to F 48 
(Brockdorff et al, 1992). These exons and repetitive sequences play crucial roles in the 49 
localization and spreading of Xist RNA along the inactive X chromosome (Xi) (Loda & 50 
Heard, 2019). Repeat A, in particular, has been extensively studied and found to be 51 
essential for Xist-mediated gene silencing. It also facilitates the recruitment of 52 
chromatin-modifying factors through interactions with specific proteins (Brockdorff, 2018; 53 
Bousard et al, 2019a; Carter et al, 2020; Colognori et al, 2020a; Trotman et al, 2020; Lu et 54 
al, 2016; Royce-Tolland et al, 2010; Wutz et al, 2002; Jones et al, 2022; Sarkar et al, 55 
2015). Other repeats, such as B and C, also contribute to Xist-mediated gene silencing 56 
and the establishment of the inactive chromatin state (Pintacuda et al, 2017; Nakamoto et 57 
al, 2020; Bousard et al, 2019b; da Rocha et al, 2014; Colognori et al, 2020b, 2019; Wei et 58 
al, 2021). Repeat E is crucial for the proper localization of Xist RNA on the inactive X 59 
chromosome (Xi) and facilitates gene silencing (Pandya-Jones et al, 2020c; 60 
Ridings-Figueroa et al, 2017; Sunwoo et al, 2017; Smola et al, 2016; Yue et al, 2017; 61 
Cherney et al, 2023; Pandya-Jones et al, 2020b). Studies conducted on mouse embryonic 62 
stem cells have identified the importance of specific exons in XCI. For instance, the 5' 63 
region of Xist plays a critical role in gene silencing (Trotman et al, 2020; Coker et al, 2020), 64 
while exon 4 exhibits a lesser impact on X inactivation (Caparros et al, 2002). In human 65 
cells, different exons, such as exon 5, are vital for maintaining XCI, while exons 2, 3, and 4 66 
are relatively less significant (Lee et al, 2019). These findings have been demonstrated at 67 
the cellular level, which may not fully to mimic the XCI in vivo.  68 

A significant amount of our current understanding of the mechanisms of XCI comes 69 
from studies conducted on mice and in vitro female stem cells (Berletch et al, 2015; Morey 70 
& Avner, 2011; Yamada et al, 2015). Xist, a gene involved in XCI, shows species-specific 71 
differences in its regulation and function. In humans, XIST is expressed on both X 72 
chromosomes, which undergo random XCI during cell differentiation (Briggs et al, 2015; 73 
Okamoto et al, 2011). On the other hand, mice exhibit paternal Xist expression during the 74 
initial stage of X chromosome inactivation, followed by random X chromosome 75 
inactivation during the subsequent stage. Therefore, there are notable differences 76 
between the mechanisms of X inactivation in mice and humans(Okamoto et al, 2011). 77 
Consequently, it is crucial to establish suitable animal models for investigating the 78 
functions of XIST and studying the mechanisms of XCI. 79 

According to a study by Okamoto et al. published in Nature, rabbits exhibit a similar 80 
XCI mechanism to humans during early embryogenesis(Okamoto et al, 2011). Both 81 
species undergo random X chromosome inactivation in both stages of XIST expression. 82 
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In contrast, the house mouse displays paternal Xist expression during the initial stage of X 83 
chromosome inactivation, followed by random X chromosome inactivation during the 84 
subsequent stage (Fig 1D). These findings highlight the differences in the XCI mechanism 85 
in regulating Xist expression in mice and humans, and the rabbit would be an ideal animal 86 
model for studying XCI. 87 

In this study, we conducted a comprehensive phylogenetic analysis which revealed a 88 
close relationship between rabbits and primates, and also showed that human XIST 89 
exhibited a higher sequence homology to rabbits than mice, suggest that rabbits would be 90 
an ideal animal model for studying the XCI mechanism. In addition, the functional of Xist 91 
RNA transcript was determined by deleting exon 1-6 and repeat A of rabbit Xist using 92 
CRISPR/Cas9. Overall, these findings contribute to a deeper understanding of the 93 
functional mechanisms underlying Xist-induced XCI in animal level. 94 
Results 95 
Rabbits are the ideal non-primate animal model for studying Xist in vivo. 96 

To investigate the functional role of Xist, we conducted a phylogenetic analysis using 97 
Molecular Evolutionary Genetics Analysis software (MEGA11) and employed the 98 
maximum composite likelihood method with 1000 bootstrap replicates (Tamura et al, 99 
2021). Reference sequences of the Xist gene were obtained from the NCBI database 100 
(Sayers et al, 2021). The phylogenetic tree analysis of the XIST/Xist gene demonstrated a 101 
close relationship between rabbit species and humans, while excluding non-human 102 
primates (Fig 1A). The three species, namely pigs, cows, and sheep, belong to the same 103 
sister branch in the taxonomic status of the evolutionary tree, indicating a close 104 
evolutionary relationship. The results revealed that rabbits and primates are part of the 105 
same main branch of the phylogenetic tree, indicating a closer relationship of the 106 
XIST/Xist gene between rabbits and primates. This finding positions rabbits as an ideal 107 
non-primate animal model for studying Xist in vivo.  108 

Additionally, we conducted a comparative analysis of Xist DNA sequence homology 109 
across various non-primate species. The results demonstrated that rabbits exhibited the 110 
highest overall score and sequence coverage, scoring a total of 17048 and achieving a 111 
coverage score of 94%. In comparison, the house mouse, which is a classic animal model, 112 
showed a total score of 4443 and a coverage of 40%, indicating a low overall DNA 113 
homology to human Xist, suggesting the higher homology of rabbit Xist to humans (Fig 114 
1B). To further assess the similarity of Xist sequences between house mouse, rabbit and 115 
human, we conducted a Dot-Plot analysis (Madeira et al, 2022). Consistent results were 116 
observed across different window sizes and thresholds, confirming that rabbits have 117 
higher sequence similarity to humans than to mice (Fig 1C). 118 

In addition, rabbits exhibit a similar XCI mechanism to humans during early 119 
embryogenesis(Okamoto et al, 2011). Humans and rabbits undergo random X 120 
chromosome inactivation in both stages of XIST expression. In contrast, mice display 121 
paternal Xist expression during the initial stage of X chromosome inactivation, followed by 122 
random X chromosome inactivation during the subsequent stage (Fig 1D).  123 

Then, we conducted a comparative analysis to assess the homology of exons among 124 
mice, rabbits, and humans XIST/Xist (Figs 1F and EV2A). The results showed that 125 
humans XIST exon 1 had a higher homology of 77.07% with rabbits Xist exon 1, 126 
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compared to the 67.28% homology observed with mice Xist exon 1. Interestingly, we did 127 
not find any homologous sequence of humans XIST exon 2 in both mice and rabbits. On 128 
the other hand, humans XIST exon 3 showed a homology of 76.80% with rabbits Xist 129 
exon 2, but no homologous sequence was detected in the mice. Furthermore, humans 130 
XIST exon 4 had a higher homology of 91.46% with rabbits Xist exon 3, compared to 131 
79.80% homology with mice Xist exon 4. Additionally, humans XIST exon 5 demonstrated 132 
homologies of 74.59% and 74.42% with mice Xist exon 6 and rabbits Xist exon 5, 133 
respectively. Similarly, humans XIST exon 6 showed homologies of 70.85% and 70.13% 134 
with mice Xist exon 7 and rabbits Xist exon 6, respectively.  135 

Besides, we also conducted a comparison of the similarity of other repeat sequences 136 
on the Xist loci of human, mouse, and rabbit (Fig EV1A). We first evaluated the homology 137 
of the different repeat sequences and found that the homology between rabbit repeat F 138 
and human repeat F was 85.71%. However, there was no corresponding homologous 139 
sequence of human repeat F in mice. Similarly, the homology between rabbit repeat C 140 
and human repeat C was 76.47%, but no corresponding homologous sequence was 141 
found in mice. The homology between rabbit repeat D and human repeat D was 72.77%, 142 
while mouse repeat D exhibited 79.12% homology to its human counterpart. Rabbit repeat 143 
E exhibited a 71.23% homology to the human sequence, while no corresponding 144 
homologous sequence was found in the mouse (Fig EV1B). Furthermore, we compared 145 
the motif similarity of the different repeat sequences and observed that the rabbit repeats 146 
were more similar to human repeats in terms of length (Fig EV1C). Notably, repeat B 147 
contained repeat units “enriched in cytosine bases”, and repeat E showed greater 148 
similarity between rabbit and human sequences, whereas the mouse sequence 149 
exclusively consisted of repeat units “enriched in thymine bases”. 150 

In summary, these findings solidify the importance of rabbits as an invaluable model 151 
for understanding the functions of Xist. To generate cloned animals, we co-injected Cas9 152 
mRNA and sgRNA into one-cell stage embryos and transferred them into surrogate 153 
mother rabbits (Figs 1E and EV2B). We utilized CRISPR/Cas9 technology to disrupt the 154 
exon sequences of Xist in rabbits (Sui et al, 2016; Yao et al, 2020), specifically targeting 155 
exons 1-6 and repeat A, to investigate the functional role of the Xist (Fig 1G). 156 

Deletion of exon 1 in female rabbits does not survive 157 
Sequence homology analysis was performed on Xist exon 1 in mice, humans, and 158 

rabbits using the NCBI BLAST service. The coverage rate of rabbit Xist exon 1 was 159 
determined to be 95% when compared to the human XIST sequence, which was 160 
significantly higher than the 41% observed in mice. Moreover, the percentage identity 161 
between rabbit Xist exon 1 and human XIST exon 1 was found to be 77.07%, while the 162 
percentage identity between mice and humans was 67.28% (Fig 2A). Dot-Plot analysis 163 
confirmed that rabbit Xist exon 1 exhibited higher homology to human compared to mouse 164 
(Fig 2B). 165 

To generate knock-out rabbits using CRISPR/Cas9 technology, we designed four 166 
single-guide RNAs (sgRNAs) targeting exon 1 of Xist. Genotyping was performed through 167 
PCR using four sets of primers specifically designed to target certain genes, including the 168 
Sry gene, which is exclusively present in males, and the Sanger sequencing was 169 
conducted to confirm the genotyping results (Fig 2C and D). No homozygous knockout 170 
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female rabbits were identified among the genotyping results of the founder animals (Fig 171 
2F). However, we were able to successfully obtain a hemizygous knockout male rabbit, 172 
referred to as #5 (Fig 2E). Regrettably, this male rabbit showed developmental delays (Fig 173 
2G) and eventually succumbed at 25 weeks (Fig 2H). Upon examination of the deceased 174 
individual's myocardium, a loose arrangement of cardiac fibers (Fig 2I) was observed in 175 
the #5 rabbit.  176 

Given the consistent challenges encountered in obtaining homozygous knockout 177 
female individuals, we hypothesized that the X∆Ex1X∆Ex1 homozygous mutant females 178 
could be generated but would die early in embryogenesis. To investigate this possibility, 179 
we conducted an embryonic-level investigation by employing a fibroblast injection method 180 
to introduce sgRNA and Cas9 RNA into zygotes. After a week-long incubation period, 181 
genotyping was performed using PCR and Sanger sequencing. Remarkably, the results 182 
revealed successful large-scale deletions at the embryonic level (Fig EV2C and D). The 183 
results showed that the X∆Ex1X∆Ex1 homozygous mutant females can be generated but 184 
perish early in embryogenesis.  185 

Deletion of Xist repeat A in rabbits results in embryonic lethality. 186 
To investigate the impact of Xist repeat A on individual development, we conducted a 187 

comparative analysis of sequence homology in mice, humans, and rabbits. Interestingly, 188 
our findings showed a higher level of homology (78.44%) between rabbit and human 189 
repeat A sequences, while the homology between mouse and human sequences was 190 
67.48% (Fig 3A), and the sequence of rabbit repeat A bore a closer resemblance to the 191 
human (Fig EV3A), which was also confirmed by using Dot-Plot analysis (Fig 3B). In 192 
addition, the more similar of repeat motifs were determined in rabbit and human (Figs 3C 193 
and EV3B). Furthermore, the consistent major stem-loop structures in both rabbit and 194 
human repeat A, but the mouse sequence showed discrepancies (Fig 3D). Specifically, 195 
the RNA hairpin in rabbit and human sequences consisted of 12 nucleotides is AUCG 196 
tetraloop, whereas AWCG tetraloop in mice. These results clearly demonstrate that the 197 
rabbit Xist repeat A sequence is more similar to the human sequence. Subsequently, two 198 
pairs of single guide RNAs (sgRNAs) were designed to target and delete the Xist repeat A. 199 
The genotyping was determined by performing PCR, and the results were further 200 
confirmed through Sanger sequencing (Fig 3E). Then the homozygote knockout Xist 201 
repeat A (X∆ReAX∆ReA) females were generated by backcross breeding (Figs 3F and EV3C). 202 
However, despite multiple attempts, we were unable to generate X∆ReAX∆ReA female 203 
rabbits (Figs 3F and EV3D). Anatomical data showed that at rabbit embryonic day 12 (E12) 204 
we only obtained X∆ReAX, X∆ReAY, XY embryos and no X∆ReAX∆ReA embryos, indicating that 205 
X∆ReAX∆ReA could not survive to E12. (Fig 3G). 206 

However, there are no significant differences were observed in the body weight (Fig 207 
3H) and survival rates (Fig 3I) and X-linked gene expression levels (Fig 3J) of X∆ReAX 208 
females compared to the WT rabbits. In addition, the normal development of the heart, 209 
liver, spleen, lungs and kidneys in X∆ReAX females was comparable to that of WT rabbits 210 
(Fig 3K). 211 

The RT-PCR results indicated that Xist expression was observed in X∆ReAX rabbits, 212 
which is consistent with Xist expression in WT rabbits (Fig 3L). These findings suggest 213 
that the Xist repeat A is transcribed from the complete X chromosome (Fig 3M). 214 
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Additionally, the average number of offspring in the X∆ReAX female and X∆ReAY male 215 
cross-group (6.091 offspring) was lower than that in the WT group (7.118 offspring), 216 
further supporting the results that embryos lacking Xist repeat A function do not survive 217 
(Fig 3N). 218 

Deletions of Xist exon 2 in rabbits are viable and develop normally 219 
It is shown that there no homologous sequence of human XIST exon 3 in mice. 220 

However, there is a higher homology (76.80%) between rabbit Xist exon 2 and human 221 
XIST exon 3 (Fig 4A), which was also confirmed by Dot plot analysis (Fig EV4A). Thus, 222 
the deletions of Xist exon 2 in rabbits were used to mimic the function of XIST exon 3 in 223 
humans. 224 

Seven founder (F0) pups were identified through Sanger sequencing and a chimeric 225 
male with exon 2 deletion was obtained (Fig 4B and C). Through subsequent 226 
backcrossing, we successfully obtained female homozygous knockout rabbits (Ex2-/-) in 227 
the F2 generation (Figs 4D and EV4B). And the RT-PCR results demonstrated the 228 
absence of exon 2 sequence in the expressed Xist RNA of the rabbits (Fig 4H). 229 
Importantly, there were no significant differences observed in terms of body weight (Fig 230 
4E), survival rates (Fig 4F), reproductive efficiency (Fig 4G) and X-linked gene expression 231 
(Fig 4I) between the Ex2-/- and WT rabbits. These findings indicate normal growth and 232 
development of the Ex2-/- rabbits.  233 

Deletions of Xist exon 3 in rabbits are viable and develop normally 234 
Sequence homology analysis results revealed a sequence homology of rabbit Xist 235 

exon 3 vs. human XIST exon 4 was 79.80% and a coverage of 94%, which was 236 
significantly higher than the 76.80% and 89% observed in human exon 4 vs. mouse Xist 237 
exon 4 (Figs 5A and EV4C). These findings were also confirmed by Dot plot analysis (Fig 238 
5B). Thus, the deletions of Xist exon 3 in rabbits were used to mimic the function of XIST 239 
exon 4 in humans. 240 

The founder (F0) pups were identified through Sanger sequencing and a male 241 
chimeric rabbit with exon 3 knockout and a single knockout female rabbit was obtained 242 
(Fig 5C and D). Through subsequent breeding, we successfully obtained female 243 
homozygous knockout rabbits (Ex3-/-) in the F1 generation (Figs 5E and EV4D). And the 244 
RT-PCR results demonstrated the absence of exon 3 sequence in the expressed Xist 245 
RNA of the rabbits (Fig 5J). Importantly, there were no significant differences observed in 246 
terms of body weight (Fig 5F), survival rates (Fig 5G), reproductive efficiency (Fig 5H) and 247 
X-linked gene expression (Fig 5I) between the Ex3-/- and WT rabbits. These findings 248 
indicate normal growth and development of the Ex3-/- rabbits. 249 

Deletions of Xist exon 4 in rabbits are viable and develop normally 250 
Rabbit Xist exon 4 is the only exon that does not have sequence homology with its 251 

human counterpart. In order to investigate the functionality of rabbit Xist exon 4, we used 252 
a targeted approach involving a pair of sgRNAs to specifically disrupt this exon. The F0 253 
generation rabbits were identified using Sanger sequencing and a male chimeric 254 
individual with a complete knockout of exon 4 and a single knockout female individual 255 
were obtained (Fig 6A and B). Through subsequent breeding, we successfully obtained 256 
female homozygous knockout rabbits (Ex4-/-) in the F1 generation (Figs 6C and EV4E). 257 
And the RT-PCR results demonstrated the absence of exon 4 sequence in the expressed 258 
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Xist RNA of the rabbits (Fig 6G). Importantly, there were no significant differences 259 
observed in terms of body weight (Fig 6D), survival rates (Fig 6E), reproductive efficiency 260 
(Fig 6F) and X-linked gene expression (Fig 6H) between the Ex4-/- and WT rabbits. These 261 
findings indicate normal growth and development of the Ex4-/- rabbits. 262 

Deletions of Xist exon 5 in rabbits are viable and develop normally 263 
Sequence homology analysis results revealed a sequence homology of rabbit Xist 264 

exon 5 vs. human XIST exon 5 was 74.42% and a coverage of 100%, which was 265 
significantly higher than the 74.59% and 78% observed in human exon 5 vs. mouse Xist 266 
exon 6 (Figs 7A and EV4F). These findings were also confirmed by Dot plot analysis (Fig 267 
7B). Thus, the deletions of Xist exon 5 in rabbits were used to mimic the function of XIST 268 
exon 5 in humans. 269 

The founder (F0) pups were identified through Sanger sequencing and homozygous 270 
exon 5 knockout male and female rabbits were obtained (Fig 7C and D). Subsequent 271 
breeding led to the generation of F1 rabbits (Fig 7E). And the RT-PCR results 272 
demonstrated the absence of exon 5 sequence in the expressed Xist RNA of the rabbits 273 
(Fig 7I). Importantly, there were no significant differences observed in terms of 274 
reproductive efficiency (Fig 7F), body weight (Fig 7G), survival rates (Fig 7H) and X-linked 275 
gene expression (Fig 7J) between the Ex5-/- and WT rabbits. These findings indicate 276 
normal growth and development of the Ex5-/- rabbits.  277 

Deletion of Xist exon 6 in rabbits results in embryonic lethality 278 
The results of the sequence homology analysis showed that there was a 70.13% 279 

sequence homology between rabbit Xist exon 6 and human XIST exon 6, with a coverage 280 
of 95%. This was significantly higher compared to the 70.85% sequence homology and 39% 281 
coverage observed between human exon 6 and mouse Xist exon 7 (Fig 8A). These 282 
findings were also confirmed by Dot plot analysis (Fig 8B). Thus, the deletions of Xist exon 283 
6 in rabbits were used to mimic the function of XIST exon 6 in humans. 284 

To disrupt the function of Xist exon 6 in rabbits, we designed two pairs of sgRNAs 285 
targeting Xist exon 6 (Fig 8C). The F0 generation rabbits were subsequently confirmed 286 
through PCR and Sanger sequencing. Surprisingly, no Xist exon 6 knockout animals were 287 
obtained from pregnant females (Fig 8D and E), indicating that the absence of exon 6 288 
resulted in non-viability. Additionally, statistical analysis of offspring production revealed a 289 
reduced number of offspring from pregnant females compared to WT rabbits (Fig 8F). 290 

To further characterize the lethal stage of early embryonic development, we injected 291 
Cas9 mRNA and sgRNA into fertilized zygotes. Surprisingly, we were able to successfully 292 
knockout rabbit Xist exon 6 in early-stage embryos (Figs 8G and EV4G). However, our 293 
results revealed that the cloned embryos had a significantly lower blastocyst rate 294 
(13.3±0.9%) compared to the control group (74.7±5.4%). These findings provide 295 
conclusive evidence that the deletion of Xist exon 6 leads to embryonic lethality in rabbits, 296 
hindering proper development.  297 
Discussion 298 

Xist is continuously expressed in female somatic cells to maintain the state of X 299 
chromosome inactivation (XCI) (Yang et al, 2022). Previous studies investigating the 300 
major functional domains of Xist have primarily relied on mouse models and cellular-level 301 
experiments. However, it is important to note that mice displays paternal Xist expression 302 
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during the initial stage of X chromosome inactivation, followed by random X chromosome 303 
inactivation during the subsequent stage, which differs significantly from the random XCI 304 
mechanism observed in humans (Balaton et al, 2021; Goto & Monk, 1998b). Therefore, 305 
the consistency of cellular-level results in vivo remains uncertain. At the cellular level, 306 
numerous studies have suggested that repeat A recruits chromatin silencing factors to 307 
establish gene silencing on the X chromosome. Deletion of repeat A has been found to 308 
result in X chromosome silencing failure (Trotman et al, 2020; Colognori et al, 2020a; 309 
Coker et al, 2020; Sakata et al, 2017; Brockdorff, 2017). However, the implications of this 310 
finding in vivo remain unknown. In our study, we conducted a deletion of repeat A in 311 
rabbits and observed that individuals who were homozygous for the deletion exhibited 312 
embryonic lethality and were unable to develop. Interestingly, individuals who were 313 
heterozygous and had the repeat A deletion transcribed the Xist gene from the intact X 314 
chromosome and showed no phenotypic differences compared to individuals with the 315 
wild-type genotype. When we analyzed the reproductive quantities in the offspring, we 316 
found that there was a lower number compared to the control group, suggesting that 317 
X∆ReAX∆ReA may lead to embryonic lethality. These findings indicate that repeat A plays a 318 
crucial role in establishing X-chromosome inactivation and female development. 319 

