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Abstract

Gene editing technologies have broad application prospects in medicine and scientific
research, but the off-target effects of editing tools are a major issue that needs to be
addressed. This study compares and evaluates the off-target situations of several RNA
single-base A-to-I editing tools such as REPAIRv1 and REPAIRV2 in human cells, and
analyzes the sequence characteristics and preferences of the off-target sites. Mainstream
variant calling tools such as GATK, VarScan2, BCFtools, and developed de novo
pipeline are used to identify potential single nucleotide variants caused by the editing
tools from whole transcriptome RNA-seq data. The true and false positives are verified
using the IGV tool, and the results under different tools and filtering conditions are
compared and analyzed. Statistical analyses are performed on the sequence
characteristics, genomic annotations, etc. of the off-target sites. The de novo pipeline is
superior at identifying true off-target sites. The off-target effects of the REPAIR editing
tools are mainly Cas-independent and exhibit certain sequence preferences. REPAIRv2
has a lower off-target rate compared to REPAIRv1. Most off-target events do not
significantly affect the expression of important genes. This study systematically
evaluates the off-target situations of the REPAIR editing tools, providing theoretical
basis for optimizing tool design and reducing off-target risks. The research methods can

be extended to evaluate off-target effects of other RNA editing tools.

Key words: Gene editing, RNA editing, Off-target effects, Variant calling
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(HEK293T) AT AT HSRE:,  [FI B TS 480 i i RAZ A AT AL i e, [
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@ LBRAIRH K — BB T RS R AR A BOV B RER, X T8
AR AR A L.
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chr12:62,021,959.62,021,998

133z P13z p123 Pi24 pi122  pitt T m-u T L e o e

41bp

62,021,960 bp 62021870 bp 62.021.880 bp 62.021.880 bp
I 1 1 1 I

p-rom
Evector_...Coverage

Evector

REPAIRv. overage

REPAIRV1

3

REPAIRv. overage

REPAIRV1_NT

REPAIRv..overage

REPAIRV2

p-0m

REPAIRv...overage

REPAIRV2_NT

REPAIRV2_NT_d: le.b

Evectar_d. lebam.J

REPAIRVI_downsample.bam Ju

-
o

Sequence =+|[[c A A6 cCcc T CCTAGGAGTCT TG T AATCTGTCAGAGATCTTCT G C C

MANE Transeripts
ENSTODDDD416284.8

Refseq Genes

TarAz
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& 2. IGV BB H E SNP BB iR p]

WEFTR NN 12 S50k FRS 62021979 St (& A IE KE 452 C Bk
IR 2D, BRI R ORAZZ KT 50%QFTH B FEAAA KRR, Ml
SENREM A B ) SNV 201 62021976 5 Bl I 7E i /2 538 TN T 50% 1) [FI I
5& REPAIRv1 RFIFEAIIMEFAL 55, UL N B . G 'S I BIAR BT 0o 11 A2 A 5k
BIE P ) (B EAr B, BT DB ARIX TR I - — AN B — M, (H 2 AR R
T HAR B IXAME S AR E A, RIAE G 45 SR X 5K DR e ol

BCFTOOLS DENOVO GATK. VARSCAN

100 -

100 -

\. \.
R
R _\5 o~

S

un

. with_fix_false
. with_fix_true
- without_fix_false
. without_fix_true

Count

=

Samples

& 3. M6C30 2kt T kXt B 4H A J5 EARAL M 4eit

MEFTR, CERHAKRE IGV BRERAEE B, SERERL IGV BIEK
EERE G y =0 B ETREEBRARASEK, THRERERR RARK; A7
FR R RS TG ATRURILER de novo AR Z AN TR, E KBRS
W25 R TR R I TRAELBRXRAZ )5, BRI
de novo JFEFE 2 ront BEALHT & (B P R T HA = TR

3.1.4.2 AL REUR B

5K S8 = JT R 1) REPAIRVL FiT REPAIRV2 [ 4 #3005 53 51 294 20%-30%
H REPAIRV2 ({457 5P T REPAIRVL 271 1 919 35050, JEF by, 78
REPAIR 25448 T RENZERIHOLT, ENIBIBELECER N A8 T iR
Hl 20%, Jf H REPAIRV2 I EE N (KT REPAIRVL.
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Mutation Ratio (%)

