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Cell culture and treatment
Derivation of haploid ESCs from XistTX/TX R26nlsrtTA/nlsrtTA mice was previously described [18]. HATX3 ES cells were grown in 2i (containing PD0325901, CHIR99021, and LIF) medium. Doxycyclin (1ug/ml) was used to induce Xist expression in survival assay.

Generation of Transgenic Cell Lines
Tcf7l1 loss of function ES cells were generated using a single gRNA CRISPR/cas9 strategy. The gRNA targeting the first exon (gRNA: CGGCCGAGCAGCGACAGCGCTT) was inserted into the pX458-pSPCas9(BB)-2A-GFP vector (Addgene, # 48138). Briefly, the vector was lipofected into HATX3 cells and sorted for GFP fluorescence after 48hrs. Clonal cell lines were obtained by low density plating and loss of Tcf7l1 protein was confirmed by immunoblot using goat α-Tcf7l1 antibody (M20) (SCBT, SC-8635)


Supplementary Tables

Table A: Alignment software
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Table B: Window size to define I.I.
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Table C: Cut-off to define I.I.

[image: ]


Table D: Algorithms for candidate selection
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Table E: Bias values of genes uniquely identified by ranking algorithms
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Table F: Candidate ranking using median values
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Table G: Algorithms for candidate selection in haploid screening for resistance to Lassa Virus entry (Jae et al. 2013)

	   Jae et al.
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Comparison of the top 20 candidates obtained using different algorithms for candidate selection (LOF, Original list, FT and VISITs) . In the original paper (Jae et al.) candidates were selected using the Fisher's exact test (FT) for statistical evaluation of Disruptive Insertions. Genes with a percentage of intronic region higher than 70% were further evaluated for the enrichment of intronic sense insertions using a binomial test (Binomial Test). Remaining genes were re-evaluated with FT applying more restrictive criteria. The genes functionally validated in the original work are highlighted in yellow.


Table H: Alignment software in Jae et al. 2013 database
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Table I: Window size to define I.I. in Jae et al. 2013 database
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Table J: Cut-off to define I.I. in Jae et al. 2013 database
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Table K: Candidate selection in haploid screening for resistance to Picornaviridae Virus entry (Staring et al. 2017)
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Comparison of the top candidates obtained using different algorithms for candidate selection (LOF, Original list). In the original paper (Staring et al.) candidates were selected using the Fisher's exact test (FT) for statistical evaluation of Disruptive Insertions. The gene functionally validated in the original work is highlighted in yellow.
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Fisher VISITs LOF
Gene Bias Gene Bias Gene Bias
Med27 2.5 Fsip1 2.2 Cdk8 18.4
Ppid 2.1 Fgfr1 3.8 Cat 14,8



L3mbtl4 1.5 Csgalnact1 3.7 Rbm12 3.8
Tbc1d13 2.3 Plekha7 1.7 Ubn2 6.5
Apbb2 2.2 Cbx7 1.0 Cpne1 3.3
Camk2b 1.6 Scaf8 3.3
Ptk7 2.7 Suz12 4.7



Atp5g2 3.1 Specc1l 5.4
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Median
Order Fisher Rank LOF



1 Tcf7l1 Xist Xist
2 Ppid Hira Hira
3 Xist Tcf7l1 Tcf7l1
4 Med27 Spen Fbrsl1
5 Nsd1 Eed Fbxw7
6 Tbc1d13 Med25 Eed
7 L3mbtl4 Ubn2 Med25
8 Kdm5b Cdk8 Kdm5b
9 Fbxw7 Scaf8 Spen
10 Smarcad1 Suz12 Cdk8
11 Fbrsl1 Smarcad1 Ppil1
12 Ptk7 Nsd1 Nsd1
13 Eed Fbxw7 Slc26a11
14 Spen Fbrsl1 Smarcad1
15 Tsix Zmym4 Scaf8
16 Hira Tsen15 Ptk7
17 Morc1 Ubap1l Ppid
18 Ctps2 Stau2 Specc1l
19 Amz1 Smg5 Ctps2
20 Camk2b Usp31 Rbm12
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Jae	at.	All
LOF Binomial	Test Fisher Fisher VISITs



Gene Score Gene Score Gene Score Gene Score Gene Score
SLC35A1 24.1 LARGE 3.0E-140 B4GAT1 5.2E-121 ISPD 4.0E-236 POMT2 <E-50
B4GAT1 21.4 ISPD 5.7E-97 DPM3 3.8E-42 ST3GAL4 1.8E-229 ALG6 <E-50
TMEM5 21.1 DAG1 1.6E-68 B4GAT1 2.3E-228 STRN4 <E-50
ST3GAL4 18.5 ST3GAL4 5.8E-68 LARGE1 6.3E-225 SLC35A2 <E-50
CMAS 16.6 SLC35A1 7.5E-53 ALG8 2.8E-179 FKTN <E-50
LAMP1 16.6 B3GALNT2 2.8E-43 SLC35A1 1.8E-166 ST3GAL4 <E-50
SLC35A2 15.4 ALG8 8.8E-35 DAG1 1.1E-164 CMAS <E-50
DPM3 15.0 TMEM5 5.4E-34 TMEM5 1.2E-151 LARGE <E-50
FAM3C 13.3 LAMP1 1.1E-26 LAMP1 4.7E-110 POMGNT2 <E-50



POMGNT2 11.3 SLC35A2 8.9E-21 B3GALNT2 2.0E-107 ALG8 <E-50
POMT1 10.9 FKTN 1.9E-18 CMAS 2.2E-71 B3GALNT2 <E-50
ALG8 10.5 ALG6 1.4E-15 POMT1 1.0E-60 SLC35A1 <E-50