Deletion of the 5' conserved region of Xist, which includes exon 1, in mice revealed 320 
that female mice lacking Xist RNA were able to develop and survive until birth (Yang et al, 321 
2016). However, there was a lower frequency of female births and they had a smaller size 322 
at birth, although most organ development was normal. In our study, when exon 1 was 323 
deleted in rabbits, it led to delayed development and premature death in males. 324 
Histological analysis further revealed impaired heart development. Deletion of Xist exon 1 325 
had an impact on male development and led to decreased birth rates. Moreover, females 326 
were found to be incapable of surviving, indicating the crucial role of exon 1 in the process 327 
of X-chromosome inactivation in females. Specifically, the deletion of exon 1 hindered 328 
both the development and survival of females. 329 

The functionality of regions other than Xist repeat A is currently poorly understood. 330 
According to a few reports, repeat B and C play a critical role in recruiting epigenetic 331 
modifier proteins to maintain the epigenetic state of XCI (Wei et al, 2021), while repeat E 332 
is essential for Xist localization and gene silencing (Cherney et al, 2023). However, the 333 
functions of other regions are still unknown. In a previous study, it was suggested that 334 
XIST exon 5 is crucial for maintaining XCI status in human K562 cells, while exons 2, 3, 335 
and 4 seem to be dispensable (Lee et al, 2019). However, the implications of these 336 
findings in vivo remain unknown. The results of the study indicate that rabbits lacking 337 
these exons can be born and survive normally, showing no significant differences in body 338 
weight, survival rate, or X-linked gene expression compared to WT individuals. This 339 
suggests that these exons may not be necessary for normal functioning in living 340 
organisms. Moreover, the previously emphasized importance of exon 5 in maintaining XCI 341 
status at the cellular level seems to have little significance in vivo. Additionally, the 342 
functional role of Xist exon 6 remains unknown. Our study found that the deletion of exon 343 
6 in living organisms led to a lower rate of embryo blastocysts and the absence of 344 
offspring lacking exon 6. These findings demonstrate the vital and essential role of Xist 345 
exon 6 in embryonic development and individual survival. In conclusion, our study 346 
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comprehensively elucidated the functional roles of Xist exons and repeat A in vivo, 347 
enhancing our understanding of the functional landscape of different regions within Xist 348 
and offering new insights into the functional mechanisms of Xist in X chromosome 349 
inactivation. 350 

 351 
 352 
 353 

Materials and Methods 354 
Animals care and use 355 
The Institutional Animal Care and Use Committee of Jilin University approved all animal 356 
experiments. New Zealand White rabbits were obtained from the Laboratory Animal 357 
Centre of Jilin University (Changchun, China). All animal experiments were conducted by 358 
the guidelines for animal experiments of the Laboratory Animal Center of Jilin University. 359 
Plasmid design and construction 360 
Eleven pairs of sgRNAs were designed to knock out Xist different regions according to the 361 
previous description(Liu et al, 2018), which were cloned into the BbsI-linearized 362 
pUC57-T7-gRNA vector. Then, sgRNAs were amplified using PCR with T7 primers 363 
(T7-Fwd: 5‘-GAA ATT AAT ACG ACT CAC TAT A-3’ and T7-Rev: 5‘-AAA AAA AGC ACC 364 
GAC TCG GTG CCA C-3’) and in vitro transcribe using the MAXIscript T7 kit (Invitrogen) 365 
and purified with a miRNeasy mini kit (QIAGEN) according to the manufacturer’s 366 
instructions. To produce SpCas9 mRNA, the PCS2+ Cas9 (Plasmid #122948) plasmid 367 
was linearized with NotI restriction digestion and used as a template to in vitro transcribe 368 
mRNAs using mMESSAGE mMACHINE SP6 Transcription Kit (Invitrogen) and then Cas9 369 
mRNAs were purified with a miRNeasy mini kit (QIAGEN) according to the manufacturer’s 370 
instructions. All sgRNA sequences are listed in Appendix Table 1. 371 
Microinjection of rabbit zygotes 372 
The protocol for sgRNA/Cas9 mRNA microinjection into pronuclear stage embryos is 373 
described in detail in our previously published study (Song et al, 2016). Briefly, A mixture 374 
of Cas9 mRNA (200 ng/ul) and sgRNA (50 ng/ul) was co-injected into the cytoplasm of 375 
pronuclear stage zygotes. Finally, 40-50 injected zygotes were transferred into the oviduct 376 
of recipient rabbits. 377 
Single-embryo and rabbit genotyping by PCR  378 
The injected sgRNA/Cas9 mRNA zygotes were cultured for 4 days and then collected for 379 
genotyping analysis. Embryos were incubated in lysis buffer at 50℃ for 20 min and 90℃ 380 
for 5 min in a PCR machine. Genomic DNA was extracted from newborn rabbits for PCR 381 
genotyping and subjected to Sanger sequencing and T-A cloning. All primers are listed in 382 
Appendix Table 1. 383 
RT-PCR and Quantitative real-time PCR analysis 384 
Tissue RNA was extracted with TRIzol (Invitrogen) according to the manufacturer’s 385 
instructions, and cDNA synthesis was performed on extracted RNA using FastKing cDNA 386 
First Strand Synthesis Kit (TIANGEN, KR116). A QuantStudio 3 Real-Time PCR System 387 
(Thermo Fisher Scientific) was used for quantitative real-time PCR experiments. Three 388 
biological replicates and three technical replicates (3 × 3) were performed for each gene. 389 
GAPDH gene was used as an internal control to normalize expression data. The RT-PCR 390 

.CC-BY-ND 4.0 International licenseavailable under a
(which 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 preprintthis version posted September 22, 2023. ; https://doi.org/10.1101/2023.09.21.558801doi: bioRxiv preprint 

https://doi.org/10.1101/2023.09.21.558801
http://creativecommons.org/licenses/by-nd/4.0/


and qRT-PCR gene-specific primers are listed in Appendix Table 2, 3, respectively.  391 
Hematoxylin and eosin (H&E) staining 392 
The hematoxylin and eosin (H&E) staining was performed according to our published 393 
protocols (Yuan et al, 2017). Briefly, the tissues from WT and mutant rabbits were fixed in 394 
4% paraformaldehyde for 48h, embedded in paraffin wax, and then sectioned for slides. 395 
Then, slides were stained with hematoxylin and eosin, and viewed under a Nikon ts100 396 
microscope. 397 
Statistical analysis of weight and survival 398 
To analyze survival, we conducted regular daily monitoring of the rabbits. The survival 399 
data are from 6 KO rabbits and 6 control rabbits. Body weight was recorded weekly. All 400 
data are expressed as mean ± SEM from at least three determinations in all experiments. 401 
The data were analyzed by Student’s unpaired t-test using GraphPad Prism software. p < 402 
0.05 indicated statistical significance (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001). 403 
Phylogenetic tree construction 404 
For the phylogenetic analysis of lncRNA Xist, all Xist sequences of the different species 405 
were downloaded from the NCBI database. Maximum likelihood phylogenetic trees were 406 
constructed using MEGA with 1000 bootstrap replicates (Felsenstein, 1985; Saitou & Nei, 407 
1987; Tamura et al, 2004). The tree is drawn to scale, with branch lengths (next to the 408 
branches) in the same units as the evolutionary distances used to infer the phylogenetic 409 
tree (Felsenstein, 1985). 410 
Dot plots 411 
To access a sequence similarity, dot plots were generated using EMBOSS dot-matcher 412 
(Madeira et al, 2022). Two different thresholds were used to generate the different dot 413 
plots for clarity of visualization. In this analysis, all positions of the first input sequence 414 
were systematically compared with all positions of the second input sequence using a 415 
specified substitution matrix. The resulting dot plots were generated as a rectangular grid, 416 
with the two sequences serving as the axes. Each dot in the plot represents a position 417 
where a similarity was detected between the corresponding positions of the two 418 
sequences. 419 
Motif analysis 420 
Conserved motifs of each Xist repeat domain were defined using the MEME program 421 
(Bailey et al, 2015). Run with the following non-default parameters: meme sequences.fa 422 
-dna -oc . -nostatus -time 14400 -mod anr -nmotifs 100 -minw 4 -maxw 15 or 12 -objfun 423 
classic -minsites 2 maxsites 600 -revcomp -markov_order 0  424 
RNA secondary structure 425 
The secondary structure graph is created from RNA secondary structure predictions using 426 
ViennaRNA Package (Lorenz et al, 2011). The red circles (bases) represent 90% and 427 
greater confidence with minimum free energy (MFE) and partition function.  428 
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           439 
Figure 1. Comparison of Xist between different species.  440 
(A) Evolutionary relationships of the XIST/Xist gene among Primates, Lagomorpha, 441 
Artiodactyla, and Rodentia. Mammalian phylogeny was estimated using maximum 442 
likelihood from 18 nucleotide sequences. Clades discussed in the text are labeled. 443 
Bootstrap support values ≥88% are indicated at nodes. The scale bar indicates 444 
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evolutionary distance.  445 
(B) Xist sequences were aligned to humans using the NCBI BLAST server.  446 
(C) Dot plot analysis of Xist/XIST cDNA sequences in mouse, rabbit, and human using the 447 
EMBOSS dot-matcher program.  448 
(D) Hypothesis explaining differences in Xist/XIST regulation and XCI initiation observed 449 
in mouse, rabbit, and human embryos, based on previous work (Okamoto et al, 2011).  450 
(E) Schematic diagram illustrating the establishment of a cloned rabbit model using 451 
standard microinjection procedures.  452 
(F) Schematic representation of the sequence homology of Xist/XIST exons across mice, 453 
humans, and rabbits. The percent identity mentioned in the text is indicated.  454 
(G) Schematic representation of the Xist knock-out created in rabbits using CRISPR/Cas9; 455 
the different exons are highlighted in colored boxes, with repeat A highlighted in the red 456 
box. Deleted exons are represented as white boxes.   457 
 458 

 459 
Figure EV1. Characterization of Xist/XIST repeat sequences.  460 
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(A) Comparison of the gene structure and tandem repeats of Xist/XIST in mouse, human, 461 
and rabbit. The core repeat regions are highlighted in different colors.  462 
(B) The BLAST analysis shows the nucleotide sequence homology of Xist/XIST repeat 463 
among mouse, human, and rabbit, as indicated in the table.  464 
(C) Comparison of the top three motifs identified by MEME in Xist/XIST repeat A. The 465 
number of sites and E-value for each motif logo are provided. The length of each repeat is 466 
mentioned in nucleotides (shown in parentheses). All XIST/Xist sequences used in this 467 
study are listed in Appendix Table 4-6.  468 
 469 

 470 
Figure 2. Male rabbit with Xist exon 1 deletion exhibit a loose arrangement of the 471 
myocardial fibers.  472 
(A) The BLAST results of Xist/XIST exon 1 are compared between mouse, human, and 473 
rabbit.  474 
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(B) Dot plot analysis of the Xist/XIST exon 1 sequence in mouse, rabbit, and human.  475 
(C) Target loci and Sanger sequencing results demonstrate the knock-out of Xist exon 1 in 476 
F0 male rabbits. All sgRNA sequences are listed in Appendix Table 1.  477 
(D) Founder rabbits from the F0 generation are identified through agarose gel 478 
electrophoresis.  479 
(E) The gross appearance of rabbits from the F0 generation at day 7 reveals that Xist 480 
exon 1 knock-out rabbits exhibit developmental delay.  481 
(F, left) Schematic for generating heterozygous Xist exon 1 deletants. (Right) Genotype 482 
data for F0; the number of pups for each genotype is listed.  483 
(G) The body weight of male X△Ex1Y F0 rabbit and male littermate controls (n = 4). Error 484 
bars indicate mean ± SEM.  485 
(H) The survival curve for X△Ex1Y and male littermate controls.  486 
(I) H&E staining for cardiac muscle from X△Ex1Y and male control animal. Scale bars, 487 
50um.   488 

 489 
Figure EV2. Characterization of the Xist exon 1 knock-out mutant in the embryo.  490 
(A) Comparison of the gene structure and homology region of exons between mouse, 491 
rabbit, and human Xist/XIST. Exons are marked in dark blue.  492 
(B) Diagram illustrating microinjection in a rabbit embryo.  493 
(C) Identification of the cloned embryo through agarose gel electrophoresis using primers 494 
F3/R3.  495 
(D) Characterization of the Xist exon 1 knock-out mutant in the cloned embryo. Scale bars: 496 
2500bp. All sgRNA sequences are listed in Appendix Table 1.  497 
 498 
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 499 
Figure 3. Xist repeat A homozygous knockout rabbit does not survive.  500 
(A) The BLAST result compares the Xist/XIST repeat A sequences in mouse, human, and 501 
rabbit.  502 
(B) Dot plot analysis illustrates the sequence similarities between mouse, rabbit, and 503 
human Xist/XIST repeat A.  504 
(C) The top motifs identified by MEME in Xist/XIST repeat A are compared, with the 505 
number of sites and E-value displayed below each motif logo.  506 
(D) Secondary structure analysis of Xist/XIST repeat A is presented for human, rabbit, and 507 
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mouse. The total numbers of stem loops in repeat A are listed.  508 
(E) Target loci and Sanger sequencing results provide evidence of Xist repeat A knock-out 509 
in F0 rabbit. All sgRNA sequences are listed in Appendix Table 1.  510 
(F, left) A schematic depicts the process of generating homozygous Xist repeat A 511 
deletants. (Right) Genotype data for F3; the number of pups for each genotype is listed.  512 
(G) Phenotypic comparison of WT and mutant littermates at E12.  513 
(H) Body weight of X△ReAX and WT rabbits. Error bars indicate mean ± SEM.  514 
(I) Survival curve for X△ReAX and WT rabbits.  515 
(J) Expression of X-linked genes in X△ReAX and WT rabbits. Error bars indicate mean ± 516 
SEM.  517 
(K) H&E staining for main organs from X△ReAX and control animal. Scale bars, 100um.  518 
(L) Gene expression analysis by RT-PCR.  519 
(M) A model for Xist-mediated transcriptional silencing across the X chromosome in 520 
X△ReAX rabbits.  521 
(N) Newborn data from cross-breeding between X△ReAX / X△ReAY compared to WT control 522 
(box and whiskers plot, min. to max., all points shown). 523 
 524 

 525 
Figure EV3. Alignment of tandem repeats in Xist repeat A.  526 
(A) Multiple sequence alignment of repeat A in human, rabbit, and mouse.  527 
(B) Alignment of three sets of tandem repeats in rabbit Xist repeat A.  528 
(C) Schematic illustrating the generation of the F1 generation.  529 
(D) Agarose gel electrophoresis result of PCR product in the F3 generation. 530 
 531 
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 532 
Figure 4. Viability of Xist exon 2 knockout rabbits.  533 
(A) Sequence alignment comparing human XIST exon 3 and rabbit Xist exon 2, with 534 
identical bases highlighted on a dark background.  535 
(B) Sanger sequencing results and target loci confirm Xist exon 2 knock-outs in F0 rabbits. 536 
All sgRNA sequences are listed in Appendix Table 1.  537 
(C) Agarose gel electrophoresis result of PCR product in the F0 generation.  538 
(D) Schematic illustrating the generation of the F1 and F2 generations.  539 
(E) Comparison of body weight between KO and WT rabbits, with error bars representing 540 
the mean ± SEM.  541 
(F) Survival curve for KO and WT rabbits. 542 
(G, up) Schematic diagram outlining the breeding strategy employed to generate the F3 543 
generation. Genotype data for F3, along with the number of pups for each genotype, is 544 
provided. (Down) Agarose gel electrophoresis result of PCR product in the F3 generation.  545 
(H, up) The Xist expression was analyzed using RT-PCR. The agarose gel 546 
electrophoresis of the PCR products is presented. (Down) The Sanger sequencing results 547 
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confirmed the findings from the RT-PCR analysis.  548 
(I) The qPCR results of X-linked genes in Ex2+/- and Ex2-/- rabbits are displayed. The error 549 
bars represent the mean ± SEM. 550 
 551 
 552 

 553 
Figure EV4. Sequence alignment and agarose gel electrophoresis results.  554 
(A) Dot plot analysis comparing rabbit Xist exon 2 and human XIST exon 3.  555 
(B) Agarose gel electrophoresis result of the PCR product (Ex2 F1 generation).  556 
(C) Sequence alignment of human XIST exon 4, rabbit Xist exon 3, and mouse Xist exon 557 
4. Identical bases are shown on a dark background.  558 
(D) Agarose gel electrophoresis result of the PCR product (Ex3 F1 generation).  559 
(E) Agarose gel electrophoresis result of the PCR product (Ex4 F1 generation).  560 
(F) Sequence alignment of human XIST exon 5, rabbit Xist exon 5, and mouse Xist exon 6. 561 
Identical bases are shown on a dark background.  562 
(G) Identification of cloned embryo by agarose gel electrophoresis using primers F1/R1, 563 
F2/R2, and F3/R3. 564 
 565 
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 566 
Figure 5. Viability of Xist exon 3 knockout rabbits.  567 
(A) BLAST results comparing human XIST exon 4, rabbit Xist exon 3, and mouse Xist 568 
exon 4.  569 
(B) Dot plot analysis of mouse, rabbit, and human sequences.  570 
(C) Sanger sequencing results and target loci confirm Xist exon 3 knock-outs in F0 rabbits. 571 
All sgRNA sequences are listed in Appendix Table 1.  572 
(D) Agarose gel electrophoresis shows PCR product of F0 generation.  573 
(E) Schematic representation of generating the F1 generation.  574 
(F) Comparison of body weight between KO and WT rabbits. Error bars represent mean ± 575 
SEM.  576 
(G) Survival curve comparing KO and WT rabbits.  577 
(H, left) Schematic diagram illustrating the breeding strategy employed to generate the F2 578 
generation. Genotype data for the F2 generation is provided, listing the number of pups 579 
for each genotype. (Right) Result of agarose gel electrophoresis showing the PCR 580 
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product for the F2 generation.  581 
(I) qPCR result displaying the expression of X-linked genes in Ex3-/- rabbits. Error bars 582 
represent the mean ± SEM.  583 
(J, up) RT-PCR analysis of Xist expression, with agarose gel electrophoresis of the PCR 584 
products shown. (Down) The Sanger sequencing results support the RT-PCR analysis 585 
findings. 586 
 587 

 588 
Figure 6. Viability of Xist exon 4 knockout rabbits.  589 
(A) Sanger sequencing results and target loci confirm Xist exon 4 knockouts in F0 rabbits. 590 
All sgRNA sequences are listed in Appendix Table 1.  591 
(B) Agarose gel electrophoresis shows the PCR product of the F0 generation.  592 
(C) Schematic representation of the generation process of the F1 generation.  593 
(D) Body weight comparison between KO and WT rabbits. Error bars represent mean ± 594 
SEM.  595 
(E) Survival curve for KO and WT rabbits.  596 
(F, up) Breeding strategy schematic for generating the F2 generation. Genotype data and 597 
number of pups for each genotype are provided. (Down) Agarose gel electrophoresis 598 
result of the PCR product from the F2 generation.  599 
(G, up) RT-PCR analysis of Xist expression. Agarose gel electrophoresis shows the PCR 600 
products. (Down) The RTPCR analysis results are supported by Sanger sequencing.  601 
(H) The qPCR result of X-linked genes in Ex4-/- rabbits. Error bars represent mean ± SEM.  602 
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 603 

 604 
Figure 7. Viability of Xist exon 5 knockout rabbits.  605 
(A) BLAST analysis comparing human XIST exon 5, rabbit Xist exon 5, and mouse Xist 606 
exon 6.  607 
(B) Dot plot analysis of mouse, rabbit, and human sequences.  608 
(C) Sanger sequencing results and target loci confirm Xist exon 5 knock-outs in F0 rabbits. 609 
All sgRNA sequences are listed in Appendix Table 1.  610 
(D) Agarose gel electrophoresis result of PCR product in the F0 generation.  611 
(E) Schematic representation of the process for generating the F1 generation.  612 
(F, left) Genotype data for F2 rabbits; the number of pups for each genotype is provided. 613 
(Right) Agarose gel electrophoresis result of PCR product in the F2 generation.  614 
(G) The body weight of KO and WT rabbits. Error bars represent mean ± SEM.  615 
(H) The survival curve for KO and WT rabbits.  616 
(I, up) RT-PCR analysis of the Xist expression. Agarose gel electrophoresis of the PCR 617 
products is shown. (Down) The Sanger sequencing results supported the RTPCR 618 
analysis results.  619 
(J) qPCR result of X-linked genes in Ex5-/- rabbits. Error bars represent mean ± SEM.  620 
 621 
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 622 