Mutation Ratio (%)

Mutation Ratio (%)

BB, AR SCNEAKBIAL R, RASHRALE 200/ 4 A1LL T K SNP
A AR MR BRI SR AR AGBOBA F] BE A S IR 40 L AS B B 417 ) SNV

A

M1C3_REPAIRV1 with_fix M3C5_REPAIRV1 with_fix M6C30_REPAIRV1 with_fix
3 5783 9 12 3 5175 9 12 3 4053 s 6
Yo —_— e 160 t— I 100 . s
——r J
75 7] ok 75 ] 75
3 :
° o
3 be]
2 2
50 g€ 50 7 §50 A
3 ) -’
5 3
K ]
) F
25 7 25 25 7]
o o o
g o & > & & >* o &
¢.«°° odf o 00 o°° oo"o o ‘.o ¢,°° 0d"P o ¢o
$ ®7 & J" ®7 & $ ®7 &
ool name tool name tool name
B M6C30_REPAIRV2_without_fix
M6C30_Evector_without_fix M6C30_REPAIRV1_without_fix = = =
1538 4919 1742 1726 1191 7403 1222 1242 100 .,.2.51_, .-.1.‘.3:._ o s S
1007 100 TET—— e A : s
¢ .
75 75 ! 38 Y. Ry
& 2 :
- e - .
P i 3 %
2 Ao
50 £ 50 1 §50
S 3
g 3
F H
25 7 25 7 25
0 ] 0 ] 9
‘4 < &
® 4 o & of
oo\, ooda Q'd- ¢°f r oox’ Qd.P Q'd' "of tlo" v(/\ o 4."
~J’¢‘ ®7 & & ®7 & & s
tool name tool name
M6C30_Evector_with_fix M6C30_REPAIRV1 with fix M6C30_REPAIRVZ with_fix
0 51 0 0 g 4053 5 6 0 154 0 0
1007 1007 sl Tl 100‘}
75 75 4 75
< s
o °
b b
& &
50 ] g 50 | & g 50
3 - 3
4 3
2 3
F K \| 2
4RI
1)
25 7 25 25 7
o o o
> o & > g & > o &
&,o od‘P o ‘,o g’},o odf o P wao oo“o o ¢'°
& 44 < & - &4 < & 44 g
tool name tool name tool name

B 4. AT THEEAL R R R PR E
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A.REPAIRv1 FEAZ SR AL G 7E = cutoff TR RPIZNE, RBEAkFR N T H4
ML B MK N beftools, denovo, gatk Al varscan, ZAARKR N RAZZ I H 7344,
B AR ST ARARER — /NI HH A A, AT LUK B M6C30 1) 58748 AR BT HoAth
T/, FEH de novo FEI s, KB/ s RALZLHACT 25%; B. XTHRLALA
REPAIR RFITE =A™ cutoff 2 bt AL AT G 9K B3, = cutoff [A] R I
MEaAS A ME, FEBATCURIL, 2R BRI — 5 2 bR 1 S K o AR R AE
75%-100% 7], TMIX L8 R A2 4EMUA S 1) SNV, HEGHIE | £ FRx A IX —
25 5%oF T B A AR P 12 17 T

WIE 4 BTN EI45 5, M6C30 K cutoff A2 Bt & 21X — A5 IR AR F U 1) 2
B S AE s A P SR B M 4, A — AN EIGIE T 3.1.4.1 4k, It
b, TR RAEA ARERIAMINZAE T, de novo WFESRTS 45 AT b T 25%
DLR B B0 5 2 v T Hofh = A TR . BRI, AU H PR 4R

@© LBRX IR

@ £ M6C30 [ cutoff T ;

® H de novo AR TR IR 2T,

WREEA R, LA BT E A A 77 PR P S AR —

AL 254 T 153 1) REPAIRV2 AR A7 s H i fIK T REPAIRVL F i
AN BT A TG S 00 = BT LI R . T RARE, DL R TR R A
HH TSR]