MAN1B1 9.7 CMAS 1.4E-15 FKRP 8.1E-58 COG7 <E-50
B3GALNT2 9.3 POMT2 1.1E-13 MAN1B1 6.8E-51 DAG1 <E-50
POMT2 9.1 PTAR1 2.4E-13 SLC35A2 1.2E-43 B4GAT1 <E-50
ISPD 9.1 MAN1B1 4.2E-12 FKTN 3.3E-38 MAN1B1 <E-50
FKRP 8.4 FKRP 9.1E-12 POMT2 6.4E-35 LAMP1 <E-50
FKTN 8.0 MAN1A1 2.6E-10 MEI4 4.0E-33 PTAR1 <E-50



CREB3L2 7.2 ALG5 2.8E-10 DPM3 2.7E-31 FAM3C <E-50
PTAR1 7.2 FAM3C 6.2E-10 COG8 2.5E-29 RP3-382I10.7 <E-50
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Bowtie2 nvBowtie Ngm
Gene Score II	in	Ctrl II	in	Sel Gene Score II	in	Ctrl II	in	Sel Gene Score II	in	Ctrl II	in	Sel
SLC35A1 54.1 154 349 SLC35A1 66.8 106 345 SLC35A1 53.7 111 317
B4GAT1 48.1 163 488 TMEM5 49.2 132 343 CMAS 45.0 64 156
TMEM5 47.4 149 336 LAMP1 46.9 113 279 TMEM5 44.0 133 314
ST3GAL4 41.2 257 545 CMAS 45.6 66 158 B4GAT1 41.3 161 456
CMAS 37.7 92 167 B4GAT1 44.4 164 493 ST3GAL4 40.7 210 510
LAMP1 37.3 160 282 SLC35A2 41.3 79 114 LAMP1 40.7 112 268
SLC35A2 27.2 92 113 ST3GAL4 38.3 243 548 SLC35A2 35.7 76 102
POMT1 24.9 159 211 ALG8 25.8 465 563 ALG8 28.7 420 541
ALG8 24.4 556 575 POMT1 25.5 131 206 ISPD 26.3 784 713



MAN1B1 22.8 213 178 B3GALNT2 24.9 287 354 MAN1B1 26.2 163 166
B3GALNT2 21.8 373 373 ISPD 23.5 853 743 POMT1 25.7 125 186



ISPD 21.3 994 858 FKRP 22.6 152 225 DPM3 24.2 39 94
FKRP 19.5 188 224 PTAR1 22.5 188 111 B3GALNT2 23.0 316 350
FKTN 18.5 142 144 MAN1B1 21.9 179 164 POMT2 22.0 100 104
POMT2 18.0 134 118 FKTN 21.9 122 120 PTAR1 21.7 199 110
DAG1 16.3 877 643 POMT2 21.6 100 110 FKRP 21.6 143 205
LARGE1 13.6 2588 1357 DPM3 20.5 39 95 FKTN 18.6 106 110
PTAR1 13.4 205 114 DAG1 18.1 702 633 LARGE1 17.0 1686 1133
AP4S1 13.3 688 178 LARGE1 14.6 2035 1270 DAG1 15.8 711 595
COG8 13.2 399 185 COG8 13.0 373 181 COG8 13.4 361 174
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Window	=	1 Window	=	3 Window	=	5 Window	=	7
Gene Score II DI Bias Gene Score II DI Bias Gene Score II DI Bias Gene Score II DI Bias
B4GAT1 65.1 3.5 3.7 8.3 SLC35A1 68.1 2.9 5.6 12.9 SLC35A1 54.1 2.3 4.2 10.2 SLC35A1 49.3 2.0 3.8 9.6
TMEM5 40.1 1.6 2.6 6.8 B4GAT1 65.2 4.1 4.3 10.7 B4GAT1 48.1 3.0 3.1 7.0 TMEM5 41.2 1.9 3.1 7.5
SLC35A1 39.9 1.5 2.6 6.5 TMEM5 58.8 2.9 4.7 9.8 TMEM5 47.4 2.3 3.6 8.1 B4GAT1 39.7 2.5 2.6 5.7
ST3GAL4 31.8 1.4 2.2 3.7 LAMP1 52.7 2.5 4.6 6.7 ST3GAL4 41.2 2.1 3.5 1.0 ST3GAL4 37.3 1.9 3.1 1.0
LAMP1 30.1 1.2 2.0 4.6 ST3GAL4 51.5 2.7 4.6 1.0 CMAS 37.7 1.8 2.8 7.1 CMAS 34.8 1.7 2.5 6.8
HNF4G 24.0 0.2 0.2 8.5 SLC35A2 40.3 1.4 2.6 13.5 LAMP1 37.3 1.8 3.1 4.9 LAMP1 32.2 1.5 2.6 4.5
POMT1 21.9 1.0 1.5 2.5 CMAS 38.3 1.9 2.9 7.4 SLC35A2 27.2 1.2 2.2 10.3 POMT1 23.9 1.3 1.9 2.6
FKRP 21.3 1.0 1.4 2.6 POMT1 29.5 1.6 2.5 3.2 POMT1 24.9 1.3 2.0 2.8 ALG8 23.0 1.0 1.7 5.1
ALG8 20.3 0.7 1.2 4.5 ALG8 26.3 1.1 2.1 5.6 ALG8 24.4 1.0 1.8 5.2 B3GALNT2 21.7 1.0 1.5 5.0



B3GALNT2 18.2 0.7 1.0 4.2 FKRP 25.7 1.6 2.0 2.7 MAN1B1 22.8 0.8 1.4 6.7 ISPD 21.0 0.9 1.5 5.2
ISPD 15.6 0.6 0.9 3.5 MAN1B1 24.8 0.9 1.5 7.4 B3GALNT2 21.8 1.0 1.6 4.9 MAN1B1 20.9 0.8 1.3 5.9