 623 
Figure 8. Xist exon 6 knockout rabbits do not survive.  624 
(A) The BLAST result shows the comparison of human XIST exon 6, rabbit Xist exon 6, 625 
and mouse Xist exon 7.  626 
(B) Dot plot analysis illustrates the sequences of mouse, rabbit, and human.  627 
(C) The map indicates the target sites of CRISPR/Cas9 in the Xist loci. All sgRNA 628 
sequences are listed in Appendix Table 1.  629 
(D) A table summarizes the litter size of live-born offspring in different genotypes of the F0 630 
generation.  631 
(E) Representative images of agarose gel electrophoresis display the PCR products from 632 
the F0 generation.  633 
(F) The newborn data from the F0 generation is compared to the WT control using a box 634 
and whiskers plot, showing the minimum to maximum values and t-test results 635 
(P=0.0001).  636 
(G) The target loci and Sanger sequencing results confirm the knock-out of Xist exon 6 in 637 
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rabbit embryos.   638 
 639 
 640 
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Table 1. Summary of sgRNA and primer sequences used in this study 
sgRNA name sgRNA sequence PAM 

Xist-Ex1-sgRNA1 CTCCTCATTTTGCTGGTTAC TGG 
Xist-Ex1-sgRNA2 GTCGGGCCTTCAATCAGCGG GGG 
Xist-Ex1-sgRNA3 GCCACCCATAGAAAAGTGAG AGG 
Xist-Ex1-sgRNA4 TATATATATTGCAGACAAGT TGG 
Xist-ReA-sgRNA1 CAAGCATTTCGAATATTCAT GGG 
Xist-ReA-sgRNA2 GGTTGACTCCTCTGTTTTGG GGG 
Xist-ReA-sgRNA3 CTGTGGGTTGTCGCACTATC TGG 
Xist-ReA-sgRNA4 ACTTTTTGCTGCTGATCGTT TGG 
Xist-Ex2-sgRNA1 ATACCTATGTCTAATGCTTC AGG 
Xist-Ex2-sgRNA2 GTTGGGGTTTGGTATCCTAC TGG 
Xist-Ex2-sgRNA3 GTTGCCAAGCTTACCCTTGT GGG 
Xist-Ex2-sgRNA4 ACTGTCCTTAAAGACCTCTC AGG 
Xist-Ex3-sgRNA1 TTCAACTATTGATGACCCAT TGG 
Xist-Ex3-sgRNA2 AGTTGCTTCCCAGGTTAGTC AGG 
Xist-Ex4-sgRNA1 GCAGTAGGCTTCATGAGTTA GGG 
Xist-Ex4-sgRNA2 TAACTCGTGAAAACATCTCA TGG 
Xist-Ex5-sgRNA1 TCACAGTTTTATAAGCTCCG TGG 
Xist-Ex5-sgRNA2 GGATGTGGTAGTCCCGCTTG AGG 
Xist-Ex6-sgRNA1 ACTTGTAGCAGAATGTCAAG AGG 
Xist-Ex6-sgRNA2 ATTTCCATAAGATCCAGACG AGG 
Xist-Ex6-sgRNA3 TTAGTCATAAAAGTGTTATC AGG 
Xist-Ex6-sgRNA4 TGCTTTGGCCAAAGATACTG AGG 

 
primer name primer sequence 

Ex1-F1 CACCATTATGCAGTTTGTGGAC 
Ex1-R1 GAGGTGTCAAGAAGATATCAGGAA 
Ex1-F2 GTGGAATTGCTGAAGCACATAG 
Ex1-R2 GGCTCAACAACAATCTCAGAAA 
Ex1-F3 TCTCTCCATCCTCTGTTTCTCT 
Ex1-R3 AAACCCATCTCCTTGAACTCTATC 
ReA-F CAGCAGCCATATTTCTACTTCTCC 
ReA-R AAGATGGATAGCGGGCGA 
Ex2-F AGCAGCAACAAGAAGTCCTATAA 
Ex2-R ACTGTCCTTAAAGACCTCTC 
Ex3-F TGATTTCTTGACTGCCACTA 
Ex3-R ATCCCAAGGTGTTGTAATGT 
Ex4-F CTTGAGGCGATGTGGAGAAT 
Ex4-R CTAACAAGCTCTGCTGGTAACT 
Ex5-F CAACTACAGGTGGGACACAAA 
Ex5-R GCCTCTTGACATTCTGCTACA 
Ex6-F1 TCAGACACTCCGGTCTACTT 
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Ex6-R1 ATCACCAACACAGATGCTCTT 
Ex6-F2 ACTGCTTTGAGAACTTGCATTT 
Ex6-R2 CCCAGGATATGGTTGACATTCT 
Ex6-F3 CTATTGGATGGGATGTGGTAGTC 
Ex6-R3 CCCAGGATATGGTTGACATTCT 
SRY-F AGGCATGGAATCCACAATGA 
SRY-R AATGGGTAGTTTACAGGGAGATG 

 
 
Table 2. RTPCR primer sequences 

primer name sequence 
ReA-RTPCR-F CAGCAGCCATATTTCTACTTCTCC 
ReA-RTPCR-R TCGCCCGCTATCCATCTT 
Ex2-RTPCR-F1 GCAGTGGGATAGCTGCCTAGT 
Ex2-RTPCR-R1 GAACTTGAGGTCTCTTGCAGC 
Ex2-RTPCR-F2 CTCTGAGAAGGATGCCGAAAG 
Ex2-RTPCR-R2 CTAGGGATCGTCAAAGGGAATG 
Ex3-RTPCR-F1 GGTCATGAGGTTCAACCAAGATA 
Ex3-RTPCR-R1 TACGTGGCATCCATCAATCAG 
Ex3-RTPCR-F2 TGCAAGTTGCCTGGAGAAA 
Ex3-RTPCR-R2 CTACGTGGCATCCATCAATCA 
Ex4-RTPCR-F1 CTGCCACATTACAACACCTTGG 
Ex4-RTPCR-R1 ACCCAGCTCTTTGCACTGATT 
Ex4-RTPCR-F2 GCAAGAGACCTCAAGTTCAGCAG 
Ex4-RTPCR-R2 GCTACTCTGAAGTGCTACATTGTCAGC 
E5-RTPCR-F1 GCACTTCAGAGTAGCAGAATGA 
E5-RTPCR-R1 TAGCGTATGACCCAGAGAGTAG 
Ex5-RTPCR-F2 CTTGGGATGTCCATGGGATATAA 
Ex5-RTPCR-R2 CACAAGGAAGAAAAAAGACAAAGAGAAA 

 
 
Table 3. qRTPCR primer sequences 

primer name sequence 
Xist-F1 GGGCCCAGATAAGAAGATGAAA 
Xist-R1 GGACATCCCAAGGTGTTGTAA 
Xist-F2 GTTTGCACTACTGGCTCCTT 
Xist-R2 TCAGTCCTCAGGTCTCACATAG 

Gapdh-F ATCCATTCATTGACCTCCACTAC 
Gapdh-R GTACTGGGCACCAGCATCAC 
Pgk1-F CCCTATGCCTGACAAGTATTCC 
Pgk1-R CACAGGCTTTCTCCACTTCT 
Gla-F GCGCTTCCTATGTAACCTTGA 
Gla-R AGTCGTCAATGCAGAGGTATTC 
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Smc1a-F GTCGACAGATTATCGGACCATT 
Smc1a-R CGAAGCTGATAGCATCCATGA 