MED27 15.5 0.2 0.2 5.5 B3GALNT2 22.4 1.1 1.7 4.8 ISPD 21.3 0.9 1.5 5.3 FKTN 17.9 1.0 1.4 3.0
FKTN 14.8 0.8 1.0 2.4 FKTN 21.6 1.2 1.7 3.4 FKRP 19.5 1.2 1.5 2.1 FKRP 17.7 1.1 1.3 1.9
CMAS 14.8 1.1 1.8 6.3 ISPD 21.2 0.9 1.6 5.2 FKTN 18.5 1.0 1.4 3.0 SLC35A2 16.0 1.2 2.1 9.3
COG8 14.3 0.4 0.6 4.2 DPM3 19.1 2.5 2.1 0.0 POMT2 18.0 0.9 1.5 5.4 POMT2 15.7 0.9 1.4 4.9
DAG1 13.9 0.6 0.9 2.2 DAG1 19.0 0.9 1.6 3.5 DAG1 16.3 0.7 1.3 3.3 DAG1 15.5 0.7 1.2 3.3
RAD52 12.5 0.2 0.2 4.4 POMT2 18.9 0.9 1.5 5.8 LARGE1 13.6 0.5 0.8 4.0 MGAT4C 14.7 0.2 0.3 5.9
MAN1B1 12.5 0.5 0.9 4.3 KANK1 17.0 0.2 0.3 6.7 PTAR1 13.4 0.6 1.0 5.4 AP4S1 13.7 0.3 0.3 5.4
MIR325HG 11.7 0.6 0.7 1.5 LARGE1 14.3 0.6 0.9 4.2 AP4S1 13.3 0.3 0.3 5.2 PTAR1 13.3 0.5 1.0 5.6
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23.9 1.3 1.9 2.6
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MAN1B1

22.8 0.8 1.4 6.7
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21.0 0.9 1.5 5.2

ISPD

15.6 0.6 0.9 3.5

MAN1B1

24.8 0.9 1.5 7.4

B3GALNT2

21.8 1.0 1.6 4.9

MAN1B1

20.9 0.8 1.3 5.9

MED27 15.5 0.2 0.2 5.5 B3GALNT2 22.4 1.1 1.7 4.8 ISPD 21.3 0.9 1.5 5.3 FKTN 17.9 1.0 1.4 3.0

FKTN 14.8 0.8 1.0 2.4 FKTN 21.6 1.2 1.7 3.4 FKRP 19.5 1.2 1.5 2.1 FKRP 17.7 1.1 1.3 1.9

CMAS

14.8 1.1 1.8 6.3
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21.2 0.9 1.6 5.2
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19.1 2.5 2.1 0.0
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POMT2

15.7 0.9 1.4 4.9
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16.3 0.7 1.3 3.3
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RAD52 12.5 0.2 0.2 4.4 POMT2 18.9 0.9 1.5 5.8 LARGE1 13.6 0.5 0.8 4.0 MGAT4C 14.7 0.2 0.3 5.9

MAN1B1

12.5 0.5 0.9 4.3

KANK1

17.0 0.2 0.3 6.7

PTAR1

13.4 0.6 1.0 5.4

AP4S1

13.7 0.3 0.3 5.4
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LARGE1
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Reads	=	1 Reads	=	2 Reads	=	5
Gene Score II DI Bias Gene Score II DI Bias Gene Score II DI Bias
B4GAT1 35.1 2.0 2.1 4.9 B4GAT1 65.1 3.5 3.7 8.3 TMEM5 82.7 8.4 13.3 13.5
SLC35A1 29.4 1.3 2.1 4.7 TMEM5 40.1 1.6 2.6 6.8 POMT2 75.0 2.9 7.5 31.5
TMEM5 26.8 1.2 1.8 4.7 SLC35A1 39.9 1.5 2.6 6.5 SLC35A1 73.2 6.5 11.3 17.6
ST3GAL4 23.0 1.1 1.6 3.0 ST3GAL4 31.8 1.4 2.2 3.7 LAMP1 71.3 7.0 12.7 7.1
HNF4G 22.3 0.2 0.2 7.9 LAMP1 30.1 1.2 2.0 4.6 ST3GAL4 65.8 6.3 12.3 1.0
LAMP1 21.3 0.9 1.5 3.3 HNF4G 24.0 0.2 0.2 8.5 B4GAT1 63.2 6.7 7.3 17.0
ALG8 16.3 0.6 1.0 3.6 POMT1 21.9 1.0 1.5 2.5 CMAS 61.9 6.4 10.0 9.5
POMT1 16.1 0.8 1.2 2.3 FKRP 21.3 1.0 1.4 2.6 FAM3C 49.9 3.8 7.3 22.5
MED27 15.3 0.2 0.2 5.5 ALG8 20.3 0.7 1.2 4.5 SLC35A2 49.7 4.9 7.6 11.0



B3GALNT2 15.0 0.6 0.9 3.5 B3GALNT2 18.2 0.7 1.0 4.2 ALG8 36.4 2.9 5.9 9.3
FKRP 14.4 0.8 1.0 1.9 ISPD 15.6 0.6 0.9 3.5 ISPD 34.7 3.1 5.5 8.4
ISPD 14.1 0.6 0.9 3.3 MED27 15.5 0.2 0.2 5.5 FKTN 33.7 3.3 5.1 7.9



DIXDC1_2 12.5 0.2 0.2 4.4 FKTN 14.8 0.8 1.0 2.4 POMGNT2 33.1 14.5 14.5 13.5
MIR325HG 11.6 0.7 0.8 1.4 CMAS 14.8 1.1 1.8 6.3 DAG1 32.3 1.8 3.8 12.5
DAG1 11.3 0.5 0.8 1.9 COG8 14.3 0.4 0.6 4.2 DPM3 30.0 4.3 3.5 0.0



LOC101928516 10.0 0.6 0.7 1.2 DAG1 13.9 0.6 0.9 2.2 B3GALNT2 29.6 3.1 4.2 6.9
GABRA3 9.6 0.6 0.6 1.2 RAD52 12.5 0.2 0.2 4.4 MAN1B1 28.3 1.9 3.7 10.0



LOC101927960 9.0 0.6 0.6 1.0 MAN1B1 12.5 0.5 0.9 4.3 POMT1 27.4 3.3 4.2 2.0
MAN1B1 9.0 0.6 0.9 4.1 MIR325HG 11.7 0.6 0.7 1.5 LARGE1 25.2 1.3 2.4 10.5










Reads	=	1 Reads	=	2 Reads	=	5

Gene Score II DIBias Gene Score II DIBias Gene Score II DIBias
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29.4 1.3 2.1 4.7
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40.1 1.6 2.6 6.8

POMT2

75.0 2.9 7.531.5

TMEM5

26.8 1.2 1.8 4.7

SLC35A1

39.9 1.5 2.6 6.5

SLC35A1

73.2 6.511.317.6

ST3GAL4

23.0 1.1 1.6 3.0

ST3GAL4

31.8 1.4 2.2 3.7

LAMP1

71.3 7.012.77.1

HNF4G 22.3 0.2 0.2 7.9 LAMP1 30.1 1.2 2.0 4.6 ST3GAL4 65.8 6.312.31.0

LAMP1 21.3 0.9 1.5 3.3 HNF4G 24.0 0.2 0.2 8.5 B4GAT1 63.2 6.7 7.317.0

ALG8

16.3 0.6 1.0 3.6

POMT1

21.9 1.0 1.5 2.5

CMAS

61.9 6.410.09.5

POMT1

16.1 0.8 1.2 2.3

FKRP

21.3 1.0 1.4 2.6

FAM3C

49.9 3.8 7.322.5

MED27

15.3 0.2 0.2 5.5

ALG8

20.3 0.7 1.2 4.5

SLC35A2

49.7 4.9 7.611.0

B3GALNT2

15.0 0.6 0.9 3.5

B3GALNT2

18.2 0.7 1.0 4.2

ALG8

36.4 2.9 5.9 9.3

FKRP

14.4 0.8 1.0 1.9

ISPD

15.6 0.6 0.9 3.5

ISPD

34.7 3.1 5.5 8.4

ISPD

14.1 0.6 0.9 3.3

MED27

15.5 0.2 0.2 5.5

FKTN

33.7 3.3 5.1 7.9

DIXDC1_2

12.5 0.2 0.2 4.4

FKTN

14.8 0.8 1.0 2.4

POMGNT2

33.1 14.514.513.5

MIR325HG 11.6 0.7 0.8 1.4 CMAS 14.8 1.1 1.8 6.3 DAG1 32.3 1.8 3.812.5

DAG1 11.3 0.5 0.8 1.9 COG8 14.3 0.4 0.6 4.2 DPM3 30.0 4.3 3.5 0.0

LOC10192851610.0 0.6 0.7 1.2 DAG1 13.9 0.6 0.9 2.2 B3GALNT2 29.6 3.1 4.2 6.9

GABRA3

9.6 0.6 0.6 1.2

RAD52

12.5 0.2 0.2 4.4

MAN1B1

28.3 1.9 3.710.0

LOC101927960

9.0 0.6 0.6 1.0

MAN1B1

12.5 0.5 0.9 4.3

POMT1

27.4 3.3 4.2 2.0

MAN1B1

9.0 0.6 0.9 4.1

MIR325HG

11.7 0.6 0.7 1.5

LARGE1

25.2 1.3 2.410.5
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Poliovirus



LOF Original	paper	
Gene Score Gene Score
PVR 152.4 PVR 2.2E-308



PLA2G16 63.6 PLA2G16 2.2E-308
NBPF20 60.6 CSDE1 3.4E-239
CSDE1 54.1 STRAP 1.7E-58
STRAP 32.7
NBPF19 22.8



Coxsackievirus	B1



LOF Original	paper	
Gene Rank Gene Score
CXADR 130.5 CXADR 2.23E-308
PLA2G16 72.5 PLA2G16 2.23E-308
SLC35B2 58.7 SLC35B2 2.55E-64
NBPF20 28.3
CA13 23.3
MYT1 17.1



Coxsackievirus	A7



LOF Original	paper	
Gene Rank Gene Score
SCARB2 191.1 KDM1A 2.23E-308
KDM1A 40.1 LDLR 2.23E-308
PLA2G16 38.5 ALG8 2.23E-308
ZNF507 31.7 SCARB2 2.23E-308
ALG8 29.9 PLA2G16 2.23E-308
NBPF20 24.7 ZFX 4.59E-129
USF2 24.1 ZC3H4 1.47E-114
CMTR2 24.0 SETD3 9.15E-112
RAB14 21.1 RCOR1 1.84E-107
LDLR 19.1 SREBF2 2.95E-78
RABIF 18.4 GTF2I 5.56E-77



HTT 1.57E-74
ZNF507 6.13E-70
CMTR2 2.50E-68
VPS50 5.56E-61
MBTPS2 8.88E-55
CARM1 2.42E-54
RAB14 1.82E-53
BAZ1B 2.32E-52
RQCD1 9.06E-50