Atrx-F CTGGCACAGTCATCTGAAGAA 
Atrx-R ATCAGAGTTATTTCCAGAACCACT 

Chic1-F GGCTTGAGCAACAAGTTTGATA 
Chic1-R CATTGACTGGGAGAGCCTTT 

 
Table 4. Sequence of the rabbit Xist locus  
exon 1 
exon 2 
exon 3 
exon 4 
exon 5 
exon 6 
repeat A 
repeat F 
repeat B 
repeat C 
repeat D 
repeat E 
TTTCTACTTCTCCCGAGGTTGGAAGCTCGCTAGCCATAGTTCTTTCTGTACTTATGGT
TCTTTCTGGAACATTTTCCAGTTCCCCCCCAATCGCTTATGGGGCATTTCTTAAGAAA
AATCACCAAAATGACATAAAGGGTTTTAAGAATTCTGTACTTTTTCCTGATATCTTCTTG
ACACCTCCTCCTTATTTTTCAAGCATTTCGAATATTCATGGGCAATTTTTCATTTTTTCA
AGGATTTTTTGCCCTTTGAAATGATTTTTGGTTGACTCCTCTGTTTTGGGGGTTCAGA
TTTCTTTTCTCCTACATTTCCATATTTTGCCCATCGGGGCTATGGATACCTGGTTTTATT
ATTTTTTCTTTGCCCAACAGGGTTCTAGCTACCTGTCTTAATTCCTTTTTTAAAGAAAAT
TAGCCCACCGGGGCTGCGGATACCTGCTTTTAATTTTTTTTTCCTTAGCCCATCGGGG
CCTCGGATACCTGCAGTGCCCCCTTTTGCCCCCCAAATTCTGGCCCATCGGGGCAA
CGGATACCTGTTTTTGTGGTTTTTTTTGTTTTGTTTTGTTTTTGAATTGGCTTTTGGCC
CATCGGGGCCTCGGATACCTGCTTATATTTTTTTTTTTAAATTTTTTGCCCATCAGGGC
CTCGGATACCTGCTCTGATTTTTTTTTTTTTCTGGCCCATCGGGGCCCCGGATACCTG
CTCTGATTTTTTTTTTCCATCGCCCATCGGGGCCTTTCATGGATGAAAATGTGTTGGT
TCTGTGGGTTGTCGCACTATCTGGAATATCTACACTTTTTGCTGCTGATCGTTTGGTG
GTGTGTGAGTGAACCTACGGCTTTGGCAGGGGAATGACTTTGCAGTTAAGCTAAGG
GGGTGTTCAGGCTTTGGAGGAAAAATATCCGCCATTTTAGAGTTGCCTCATAATTTGG
CTGACTAGTCAGTTGTGTTAAATCTAAATTAGGAAAGCAAGATGGATAGCGGGCGAG
GCAGAGGTAGTCATGTGCATTGCACGAGCTAAAGGTAATCGAATCAGCTGACTTGGT
GCTTGTTAGCAGCTTTGCATGAATTGTGGTACTGGGATGCCGGAAAACAAGATTGTC
CTGCAGCAGTACGAGGCGTTAAGTTGAAAATGAGACAGGACTTAAAAGTGCTGGGCT
CAAAATGGCGCTTTTGCCATTGCAGCGTTTCTCAGCATGGCTCCCTGTGCTTTGTTAA
ATCGTCTAAAATGGCGGATTCAGTTCGGCCGCAACGTTAAAGTGGCGGGAAGGCCA
CATCATGATGGGTGGGGTCTTTTTTTGTAATGCGCAGCATGATGGTGGCAGAGTTCG
GTCACACAGTGAAAGATGGCGGCTGAAACCCTTGCCGCAGTGTAAAATATGGCGGG
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CGTCTTTGTCTTTGCCGTGTGCATTTCGTGGCGGGTTTTGCCGCAGGGACAATATGG
CTGACGATATCATGTGGTTATCATGGAGATTTGTCACGTGGACGTCATGGCGCGTTTT
TGCTCGGTAAATTGGCGGGCTTTGCGCAAGGTGGACCTACGGCATTGTTAAAGATGG
CGGGCGTTGCCGCATTTTGCCGGTCAAAGCAGGAGAAAACCGGGTGCTGGATTGC
CGCATGACTTAACCAATCAGAAATGAGGGTGGATTAGGCACAGCCAATTAGCATGGA
GGATGGAATTAGACTGTCGATGCACTGTCCAGTTACTGAGCGAGGATGTGGGTGAGT
TAGCATGGCTCTTTGCAGCTTTCTTTTTTCAGCCAGTCAGGACGAAGAAGTGGAGCG
GCCATGTAGTGTGCCCCTCCCAGTGGGTGGTATTAAAGTTCTTTCCAAGGTCTTTTCA
AGGACATTTGGCCTTTCTACCTCCCTTCCCTCTTGTTTGTCCTCTCCTCTCCAGACAT
GGTCTCTTGCAGTGCTGGATATCTGGCTATGTGGGCTGAACCCCACCCACATTCCTC
TGTATTGATGCAATGGCCTTTGGCTAATCTACTCCCGCCCTGGCCTGTGGTCCTCCC
TGCACTGTGGCCACCGGCAGTGCTCCAGGCCTGCCTGGTGTGGACATGGTGGTGA
GCTGTGGCAAGGACCAGAATGGATCACAGATGATCGAAGGGAAATCCTGCCTTTCTC
AGGAGGAACATCTACCCCGTGGCTAATGCTGGGGTCGGATTTTGATTTATATTATTTTT
TTGGATGTCAGTCTTAATAGTCTGACTATGTGGTTTGCTAGTGTTCCAATTTAAGTCTT
AAGTGACTAGTATAGAAATGTATTTTGTGACTTTTTTAATTTGTAGAATTCATTTTAGTTG
CACTTAATGAGCTTTCATTTTGCATTCCATAGAATTCCTTAAATTTCTCTATAAATTCATA
AACTAGTTTTGGTAGTAGATAGTCAAATTCAAATCATCTGACATTTAAAAACTTTTATTT
CTGATTATGTTCTTTGAAATTGGCTTAACAAACTACTTCCCTTCGAATCTGTCAAGAAT
TTTGTAGCACAGAAACAGTTAATTAAAAAACTTCATGACCAAGAATAATAAAGTATTTGA
AGGTCTTCACACCCACCCAGGCCTTGCTTTATTCCTATACTTGATGCTGCACTAATTG
ATTAATGACCTACCTACCTATCAGGCAGGAAACTTGAATTTCTGTGGTCTTGTGCCCT
CTAATCAGACACATTGTATTGGAGTATTAATGCCTACATTTCAATTTTGTATGGTTTCCT
GCCTCTCCAACCTTGCTCACAGCAACCCCCAAGGGTAGCCCGAGCTATGTCCATGC
CCCAGCCCCAGCCCAGCCCCAGCCCCAGCCCCAGCCCCGTCCCCAGCCCAGTCC
CCAGCCCAGTCCCCAGGCCCAATCCCAGCCCCAGCCCCAGCCCCTGCCCCGACCC
CAGTCCCAGCCCCGGCCCCGGCCCCGGCCCCGGCCCCGGCCCCAGCCCCAGCCC
CCAGCCCCCAGCCCCAGCCCCAGCCCAGAGCTCCCCACTCCAAAACCCAGCCCTA
ACCTCAGTCTTAGCCACTCAGCCAAAGCTTGGCTGCTCCCTAGACCCACTCCAATTT
TCATTTGTTGAGCACTCAATAAGTTGTCCGTTGCTCATCTTATTTTACTGGCATTGATG
ATCTTAAATGCTGACCATCTGAGTTGCCATTTTCAGTTAATGCATACAATTCCTTTTGTC
CATGGTCCTATGTTAAAGACTTCCTGTACTCTGTATGTTAATGTTAAGAAATGTTAACT
GAGAACTTCATATGAGGGAATTATTGCCCATAATTCGAGTTACTCATCAACGTCTCAAT
CCCTTGCCTTTAAGGAAGGAGAAACCTTTCCACTGTCATTGCTGCAGTAGTTGAAGT
CCCGGTTTTCTGAGAAGTGCTCAGTGGTCTTTTCTCATGTACTGTGTTGACCACCTAA
AGCTCTGCATTGAATGAAACTCTAATTTTCCATAATCCTACCCATTGGATTAGATGTTAG
TCCAAACCGCATTTGTATTCAGGGGGAGCAAACAACCCAAGTGTTTTGTGGAACAAT
TAATGTGCTCAATCCCAGGTGTCATAAACTTATCCATTAAACAAAGATACTCTACTGCC
CATCTTGCCCTGCATTTGGAAAGTCCTGCTGTTCTTGAGCAGTTAAAGTACAGTAATT
GTTCATTGTCTTGCCCATTAATCATGAGGACCTCCAATTCTCTTTGTATTTGCCTTGAG
GCAGTGCTAATCACCTGAGACTAGGGTTTTTTCCTCTTCCCAGTAACAAACATCACAA
TTGTCCATATTCCTGTTCTTTACAAATAAGGGCATTTGCAACATTTTTGCACCACAGCA
GAAGTGCTCATTCTCAAAGTCCCTTCTCTTGAAATATGGATGAATACAACTACAGTTGT
ATATTGTCCTAACAAAAGAAACCCACCTATGCTCTTTGCTCCTAGGTTGTGCAACTTG
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CCAACCACTTTGCATTAATATGTAAAACCTTTCTTTCCCATGGCCACATCCTTTAATGTA
GGATGTCCTCTACCTCTATACTATATTGCACTGAGGAGTTGACTACCCGAGATCCCTT
CTCTTAAACAGTTGAAATACATTAATTGCATATCATGTGTGTCTTACACAACAAAAATGT
ATTTGCACCCCATTGTATCTTTTGGGTGTTGTCACTAGGGGGTGCACATTATTCAAGA
ACCCAGCTCTTGGACAGTTAATTTGCAGTTACAGTTGTCCAGAGTGCTATCCACTGAA
GAAGGGCCAATATATCCTGTGTGCATTCTATAATAGTGGGATGATCACCCAAGGTTACT
TTCCTTGAGTTGATGATGCACGTAATTGCATTTGTCTATGATCTTGTGCATTGGCCTCA
TCCACTCCCTTCATTCTGGGAGACCTTTCCTACTCAAGATCTGCACTAGGACAGTTGA
TATGCGCAATTTTAATTTATTAGAATTGAGTCTTTTTAAAAGTCAAAATCCCTGCCACTT
TCTTTGCTTTACATCAAGAGGGTGCTTGATTACCTGAGGCCCCTTGTCTTGATATTGC
TGATATCTCCTGTTATTCTGGGATCCCATCCCCTCAGGCTCCATTTGCATTGCCTTAG
GGGATACTTGGGACTATAAATGTGCATATTGTGATACAAAATAACCCTAGGGTCCCATC
CCTTCACATCTCCTTAGCATAACAACCAGAATGCTGGCTAGCTATGGCTGCCTTTCCT
ATACCATTGGAATGCGCACAATTAATAGCAATCTATTCACCCTCAAATTAGAGCAGGAT
ACCATCTTCTTGCCTAATTTGCATTACTGCAGAGGCTAAGATTTACTCTTTTGAATTGTT
AATCTTATACTTTCAGTCCTGTATTCCTTACCTGTATACCAGGTAAGGACTCCACCCAC
TCTATTTGCATTACAGCAGGAGGTACTTAAAGCCACAGTGCACAATCTTAATTGTTCTC
AACACACACTCAGTTGTCCAGAACTGTCTTTTAGATCAGGACTCCTGTACTTATCAAA
GCAGAGAATGATAACCGACATAAAACCCTCCTTTTGGGTCTGTAGTTGTATATGATTG
CATCTGTCAGTGATCCTTCAAGTTAGACTTGGGACTCTGACTTTTCACACCGTCTTTG
CTTTATTGCATGAGACAGTGTTCACTTAAGGCCCCTTTATTAAACTGTTAATGTAGTTG
CATAATGACAACTACATTAGGATTCTTCCCCTTCAAATTCCCAAAAAAAAGTACTATAG
GAATGCTGACCACTGATGCTTTAATTTGTGGCCTACTAATATAAGTGATGGTATTTGTC
CTTGAGTGCTTATATGCACCAGAGAAGGAAATCCCTCCTCTCCCGTCACCAATTTTAC
CTTGTCTTCAAGCAGGGATGCTGATTCCATAAAATTCTTATGTTTATATAGAAATGGGA
CACAGCTGTAAGTGTGCACAGCCAAGCACCTTGGACATTAACGTGTATAACTGCACG
TGGCTCATCCCATTTAAATAAGATCCTACTATGAGGCTCCTTTTGCAGTACAGCAGAG
GTGCTGATCACCAAGGCCTATATTGGCCTGTTAATGTGGGTGACTGTATTTATCCAGT
TTCTTGTATACTAGACAAGGAAGCCTCCCTTGCTCACCCCTCCCCCACCTTTCCTTTC
CTTTCTAGCACAAATGCCCACTCCATAAATCTTACATTGGGAGAACAAGGTGCACAAT
TGTAAAGAAGCACAGCCATGCACCTTGGATGTTAACGTGCATAACTTCACGTGGCTC
ATCCATTTGAATAAGATCCTACTCCTTTTACAATACAGAAGGATGCTGATCACCAAGGC
CCCACATGTTGGCCTATTACACGGGTGATTATATTTGTTCAATTTTCTGCTTTCTAAAGA
TTTACTTATTTATTTGAAAGGCAGAATTACAGAGAGAGAGATCTTCCATCTGCTGGCTC
ACTCCCTAAAAGGCTGCAACAACCTGGCCTAGGCCAGGCTGAAAGCAGGAGCCAG
GAGCTTCCTCTGGGTCTCCCACATTAGTGCAGAGGCCCAGGGACCTGGGACATCTG
CTGCTTTGCCAGGCATACCAGCAGGAGTTGGAGGGGAAGTGGAGCAGCCGGGTCT
TGAACTGGCACCTATATGGAATGCTGGCACTACAGGCTGTGGCTCTAACCTGCTGTG
CCACAGTGCTGGCCCCCAGTTTCCTGCTTTCTCTAGACAAGAAAGCCTCCCCTGCTC
CATCGCTAACCCCATCTTCCTCTCCCTTGCAGCAGAGGTGTCCATTCCATATGACCAT
TACAGTCAAGGTGCACAATTGTAGTGACCACAACCATGTACCGTGGACATTAATGTAC
ATAAGTGCACAAGGCTCATCCCATTTTGTGGTACAGCAAGAATGCTGATCACTAAGGA
ACCTATTATTGGCCTGTTAAGTGGTTGATTATATTCGTCCAGTTTCCTGTGTGCCAGAA
AAGGCATTTCCCACTGCTCCTCCTGGCCCTCATCTTCCTTTCACTTCCAGTTCTGATG
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CCTAATCCATAAGACATTACATGGGAACAGTCAAGGTGCACAATTGTAAGTGACCAAA
GCCATGGATCTTGGATATCAACGTGCATAACTAACTACATGCGGCTTGTCCCATTTTG
ATTAAGCTCCTACTCTCAGAACCCTTTTGAAGTATAGCAGGGGTGCTGAGAAGTAAG
GCCTGTAACCTTGGCCTGTTATGTGGGTGATTATATTTGTCTGAGTTCCCATGTATTAG
ACGAGGAAACCTACTTCCTTCCACCCTCTGCTGCTCCTAGCGTTTTCCTTCCAGAAG
AAATGTCCACTCCATAAGATCATTACATGTGGGCAGTCTAGTTTCACAATTATAAATGC
CACGACCATGCACCTTGGACATTAATGTTCATAACTGCATGTGGCTCATCCTATTTAAA
TAAGATCCTACTCTCAGGCCCCATATGCAGTACAGCAGGGGTGCTGATTACCAAGGC
CCATATTCTTGGTCTGTTAAATGGGTGATTATAATCTGTGTGCTAGACAAGAAAGTCTT
TCTTGCTCCAACCCCAACCTAATCTTCCTTTCCATATCAGCAAAGATACCTACTCCATA
AAACCATTGAATTTGGACAGTGAAGGTGCACAATTTTAAGTGACCACAATGCACCTTG
GACATTGATGTGTGTAACTGCGTGTGGCTTGTCCTATTTAGATGAGATCCTACTCAGA
CCCCTTTTGCAGTACAGCCGGGGTGCTGATCATCAAGGCCCATGTTCTTGGCCTGTT
ATGTGGGTGACTATATATGAGTTCCCATGTACTTGTTCATATTCCTGTACAGTAGGTAAT
GCTAAGCCCACCTACTACTTTAATATCTTAATGTTTGTACAAAATAAATGGTTTTTACTT
GACCACAACTGGATGCCTTTGACATTAATGTATGTAATCATGACATTGTTCATCCTATTT
GACCAAGATCCTATCCTCTTGCTCTCCATTTACAATGTACCAGGGATGCTGACCTCTA
AGCTCCCTTTTCTTGGTTTGTTAATGCACATAATATATTTGTCTGGGTTCTTGTGCATTA
AACAAGGATAGCCCACCTCTGAGTTCCTATGCCTTTTAATAGGTGGTTTCCACTGACT
CAGACCTTTGAATTTGGACAATTAATATGCATAATTGCAGTTGTCCACATCCCCATTAC
TTCCAAGACCAATGTACCTCCTTTACATTACTGCAGGGGATACTGCCCCCCCCCCCC
CAGATCCCATCTAGTGGATCATGAATGTACATAATTGAAATTTTCTTTTGTCTTTGTCAG
TAGCATATAAAGTCTTATCCCCTCACTTTTCCTTAGTAGTACAGCAAGATGTACTGCTC
AACCAAGGCCCTCTTCGTTTGGCGGGAGTGTTAAGTGCAATTCCATTTTCTCCTGTA
CCCTTCACTAGATAAGGGTCCCATCAACTTCCTTAGCATTTTCAGCAGGTAGTGCTCA
CTACAAAAGAATTTTTATTTGGAAAGCTCACATACATGAACAGTTTGCTAAGTATGTCC
TATACCAGAACTCCTGTAATCTCCCTGCTTTACAGCAGGGGGTGCTATGCACTCAGTG
CCTTGTCTTTTGGATTTAATGTGCATTAATGCAATTGCTCCTCTCTTAGGGTATCACTT
CCTTATACTCCTTTTTTTTTGAATCAGGGGCATATTAACTATGTATTGGCCCCTTTTCCA
TGAATATTAATGTACATAATTGGTCTGTGGACCTATGTGGTAGAAAAGAACCCTATGCT
CCTACCACTGCCTTGTGATTGCAGCTGAGGAGAGCTAACCATAACCTCAGCTCTTGG
GCAATTAATATGCAACAATAACACTTATTGAGAATACGGATTGTCAGATGGAAACCCTG
TACCCTCTTCATTTGTAACAGGGGTGCTGACCAACTGTGACACCTTGAACTATTAACT
TGAATATTTGCACTTGGGCTCCCCCTTTCTGTTAGACTGGAGTAATACACCCTTACATA
ACCTGTGCATTACTTCAGGGTGTGCTGGCCACTCCAAACTTCTCCTTGGACTGTTCA
TGGGCACAATGACAATCAATGGTTCTTTACCTCTTTGAAACCTCTCCTGGGACTGTTA
ATAGGCACAATGGCAATTATCAATGGTTTTTTTCTCTCCCTGGCATTGTTAAACAACAC
TTTCTTTCCCATGGTGCAATAAATTGTAGTATGCCATGCATTTGTCCATCAAAGAACAA
CCTATATTTCCATTCCCAGGTAGCCATGGTCTCACCATCTATGCAAGGTTTTCCCTCTC
CATTGCCCCTTGTGTGCCCTTGGACCCTTCTCATGGACTATTAATGCTCACAGTCCAG
CCATTTGAAAAGATTGTGCTCCTTCTGTCCCATCTGCCCCCACCTGGTCCATTTTGCC
TCTTTTGGTATGTAATGTTGACTGAACAAGGCCCTCTCTCTTCGACTTAAAATGTTAAT
CCCAAATGCCACTGTTTTACCCACTTTGCATTGCTGTAGTGGCTCAGTTGCACTTTCC
TTGGTCCCGCCCATTAGACATGGACCCCTCCCACTTACTTTGCATTGCTTCTGAGCA
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CTGCTGACTACCCAAAGCCCTTTCTGTGTTATTAATGAATGAACACAATACTGATTGTC
CCACTTTGCAGCCTGTCTTTAAGATCTCTCTACCACTTTGATGTGTTTGTGCAGCATT
CATTAACAAAAGCAGGCCTGGAACTATGTGGATGAACCTTCATTTTTTTCCTGCAATT
GCTAATTATTCTGATTTCAATTATTGTCACAATCTGGGTACAGGAGTCATTCCTTCCCA
GCTCTATTATTGCTTTATTGTGCAAAATATTTACAGCACATCAGGCTCAGTGAGCTGAA
ATACCATCCTGTATTTTGGGTATTTAACATATAGTGATCAGTTGATTGGAGGAGAGTTG
TGATTTTCTTTGCATTCTTCTTCCAGAGAAGATTGCCTGGTTAAGAATCTTTCTTTTGT
GTATTGCTGTGGTGCTGTGCCGACTGCTAGGATACAACCAGAAGCGTTGTTAATTGC
TTGTTTTTTAAGAAAGACATCTGGATTACAAGGTGGAATTGATAGGCTGGTCATTAATT
TTTTTAAGCTGAAAAGTCCATTTATACTATGTACTTAATGATCAGTGTCTCTCATTTTAC
CGAGTGTGGTGGGTCTGTGGATAGACCACTGTGACTCTTGTATTATAATTATGGCATT
ACCAAAAGGGTTCTGGAGTGGAGTGGACCTCTTAAGATCAGTATCTTTGGGCTGTAC
TACCATTTTAAAATCAATCCTTGTTTGGTTTTTACCACCATTTGCTTTTAGAAAAATGAT
CTAAATGTTCTAATCCTTCAATTTCTTCATCTGGAGCACCAGCCTCTAATTATTTCAAGA
AGATGGCTATAAAAATGATTAAATGAGAGAACATAATGCTGAGGTGCTTCTGAAAACCA
TAGGTCACCATTTAGTTCTGCTAATAGCTTGAAGCATCACACTGAAGTGAGGACTTAA
CCATAGAAATGATGGGATCAGTTTCCCCATTTTATAAGAAAAATAAGCCATTACCTCAT
CATTCTTCTGAACATAAATCTCAGCAGTGGGATAGCTGCCTAGTAAAAAGGAGTAATAT
CCCGGCCTCTAGTGTACAGTGTCTTATGCCAAAGGAGTATTTAATGTGGAATTGCTGA
AGCACATAGCTAGTCATCACAACAGCAGTTCTTTTTAACCACTGAAAAAGGATACTAT
GACTCTGAGAAGGATGCCGAAAGATCAGCCCAGCCCAGGGTGCAGTTTGCACTACT
GGCTCCTTGGACAGCTGCAAGAAGAGTCTCTGGCTCTTTAAGATTCTGGTCATTCCC
AACTATGTGAGACCTGAGGACTGAGAGCAGCTGCAAGAGACCTCAAGTTCAGCAGA
TCTTTACTTTTGAGACTCCAGACCAGTTCCAACTATTCTAAGTGGATGGCTTGCAAGT
TGCCTGGAGAAAAAGATCTTCCTGGAAGAATAGGCTTGTTGCTTTACAGTGTTAGTGA
CCCATTCCCTTTGACGATCCCTAGGTGGAGATGGGGCATGAGGATCCTCCAGGGGA
AAAGCTCACTAGCACTGGGCAACAACCCTAGGTCATGAGGTTCAACCAAGATACTTC
CTTGGGCCCAGATAAGAAGATGAAATCTGAAAGACAACCACCTTGTGTCAAGGAGAA
CATGGACAACAACTGCCACATTACAACACCTTGGGATGTCCATGGGATATAACACACA
ACAAGCTATTTGAGAAGATAAATAAGAGTTGTAGCTTTTTGCTCTGTGCCTGCTGATT
GATGGATGCCACGTAGCTACGAATTAAAACATGGGAAATGACACAGTTTTCTATCATT
GGGCAAGAACTAAAGGATGAGTTCCCTGTGTCCTCTAGCTCTTGAATGTTCCTTTCAT
GGCTGCCAAATCACCCTTCCCAAAATCAGTGCAAAGAGCTGGGTCTTCCGCAGAATC
AAGAAATTTGAACATGCCAAAAGATGCCTTCCTACCTAAAGATCAACATGCTTGCTGA
CAATGTAGCACTTCAGAGTAGCAGAATGAATGTGTATTTCTCTTTGTCTTTTTTCTTCC
TTGTGCGGCTTTGCTCTTCTCTAAAGTGATTGTTATCCATTTCCATGTTTCTCTTGCTA
ATTTCTTCTATGTGTGCTTTTGCTTCATTTTCTCTTTTTGTCCCTAAGTGTGATCTCTGC
CTTGTATTTGTTGTCTCTCTCTAGTTTGTCCACTTTGTTGCTGTTAACTCTTTGCTCTC
CTACATCTGGCTCTTCTTTCACTATGTCTTCCTTTTGTTTCTACTCTCTGGGTCATACG
CTATGTGCTTTTTTGCCACTTTCTTCTTCTACCTATCTTTCTTTGTCTCTTTGTGACCCT
TCCACTTCGTGTTGGCTTGATGTTTCATGTTTCTCTGATTCTGAGCTCCTTTCTGATGT
TTCTCCTCCTTTTCTTGCATTTCTCTTTTCTACCTTCTCTTTTTGCCCCTCTTGGGCTA
TTTTCTCTCTTTCCTCCTTTGTGTGCCTAAGTGTCTCTTTGCTATTTGTAATTGTCTACC
TCAGCATCAATCTCTGCTTATTTGTGTTTCTTCTCTGCTTTTCCCCTCTCTATTAACCTT
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TGACTCTTTCAGCCTCTATGTTTGCCTCTCTTTGATTTTTATGTAATTTCTCCTTGGATC
TGTCTTTGTGTATGTGGGCATGTGTGCATATATGTGCATGTCATGTGTGATTGAGGGG
GTTCCTAACCCCTTCCCAATAGGTGCAGAATGTCAGCTATCAAAATGAACAGTGTAGA
AGCTGTTTCTTATGCCAAGTTACCTAATGAGATGATCAAGACCAAAACAGCACCCTAA
GATCAGAACTGAAGTAAAACCCAAGACCACAAATGGACAGAAGGTGGAAGGTGCAT
GATGGATAAAAGACGCAAAGTGAAAGACAGATGGTTTAGACCTTGAACCTTGAGGAC
TAAGGTTGAAAATACAAGACCCCAAAAAAGATGAGACCCTCAGGCCTGAAACCAAAC
AGAAACTTTGAAAACTAACATGTACAGAAAGTGGTCTGAGTTGGACAGAAGGCCAAA
GACCCAGGGTGGAGGCTGGAGGCCCAAGAGCTGGAATGGACACATGGGAAGCTTA
AAAACTGAGATGTATAATACAAAGCCTAAGACCAAGTTATAGTTTGAAGACCTAAGGC
CCATGGATGGAAGGCTGCAGACACAAACAACACCCAGGACTCAAGCCACCCCAGAT
GGACAGAAGACCCAAGCGAAACAGTGATCTCCTGACTAAAGGTTGGAAGCTGAAGT
TCCCTTAACCAGAGCCCAGGAGGGGAGAAACCCGGGGAAGTCCCAAGATGAGAAC
CCTAAACCCCAACTCTTTTCTATTGTTGTACCTTCTACTCTTAGATATTTTGAATTTTCT
CCTCCCAATTATCATATTGCCATTAAGCCTGCTTCTTTTGTGATGTCCTTCAGAAAGGA
ATGTGTCTTTAGAGTGGTAATATGCATGGGCCAGTCTTGAGCCAGTTTTTGTTGTAGT
TTTTAGCCATTCATTTTTTTCATTTCTCTTCATGTCTATTCCATTTGAGAGAGACAACAA
AATTCAATCAATATCTAGTCTGGATTTTGGTATTACACTCAGGAGCAAGCATCTGTATA
GGTTATATTGCATTTCTGTCTTCTTTTTTAATCTCAGAAGCCTTGGGCTGATGAGAAGA
CAAAAGCTGTTGTGGTAAAAAGAAGTGCCAGGCTATCTAGAGAAAATGTGAAGAGAT
GCTCTGGCCATTGAGAAGAATTAGACAAGAAATAAACAGATCATACCAGCCTTCTGAA
AAGCACTAGCCAACAGCACCTTCCTTTGAGCTTATCCAGATTTCTGAGATCTGGAACT
TCTAGTAATGGTTACAGATGGGTGATTGCCTGCCCAGAGTGAGGCTTACACTCCCAG
CTCATTGTAAAGGCCAGATAATTTGGTGGACCACACAAACCCTATTTCTGAGTTTAAC
ATCCACTTGTAGGTTTAAAGATGACAGAACATGAGATGATATAATGGTTTAATCCTTTG
CTTGATCACTAATTCTCCCCCTTTTGTGAAGGAAGTTGATGTAAATGATTGATAATGTG
TTTTTAAACACTGTAAAACACAAGACAAAAACAAGCAAGGCAACCTCATTAATAGCATA
TTGGCAGTCACAGACAATTAACATTTAAAAATACAGTGCCTCTTGTGAAGCATTATGTA
AATGCTCATCACACATTTTCTCTGAGGTCAGATCTTAAATATTTAGGTTTTTGGGGCCA
TAAGCTCTCAGCATGTTTTTTTTTTACACAACCTTTTTAAAAGGTAAGAACCATTCCTA
CCTTGTGAGCCAAGTGGATTTGATCTGCAGTTCAAAGTTTACCAACTTCTGTTGTAAA
TGCCATAGAATATTTCTGAATATTATTTCCTTTTCTGTTTGTGTCCTTGTGCTAGTCTCT
AAGGATGTGTGGTCATATCCTGGTGACTTGTAGAAAAGTGTGTGAATATGTTTTATAAA
CTTCTTTGAAGCACTGCCAAAAACTTAAGAGTTTCAGTATTGATGAGTGAATATTGGCT
GCCTATTCTGTGAATCCTGTGCTAAGCATTGGAGATACAAAGATTTAAAGCAGCATGA
ATAAAAAAGTGCTTTTTCAAAAGAATGTAGTACTACATAGTACTATGCAGACATAAGACA
TTAAGTTTTGGATAAATGAAGAATTTGTATAGTTGTGTTTCTGTTGCTCTTTTGATTTTG
AGTAAAAGTTCAGTATTCTAGGCAACAGAAAGCACATGGACATGGCTTTTAAACTATAA
ACTATACTACAAACAAACGGGATTAACCTACCGTGATCCTCTACATTGTGGCAAATATG
CTGGAGGAGTCTTCTCACAGACTAAAAGTTTCAGAAAGGAAGTGCCTATTAAAGTGC
TTTGCAAACTAAAGCACTATACAAAATATCAGTGAGCTACATGTTTATGAATGAATGAA
CATTAACTACTTCTTACATACCCAGTATTGTTTTGGGCACTAAAACGCCCAAAATAAGT
TTTCCCAAGTGATTCTCTCATGTAGTAAAAATTTAGACACAAGGAATAAGATATCAATT
GATCTAATCAATAAAGACTTTCCCGGTGAGATTGAGTTAAATTATTGCTGATATGTTTTC
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CATACTAATGGAACGTAATGAATGTGAATGAGATTTCTAAACTACAAAATGCTATGTAAT
TTGAAGACTTCAGATGTTTCTGTATGAATAAAACGTTCCACAAGATAGGCATTGTTTCT
ACAAAACTCTCATTTGTGTTTGAACCACAAGGAGAAAGATAGTTACACAAACTAAGGG
CTTAAATACTTACTAAAGGAATGATTCCATGTCAAATTGCTTATTGTGTGAACTCACTGT
TACAGGCAGTGAGGAAATACAGTTTTGTATTCAATTGTGCCTGCAGCTGAGAATAAGG
CAGTACATACGTTAGCATTTTGTGAGGTCTAAAGCACCATAAAAATGTTACTATGGAGT
TTATTTCTCACCTGGTGCTGAATACTAGGTTTATAAAAATTAAATCACAGTTATTATACTA
TGCAAATAAAGCAGAAAAGTTGACTGAGGATTGAACATGCTAAATATAATATGTAAAGT
GTTCAATGTCTTATGAATGCAGAGTGGATAGTAATAATTTAATATACACCAGTCTCCTTT
GCAAGGCATTGAGGATGCAAAGATAAACCATCTTTTTATCTAAAAAAAGATTTTATTTAT
TTGAAAGGCAAGGAAATAGAGATCTTCCACCCACTGGTTTATTCCCCAAATGGCCAC
ACTGCTGGGTCTAGGCCAGGGCCAGGCTGAAGCCAGGAGCCAGGAGCCAGGAACT
CCATCTGATTCTCCCACGTGGGTGGCAGGGGCCCAAGTACTTGGGCTATCTTCTGCT
GCCTTCCCAGGCACATTAGCAGGAAGCCAGATTGGAAACTGAGCAGCCGGAACTTA
AAATGGAGCTCATGTAGAATGCTAGCGTTGCAGGTGGAGGCTTAACCAGCTGTGCCA
CAACGCCAGCCCCAAAGATAAAACCATCTTTATTGTGTCCTGGGTAGCAGAGGAATG
TGTATGAAAATAATGTCATTTATAAAAGGCTATGTGTACATTAGCAAAATTTGCTAAATG
AATACTCTTTACTATTATCCCTAGACATAGTAACTGGGGTTACAAGAATTCATTGCCAAT
ATTATTGAAGCTGCAATGGAGATCTCTATGTAATTCACAAAGCCTACAGTTCTATAAAG
ATAGGAATTAACTGTTGGCTTAATGAATACAGATTACTTTCTGTGAAGCTCAGAATTGC
ATATCCTATTATGTAAAAATGAACTTACCATTGTGTGATCTCACAGGAGGAAATAAAATA
ATAGTTGTGAGATCTGGAGCAGAAGTTACTTAACTACTAAAAAACTTATTTGATGATGA
TGATGAAAACATGGGGAAAAAGGATTTGTGTAAGGCTGTGGTAATGCTGAATTAAGTG
AAATGATGAAATCCTGTTCATCAGAATACTTGGCTCCTTATAGAAATGATGGAAATTCT
TTTGTTAAAAATCAAAGTGTTGTCTTTCCATCCAGTTTTTGAATGCTCCATGCTGACAA
TGAAGGTGAAGTAGATTCACCATGGCGTGGCGTAGAGATGATGAAGGAGAAAAATGA
AAGGCTCAAGTTTGCTTTTTGATTCACCTGATAAACATTGTTCATGTGGAATACCCCAT
TCCAGGTCCTGAGCATAAGAGATGAGGTGATATGGACCTAGTCTAAAGCACTTAGACT
ACTGATCATAGCTGAAGATCGAAAACCATCTTTAATTTGATTTTTGGCTAAATAAATATA
TGAGTGCCTGCTCTCTGCAAGGTGTGATGGTTGATGAATTATGTAAATCTGGTTCAGA
AGACCCATTTACTTGCCTTGGAGATCTAAGGGAAATGAAAAAAGGCAAGATTCATTCA
ACATAAAACAGAGACATTTTTCTTGGTTCCAGGAAACTCCAGAGTTGCTTGCTCATTT
GTCTCCTTTCAAACCAGAACACTCCTAAAAGGATGCAGGAATCCTTCAATGTCCTTCA
ATTCTGCTTTTATTATAGTTCATTAGTTTAAGATGAGAATCAAGATGAAAGGACTAGTTT
TAAAAGGTATTGGCAGACTGACCTGGCTTAGAGTCAGGAAGACACTTGAGAAACAAC
AACAAAAAAGGTGTTTCATATTTGCTATTTTTAGTAAAGATGTGTTAAATCTGAAGAAC
GTACTAAGTGCTGAGGAAATGAAGAAAAGCAAAAAGCCTAGGCCAAAATGTACTTTAT
ACCCACCAGCTTATGGTGGAACCACAAGAAAAAACGTAATAAGAGCAAATTTCATAAA
AGACTGCAGACCTTTCTTAACTGAAAAACTTCACACTGCAGCTGTGACTGTAAGACA
CAGAGAAGGAGTGATTAAATAAATAGATCTCCTTCTCTTTGGCGTGCTTTGTAGAGTG
GAAATAAAAGAGGACTTTTTTATTTTTGCATTCATACAAATATTGATGAAAATGATGCTA
AGCGCCAAATTAAATAGATTTGTTCCAAAGGCACTTAGCCTGATTTGGAGATGCAATA
AGAAAACAAATGGAGTGATACTCTGTTAAACAGAAGTATCTATTATGTCAAGCCATTGT
GGTAAATCTTAGATTAAAAAAAAAAAAAACACAAAAGATCTTGACTGAAAGACACTTG
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CTTATCAATTACCTCATTGATTAAAATATAGGAGGTAGTTTAATGTTCATTCATTTTTTTC
ACTTGGTCATTCTACAAATATATCTGGGTGCCTACTAGATAAAGAATCCTTTGGTAGGC
TCTCAGTTGCCTCAGAGACATTACAAACTTGCATTCCTGCCTAGAGCATTTCTAAAAC
TTTGCTTTTGACCTGTTTCCTGATTACAGGCATGATTTTGTCCCTAAACAACATTGTGT
GGTTTGATTCCTACTCCATATCTCTTCCTCCGCTCTGGCCACTGCAATCAGCAGGTAG
CTGGGTTTTGTAGAGAACTTGCTCCTTGAGTTGCAGGAACTCTTCTTGTAATGGACG
GCTCATCCCTCATGAAAAATGACTAAGACCACTGTTTGCCAGAAGGAGGGATGCCAA
CCAACTAATTCCCAAATCTCAGTCTCACTGGGGAACCACCCATACCTGAGCCACAGT
TGGTATTGAAAAGCATTTACAGTTGTGGTCTATTTGCAATTCTTTGACCCTTTATGTGC
TGACACATGGATCTATTTCAGAAACAATCCTCAGCACATAATAAAATGGAGATGGAGA
CATGATTTCTTTTACAACAGCTTCATAATATATACCATAGAAATGTTCTTATCATCAAAAG
AATGTCAGTGGATGAAAATAGCTTAAAACTTAAGAAAGCTTGCTTAAATCTTAAGTTCC
ATAAAATACAAATTGGAAATGACAGAACAAAAAAAAGTAAAGTACTCTAAGTCTATGCC
AGACTAGGATTTGACCTTTTCTATTTTTAAATCACTCACAGAGGGTGGGACAGGAGG
GAGAGTGAAGGAAAGGTCAAATCTGTTCTAAGGGCAGTTGCCCTTTGTTCTGGATTC
TGTATTGAGAGCATTACTAGCTCCAGTTATAACTTGGGATTGCTTTTTAAAAGTTTAATG
CAGTTCCAATAACTGATTATTGTTGACATCAGGTCCTAATTTGCTGTATGCCTTTTGAG
AAAAATTTTTGTCTGAATGGCTATCAACTAAGCCCTGGTTCAGAAAGGAATGGAATTTA
TTAATTGAACCAATGTGACCCACTTTCATAAGAGTTCTTTAAAGCTGAAGCTAACATTT
GCTGCAGAGGAAAAAGACTATTGTTCATTGTAGTTTGTAAATTCTTTCAAAGTATCTGA
ACTAGTTCACGTGGCAAGCCCACAATAACATCCGTAAATGGAGAAGGGAATAATGGC
AAAGTATAATTGGTGAGTGGAACAATGTAAAAGGGGATTTGGGGTAATACTTGTTAGT
TTCAACTTTGTACATTTTTATTAATATTAGACTTTTTAATGTATCAGCTAGACACAGCACC
CTTTCTTCAAGCAGGGTTGGGGGGTACATTTTTGGAAAGTGGTAAGGAGAAAGTAAC
TGAAAGCCTTCCTTTCACAGTTTCTGGCATCACTATCACTGCCAATTAGACAAGAATA
AGAGAACATGCTATCATCTACTTTAGTCGCATATGTGAAGTTGTAAAGGAAACTCCTTC
ATCTCTTCGTTTCTGCCTCAAAGAATTCTATGCCAAAATGCTAAGATAAATGGAAGGAA
GTTGGACTTGTGAACTCATGTAAAAAACTGACTGTTGATTCTTTAGTGTTTTGAAGATC
CAAAAATGTTGCTCAGCATGGGTGACCAACAAAAAGCAATCTGAAGCTATCCCCCAC
ATCGTGACAGAAAAATTGGGGAGTTTGTTGTGTACTGTAAAATAAAATGTACTGCTTT
GAGAACTTGCA 
 