Poliovirus

LOF Original	paper	

Gene Score Gene Score

PVR

152.4

PVR

2.2E-308

PLA2G16

63.6

PLA2G16

2.2E-308

NBPF20

60.6

CSDE1

3.4E-239

CSDE1

54.1

STRAP

1.7E-58

STRAP

32.7

NBPF19

22.8

Coxsackievirus	B1

LOF Original	paper	

Gene Rank Gene Score

CXADR

130.5

CXADR

2.23E-308

PLA2G16

72.5

PLA2G16

2.23E-308

SLC35B2

58.7

SLC35B2

2.55E-64

NBPF20

28.3

CA13

23.3

MYT1

17.1

Coxsackievirus	A7

LOF Original	paper	

Gene Rank Gene Score

SCARB2

191.1

KDM1A

2.23E-308

KDM1A

40.1

LDLR

2.23E-308

PLA2G16

38.5

ALG8

2.23E-308

ZNF507

31.7

SCARB2

2.23E-308

ALG8

29.9

PLA2G16

2.23E-308

NBPF20

24.7

ZFX

4.59E-129

USF2

24.1

ZC3H4

1.47E-114

CMTR2

24.0

SETD3

9.15E-112

RAB14

21.1

RCOR1

1.84E-107

LDLR

19.1

SREBF2

2.95E-78

RABIF

18.4

GTF2I

5.56E-77

HTT

1.57E-74

ZNF507

6.13E-70

CMTR2

2.50E-68

VPS50

5.56E-61

MBTPS2

8.88E-55

CARM1

2.42E-54

RAB14

1.82E-53

BAZ1B

2.32E-52

RQCD1

9.06E-50
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Bowtie2 nvBowtie Ngm
Gene Score II	in	Ctrl II	in	Sel Gene Score II	in	Ctrl II	in	Sel Gene Score II	in	Ctrl II	in	Sel
Xist 104.0 9 166 Xist 113.2 8 165 Xist 112.8 8 167
Hira 59.7 10 102 Ubn2 46.5 3 32 Med25 44.4 8 66
Spen 52.5 19 123 Med25 45.2 8 66 Cdk8 39.5 14 49
Med25 46.6 8 65 Spen 41.8 19 126 Spen 36.4 21 128
Cdk8 39.2 14 51 Hira 34.8 15 104 Hira 35.7 17 106
Kdm5b 32.6 145 286 Cdk8 33.7 16 51 Kdm5b 31.0 147 296
Tcf7l1 32.2 109 276 Kdm5b 33.2 147 288 Tcf7l1 29.6 104 274
Eed 23.0 37 111 Tcf7l1 32.0 107 276 Eed 23.3 36 112
Cat 21.9 63 38 Fbxw7 24.5 71 136 Rbm12 23.2 10 49



Fbrsl1 21.7 107 166 Cat 23.8 64 38 Cpne1 21.1 11 50
Rbm12 21.5 11 48 Fbrsl1 21.8 106 162 Cat 20.5 61 37
Fbxw7 20.6 72 138 Eed 21.4 37 111 Fbrsl1 20.0 104 156
Ubn2 20.6 5 32 Nsd1 20.9 110 261 Fbxw7 19.7 68 138
Nsd1 19.8 114 263 Smarcad1 17.9 78 231 Nsd1 19.2 112 262
Cpne1 19.6 12 49 Rbm12 17.4 12 47 Smarcad1 17.2 72 231



Smarcad1 18.5 73 231 Cpne1 16.2 13 48 Ubn2 15.9 7 33
Scaf8 15.0 25 63 Mir669m-1 14.6 46 41 Suz12 12.4 33 70
Suz12 14.1 33 70 Cnbd2 13.4 63 27 Trp53 12.1 54 70
Specc1l 11.7 394 293 Specc1l 12.7 388 297 4933404K08Rik 11.7 28 18
Trp53 11.6 54 71 Suz12 12.5 35 69 Scaf8 11.0 33 68










Bowtie2 nvBowtie Ngm

Gene Score II	in	Ctrl II	in	Sel Gene Score II	in	Ctrl II	in	Sel Gene Score II	in	Ctrl II	in	Sel