Table 5. Sequence of the human XIST locus 
exon 1 
exon 2 
exon 3 
exon 4 
exon 5 
exon 6 
repeat A 
repeat F 
repeat B 
repeat C 
repeat D 
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repeat E 
CCTTCAGTTCTTAAAGCGCTGCAATTCGCTGCTGCAGCCATATTTCTTACTCTCTCGG
GGCTGGAAGCTTCCTGACTGAAGATCTCTCTGCACTTGGGGTTCTTTCTAGAACATT
TTCTAGTCCCCCAACACCCTTTATGGCGTATTTCTTTAAAAAAATCACCTAAATTCCATA
AAATATTTTTTTAAATTCTATACTTTCTCCTAGTGTCTTCTTGACACGTCCTCCATATTTT
TTTAAAGAAAGTATTTGGAATATTTTGAGGCAATTTTTAATATTTAAGGAATTTTTCTTTG
GAATCATTTTTGGTTGACATCTCTGTTTTTTGTGGATCAGTTTTTTACTCTTCCACTCT
CTTTTCTATATTTTGCCCATCGGGGCTGCGGATACCTGGTTTTATTATTTTTTCTTTGCC
CAACGGGGCCGTGGATACCTGCCTTTTAATTCTTTTTTATTCGCCCATCGGGGCCGC
GGATACCTGCTTTTTATTTTTTTTTCCTTAGCCCATCGGGGTATCGGATACCTGCTGAT
TCCCTTCCCCTCTGAACCCCCAACACTCTGGCCCATCGGGGTGACGGATATCTGCTT
TTTAAAAATTTTCTTTTTTTGGCCCATCGGGGCTTCGGATACCTGCTTTTTTTTTTTTTA
TTTTTCCTTGCCCATCGGGGCCTCGGATACCTGCTTTAATTTTTGTTTTTCTGGCCCAT
CGGGGCCGCGGATACCTGCTTTGATTTTTTTTTTTCATCGCCCATCGGTGCTTTTTAT
GGATGAAAAAATGTTGGTTTTGTGGGTTGTTGCACTCTCTGGAATATCTACACTTTTTT
TTGCTGCTGATCATTTGGTGGTGTGTGAGTGTACCTACCGCTTTGGCAGAGAATGAC
TCTGCAGTTAAGCTAAGGGCGTGTTCAGATTGTGGAGGAAAAGTGGCCGCCATTTTA
GACTTGCCGCATAACTCGGCTTAGGGCTAGTCGTTTGTGCTAAGTTAAACTAGGGAG
GCAAGATGGATGATAGCAGGTCAGGCAGAGGAAGTCATGTGCATTGCATGAGCTAAA
CCTATCTGAATGAATTGATTTGGGGCTTGTTAGGAGCTTTGCGTGATTGTTGTATCGG
GAGGCAGTAAGAATCATCTTTTATCAGTACAAGGGACTAGTTAAAAATGGAAGGTTAG
GAAAGACTAAGGTGCAGGGCTTAAAATGGCGATTTTGACATTGCGGCATTGCTCAGC
ATGGCGGGCTGTGCTTTGTTAGGTTGTCCAAAATGGCGGATCCAGTTCTGTCGCAGT
GTTCAAGTGGCGGGAAGGCCACATCATGATGGGCGAGGCTTTGTTAAGTGGTTAGC
ATGGTGGTGGACATGTGCGGTCACACAGGAAAAGATGGCGGCTGAAGGTCTTGCCG
CAGTGTAAAACATGGCGGGCCTCTTTGTCTTTGCTGTGTGCTTTTCGTGTTGGGTTT
TGCCGCAGGGACAATATGGCAGGCGTTGTCATATGTATATCATGGCTTTTGTCACGTG
GACATCATGGCGGGCTTGCCGCATTGTTAAAGATGGCGGGTTTTGCCGCCTAGTGC
CACGCAGAGCGGGAGAAAAGGTGGGATGGACAGTGCTGGATTGCTGCATAACCCAA
CCAATTAGAAATGGGGGTGGAATTGATCACAGCCAATTAGAGCAGAAGATGGAATTAG
ACTGATGACACACTGTCCAGCTACTCAGCGAAGACCTGGGTGAATTAGCATGGCACT
TCGCAGCTGTCTTTAGCCAGTCAGGAGAAAGAAGTGGAGGGGCCACGTGTATGTCT
CCCAGTGGGCGGTACACCAGGTGTTTTCAAGGTCTTTTCAAGGACATTTAGCCTTTC
CACCTCTGTCCCCTCTTATTTGTCCCCTCCTGTCCAGTGCTGCCTCTTGCAGTGCTG
GATATCTGGCTGTGTGGTCTGAACCTCCCTCCATTCCTCTGTATTGGTGCCTCACCTA
AGGCTAAGTATACCTCCCCCCCCACCCCCCAACCCCCCCAACTCCCCACCCCCACC
CCCCACCCCCCACCTCCCCACCCCCCTACCCCCCTACCCCCCTACCCCCCTCTGGT
CTGCCCTGCACTGCACTGTTGCCATGGGCAGTGCTCCAGGCCTGCTTGGTGTGGAC
ATGGTGGTGAGCCGTGGCAAGGACCAGAATGGATCACAGATGATCGTTGGCCAACA
GGTGGCAGAAGAGGAATTCCTGCCTTCCTCAAGAGGAACACCTACCCCTTGGCTAAT
GCTGGGGTCGGATTTTGATTTATATTTATCTTTTGGATGTCAGTCATACAGTCTGATTTT
GTGGTTTGCTAGTGTTTGAATTTAAGTCTTAAGTGACTATTATAGAAATGTATTAAGAGG
CTTTATTTGTAGAATTCACTTTAATTACATTTAATGAGTTTTTGTTTTGAGTTCCTTAAAA
TTCCTTAAAGTTTTTAGCTTCTCATTACAAATTCCTTAACCTTTTTTTGGCAGTAGATAG
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TCAAAGTCAAATCATTTCTAATGTTTTAAAAATGTGCTGGTCATTTTCTTTGAAATTGAC
TTAACTATTTTCCTTTGAAGAGTCTGTAGCACAGAAACAGTAAAAAATTTAACTTCATG
ACCTAATGTAAAAAAGAGTGTTTGAAGGTTTACACAGGTCCAGGCCTTGCTTTGTTCC
CATCCTTGATGCTGCACTAATTGACTAATCACCTACTTATCAGACAGGAAACTTGAATT
GCTGTGGTCTGGTGTCCTCTATTCAGACTTATTATATTGGAGTATTTCAATTTTTCGTT
GTATCCTGCCTGCCTAGCATCCAGTTCCTCCCCAGCCCTGCTCCCAGCAAACCCCTA
GTCTAGCCCCAGCCCTACTCCCACCCCGCCCCAGCCCTGCCCCAGCCCCAGTCCC
CTAACCCCCCAGCCCTAGCCCCAGTCCCAGTCCTAGTTCCTCAGTCCCGCCCAGCT
TCTCTCGAAAGTCACTCTAATTTTCATTGATTCAGTGCTCAAAATAAGTTGTCCATTGC
TTATCCTATTATACTGGGATATTCCGTTTACCCTTGGCATTGCTGATCTTCAGTACTGAC
TCCTTGACCATTTTCAGTTAATGCATACAATCCCATTTGTCTGTGATCTCAGGACAAAG
AATTTCCTTACTCGGTACGTTGAAGTTAGGGAATGTCAATTGAGAGCTTTCTATCAGA
GCATTATTGCCCACAATTTGAGTTACTTATCATTTTCTCGATCCCCTGCCCTTAAAGGA
GAAACCATTTCTCTGTCATTGCTTCTGTAGTCACAGTCCCAATTTTGAGTAGTGATCTT
TTCTTGTGTACTGTGTTGGCCACCTAAAACTCTTTGCATTGAGTAAAATTCTAATTGCC
AATAATCCTACCCATTGGATTAGACAGCACTCTGAACCCCATTTGCATTCAGCAGGGG
GTCGCAGACAACCCGTCTTTTGTTGGACAGTTAAAATGCTCAGTCCCAATTGTCATAG
CTTTGCCTATTAAACAAAGGCACCCTACTGCGCTTTTTGCTGTGCTTCTGGAGAATCC
TGCTGTTCTTGGACAATTAAAGAACAAAGTAGTAATTGCTAATTGTCTCACCCATTAAT
CATGAAGACTACCAGTCGCCCTTGCATTTGCCTTGAGGCAGCGCTGACTACCTGAGA
TTTAAGAGTTTCTTAAATTATTGAGTAAAATCCCAATTATCCATAGTTCTGTTAGTTACAC
TATGGCCTTTGCAAACATCTTTGCATAACAGCAGTGGGACTGACTCATTCTTAGAGCC
CCTTCCCTTGGAATATTAATGGATACAATAGTAATTATTCATGGTTCTGCGTAACAGAG
AAGACCCACTTATGTGTATGCCTTTATCATTGCTCCTAGATAGTGTGAACTACCTACCA
CCTTGCATTAATATGTAAAACACTAATTGCCCATAGTCCCACTCATTAGTCTAGGATGT
CCTCTTTGCCATTGCTGCTGAGTTCTGACTACCCAAGTTTCCTTCTCTTAAACAGTTG
ATATGCATAATTGCATATATTCATGGTTCTGTGCAATAAAAATGGATTCTCACCCCATCC
CACCTTCTGTGGGATGTTGCTAACGAGTGCAGATTATTCAATAACAGCTCTTGAACAG
TTAATTTGCACAGTTGCAATTGTCCAGAGTCCTGTCCATTAGAAAGGGACTCTGTATC
CTATTTGCACGCTACAATGTGGGCTGATCACCCAAGGACTCTTCTTGTGCATTGATGT
TCATAATTGTATTTGTCCACGATCTTGTGCACTAACCCTTCCACTCCCTTTGTATTCCA
GCAGGGGACCCTTACTACTCAAGACCTCTGTACTAGGACAGTTTATGTGCACAATCCT
AATTGATTAGAACTGAGTCTTTTATATCAAGGTCCCTGCATCATCTTTGCTTTACATCAA
GAGGGTGCTGGTTACCTAATGCCCCTCCTCCAGAAATTATTGATGTGCAAAATGCAAT
TTCCCTATCTGCTGTTAGTCTGGGGTCTCATCCCCTCATATTCCTTTTGTCTTACAGCA
GGGGGTACTTGGGACTGTTAATGCGCATAATTGCAATTATGGTCTTTTCCATTAAATTA
AGATCCCAACTGCTCACACCCTCTTAGCATTACAGTAGAGGGTGCTAATCACAAGGA
CATTTCTTTTGTACTGTTAATGTGCTACTTGCATTTGTCCCTCTTCCTGTGCACTAAAG
ACCCCACTCACTTCCCTAGTGTTCAGCAGTGGATGACCTCTAGTCAAGACCTTTGCA
CTAGGATAGTTAATGTGAACCATGGCAACTGATCACAACAATGTCTTTCAGATCAGAT
CCATTTTATCCTCCTTGTTTTACAGCAAGGGATATTAATTACCTATGTTACCTTTCCCTG
GGACTATGAATGTGCAAAATTCCAATGTTCATGGTCTCTCCCTTTAAACCTATATTCTA
CCCCTTTTACATTATAGAAAGGGATGCTGGAAACCCAGAGTCCTTCTCTTGGGACTCT
TAATGTGTATTTCTAATTATCCATGACTCTTAATGTGCATATTTTCAATTGCCTAATTGAT

.CC-BY-ND 4.0 International licenseavailable under a
(which 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 preprintthis version posted September 22, 2023. ; https://doi.org/10.1101/2023.09.21.558801doi: bioRxiv preprint 

https://doi.org/10.1101/2023.09.21.558801
http://creativecommons.org/licenses/by-nd/4.0/


TTCAATTGTCTAAGACATTTCAAATGTCTAATTGATTAGAACTGAGTCTTTTATATCAAG
CTAATATCTAGCTTTTATATCAAGCTAATATCTTGACTTCTCAGCATCATAGAAGGGGGT
ACTGATTTCCTAAAGTCTTTCTTGAATTTCTATTATGCAAAATTGCCCTGAGGCCGGGT
GTGGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCTGAGGTGGGAAGATCCC
TTACTGCCAGGAGTTTGAGACCAGCCTGGCCAACATTAAAAAAAAAAAAAAGTAAGA
CAATTGCCCTGGAATCCCATCCCCCTCACACCTCCTTGGCAAAGCAGCAGGAGTGCT
AACTAGCTAGTGCTTCTTCTCTTATACTGCTTAAATGCGCATAATTAGCAGTAGTTGAT
GTGCCCCTATGTTAGAGTAGAATCCCGCTTCCTTGCTCCATTTGCATTACTGCAGGAG
CTTCTAACTAGCCTGAATTCACTCTCTTGGACTGTTAATGTGCATACTTATATTTGCTG
CTGTACTTTTTTACCATGTAAGGACCCCACCCACTGTATTTACATCCCAGCTGGAAGT
ACCTACTACTTAAGACCCTTAGACTAGTAAAGTTAGCGTGCATAATCTTAGGTGTTATAT
ACACATTTTCAGTTGCATACAGTTGTGCCTTTTATCAGGACTCCTGTACTTATCAAAGC
AGAGAGTGCTAATCAATATTAAGCCCTTCTCTTCGAACTGTAGATGGCATGTAATTGCA
GTTGTCAATGGTCCTTCAATTAGACTTGGGTTTCTGACCTATCACACCCTCTTTGCTTT
ATTGCATGGGGTACTATTCACTTAAGGCCCCTTTCTCAAACTGTTAATGTGCCTAATGA
CAATTACATCAGTATCCTTCCTTTTGAAGGACAGCATGGTTGGTGACACCTAAGGCCC
CATTTCTTGGCCTCCCAATATGTGTGATTGTATTTGTCGAGGTTGCTATGCACTAGAGA
AGGAAAGTGCTCCCCTCATCCCCACTTTTCCCTTCCAGCAGGAAGTGCCCACCCCAT
AAGACCCTTTTATTTGGAGAGTCTAGGTGCACAATTGTAAGTGACCACAAGCATGCAT
CTTGGACATTTATGTGCGTAATCGCACACTGCTCATTCCATGTGAATAAGGTCCTACT
CTCCGACCCCTTTTGCAATACAGAAGGGTTGCTGATAACGCAGTCCCCTTTTCTTGG
CATGTTGTGTGTGATTATAATCGTCTGGGATCCTATGCACTAGAAAAGGAGGGTCCTC
TCCACATACCTCAGTCTCACCTTTCCCTTCCAGCAGGGAGTGCCCACTCCATAAGAC
TCTCACATTTGGACAGTCAAGGTGCGTAATTGTTAAGTGAACACAACCATGCACCTTA
GACATGGATTTGCATAACTACACACAGCTCAACCTATCTGAATAAAATCCTACTCTCAG
ACCCCTTTTGCAGTACAGCAGGGGTGCTGATCACCAAGGCCCTTTTTCCTGGCCTG
GTATGCGTGTGATTATGTTTGTCCCGGTTCCTGTGTATTAGACATGGAAGCCTCCCCT
GCCACACTCCACCCCCAATCTTCCTTTCCCTTCCGGCAGGGAGTGCCCTCTCCATAA
GACGCTTACGTTTGGACAATCAAGGTGCACAGTTGTAAGTGACCACAGGCATACACC
TTGGACATTAATGTGCATAACCACTTTGCCCATTCCATCTGAATAAGGTCCTACTCTCA
GACCCCTTTTGCAGTACAGCAGGGGTGCTGATCACCAAGGCCCCTTTTCTTGGCCT
GTTATGTGCGTGATTATATTTGTCTGGGTTCCTGTGTATTAGACAAGGAAGCCTTCCC
CCCGCCCCCACCCCCACTCCCAGTCTTCCTTTCCCTTCCAGCAGGGAGTGCCCCCT
CCATAAGATCATTACATTTGGACAATCAAGGTGCACAATTATAAGTGACCACAGCCATG
CACCTTGGACATTATTGGACATTAATGTGCGTAACTGCACATGGCCCATCCCATCTGA
ATAAGGTCCTACTCTCAGATGCCCTTTGCAGTACAGCAGGGGTACTGAATCACCAAG
GCCCTTTTTCTTGGCCTGTTATGTGTGTGATTATATTTATCCCAGTTTCTGTGTAATAGA
CATGAAAGCCTCCCCTGCCACACCCCACCTCCAATCTTCCTTTCCCTTCCACCAGGG
AGTGTCCACTCCATATACCCTTACATTTGGACAATCAAGGTGCACAATTGTAAGTGAG
CATAGGCACTCACCTTGGACATGAATGTGCATAACTGCACATGGCCCATCCCATCTGA
ATAAGGTCCTACTCTCAGACCCTTTTTGCAGTACAGCAGGGGTGCTGATCACCAAGG
CCCCTTTTCCTGGCCTGTTATGTGTGTGATTATATTTGTTCCAGTTCCTGTGTAATAGA
CATGGAAGCCTCCCCTGCCACACTCCACCCCCAATCTTCCTTTCCCTTCTGGCAGGA
AGTACCCGCTCCATAAGACCCTTACATTTGGACAGTCAAGGTGCACAATTGTATGTGA
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CCACAACCATGCACCTTGGACATAAATGTGTGTAACTGCACATGGCCCATCCCATCTG
AATAAGGTCCTACTCTCAGACCCCTTTTGCAGTACAGTAGGTGTGCTGATAACCAAGG
CCCCTCTTCCTGGCCTGTTAACGTATGTGATTATATTTGTCTGGGTTCCAGTGTATAAG
ACATGGAAGCCTCCCCTGCCCCACCCCACCCTCAATCTTCCTTTCCCTTCTGGCAGG
GAGTGCCAGCTCCATAAGAACCTTACATTTGGACAGTCAAGGTGCACAATTCTAAGT
GACCGCAGCCATGCACCTTGGTCAATAATGTGTGTAACTGCACACGGCCTATCTCAT
CTGAATAAGGCCTTACTCTCAGACCCCTTTTGCAGTACAGCAGGGGTGCTGATAACC
AAGGCCCATTTTCCTGGCCTGTTATGTGTGTGATTATATTTGTCCAGGTTTCTGTGTAC
TAGACAAGGAAGCCTCCTCTGCCCCATCCCATCTACGCATAATCTTTCTTTTCCTCCC
AGCAGGGAGTGCTCACTCCATAAGACCCTTACATTTGGACAATCAAGGTGCACAATT
GTAAGTGACCACAACCATGCATCTTGGAAATTTATGTGCATAACTGCACATGGCTTATC
CTATTTGAATAAAGTCCTACTCTCAGACCCCCTTTGCAGTATAGCTGGGGTGCTGATC
ACTGAGGCCTCTTTGCTTGGCTTGTCTATATTCTTGTGTACTAGATAAGGGCACCTTC
TCATGGACTCCCTTTGCTTTTCAACAAGGAGTACCCACTACTTTTTAAGATTCTTATATT
TGTCCAAAGTACATGGTTTTAATTGACCACAACAATGTCCCTTGGACATTAATGTATGT
AATCACCACATGGTTCATCCTAATTAAACAAAGTTCTACCTTCTCACCCTCCATTTGCA
GTATACCAGGGTTGCTGACCCCCTAAGTCCCCTTTTCTTGGCTTGTTGACATGCATAA
TTGCATTTATGTTGGTTCTTGTGCCCTAGACAAGGATGCCCCACCTCTTTTCAATAGT
GGGTGCCCACTCCTTATGATCTTTACATTTGAACAGTTAATGTGAATAATTGCAGTTGT
CCACAACCCTATCACTTCTAGGACCATTATACCTCTTTTGCATTACTGTGGGGTATACT
GTTTCCCTCCAAGGCCCCTTCTGGTGGACTATCAACATATAATTGAAATTTTCTTTTGT
CTTTGTCAGTAGATTAAGGTCATACCCCATCACCTTTCCTTTGTAGTACAACAGGGTG
TCCTGATCAACCAAAGTCCTGTTGTTTTGGACTGTTAATATGTGCAATTACATTTGCTC
CTGATCTGTGCACTAGATAAGGATCCTACCTACTTTCTTAGTGTTTTTAGCAGGTAGTG
CCCACTACTCAAGACTGTCACTTGGAATGTTCATGTGCACAAACTCAATTCTCTAAGC
ATGTTCCTGTACCACCTTTGCTTTAGAGCAGGGGGATGATATTCACTAAGTGCCCCTT
CTTTTGGACTTAATATGCATTAATGCAATTGTCCACCTCTTCTTTTAGACTAAGAGTTGA
TCTCCACATATTCCCCTTGCATCAGGGGCATGTTAATTATGAATGAACCCTTTTCTTTT
AATATTAATGTCATAATTGTATTTGTGGACCTGTGTAGGAGAAAAAGACCCTATGTTCC
TCCCATTACCCTTTGGATTGCTGCTGAGAAGTGTTAACTACTCATAATCTCAGCTCTTG
GACAATTAATAGCATTAATAACAATTATCAAGGGCACTGATCATTAGATAAGACTCCTGC
TTCCTCGTTGCTTACATCGGGGGTACTGACCCACTAAGGCCCCTTGTACTGTTAATGT
GAATATTTGCAATTATATATGTCTCCTTCTGGTAGAGTGGGATATTATGCCCTAGTATCC
CCTTTGCATTACTGCAGGGGCTGCTGACTACTCAAAACTTCTCCTGGGACTGTTAATA
GGCACAATGGCAGTTATCAATGGTTTTCTCCCTCCCTGACCTTGTTAAGCAAGCGCC
CCACCCCACCCTTAGTTTCCCATGGCATAATAAAGTATAAGCATTGGAGTATTCCATGC
ACTTGTCTATCAAACAGTGGTCCATACTCCCAACCCTTTTGCATTGCGCCAGTGTGTA
AAATCACAGGTAGCCATGGTGTCATGCTTTATATACGAAGTCTTCCCTCTCTCTGCCC
CTTGTGTGCCCTTGGCCCCTTTTTACAGACTATTGCTCACAATCTCAGGTGTCCATAT
TTGCAGCTATTAGGTAAGATTGTGCTGTCTCCCTCTTCCCTTCCCTCTGCCCTGCCCC
TTTTGCCTCTTTGCTGGGTAATGTTGACCAGACAAGGCCCTTTCTCTTGGACTTAAAC
AATTCTCAGTTGCACTTTCCTTGGTCCCACCCATTATACATGAACCCCTCTACTTCCTT
TCGCATTGCTTCTGAGTATGCTGACTACCCAAAGCCCCTTCTGTGTTATTAATAAACAC
AGTACTGATTGTCCCATTTTTCAGCCCATCAGTCCAAGATCTCCCTACCACTTTGGTG
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TGTTGGTGCAGTGTTGACTATGAAAAGCAGGCCTGAACTAGGTGGATAAGCCTTCAC
TCATTTTCTTTCATTTATTAATGATCCTAGTTTCAATTATTGTCAGATTCTGGGGACAAG
AACCATTCTTGCCCACCTGTGTTACTGCTTTACTGTGCAAAATACTGAAGGCAAGTCA
GACCCAGGGAGCTGGATTGCCATCCTTTATTTTGTGTTTCCAGTGTACACTATAAAATT
GTCTCCCCAGGAAGGAAGGTTGGCACTTTCTCTGCATTCTTCTTTCCAGAGCAGATT
GCCTGGTTAAGAATCTCTTGTTGTCCCCTTTGTATATTGTTATTGTAAAGTGCCAAATG
CCAGGATACAGCCAGAAAAATTGCTTATTATTATTAAAAAAATTTTTTTAAGAAAGACAT
CTGGATTGTAGGGTGGACTCGATAACCTGGTCATTATTTTTTTGAAGCCAAAATATCCA
TTTATACTATGTACCTGGTGACCAGTGTCTCTCATTTTAACTGAGGGTGGTGGGTCTG
TGGATAGAACACTGACTCTTGCTATTTTAATATCAAAGATATTCTAGAGTGGAACTCTTA
AGACCAGTATCTTTGTGTGGGCTTTACCAGCATTCACTTTTAGAAAAACTACCTAAATT
TTATAATCCTTTAATTTCTTCATCTGGAGCACCTGCCCCTACTTATTTCAAGAAGATTGC
AGTAAAACGATTAAATGAGGGAACATATGCAGAGGTGCTTTTAAAAAGCATATGCCAC
CTTTTTTATTAATTATTATATAAAATGAAGCATTTAATTATAGTAATAATTTGAAGTAGTTTG
AAGTACCACACTGAGGTGAGGACTTAAAAATGATAAGACGAGTTCCCTATTTTATAAG
AAAAATAAGCCAAAATTAAATATTCTTTTGGATATAAATTTCAACAGTGAGATAGCTGCC
TAGTGGAAATGAATAATATCCCAGCCACTAGTGTACAGGGTGTTTTGTGGCACAGGAT
TATGTAATATGGAACTGCTCAAGCAAATAACTAGTCATCACAACAGCAGTTCTTTGTAA
TAACTGAAAAAGAATATTGTTTCTCGGAGAAGGATGTCAAAAGATCGGCCCAGCTCA
GGGAGCAGTTTGCCCTACTAGCTCCTCGGACAGCTGTAAAGAAGAGTCTCTGGCTC
TTTAGAATACTGATCCCATTGAAGATACCACGCTGCATGTGTCCTTAGTAGTCATGTCT
CCTTAGGCTCCTCTTGGACATTCTGAGCATGTGAGACCTGAGGACTGCAAACAGCTA
TAAGAGGCTCCAAATTAATCATATCTTTCCCTTTGAGAATCTGGCCAAGCTCCAGCTAA
TCTACTTGGATGGGTTGCCAGCTATCTGGAGAAAAAGATCTTCCTCAGAAGAATAGG
CTTGTTGTTTTACAGTGTTAGTGATCCATTCCCTTTGACGATCCCTAGGTGGAGATGG
GGCATGAGGATCCTCCAGGGGAAAAGCTCACTACCACTGGGCAACAACCCTAGGTC
AGGAGGTTCTGTCAAGATACTTTCCTGGTCCCAGATAGGAAGATAAAGTCTCAAAAAC
AACCACCACACGTCAAGCTCTTCATTGTTCCTATCTGCCAAATCATTATACTTCCTACA
AGCAGTGCAGAGAGCTGAGTCTTCAGCAGGTCCAAGAAATTTGAACACACTGAAGG
AAGTCAGCCTTCCCACCTGAAGATCAACATGCCTGGCACTCTAGCACTTGAGGATAG
CTGAATGAATGTGTATTTCTTTGTCTCTTTCTTTCTTGTCTTTGCTCTTTGTTCTCTATC
TAAAGTGTGTCTTACCCATTTCCATGTTTCTCTTGCTAATTTCTTTCGTGTGTGCCTTT
GCCTCATTTTCTCTTTTTGTTCACAAGAGTGGTCTGTGTCTTGTCTTAGACATATCTCT
CATTTTTCATTTTGTTGCTATTTCTCTTTGCTCTCCTAGATGTGGCTCTTCTTTCACGCT
TTATTTCATGTCTCCTTTTTGGGTCACATGCTGTGTGCTTTTTGTCCTTTTCTTGTTCT
GTCTACCTCTCCTTTCTCTGCCTACCTCTCTTTTCTCTTTGTGAACTGTGATTATTTGT
TACCCCTTCCCCTTCTCGTTCGTTTTAAATTTCACCTTTTTTCTGAGTCTGGCCTCCTT
TCTGCTGTTTCTACTTTTTATCTCACATTTCTCATTTCTGCATTTCCTTTCTGCCTCTCT
TGGGCTATTCTCTCTCTCCTCCCCTGCGTGCCTCAGCATCTCTTGCTGTTTGTGATTT
TCTATTTCAGTATTAATCTCTGTTGGCTTGTATTTGTTCTCTGCTTCTTCCCTTTCTACT
CACCTTTGAGTATTTCAGCCTCTTCATGAATCTATCTCCCTCTCTTTGATTTCATGTAAT
CTCTCCTTAAATATTTCTTTGCATATGTGGGCAAGTGTACGTGTGTGTGTGTCATGTGT
GGCAGAGGGGCTTCCTAACCCCTGCCTGATAGGTGCAGAACGTCGGCTATCAGAGC
AAGCATTGTGGAGCGGTTCCTTATGCCAGGCTGCCATGTGAGATGATCCAAGACCAA
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AACAAGGCCCTAGACTGCAGTAAAACCCAGAACTCAAGTAGGGCAGAAGGTGGAAG
GCTCATATGGATAGAAGGCCCAAAGTATAAGACAGATGGTTTGAGACTTGAGACCCG
AGGACTAAGATGGAAAGCCCATGTTCCAAGATAGATAGAAGCCTCAGGCCTGAAACC
AACAAAAGCCTCAAGAGCCAAGAAAACAGAGGGTGGCCTGAATTGGACCGAAGGCC
TGAGTTGGATGGAAGTCTCAAGGCTTGAGTTAGAAGTCTTAAGACCTGGGACAGGA
CACATGGAAGGCCTAAGAACTGAGACTTGTGACACAAGGCCAACGACCTAAGATTAG
CCCAGGGTTGTAGCTGGAAGACCTACAACCCAAGGATGGAAGGCCCCTGTCACAAA
GCCTACCTAGATGGATAGAGGACCCAAGCGAAAAAGGTATCTCAAGACTAACGGCCG
GAATCTGGAGGCCCATGACCCAGAACCCAGGAAGGATAGAAGCTTGAAGACCTGGG
GAAATCCCAAGATGAGAACCCTAAACCCTACCTCTTTTCTATTGTTTACACTTCTTACT
CTTAGATATTTCCAGTTCTCCTGTTTATCTTTAAGCCTGATTCTTTTGAGATGTACTTTT
TGATGTTGCCGGTTACCTTTAGATTGACAGTATTATGCCTGGGCCAGTCTTGAGCCAG
CTTTAAATCACAGCTTTTACCTATTTGTTAGGCTATAGTGTTTTGTAAACTTCTGTTTCT
ATTCACATCTTCTCCACTTGAGAGAGACACCAAAATCCAGTCAGTATCTAATCTGGCT
TTTGTTAACTTCCCTCAGGAGCAGACATTCATATAGGTGATACTGTATTTCAGTCCTTT
CTTTTGACCCCAGAAGCCCTAGACTGAGAAGATAAAATGGTCAGGTTGTTGGGGAAA
AAAAAGTGCCAGGCTCTCTAGAGAAAAATGTGAAGAGATGCTCCAGGCCAATGAGAA
GAATTAGACAAGAAATACACAGATGTGCCAGACTTCTGAGAAGCACCTGCCAGCAAC
AGCTTCCTTCTTTGAGCTTAGGTGAGCAGGATTCTGGGGTTTGGGATTTCTAGTGAT
GGTTATGGAAAGGGTGACTGTGCCTGGGACAAAGCGAGGTCCCAAGGGGACAGCC
TGAACTCCCTGCTCATAGTAGTGGCCAAATAATTTGGTGGACTGTGCCAACGCTACTC
CTGGGTTTAATACCCATCTCTAGGCTTAAAGATGAGAGAACCTGGGACTGTTGAGCAT
GTTTAATACTTTCCTTGATTTTTTTCTTCCTGTTTATGTGGGAAGTTGATTTAAATGACT
GATAATGTGTATGAAAGCACTGTAAAACATAAGAGAAAAACCAATTAGTGTATTGGCAA
TCATGCAGTTAACATTTGAAAGTGCAGTGTAAATTGTGAAGCATTATGTAAATCAGGG
GTCCACAGTTTTTCTGTAAGGGGTCAAATCATAAATACTTTAGACTGTGGGCCATATG
GTTTCTGTTACATATTTGTTTTTTAAACAACGTTTTTATAAGGTCAAAATCATTCTTAGTT
TTTGAGCCAATTGGATTTGGCCTGCTGTTCATAGCTTACCACCCCCTGATGTATTATTT
GTTATTCAGAGAAAATTTCTGAATACTACTAGTTTCCTTTTCTGTGCCTGTCCCTGTGC
TAGGCACTAAAAATGCAATGATTATTGATATCTAGGTGACCTGAAAAAAAATAGTGAAT
GTGCTTTGTAAACTGTAAAGCACTTGTATTCTACTGTGATAAGCGTTGTGGATACAAA
GAAAGGAGCAAGCATAAAAAAGTGCTCTTTCAAAAGGATATAGTACTATGCAGACACA
AGGAATTGTTTGATAAATGAATAAATTATATGTATATTTGAGGCCAATTTGTGTTTGCTG
CTCTGGTAATTTTGAGTAAAAATGCAGTATTCCAGGTATCAGAAACGAAAACACATGG
AAACTGCTTTTAAACTTTAAAATATACTGAAAACATAAGGGACTAAGCTTGTTGTGGTC
ACCTATAATGTGCCAGATACCATGCTGGGTGCTAGAGCTACCAAAGGGGGAAAAGTA
TTCTCATAGAACAAAAAATTTCAGAAAGGTGCATATTAAAGTGCTTTGTAAACTAAAGC
ATGATACAAATGTCAATGGGCTACATATTTATGAATGAATGAATGGATGAATGAATATTA
AGTGCCTCTTACATACCAGCTATTTTGGGTACTGTAAAATACAAGATTAATTCTCCTATG
TAATAAGAGGAAAGTTTATCCTCTATACTATTCAGATGTAAGGAATGATATATTGCTTAAT
TTTAAACAATCAAGACTTTACTGGTGAGGTTAAGTTAAATTATTACTGATACATTTTTCC
AGGTAACCAGGAAAGAGCTAGTATGAGGAAATGAAGTAATAGATGTGAGATCCAGAC
CGAAAGTCACTTAATTCAGCTTGCGAATGTGCTTTCTAAATTATAAAGCACTTGTAAAT
GAAAAATTTGATGCTTTCTGTATGAATAAAACTTTCTGTAAGCTAGGTATTGTCTCTACA
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AAATTCTCATTGTATAGTTAAACCACAGTGAGAAGGGTTCTATAAGTAGTTATACAAAC
CAAGGGTTTAAATACCTGTTAAATAGATCAATTTTGATTGCCTACTATGTGAACTCACT
GTTAAAGGCACTGAAAATTTATCATATTTCATTTAGCCACAGCCAAAAATAAGGCAATA
CCTATGTTAGCATTTTGTGAACTCTAAGGCACCATATAAATGTAACTGTTGATTTTCTCA
CTTGGTGCTGGGTACTAGGTTTATAAAATTGTATGATAGTTATTATATTGTGCAAATAAA
GTAGGAAAATTTGAATAACAATGATTATCTTTTGAATACGCATACGCAAGGGATTGGTT
GTCTGAAGAATGCCACTATAGTAGTTATCTATTGTGTGCCAATCTCATTGCTAGGCATT
GGGGATGCAAAGATAAACCATCTTTATTGTGTCTTGGGTAGCAGAAGAAAATATGTGT
AAAATCAATTTATAATTTGTAAACTGCCACCCATATATAAGCTATATCTGCTGAATGATCA
TTGATTACTCTTATCCTTAGAGATAACAACTGGGGGCACAAACATTTATTATCATTATTG
AACCTACAACAGAGATCTATGTGTAGATTTACAAAGCCTACAGTTCTATACAGATAGGA
ATGAACTATTGGCTTACTGAATGGTGATTACTTTCTGTGGGGCTCGGAACTACATGCC
CTAGGATATAAAAATGATGTTATCATTATAGAGTGCTCACAGAAGGAAATGAAGTAATAT
AGGTGTGAGATCCAGACCAAAAGTCATTTAACAAGTTTATTCAGTGATGAAAACATGG
GACAAATGGACTAATATAAGGCAGTGTACTAAGCTGAGTAGAGAGATAAAGTCCTGTC
CAGAAGATACATGCTTCCTGGCCTGATTGAGGAGATGGAAAATTTTTGCAAAAAACAA
GGTGTTGTGGTCTTCCATCCAGTTTCTTAAGTGCTGATGATAAAAGTGAATTAGACCC
ACCTTGACCTGGCCTACAGAAGTAAAGGAGTAAAAATAAATGCCTCAGGCGTGCTTT
TTGATTCATTTGATAAACAAAGCATCTTTTATGTGGAATATACCATTCTGGGTCCTGAG
GATAAGAGAGATGAGGGCATTAGATCACTGACAGCTGAAGATAGAAGAACATCTTTG
GTTTGATTGTTTAAATAATATTTCAATGCCTATTCTCTGCAAGGTACTATGTTTCGTAAAT
TAAATAGGTCTGGCCCAGAAGACCCACTCAATTGCCTTTGAGATTAAAAAAAAAAAAA
AAAAGAAAGAAAAATGCAAGTTTCTTTCAAAATAAAGAGACATTTTTCCTAGTTTCAGG
AATCCCCCAAATCACTTCCTCATTGGCTTAGTTTAAAGCCAGGAGACTGATAAAAGGG
CTCAGGGTTTGTTCTTTAATTCATTAACTAAACATTCTGCTTTTATTACAGTTAAATGGT
TCAAGATGTAACAACTAGTTTTAAAGGTATTTGCTCATTGGTCTGGCTTAGAGACAGG
AAGACATATGAGCAATAAAAAAAAGATTCTTTTGCATTTACCAATTTAGTAAAAATTTATT
AAAACTGAATAAAGTGCTGTTCTTAAGTGCTTGAAAGACGTAAACCAAAGTGCACTTT
ATCTCATTTATCTTATGGTGGAAACACAGGAACAAATTCTCTAAGAGACTGTGTTTCTT
TAGTTGAGAAGAAACTTCATTGAGTAGCTGTGATATGTTCGATACTAAGGAAAAACTAA
ACAGATCACCTTTGACATGCGTTGTAGAGTGGGAATAAGAGAGGGCTTTTTATTTTTT
CGTTCATACGAGTATTGATGAAGATGATACTAAATGCTAAATGAAATATATCTGCTCCAA
AAGGCATTTATTCTGACTTGGAGATGCAACAAAAACACAAAAATGGAATGAAGTGATA
CTCTTCATCAAACAGAAGTGACTGTTATCTCAACCATTTTGTTAAATCCTAAACAGAAA
ACAAAAAAAATCATGACGAAAAGACACTTGCTTATTAATTGGCTTGGAAAGTAGAATAT
AGGAGAAAGGTTACTGTTTATTTTTTTTCATGTATTCATTCATTCTACAAATATATTCGG
GTGCCAATAGGTACTTGGTATAAGGTTTTTGGCCCCAGAGACATGGGAAAAAAATGCA
TGCCTTCCCAGAGAATGCCTAATACTTTCCTTTTGGCTTGTTTTCTTGTTAGGGGCAT
GGCTTAGTCCCTAAATAACATTGTGTGGTTTAATTCCTACTCCGTATCTCTTCTACCAC
TCTGGCCACTACGATAAGCAGGTAGCTGGGTTTTGTAGTGAGCTTGCTCCTTAAGTTA
CAGGAACTCTCCTTATAATAGACACTTCATTTTCCTAGTCCATCCCTCATGAAAAATGA
CTGACCACTGCTGGGCAGCAGGAGGGATGATGACCAACTAATTCCCAAACCCCAGT
CTCATTGGTACCAGCCTTGGGGAACCACCTACACTTGAGCCACAATTGGTTTTGAAG
TGCATTTACAAGGTTTGTCTATTTTCAGTTCTTTACTTTTTACATGCTGACACATACATA
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CACTGCCTAAATAGATCTCTTTCAGAAACAATCCTCAGATAACGCATAGCAAAATGGA
GATGGAGACATGATTTCTCATGCAACAGCTTCTCTAATTATACCTTAGAAATGTTCTCC
TTTTTATCATCAAATCTGCTCAAGAAGGGCTTTTTATAGTAGAATAATATCAGTGGATGA
AAACAGCTTAACATTTTACCATGCTTAAGTTTTAAGAATAAAATAAAAATTGGAAATAATT
GGCCAAAATTGAAAGGAAAAATTTTTTTAAAATTTCTCTAAATGTAGGCCTGGCTGGG
CTTTGACCTTTTCCGTTTTTAAATCACTCACAGAGGGTGGGACAGGAGGAAGAGTGA
AGGAAAAGGTCAAACCTGTTTTAAGGGCAACCTGCCTTTGTTCTGAATTGGTCTTAA
GAACATTACCAGCTCCAGGTTTAAATTGTTCAGTTTCATGCAGTTCCAATAGCTGATCA
TTGTTGAGATGAGGACAAAATCCTTTGTCCTCACTAGTTTGCTTTACATTTTTGAAAAG
TATTATTTTTGTCCAAGTGCTTATCAACTAAACCTTGTGTTAGGTAAGAATGGAATTTAT
TAAGTGAATCAGTGTGACCCTTCTTGTCATAAGATTATCTTAAAGCTGAAGCCAAAATA
TGCTTCAAAAGAAGAGGACTTTATTGTTCATTGTAGTTCATACATTCAAAGCATCTGAA
CTGTAGTTTCTATAGCAAGCCAATTACATCCATAAGTGGAGAAGGAAATAGATAAATGT
CAAAGTATGATTGGTGGAGGGAGCAAGGTTGAAGATAATCTGGGGTTGAAATTTTCTA
GTTTTCATTCTGTACATTTTTAGTTAGACATCAGATTTGAAATATTAATGTTTACCTTTCA
ATGTGTGGTATCAGCTGGACTCAGTAACACCCCTTTCTTCAGCTGGGGATGGGGAAT
GGATTATTGGAAAATGGAAAGAAGAAAGTAACTAAAAGCCTTCCTTTCACAGTTTCTG
GCATCACTACCACTACTGATTAAACAAGAATAAGAGAACATTTTATCATCATCTGCTTTA
TTCACATAAATGAAGTTGTGATGAATAAATCTGCTTTTATGCAGACACAAGGAATTAAG
TGGCTTCGTCATTGTCCTTCTACCTCAAAGATAATTTATTCCAAAAGCTAAGATAAATG
GAAGACTCTTGAACTTGTGAACTGATGTGAAATGCAGAATCTCTTTTGAGTCTTTGCT
GTTTGGAAGATTGAAAAATATTGTTCAGCATGGGTGACCACCAGAAAGTAATCTTAAG
CCATCTAGATGTCACAATTGAAACAAACTGGGGAGTTGGTTGCTATTGTAAAATAAAAT
ATACTGTTTTGAAAACTTTGAAAAAAAAAAAAAAAA 
 