Xist

104.0 9 166

Xist

113.2 8 165

Xist

112.8 8 167

Hira

59.7 10 102

Ubn2

46.5 3 32

Med25

44.4 8 66

Spen 52.5 19 123 Med25 45.2 8 66 Cdk8 39.5 14 49

Med25

46.6 8 65

Spen

41.8 19 126

Spen

36.4 21 128

Cdk8

39.2 14 51

Hira

34.8 15 104

Hira

35.7 17 106

Kdm5b

32.6 145 286

Cdk8

33.7 16 51

Kdm5b

31.0 147 296

Tcf7l1

32.2 109 276

Kdm5b

33.2 147 288

Tcf7l1

29.6 104 274

Eed

23.0 37 111

Tcf7l1

32.0 107 276

Eed

23.3 36 112

Cat

21.9 63 38

Fbxw7

24.5 71 136

Rbm12

23.2 10 49

Fbrsl1

21.7 107 166

Cat

23.8 64 38

Cpne1

21.1 11 50

Rbm12 21.5 11 48 Fbrsl1 21.8 106 162 Cat 20.5 61 37

Fbxw7

20.6 72 138

Eed

21.4 37 111

Fbrsl1

20.0 104 156

Ubn2

20.6 5 32

Nsd1

20.9 110 261

Fbxw7

19.7 68 138

Nsd1

19.8 114 263

Smarcad1

17.9 78 231

Nsd1

19.2 112 262

Cpne1

19.6 12 49

Rbm12

17.4 12 47

Smarcad1

17.2 72 231

Smarcad1

18.5 73 231

Cpne1

16.2 13 48

Ubn2

15.9 7 33

Scaf8

15.0 25 63

Mir669m-1

14.6 46 41

Suz12

12.4 33 70

Suz12

14.1 33 70

Cnbd2

13.4 63 27

Trp53

12.1 54 70

Specc1l

11.7 394 293

Specc1l

12.7 388 297

4933404K08Ri

k

11.7 28 18

Trp53 11.6 54 71 Suz12 12.5 35 69 Scaf8 11.0 33 68
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Window	=	1 Window	=	3 Window	=	5 Window	=	7
Gene Score II DI Bias Gene Score II DI Bias Gene Score II DI Bias Gene Score II DI Bias
Xist 60.2 12.3 15.4 0.5 Xist 115.7 21.0 33.2 1.0 Xist 104.0 18.4 27.3 1.0 Xist 92.8 16.1 22.7 0.7
Spen 40.4 5.4 8.8 16.9 Hira 55.9 10.1 15.3 6.7 Hira 59.7 10.2 15.5 6.8 Hira 61.9 10.1 15.3 6.7
Med25 37.8 7.5 9.7 5.0 Spen 51.5 6.6 9.4 18.2 Spen 52.5 6.5 9.2 18.0 Spen 53.4 6.4 9.1 17.8
Hira 28.6 5.1 7.7 5.5 Med25 46.6 8.5 12.6 7.6 Med25 46.6 8.1 12.0 7.4 Med25 48.0 8.0 11.8 7.6
Cdk8 22.6 4.1 5.3 6.9 Cdk8 46.2 4.1 5.7 20.8 Cdk8 39.2 3.6 5.0 18.4 Kdm5b 32.5 2.0 3.2 13.9
Rbm12 19.6 3.6 5.4 4.0 Tcf7l1 32.8 2.6 5.5 13.4 Kdm5b 32.6 2.0 3.2 14.3 Tcf7l1 32.4 2.6 5.5 12.2
Tcf7l1 18.8 2.4 4.3 8.2 Kdm5b 31.9 2.0 3.2 14.2 Tcf7l1 32.2 2.5 5.4 12.7 Cdk8 26.1 2.9 3.9 14.8
Eed 18.4 3.0 4.4 6.7 Fbrsl1 23.6 1.6 2.6 10.5 Eed 23.0 3.0 4.5 7.6 Eed 24.1 3.0 4.5 7.7
Cpne1 18.3 3.2 5.1 4.2 Eed 23.4 3.0 4.6 8.3 Cat 21.9 0.6 1.0 14.8 Rbm12 22.5 4.4 6.3 3.8
Kdm5b 17.3 1.9 2.8 9.3 Cat 23.0 0.6 1.1 15.2 Fbrsl1 21.7 1.6 2.5 9.4 Fbrsl1 22.4 1.5 2.5 9.5
Ubn2 17.0 3.1 5.1 7.4 Fbxw7 22.2 2.1 3.0 9.3 Rbm12 21.5 4.4 6.3 3.8 Ubn2 21.5 6.4 9.3 6.5



Smarcad1 16.1 2.9 4.4 3.4 Rbm12 20.4 4.4 6.3 3.8 Fbxw7 20.6 1.9 2.7 8.5 Cpne1 20.5 4.1 5.6 3.3
Fbxw7 15.2 1.9 2.8 7.7 Ubn2 19.6 6.4 9.3 6.5 Ubn2 20.6 6.4 9.3 6.5 Cat 20.3 0.6 1.0 14.4
Nsd1 14.2 2.2 3.0 6.1 Nsd1 19.4 2.3 3.2 7.5 Nsd1 19.8 2.3 3.2 7.4 Nsd1 19.7 2.2 3.1 7.2
Fbrsl1 13.3 1.6 2.5 6.8 Cpne1 18.7 4.1 5.6 3.3 Cpne1 19.6 4.1 5.6 3.3 Fbxw7 19.3 1.8 2.5 7.8
Suz12 11.4 2.2 2.6 3.8 Smarcad1 17.8 3.2 4.6 3.4 Smarcad1 18.5 3.2 4.6 3.3 Smarcad1 18.9 3.1 4.5 3.3
Trp53 10.8 1.4 2.0 5.6 Scaf8 14.6 2.6 4.0 3.3 Scaf8 15.0 2.5 3.9 3.2 Scaf8 16.1 2.5 4.1 3.8
Ppfibp2 10.7 0.5 0.8 18.4 Suz12 13.6 2.1 2.7 4.7 Suz12 14.1 2.1 2.7 4.7 Suz12 14.6 2.1 2.7 4.7
Amz1 10.1 1.4 1.4 5.6 Slc26a11 12.1 1.6 3.6 2.9 Specc1l 11.7 0.7 0.8 5.4 Specc1l 12.3 0.8 0.9 5.5










Window	=	1 Window	=	3 Window	=	5 Window	=	7

Gene Score II DIBias Gene Score II DIBias Gene Score II DIBias Gene Score II DIBias

Xist 60.2 12.315.40.5 Xist 115.7 21.033.21.0 Xist 104.018.427.31.0 Xist 92.8 16.122.70.7

Spen 40.4 5.4 8.816.9 Hira 55.9 10.115.36.7 Hira 59.7 10.215.56.8 Hira 61.9 10.115.36.7

Med25 37.8 7.5 9.7 5.0 Spen 51.5 6.6 9.418.2 Spen 52.5 6.5 9.218.0 Spen 53.4 6.4 9.117.8

Hira 28.6 5.1 7.7 5.5 Med25 46.6 8.512.67.6 Med25 46.6 8.112.07.4 Med25 48.0 8.011.87.6

Cdk8 22.6 4.1 5.3 6.9 Cdk8 46.2 4.1 5.720.8 Cdk8 39.2 3.6 5.018.4 Kdm5b 32.5 2.0 3.213.9

Rbm12 19.6 3.6 5.4 4.0 Tcf7l1 32.8 2.6 5.513.4 Kdm5b 32.6 2.0 3.214.3 Tcf7l1 32.4 2.6 5.512.2

Tcf7l1 18.8 2.4 4.3 8.2 Kdm5b 31.9 2.0 3.214.2 Tcf7l1 32.2 2.5 5.412.7 Cdk8 26.1 2.9 3.914.8

Eed 18.4 3.0 4.4 6.7 Fbrsl1 23.6 1.6 2.610.5 Eed 23.0 3.0 4.5 7.6 Eed 24.1 3.0 4.5 7.7

Cpne1 18.3 3.2 5.1 4.2 Eed 23.4 3.0 4.6 8.3 Cat 21.9 0.6 1.014.8 Rbm12 22.5 4.4 6.3 3.8

Kdm5b 17.3 1.9 2.8 9.3 Cat 23.0 0.6 1.115.2 Fbrsl1 21.7 1.6 2.5 9.4 Fbrsl1 22.4 1.5 2.5 9.5

Ubn2 17.0 3.1 5.1 7.4 Fbxw7 22.2 2.1 3.0 9.3 Rbm12 21.5 4.4 6.3 3.8 Ubn2 21.5 6.4 9.3 6.5

Smarcad1 16.1 2.9 4.4 3.4 Rbm12 20.4 4.4 6.3 3.8 Fbxw7 20.6 1.9 2.7 8.5 Cpne1 20.5 4.1 5.6 3.3

Fbxw7 15.2 1.9 2.8 7.7 Ubn2 19.6 6.4 9.3 6.5 Ubn2 20.6 6.4 9.3 6.5 Cat 20.3 0.6 1.014.4

Nsd1 14.2 2.2 3.0 6.1 Nsd1 19.4 2.3 3.2 7.5 Nsd1 19.8 2.3 3.2 7.4 Nsd1 19.7 2.2 3.1 7.2

Fbrsl1 13.3 1.6 2.5 6.8 Cpne1 18.7 4.1 5.6 3.3 Cpne1 19.6 4.1 5.6 3.3 Fbxw7 19.3 1.8 2.5 7.8

Suz12 11.4 2.2 2.6 3.8 Smarcad1 17.8 3.2 4.6 3.4 Smarcad1 18.5 3.2 4.6 3.3 Smarcad1 18.9 3.1 4.5 3.3

Trp53 10.8 1.4 2.0 5.6 Scaf8 14.6 2.6 4.0 3.3 Scaf8 15.0 2.5 3.9 3.2 Scaf8 16.1 2.5 4.1 3.8

Ppfibp2 10.7 0.5 0.818.4 Suz12 13.6 2.1 2.7 4.7 Suz12 14.1 2.1 2.7 4.7 Suz12 14.6 2.1 2.7 4.7

Amz1 10.1 1.4 1.4 5.6 Slc26a11 12.1 1.6 3.6 2.9 Specc1l 11.7 0.7 0.8 5.4 Specc1l 12.3 0.8 0.9 5.5
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Reads	=	1 Reads	=	2 Reads	=	5
Gene Score II DI Bias Gene Score II DI Bias Gene Score II DI Bias
Xist 66.8 13.1 16.9 0.8 Xist 104.0 18.4 27.3 1.0 Xist 114.4 30.7 30.3 1.0
Spen 40.6 5.3 8.5 16.6 Hira 59.7 10.2 15.5 6.8 Cdk8 49.7 8.0 31.0 29.0
Med25 36.2 6.9 9.0 5.8 Spen 52.5 6.5 9.2 18.0 Tcf7l1 47.4 1.7 4.1 32.5
Hira 28.9 5.1 7.6 5.4 Med25 46.6 8.1 12.0 7.4 Nsd1 42.1 1.7 2.6 28.7



Rbm12 19.0 3.4 5.1 3.8 Cdk8 39.2 3.6 5.0 18.4 Fbrsl1 39.7 1.5 2.1 27.1
Tcf7l1 19.0 2.3 4.1 8.1 Kdm5b 32.6 2.0 3.2 14.3 Spen 36.8 10.2 10.2 11.0
Cdk8 18.8 3.3 4.3 5.7 Tcf7l1 32.2 2.5 5.4 12.7 Kdm5b 28.6 1.4 2.7 19.0
Eed 18.7 3.0 4.3 6.4 Eed 23.0 3.0 4.5 7.6 Hira 22.6 5.8 8.5 17.0
Cpne1 17.9 3.1 4.8 4.0 Cat 21.9 0.6 1.0 14.8 Med25 20.0 8.3 10.0 5.3
Kdm5b 17.7 1.9 2.8 9.2 Fbrsl1 21.7 1.6 2.5 9.4 Fbxw7 18.5 2.6 3.9 9.9
Ubn2 17.5 3.1 5.1 7.4 Rbm12 21.5 4.4 6.3 3.8 Specc1l 15.4 0.6 0.6 10.4



Smarcad1 16.1 2.8 4.3 3.4 Fbxw7 20.6 1.9 2.7 8.5 Csgalnact1 13.1 0.6 0.9 14.8
Fbxw7 14.6 1.8 2.6 7.1 Ubn2 20.6 6.4 9.3 6.5 Morc1 11.3 0.7 0.9 7.5
Nsd1 14.0 2.1 2.9 5.8 Nsd1 19.8 2.3 3.2 7.4 Lemd1 11.2 0.8 0.9 7.4
Fbrsl1 13.1 1.5 2.4 6.6 Cpne1 19.6 4.1 5.6 3.3 Slc5a1 10.8 0.6 0.7 7.3
Ppfibp2 12.0 0.5 0.9 19.7 Smarcad1 18.5 3.2 4.6 3.3 Sulf1 10.6 0.7 1.0 7.4
Suz12 11.7 2.2 2.6 3.8 Scaf8 15.0 2.5 3.9 3.2 Smarcad1 9.8 2.2 3.0 3.3
Trp53 10.7 1.4 2.0 5.2 Suz12 14.1 2.1 2.7 4.7 Tsix 8.7 1.7 2.9 0.7
Scaf8 10.6 1.8 2.8 3.1 Specc1l 11.7 0.7 0.8 5.4 Slc26a11 8.4 1.3 2.7 2.4