Table 6. Sequence of the mouse Xist locus 
exon 1 
exon 2 
exon 3 
exon 4 
exon 5 
exon 6 
exon 7 
repeat A 
repeat F 
repeat B 
repeat C 
repeat D 
repeat E 
CGGCTTGCTCCAGCCATGTTTGCTCGTTTCCCGTGGATGTGCGGTTCTTCCGTGGTT
TCTCTCCATCTAAGGAGCTTTGGGGGAACATTTTTAGTTCCCCTACCACCAAGCCTTA
TGGCTTATTTAAGAAAACATATCAAAATTCCACGAGATTTTTGACGTTTTGATATGTTCT
GGTAAGATTTTTTTTTTGACATGTCCTCCATACTTTTTGATATTTGTAATATTTTCAGTCA
ATTTTTCATTTTTAAGGAATATTTCTTTGTTGTGCCTTTTGGTTGATACTTGTGTGTGTA
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TGGTGGACTTACCTTTCTTTCATTGTTTATATATTCTTGCCCATCGGGGCCACGGATAC
CTGTGTGTCCTCCCCGCCATTCCATGCCCAACGGGGTTTTGGATACTTACCTGCCTT
TTCATTCTTTTTTTTTCTTATTATTTTTTTTTCTAAACTTGCCCATCTGGGCTGTGGATAC
CTGCTTTTATTCTTTTTTTCTTCTCCTTAGCCCATCGGGGCCATGGATACCTGCTTTTT
GTAAAAAAAAAAAAAAAAACAAAAAAACCTTTCTCGGTCCATCGGGACCTCGGATACC
TGCGTTTAGTCTTTTTTTCCCATGCCCAACGGGGCCTCGGATACCTGCTGTTATTATT
TTTTTTTCTTTTTCTTTTGCCCATCGGGGCTGTGGATACCTGCTTTAAATTTTTTTTTTC
ACGGCCCAACGGGGCGCTTGGTGGATGGAAATATGGTTTTGTGAGTTATTGCACTAC
CTGGAATATCTATGCCTCTTATTTGCGTGTACTGTTGCTGCTGATCGTTTGGTGCTGT
GTGAGTGAACCTATGGCTTAGAAAAACGACTTTGCTCTTAAACTGAGTGGGTGTTCA
GGGCGTGGAGAGCCCGCGTCCGCCATTATGGCTTCTGCGTGATACGGCTATTCTCG
AGCCAGTTACGCCAAGAATTAGGACACCGAGGAGCACAGCGGACTGGATAAAAGCA
ACCAATTGCGCTGCGCTAGCTAAAGGCTTTCTTTATATGTGCGGGGTTGCGGGATTC
GCCTTGATTTGTGGTAGCATTTGCGGGGTTGTGCTAGCCGGAAGTAGAAAGCCAAG
GAGTGCTCGTATTAGTGTGCGGTGTTGCGCGGAAGCCGCAGAGGACTAGGGGATAG
GGCTCAGCGTGGGTGTGGGGATTGGGCAGGGTGTGTGTGCATATGGACCCCTGGC
GCGGTCCCCCGTGGCTTTAAGGGCTGCTCAGAAGTCTATAAAATGGCGGCTCGGGG
GCTCCACCCGAGGCTCGACAGCCCAATCTTTGTTCTGGTGTGTAGCAATGGATTATA
GGACATTTAGGTCGTACAGGAAAAGATGGCGGCTCAAGTTCTTGGTGCGGTATAACG
CAAAGGGCTTTGTGTGTCACATGTCAGCTTCATGTCTGAGTTAGCCTGGAGAGGTGG
CACATGCTCTTGAATGTGTCTAAGATGGCGGAAGTCATGTGACCTGCCCTCTAGTGG
TTTCTTTCAGTGATTTTTTTTTTGGCGGGCTTTAGCTACTTGGCGGGCTTTGCCCGAG
GGTACACTTGGTGCATTATGGTAGGGTGTGGTTGGTCCTACCTTGTGCCACTCGAAG
CTGAGGCAAGGCTAAGTGGAAGTGTTGGTTGCCACTTGACGTAACTCGTCAGAAAT
GGGCACAAGTGTGAAAGTGTTGGTGTTTGCTTGACTTCCAGTTAGAAATGTGCATTAT
TGCTTGGTGGCCAGGATGGAATTAGACTGTGATGAGTCACTGTCCCATAAGGACGTG
AGTTTCGCTTGGTACTTCACGTGTGTCTTTAGTCATCATTTTTTCGAAGTGCCTGCCC
AGGTCGGGAGAGCGCATGCTTGCAATTCTAACACTGAAGTGTTGGATGATGTCGGAT
CCGATTCGAGAGACCGAGGCTGCGGGTTCTTGGTCGATGTAAATCATTGAAACCTCA
CCTATTAAAAGAAAGAAAAGTATCTAAGGCCATTTCAAGGACATTTGACTCATCCGCTT
GCGTTCATAGTCTCTTACAGTGCTCTATACGTGGCGGTGCAAACTAAAACTCAGCCC
GTTCCATTCCTTTGTATTGTTCAGTGGCTAGTCTACTTACACCTTGGCCTCTGATTTAG
CCAGCACTGATCTCAAGCGGTTCTCTAAGCCTACTGGGTATAAGTGGTGACTTTGGC
CAGAGTCATAGTGGATCACAAATCACTGGTGAAGAGGTAGAATCCTACCTTCTTCCAA
AATCTACCCCATGACTATTGCTGGGGTTGCATTTTGATTTCAATGAATATTTTGGATGC
CAACGACACGTCTGATAGTGTGCTTTGCTAGTGTTTGAATTTAAAACCGAAGTGATTG
TTTTCAAAATGTATTTACGATTTGCTTACTTGTTGAATTCATTTTAATTACCTTTAGTGAA
TTGTTACTTTGGAGTCCTTAAAGTTTTCAATAATTTTTTTGGCAGATGATACTCAAATTA
CTTGGCACTTAAATGTACTTTCTTTCAAACTCATCCACCGAGCTACTCTTCAAATTTTT
AAGTCTTATAACACAGATACTGTTAATGTAAAGTGAACATTATGACTGGATGTCAGGAG
TATTTGAGGTTCTATACCAGTTCAGGCTTTGCTTTTGTTGCTATTGTTGATGCTATATTG
ACTAATGGTTTTACTTGTCAGCAAGAGCCTTGAATTGTAATGCTCTGTGTCCTCTATCA
GACTTACTGTTATAATAGTAATATTAAGGCCTACATTTCAACTTTCTGTGTGTTCTTGCC
TTTATGGCATCTAGATTCTCCTCAAGACTCAGCAAATAGTGCTGCTGCTATTGCTGCC
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CCAGCCCCAGGCCCAGCCCCAGCCCCTGCCCCAGCCCCAGCCCCAGCCCCTGCC
CCAGCCCCAGCCCCTGCCCCTGCCCCAGCCCCTGCCCCAGCCCCAGCCCCAGCC
CCTACCCCTGCCCCTGCCCCTGCCCCACCCAACCAACCCAATCCAGTCCAGCCCTG
CCCCAGCCCAGTCCTAGCCCCAGGCCCAGATACTTTCAGACCTATCCCAAGCCCACT
TCTACTTAGAGAAATTCGAATCTTCATTGATTCAGTGCTAAAATGCAGTGTCCATCACT
CAGCCTATAAGACTGAGACAGCCCATCTATACCCCCTCCATACTGACTTCTAGAGTCA
TGGAATTTCACTTAATGCATAGAATCGTATTGCTAAAATGCAGTGCCCATCACTCAGCC
TATAAGACTGAGATAGCCCATCTATACCCCCTCCATACTGACTTACAGAGTCATGGAGT
TTCACTTAATGCATGCAGTCCTATTGCTAAAATGCAGTGCCCATAACTCAGCCTATAAG
ACTGAGATAGCCCATTTATACCCCATACCCCCTCCATACTGACTTCTAGGGTCATGGA
ATTTCACTTAATACATAGAATCGTATTGCTAAAATGCAGTGTCCATCACTCAGTCTATAA
GACTGAGATATCCCTATGTATACCCCATACTCCCTCCATACTGACTTCCAGAGTCATAG
AATTTCACTTTGCATACGGTCCTATTGCTAAAATGCAGTGTCCATCACTCAGTCTATAA
GACTGAGATATCCCTATGTATACCCCATACTCCCTCCATACTGACTTCCAGAGTCATAG
AATTTCACTTTGCATACGGTCCTATTGCTAAAATGCAGTGCCCATCACTCAGCCTATAA
GACTGAGATAGCCCATCTATACCCCCTCCATACTGACTTCCAGAGTCATGGAATTTCA
CTTAATGCATGCAGTCCTATTGCTAAAATGCAGTGCCCATCACTCAGCCTATAAGACT
GAGATAGCCCATCTATACCCCATACCCCCTCCATACTGACTTCCAGAGTCATGGAATT
TCACTTAATGCATGCAGTCCTATTGCTAAAATGCAGTGCCCATCACTCAGCCTATAAGA
CTGAGATAGCCCATCTATACCCACTCCATACTGACTTCCAGAGTCATGGAATTTCACTT
AATGCATGCAGTCCTATTGCTAAAATGCAGTGCCCATCACTCAGCCTATAAGACTGAG
ATAGCCCATCTATACCCACTCCATACTGACTTCCAGAGTCATGGAGTTTCACTTAATGC
ATGCAGTCCTATTGCTAAAATGCAGTGCCCATAACTCAGCCTATAAGACTGAGATAGC
CCATTTATACCCCATACCCCCTCCATACTGACTTCTAGGGTCATGGAATTTCACTTAAT
GCATAGAATCGTATTGCTAAAATGCAGTGTCCATTACTCAGCCTATAAGACTGAGATAT
CCCTATGTATACCCCATACCCCCTCCATACTGACTTCCAGAGACATAGAATTTCACTTT
GCATACGGTCCTATTGCTAAAATGCAGTGCCCATCACTCAGCCTATAAGACTGAGATA
TCCCTATCTATACCCTCTACCCCCTCCATACTGACTTCCAGAGTCATGGAATTTCACAT
AATGTATAGATTTCTATTGCTAAAATGCAGTGCCCATAACTCAGCCTATAAGACTGAGAT
AGCCCATCTATACCCCCTCCATACTGAGTTCCAGAGTCATGGAATTTCACTTAATGCAT
AGAATCGTATTGCTAAAATGCAGTGCCCATCACTCAGCCTATAAGACTGAGCCCATCT
ATACCCCATACCCCCTCCATACTGACTTCCAGAGTCATGGAATTTCACTTTGCATACA
GTCCTACTTTACTTGTCCATGGACAAGTAAACAAAGAACTCTTGTCCTTCATGTTAATC
AAGATACACCAATCAAACAAGAGTTTTATATCAGAGACTTGCCATGGAGGTATCATCTC
TCAAGTCTCCTTTCCTTTAAGGAAAGAAAACCATTCTGTCATTGCTGTAGTAGTCACA
GTCCCAAGTTTCTAAGCAGTGTTCAGTCGTCTTTTCTCATGTATTACCTTGAGTACTGA
ATAATTCTGTCAGAAATATTTTGTCCATTGGATTAGACTTTAGCTAGTCCAGCCCTGTG
TGCATTTAGCAAAGGGGCAAACACAGGTCTGTTATCAGACAGTTAAAGTGCTCAGTC
CCAATTTTCAAGGCATTGGCCATTAAAGGGGGTAGAATACTATATACTGTTGGCATGCT
GTCATGGGTGCTATCGCCCCAGGTCACATCTTTCTAACTGATGGAGATACATTTATTT
GCTCATGATATTGTATACTAGTCTCACATGCTTTCTTATTTCAGCCAAAAACCTCTGCA
CTGGAACATTTTATGTGGATAATCCTGACTAGGAATTGAGTCTTTTCTCAAGGTCCTAA
TACTACCCTTGCTTTATGTAAAGAGGGTGCTGATTACTTAATGCCTCTTACACAATTGT
GCAAAATTGCAGTTGTTCAAGTCCCCTTCTGTTAGTAACCAAGATCCCATACCCTCAT
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ACCCTAATGGGTGACAATCAAGGGTGCCAACCAATGAGACCACTTCTCTGTTCTGGT
CTTTCTGCTGTGCTGGGGAATCAAACCTTGAGTCTTGTGTACGCTAGTAAAGCACTG
TCATAGAGCTACAGCCCCACCGTGTGGTGGTTTGAGAGAACAGCCTCTTATGTAGCC
TGGGCTGGGCGGGACTTACAGGCATTGCCACCTGTAATGTAAACATATTTGTGCCTG
TTGTGTGCACAGCTGCATTTGTCCCTCTTCCTAAGCATTGGATAAAGAAACCAAACTA
AGTCAAGTCATTTTGTTGGTAATCAAGAAGACCTTTGATCTGTCCTGTTTTTAACTTCC
AGGCTGGCCTGGAACTTAGCATATAACCCAGGCTAGCCTTGAGCTCAGGATCTAGCC
TGCGTTTAACAAGTGTTGGCATATCTGGTTCCTACCACTATGCCCTGCATGCAGTCTT
TCATATTGTGAATGTGCATATGTCATTTCACTGTAGTAATCTGCATCTGGTGAAGACTTA
TTTGTATTGCAGCAGTATTTAAGATCCTTAACATAGTAAATGTGCACAGTGTTAACTCTA
TTGTACATATTCTCATGTCCACAGTTGTGCCTTTTAGATCAGGACTCCTGTACTTAGCA
AAGCAAAGAGGCTCACTAATATAAAGCTTCTTTCATGAGACTATAGATTGAAACGATTC
CAATACGGTCAATGGTCCTTCAAGGTAAGACTTCTGTCTCTGATCATTCATATCCTCTT
TGCTTTATGGAATTATGTATGTGCTGTGCACTTGAAACCCCTTCCTCAAACTATTTATGT
ACATACTGGCAATTTTAGTAGGATCAATTTTACTCTTAACTTTGAAGTACAGAAGTGGT
GTTGACCTATAAGGTCCCATTTTGTGGCTTGCTAATAATAATGACTGATTGTAGTAGGC
CTTTTCTGTTCACTACAGAAGGAAACCTGAACAGCGTAAAACTGTAATGGCCATAAAC
ATGTACCTTGCATATTAGTATGCATTTACTGCACACATCTCATTCCATTTGGATACGATC
CTACTCTCAAACCCTTTTGCAGTACAGCAAGGGTCACTAATCTTTTGGCTTCTTCATC
TTCCTGGACACTGGATAAGGCTGTCCCCTCCTTTCCACTCTTTAATTTCCAGGACTAT
TACTTTAAAGACTTAATATTTGCATAAAGGATGGGGTTTTTAATTGATAACATGTCCCTT
GAACATTAATGTATATAACAGGGACATGATCCATTCATTTTAATAAAAATACTTGGCCAG
TTAATGTGTAAAATTACACTTATCCACAACCTTATTACTTTTCGGACCATTGTATCTCTT
GCACTCCTGCAAGGGATACCGTTTATCTCCCAAGGTCCCTGCTAGTGGACCATTAATA
TACAGTGAATCTTCCTTTGTCTTTGCCAGTAAACAAAGGCCATACTCCTTCGCCTTTC
ATTTGCACTATATCAGGATATGCTGATCAACAAGGCCGCATTCTTTTGGACTGTTATCA
TATATTAAATGTATGCGTATGCACTGCCACCTGCTCTGTGCACTTGAAAGGATCCCAC
TCACTTCCTTAGCACCTTCAGCAGGAAGTGATAATAAGCTCAAGACTTTCATTTGGAA
AGTTCACATGTCTAAGCACTTCTCTAAGAACTACTGTACCCTCTTCTCCGCTTTAAAG
CAGAAAGAGGGTTGTACGAAGTGCTCTTCATTTGGACTTAAGTGCATTAATGCAGTTA
GTTGTCCATCATTACCTTTGGAGTTGGATTTTACATCCTTGTACTCTTTTGACACCAGA
GGCATATTAATTATTTCTGAGCACTTCTCTTGTCAATATTAATCTGTACCCTTACACATAT
GACCTGTGCGGCAGCAAAGGTTCTGAAATGCCTACCTTTTGACTGGGGCTGCTGAG
TGGTAGTAACTATTAGTAACCTCAGCATTTGGATGATTACTATGCAAAAATGTCAAGGA
CCTGTGTGCTCTCTTTGCATACCATCAAGGCTACTGAGTCCCAGAATTAATTGCTAAG
TTATGCGTATTTATAACTATGAATGTCTGGAATATTTTGTCCCCTTTACATTATTGCAGA
GGTTGCTGAGCCCCCGAAACTACCCGGTACTGTCAATGAGCACAGGGGCTCTGACG
AATGACCTGCTCTCTTCCTTAAACTGATTTTGGGACTCTTAATAGGCACAATGGCAGT
TCTGGATGGTTTATTTTCTACTCCAACTTGAGCAAATCCCCTGCTAGTTTCCCAATGAT
ATAATAAAGTACAGCAGTATGTACACCCAACAATGACCCGGATTTCGACCCTTTTTGCA
TTGCTTTAATATATACAATCCTAAATAGTCACAATCTCACACTTTATAGTGTTCCTTTTGC
CCGGCCTCTAGTTTGTCCATTGACCACTTTTCTGAATCACTAATTCTCACAAACCCAT
CATTAAGGAAGAGTTTGTGCCCTTTCTCAATTCCATCATGCCATCCCTTTTGCCTCTTT
GTTTGAACAGTATTGACTGGGCAAAGCCCTTCTCTTGACTTAAAGTCAACAACACCA
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GTTTACTCACTTCATATGGCTACAGTGTCTCAGTTGCCTTCTCCTTGCTCCCACTGAA
CAGAGACACCTCGAATTCTTACATTATTCTGGGTAATGTTAATTACCCCAAACACCCTA
TGTGTCATTAATAAATTTTGGTGTATTTATACACTGAATAGCAAAAGCAGGCCAAAACTA
GGTGGATGAGCCTTCAATCTTTAACTTGCACTTCTAAATTATTCCAATTCCAACTGCTG
GCACATTCTAGGGCCAGGAACCATTCTTGCCTACCTTTATTAATGCTTTATTGTGCAAA
ATATTGCAGGCAAGTAGCTCAGGGAGTTGGATTGCCACCTTTTACTTGGGGCTTTCC
TTTACAGTATGAACTGAAAATTGTCTTCCTGAGAAGGAAGCTTAGCACTTTTCTTTCC
GTTCTTCCTCCAGGAAGGAGCCAACTGTCTGCTTAAGAAACTTTAAGCCCGATTTTGT
ATATTGCTACTGTACAGGACCAACTGCCAGAAAAGTTATTGATAATTTTATTCCTTAAGA
AAGGCATTTGGATTGCAAGGTGGATTGACTGTGAGATCATTAGCTTTTGTGAAGTAAA
AATAGCCATTTGTGTCATGTTTCTGAAGACTAAGCAGTGTCTCAGTGTACTGAGGGTG
ATGAGTCTGTGGAAAGATCAGTGCAACTATTGCAGAATGTTTAAGACAAGTATCTTTG
CTTGGTCTTTACTACAAGTTTAACAAAACGAAAAAGTCAATCTTTGTGTGGCCTTTAGT
ATGATTAACTTTTTGGAAGATGACCTAAGCCTTCTAATCATTATATTTTGTCTGACATTG
GTCACCAGTCCTTGCTTATTTTTAAAAGGTGACTGGATGGATTAAATTTGAGAACATGT
CAAGTCGCCTTTGAAAATTATATAGGCCATCACATTTAATTAATTCATTCTATCCACCATT
AAACTCTGGCAATAATTTGAAGTAGCTTGAAAATTCCTAAAGTGGGAATTTATTTTAGA
GATGATAGAACCTGTTTCCCCACTTTACATTTTAAAATATGTCTGCCAGGATCTAATCAT
TCCTTTAAACGTACACTTCAAAGAGAGATTTTCCTAGTAAGAAAAGAGCTTTCTCTAGT
GTGAAGGGTGCTTTGTAGCCGCCGAGTACTTAGGTCTTTTTTGGGAGCTATTGTGTAT
GAGTGTATGTATGTGTGTGTGTACATGCATGTTGCTGCGCGCAGTCATTCATTCACAT
GGTGCTCAGACAACAATGGGAGCTGGTTCGTCTATCTTGTGGGTCCTGGAGATCAAA
GTGAGATCATCAGGCTTGGCAGCAAGTGCCTTTACCCTCCGCGTGCCATCTTGCCAT
CCCGCTGCTGAGTGTTTGATATGACATTGCTGATGAAAATAATCATCACAACAGCAGT
TCTCCCAGCATTACTGAGAAATGATACTATTTTTCTGAGGAGGATGTTCAAGTAACTCA
TCCAGTGCAGGATCCTGCTTGAACTACTGCTCCTCCGTTACATCAGACTCTGGCTGT
TTAGACTACAGGATGAATTTGGAGTCTGTTTTGTGCTCCTGCCTCAAGAAGAAGGATT
GCCTGGATTTAGAGGAGTGAAGAGTGCTGGAGAGAGCCCAAAGGGACAAACAATCC
CTATGTGAGACTCAAGGACTGCCAGCAGCCTATACAGCTACATTACATCTCAGCAGAA
CTTCTCTTCAAGTCCTCGCTACTCTGAACAAAAAGCTTACAGGCCACATGGAGAAAA
AAAGATCTCCCCCCAGAATTGTGGGCTTGCTGCTTTGCAGTGCTGGCGACCTATTCC
CTTTGACGATCCCTAGGTGGAGATGGGGCATGAGGATCCTCCAGGGGAATAGCTCA
CCACCACTGGGCAACAGGCCTAGCCCAGATTTCAGTGAGACGCTTTCCTGAACCCA
GCAAGGAAGACAAAGGCTCAAAGAATGCCACCCTACATCAAAGTAGGAGAAAAGCT
GCTGCAATAGTGGCACTGACCTTCGAGGAAGCCATTCTGCTCTATTTGGTTCTCTCT
CCAGAAGCTAGGAAAGCTTTGCCAGCTGTTTACATACTTCAAGATGCACTGCTACCCT
ACTCATGCCATATAATACACAATGCCATCTACCAAATATTACCCTTCCCCAAAGCAGCA
CAGAAAACTGGGTCTTCAGCGTGATCAAGCAATGTGAACACACAAAAGGAAGGCAG
CTTTATAAATGACCCGAGGATCAACATGCCTGACTGCAGCATCTTAAAAGCAATAGAA
TGAGTGTGTATTGTGGGTGTGTCTATTTCTTGTTTTATGTATCTATTTTTTCCTTGGTCT
GTGTGTCTAATTCTTTGTTACATCTATTTCTTCCTTGCTTTGTGTGTCTATTTCTTCCTT
GCTTTGTGTGTCTATTTCTTCCTTGCATTATGTCTAATTCTTTGTTATATCTATTTCTTCC
TTGCTTTGTGTCTATTTCTTCCTTGCAGTTGTGTCTAATTCTTTGTTACATCTATTTCTT
CCTTGCTTTGTGTGTCTATTTCTTCCTTGCATTGTGTCTAATTCTTTGTTATATCTATTTC
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TTCCTTGCTTTGTGTGTCTGTCTTCCTTGCTTTGTGTCTATTTCTTCCTTGCAGTTGTG
TCTAATTCTTTGTTACATCTATTTCTTCCTTGCTTTTGTGTGTCTTTCTTTCTTGCTTTT
GTGTGTCTATTTCTTCCTTGCAGTTGTGTCTAATTCTTTGTTACATCTATTTCTTCCTTG
CTTTTGTGTGTCTATTTCTTCCTTGCATTGTGTCTAATTCTTTGGTATATATATTTCTTCA
TTGCTTTGTGTGTCTATGTCTCCTTGTGTTGTCTAATTCGTTGTTGCATCTATTTCTTC
CTTGCTTTGTGTGTCTATTTCTTCCTTGCTTTGTGTGTCTATGTCTTCCTTGCTTTGTG
TGTCTATGTCTTCCTTGTTTTGTGTATCTACTTCTTCCTTGTGTGTCTAATTCTTTGTTA
CATCTATTTCTTCCTTCCTTTGCATGTCTCCTTCTTTCCTTTGTGTGTCTTTTCTGTCT
GCAGTGTGTCTTACCTATTCCCATGTTTCTCCTGCATGTTCTTTCTTGCAGAGCTTTG
AGCTTTGTTTCACTTTCTCTGGTGCCTGTGTGGTCTGCTTTGTCTTCACTAGCTATGG
CTCTCTGTTTTATCTATCTGGTTGCTATTTCTCTTAGCTTTTCTTTCACTCCTGCCTTTC
GTGACTCCCCTTTGGGTCACATGTTGCATGCATCCCTCTCTTTTTCTTGTGCTCACCC
CACTTGTTCTTTGTTCAAGTTCTCTTTGTCAGTCCATTTCAGTTTTCTTTCTGCTGCTT
CTATCCTTAGTGAATTCTTGTTTACATTTCTTCCCTGCCTTTCTTGGGCCACTTTCTCT
GTTTTCTTTTGTATTTGTGTCTCTTTGCTATTGGTGGATTTCTTATCTCAGCATCATTCT
GTTGCTTTGTGTTTGCTTGTGTTTCTATCTTCTACTTTCCTCCTTTCTGTTCACTTTGA
GCATTTCATCTCTTTACAAGTCTGTGTCTCTCTTGTATTCTAAAGTAATCCTTTCTTGGA
TGTTTCTTTGTATGTACATGTGCGTGTGTGCATGTGTGTTATGTGTGTCATGTGTGAG
AGGAGCTTCATAGCCCCTTCCCAATAGGTCCAGAATGTCACCCGTGGAGCCGTTCCT
CACACCAGACTGCCCTGAGAAATAATCTAAGACAAAATACATCATTCCGTCCGGTCAG
GATTCAAGTGGCTCTGAAGTGAACGCCCAAGTAGAAGACAGAAGTTTTGCGACTTGA
GATTTAAAAGGACCAAAATACACAGATGGCCCGTCTTGAGCTGGCTGGACAGAATGC
TGACAACCCAAAGAAGAGGAACTGTTTCTACAGGACACCTGTGACTTCCAAGAGCG
GGGAACTACGTATGTCATAAGACACAAAACCTGAGCTAAGTCCAAGCATAAGACCTAA
GGACCCAATCCTATATGGACAGAATATTTAAGAGATAAAGGCCTATGGCCCAGAACTC
TGGAAGGATATTTCTATCCTTCTATCCCCAAGACCAAGAAGGGAAATTCGAAGATGAG
ACCTGCCCCCCAACCCCAGCATCCCTTTCCATTTCTTATATTTCTATTTAAGCTGTCTT
CACTTGAGATGTAATTTTTCATTGTTGCCATTGCCCATAAAGGAATACGTTTTTAGCTG
GATAGTATTGTGCAAGGGTCTGTTTTAAACTGGGTCTTAGCCATTTGTTAAATTGTTGA
TGTTTTACAACTTCCATTTCTCTTCACATCTGCTCCACTTGAGACGGAACTAAATCCA
GCCAGTGTATATAGCCTGACTATTGAAACTTCCCTAGGAATAAGCATGCATACAGATAT
GCATACTGCCATCCTCCCTACCTCAGAAGCCCTAGGCTGACAAGAAAAGGAAAGCAT
CAGGTTGTTAGGGGGAAAACAATGTCAGGCTATCTAGAGAAAATATAAAGAGTTGTTC
CAGACCAATGAGAAGAATTAGACAAGCAATATGCAGATGTGCCAACCCTCTGAGAAG
CACCAGCCAGTGTCACCTTCTTTCTTTGGGCTTAGGTGAGCAGGGTATGGTTTTCTA
ATAATGGTTTGGGGACAAAATGAGGTCTGAACTCCCTGCTCATAGTAGTGGCCGAGT
AATTTGGTGCATTTCACCAAAGGAACTCCTGGGTCTAATACCTACCTTTAAAATTAATG
ATGAGAGACTCTAAGGACTACTTAACGGGCTTAATCTTTTTCGTGCCTTCCTCTTCCT
CTGTAAGAGGGAAGTTAAATGACACAGGATGAAAAAGTAACATGCTCATAGCACATTG
GCAATTATACATGGTTATTATCTGAAAGTGTAGAGCTTTTCCTATAAGGCATCAGACTAA
GTACCTGAAGCTTTGTGGGTTCATGGTCTTAGTTGCATATTCCTTAGTTGCAAATCCTT
TTCAAAAGGTAAGAAAAAGGCACACTGGTCTATTGCCTGTACTTGATCAAGCCCTGAT
ATGAATGCCAGGGAATGTCTGAGTAACATTAATTTCCTTCCCTGCATATTTTTTGTGCT
GAATACTAAGGCTGTGATGCTTCACTGTGGTCACCCCCAGGTAACAAGATATTACCAG
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GTAACCAGGAAACGTATGAATACGTAAACCATGAAGCCTACTGTAACTTCCAAGTCAG
TGCTGAGTATGTATTACATAGTAGCTGAAGTCTACGCCTCTGTGTGCTATAGGCACAA
AGATTGCTCTAGGAATAACATGCTTTGTAAAAACAAATATATGAACATAACGGGGCTTG
AATGAATAACAGTCCATATACTTAAGGCCAGTGTGTTTCTTCTGCTTTGGTGAGGCTC
AGTAAGTTATATTATACCAGGTAGCAGAAGAGAAAACACATGGAAACTGATTTTAAACT
ACAAACTAGGTCACTAATGCAGGTGATTGATTACCCTATTCTGATCACCTTCTAATTTC
TGAATACCCATGTTCAGCACTGGGAATAACAAAGGGGGACATTACCACAGAACTAGA
ATTTACAAAAGAATGCATTAAATAAAGCATTATACAGCTATCAATTGTTCCATGTGTGCA
AATGAATGACTACTAACTACCTCTGATGTATCCGATATTGTTTTGGGTACATGAAATATT
CATGAGTAACTGCCATGAAATAAGAATGTTTGCATTCCATACTATTCATAAGGAATGAG
CCAATGCTTAATTTAATCAGTCAAAACTTGAGTGATAAGGGCATGTTAATACAAGAACA
TTTGCCCAGGTCACATTATGGTTGTGGGTACTTTCTTAACTATAAAGCAGTTCAGTAGT
ATAAGACAAGACAAATTTTCTATAGAAATAAAGCTGCCTATAAAATAGGCATAGTCTCTA
CAAAATTTTCATTGTACTTTTTAGCCCATAATGGGAAGAGTACAGTTAACAAGCTGGGT
GTGGTAGCATGTGCTCTGAGCTGAAGCAACAGGACCACTTGAGCCCAGAAATTGGA
GGCTAGCCTGGGAAGACCATAAGGTCAATCTCAAACCTGGAGGCTAAATATTGTCTC
CCATGTGTATATTCTCTTTCATGGGTACTGGAGAGATACACAGACGTACATTTCAGTGT
GTCCACACTTGAGAATAATATGTACGTTGGCATTTTATGAACTCGGAGGTACCATATAA
ATGTAACAATTCATTTTCTTACTTGGTATCAATTTCCAGGCTTTTAAAATTCTGCCACAT
TTATTATACTGTGAAAATAAAGTAAATAAGTAACTGTGAACCACTGAATATATGAAGCAT
TCAATACTTGATGAGTACATACTGAATGGCAGTCATTTATTACAAAACAGTGCCCTTGC
TAGGCACTGGGATGCAAAGAGCATTCTCATTGTCCTGTGTATCTAAAGAAATTATGCAT
GAGATTAATTTATAATTTGTAAACTGCCATATATATGTGTATATATGCAATATTTGCCTGGT
GTGCAATGACTTTGCTTTTATCCCAGGCATGCACAACAGATCTGTGTGGAGCTTTGT
GAAGTCTACAGTTCTATAAAGCCGGGACCTAACTGTTGGCTTTATCAGTGAACAGTGA
TTACTTTCTAAGTTTCATAATGGCTGAAACTTAATCATAATGCTTATCACCTAACACCAC
CTAATAATAATTTTACCATGCTATGTGTTGAGCGAACACATAGATTGCTTTCTAGCATTA
TGTAGCACTTATAGGAGTGAAATCTAGACCAAAACTTCAATTCACTTCAATGAGGAAAT
GAAAACAGAAAAAAAAAATGGATTTGTGCAAGGCAGTGTGCTAAATGTTACACTGAGT
GGACTATGCTGTCTAGGATACTTCCCAGCTGGCTTGACTGAGGAGGTGGAAAAGGTT
TTATTAATGACAGGAACTTTTTCCATCCAGTTTCTTAAATGTTTGTTGAATGCTGCTGC
CAGAGATGAATTACAAACACCTTGCCAGTAAAGGAGTTTTATAGGGCCAGAGTGAGAT
AATCCCAGAGCATGGGTATCAGGGAACAAAACGGGAAGAGGCCAGAGCATCTGATG
GCATGTACTCAGTGTGGCCCAGAACCTCTCGAACTAGATGTACTGGCTGGAGGGAC
CAAGCATGCAGAACACAACACCTAATGAAACATTGTATATAAAATATGCTAACCTAGGT
CCTAAAACTAAAATGTGAGGTGGACCTAGTGTAGATCACTGATCATAGGAGACATGGT
CTCATAAAGCCCAGGCTGGTTCTAATTGGTGACTGTCACAGCTTCTCAAGTGCTGAG
ATTACAGATGTGCTTAACCCATGCCCAGCCTGAAGAATATATCTGATTACTGAGTGAAT
AATATTTTTAAAGAATTATATATTTTATGTATATGAGTACGCTGTTGCTGTCTTCAGACAC
ACCAGAAGAGGGCACCACATCACATTACAGATGGTTGTGAGCCCCCATGTGGTTGTT
GGGATTTGAACTCAGGACCTTCGGAAGAGCAGTCAGACTCTTAACCACTGAGTCATC
TCTCCAGCCTTCTGAGTAAATATTTTAACTATAATGGCTGTTTGCGAAACCCAACCAAG
GCCAAGATTCCTTCAACATAAACTGGAGACTTCCTAGCTAAGGAAGCTCCAAAAGTCA
TTTTCTCATTGGCCTAGCTTGAAGCCAGGACAGACTTAAAGTCTGTCCTTTAATTCATT
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ACCCATTTTCCTTTTCTTACTGTTGAAGTGTTTCAAAGGAGAATCAAGATGAATCGATA
ATTCTAAACGTATTTGTTCATTGCCTGGCTCAGCGTCATGTGAGCAAGAAGAATATACT
ATCACACTCATACTTTTAACTTAAGTGTGATGAAAGTGCAGTTCTAAGTACTAAAATTTC
TAAGTACTGAAAAGAACAAAGACATTTAAAGGATGCAACCCAAAGTGTACTTTACCTC
AGTAGTTTCTGAGGGGACTGCAGTCACACCTTGAGACTACAGCTCTCACTTTAGCTG
GGAAAAACATCAAGGTGTAGAGGAGGCAAGTTAAATAAAAAGTTGCTCCCCTCCTCA
TGGGCATGCTTGGTAGAGTGGAAATAATAAAAGAGGTTCTCTATTTCCTCGGTTCCAC
ACATTGCAGAAGATGCTACTGGATGCTAAGTGCAACACATTTGTTCCAAAAGGGCAC
TCAGTGTGACTTACAGATGCCCCGGAAAGCAGAGGGATGCTCTTTATTAAACAGAAAT
ATTAGCTCAAACGTTTTCTAGACTGAAGAACACTTTCCTCATTTCCCACAGTTTGCCT
CAGAGGTTGAATACAGGAAGGTTATTATTCATTCATTTGCTTTATTGGTTCGCCTGTTC
TACAAGGATTTGCATGTCTCTTAGGCCTTCACTTGGCTCCTGAGACATGGAAAAAGG
AAACATAGACATAGGGAAGTGCTGGATGGGGGGGGGGGGTCTCTTTTCTGGGTAGT
GGCACGACTTAGTCCTTAGTCCCCAAGTAATATGCAATGTGAGTCCTCATCCTCATGT
CTTCTCCGGCCACTGCAATGAGTGGGAAGCTGGGCTTTGTAGCAAGCCTGACCCTA
AAGTTACAGAAGCCCTCCACGCTAAGAAACTCAATTTTCTAGGCCATTTTAGCTATGA
CTGTGACCACTACTGGTCAGGAGGGATGACAGCCATCTAAGTTCCACAATCTTAGGC
TACTTTGCATTATCCTGGGGCAAACAAGCCATTTTTGAGCTGCAGCAGGCTTTGAAAT
ACATTGACCAATTTTGCCTGTGTTCGTTAAACCTTTTACCTTTTTACATGCTAATGCTC
ACAGTAATTTAGAAATGTTCTCCTTACTATAATATACTCAAGGTGGCTTGCTATGGTAAA
ATAATGCCAGTGGATGAAAATAACATTAATGTTTAACATTCTTGCATAAAATTTAAGAATA
ATAAAATTGACAACAATCAGAAAACTGGAGGAACGAAAGACCAAATTGAAAGAACTTG
AAAAAGATTAAAAATGCCTGTGCTTTGACCCTTTCCATTTTTCTTTCACTCACAGAGG
GTGGGACAGGAGGCCGAGTGAAGGAAAGGGTCCAGCCTGTCTATCTGGAATCTAAG
TTGGGACTTTAATGCAGTTCCACAAAATTGGTATTAATTCGCTAAATGTTTCTGAAAAT
GTATTTTCATCTAAATGGCTATCAGCTAAGCCTTGAGTCAAATGGGAATGAAACAGATT
AAGTCAATGTGATCTCTTTATCCAAGTTGCCTTAGAGCTGAAGTCACAATTTGCTGTAA
GGAAGCTTATTCATTGTAGCATACGCATACTTTCAAAGTATCTAGACTTTACTTAGTAAC
CCAATCAGGACATTCAGGCAAAAGAAAAGGAACAGAGAAGATGGAGCCAGGTTGAA
GAGGTCTGGGAGTTCAAACAAATTTTTTTCATTTTCATTAAAACTCAATTGGGCATCAA
AAGTGTTACTAATATTAGCTTTTAATTAGTGGAAATTGGCTGGATTCAGTAATATCCCTT
TGTATGGGTAGGAATGGGCTTACATTTCTGGAATTTGCAAAGGAAAAAATAACTGAAA
GCCTTCCTTTCACAGTTACTGCCATCAATATTGCTACCAATTAAGCACATCCTACCATC
ATCTGCTTTGATCACATAAATGAACTGTGTACCAATCTGTTGTTGAAAGACTGGAGTC
ATCTTCCCACCAACTGTGAAAAAACACATGGAAAACACCTGGACTTTGTGAACGGAT
GCGGAATACAGAACTTCTGTTGACTCTTGGGTGTTTTGAAGACTTGAAAAAAAAAACT
GTTGCTTACCAACATGTCACAATGAGTCCGTGTGTGGGTGGGTGGATGGGTGGGTG
GGTGGGTGGGTGGGTGGTTGAGTGGGTGGGGTAGTTTGCTGTTAAATAAAATGCTTT
GTTTTGAA 
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