Reads	=	1 Reads	=	2 Reads	=	5

Gene Score II DIBias Gene Score II DIBias Gene Score II DIBias

Xist 66.8 13.116.90.8 Xist 104.018.427.31.0 Xist 114.430.730.31.0

Spen 40.6 5.3 8.516.6 Hira 59.7 10.215.56.8 Cdk8 49.7 8.031.029.0

Med25 36.2 6.9 9.0 5.8 Spen 52.5 6.5 9.218.0 Tcf7l1 47.4 1.7 4.132.5

Hira 28.9 5.1 7.6 5.4 Med25 46.6 8.112.07.4 Nsd1 42.1 1.7 2.628.7

Rbm12 19.0 3.4 5.1 3.8 Cdk8 39.2 3.6 5.018.4 Fbrsl1 39.7 1.5 2.127.1

Tcf7l1 19.0 2.3 4.1 8.1 Kdm5b 32.6 2.0 3.214.3 Spen 36.8 10.210.211.0

Cdk8 18.8 3.3 4.3 5.7 Tcf7l1 32.2 2.5 5.412.7 Kdm5b 28.6 1.4 2.719.0

Eed 18.7 3.0 4.3 6.4 Eed 23.0 3.0 4.5 7.6 Hira 22.6 5.8 8.517.0

Cpne1 17.9 3.1 4.8 4.0 Cat 21.9 0.6 1.014.8 Med25 20.0 8.310.05.3

Kdm5b 17.7 1.9 2.8 9.2 Fbrsl1 21.7 1.6 2.5 9.4 Fbxw7 18.5 2.6 3.9 9.9

Ubn2 17.5 3.1 5.1 7.4 Rbm12 21.5 4.4 6.3 3.8 Specc1l 15.4 0.6 0.610.4

Smarcad1 16.1 2.8 4.3 3.4 Fbxw7 20.6 1.9 2.7 8.5 Csgalnact1 13.1 0.6 0.914.8

Fbxw7 14.6 1.8 2.6 7.1 Ubn2 20.6 6.4 9.3 6.5 Morc1 11.3 0.7 0.9 7.5

Nsd1 14.0 2.1 2.9 5.8 Nsd1 19.8 2.3 3.2 7.4 Lemd1 11.2 0.8 0.9 7.4

Fbrsl1 13.1 1.5 2.4 6.6 Cpne1 19.6 4.1 5.6 3.3 Slc5a1 10.8 0.6 0.7 7.3

Ppfibp2 12.0 0.5 0.919.7 Smarcad1 18.5 3.2 4.6 3.3 Sulf1 10.6 0.7 1.0 7.4

Suz12 11.7 2.2 2.6 3.8 Scaf8 15.0 2.5 3.9 3.2 Smarcad1 9.8 2.2 3.0 3.3

Trp53 10.7 1.4 2.0 5.2 Suz12 14.1 2.1 2.7 4.7 Tsix 8.7 1.7 2.9 0.7

Scaf8 10.6 1.8 2.8 3.1 Specc1l 11.7 0.7 0.8 5.4 Slc26a11 8.4 1.3 2.7 2.4
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Fisher VISITs Rank LOF
Gene Score Gene Score Gene Rank Gene Score
Tcf7l1 1.6E-88 Tcf7l1 6.4E-45 Xist 1 Xist 104.0
Xist 3.1E-80 Hira 4.5E-31 Hira 2 Hira 59.7



Med27 6.1E-78 Gm28539 9.5E-30 Spen 3 Spen 52.5
Kdm5b 3.9E-77 Tsix 1.4E-22 Med25 4 Med25 46.6
Nsd1 1.0E-68 Spen 2.6E-19 Tcf7l1 5 Cdk8 39.2



Smarcad1 3.2E-66 Xist 1.1E-18 Smarcad1 6 Kdm5b 32.6
Ppid 1.4E-55 Nsd1 1.5E-18 Eed 7 Tcf7l1 32.2
Spen 2.9E-50 Eed 3.5E-17 Cdk8 8 Eed 23.0
Hira 4.5E-43 Med25 1.1E-15 Rbm12 9 Cat 21.9



L3mbtl4 1.1E-40 Kdm5b 8.7E-15 Cpne1 10 Fbrsl1 21.7
Tsix 5.1E-39 Fbrsl1 1.1E-14 Ubn2 11 Rbm12 21.5
Fbrsl1 8.6E-39 Smarcad1 5.3E-14 Scaf8 12 Fbxw7 20.6
Tbc1d13 1.1E-36 Trp53 1.2E-12 Nsd1 13 Ubn2 20.6
Eed 4.8E-35 Gm37736 8.6E-12 Fbxw7 14 Nsd1 19.8



Fbxw7 2.0E-34 Fsip1 3.7E-09 Kdm5b 15 Cpne1 19.6
Med25 4.0E-27 Gm28036 4.2E-08 Suz12 16 Smarcad1 18.5
Apbb2 1.9E-22 Fgfr1 2.5E-07 Fbrsl1 17 Scaf8 15.0
Camk2b 8.0E-21 Csgalnact1 3.5E-07 Slc26a11 18 Suz12 14.1
Ptk7 2.0E-19 Plekha7 4.5E-07 Tsix 19 Specc1l 11.7



Atp5g2 2.2E-19 Cbx7 6.2E-07 Trp53 20 Trp53 11.6










Fisher VISITs Rank LOF

Gene Score Gene Score Gene Rank Gene Score

Tcf7l1 1.6E-88 Tcf7l1 6.4E-45 Xist 1 Xist 104.0

Xist 3.1E-80 Hira 4.5E-31 Hira 2 Hira 59.7

Med27 6.1E-78 Gm28539 9.5E-30 Spen 3 Spen 52.5

Kdm5b 3.9E-77 Tsix 1.4E-22 Med25 4 Med25 46.6

Nsd1 1.0E-68 Spen 2.6E-19 Tcf7l1 5 Cdk8 39.2

Smarcad1 3.2E-66 Xist 1.1E-18 Smarcad1 6 Kdm5b 32.6

Ppid 1.4E-55 Nsd1 1.5E-18 Eed 7 Tcf7l1 32.2

Spen 2.9E-50 Eed 3.5E-17 Cdk8 8 Eed 23.0

Hira 4.5E-43 Med25 1.1E-15 Rbm12 9 Cat 21.9

L3mbtl4 1.1E-40 Kdm5b 8.7E-15 Cpne1 10 Fbrsl1 21.7

Tsix 5.1E-39 Fbrsl1 1.1E-14 Ubn2 11 Rbm12 21.5

Fbrsl1 8.6E-39 Smarcad15.3E-14 Scaf8 12 Fbxw7 20.6

Tbc1d13 1.1E-36 Trp53 1.2E-12 Nsd1 13 Ubn2 20.6

Eed 4.8E-35 Gm37736 8.6E-12 Fbxw7 14 Nsd1 19.8

Fbxw7 2.0E-34 Fsip1 3.7E-09 Kdm5b 15 Cpne1 19.6

Med25 4.0E-27 Gm28036 4.2E-08 Suz12 16 Smarcad1 18.5

Apbb2 1.9E-22 Fgfr1 2.5E-07 Fbrsl1 17 Scaf8 15.0

Camk2b 8.0E-21 Csgalnact13.5E-07 Slc26a11 18 Suz12 14.1

Ptk7 2.0E-19 Plekha7 4.5E-07 Tsix 19 Specc1l 11.7

Atp5g2 2.2E-19 Cbx7 6.2E-07 Trp53 20 Trp53 11.6