3.1.4.3 Venn B LB

£ 3.1.4.2 HFEA b, ASSEEG kS0 25 Bon I AL S I 420 M6C30 1 JE )
SNP {7 B2 [A] RS S AN e BEAT 04 &l BA P, /£ MBC30 150 T
/04 50% LA E R BEEAL AR S HARFEA S, ZER R AR
REPAIRV2 RAIFEAH, AT HRGE R 70%LL sy 208 3 MEATILE
(F A OA ] 143 4. IXHE7R REPAIR Z 41 T HL [V It ¥ AT BEA7 76 SRR o (1) PO A
1 B i 1

IM7E 3.1.4.2 TN de novo JFE MR BRI (¥ et 1=, 11 5B AT s 1 T EL R 1)
JUF R0 BB RO PR B b I 7R FCAth = b T B BT AL ) e AR 9 ek ] R
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b, oA EE SRR ERE M, de novo FFETE T H HA A i
A o ARSCZ G385 Bk FH 2 8l 2ok B T Lt I 5 . B de novo
AR HT B M6C30 i i AT 151 A-to-1 A7 545 B,

oeen
2282

REPAIRV1_M6C30R0_AG TC filter_d

A 5. TREBAFEALER Venn B
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A. =4 cutoff T de novo Vit FT S AN [FEIFEAS[A] ) venn B, AZE B AN 153531
N REPAIRv]_NT, REPAIRv2, REPAIRv2 NT, REPAIRvI; B.M6C30 cutoff
REPAIR FFIFEATEAFFFE T IR venn B, WAL EMLL Z FIRIF 55

REPAIRvI, REPAIRv]I NT, REPAIRv2, REPAIRv2 NT, gAMbl
£+ 54 gatk, denovo, varscan, beftools

A

Evector (51) REPAIRV1 (4028)

0
| — -- | = . _ml_. = «ll=
&

£
£
=
H
g,

mamber o malls

c?"d"’dpé’fo*fd" f‘f@"w”o*dgdgdgaﬁcyge?@cfﬁd@ff
REPAIRV1_NT (2054) - REPAIRVZ (154) o
I !
g*
v?’v?"v?of‘i’d‘“r“d”@@*f@*ﬁ&"ﬁo“’ R ?‘w"ﬁs‘ﬁf

edtstemalt . edistemall

REPAIRvZ_NT (209)

£

;-

S I

pp— | J—
-

B

o‘*a‘pc.“' "‘o"?&pq“@dp

Evech_coson_RA (1)
‘ \ — )
—_— — — ——

REPAIRY_codon, A (4228)

A

REPRIFor_N1_coon_ RN 2664)

REPARtYZ N1 _caon A (209

-

B 6. FAmEF ot R
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A. FAFEA T 3bp motif FAIGETHAIRE, MWE B Z T FARIRN
Evector, REPAIRvl, REPAIRvI NT, REPAIRv2, REPAIRv2 NT, 455K & A
AARN motif F1, YNABKRATTHEL: B. BANEEA T 3bp K55I FE FI AR R &

(sequence logo), M_EFIF{KIK N Evector, REPAIRv1, REPAIRvI NT,
REPAIRvV2, REPAIRv2 NT

3.2 REPAIR &% TR AL R FImEF G20 A
3.2.1 BEEAL S PP 51 i 1

N T2 T R ADAR BB BRI, A SRR AL i ST %
1bp B FEZH R 3op BsZE BT A 4 “motif”, motif BiFE N 3.2.1 #53 H F E ot
X R

B, 12 F AR EUBLREAT 5T AT PR motif FP A, FFREREARST motif #E4T 4>
Kgitt. wE 6A TR, SRR FEAH 5 3 3 1) motif 2884:  Evector
(UAG. AAG) , REPAIRV1 (AAG. UAG) , REPAIRVI_NT (AAG.
UAG) , REPAIRV2 (UAG. AAG) , REPAIRV2_NT (UAG. AAG) . MH
6B 1) sequence logo B AT LRI, motif 55 =472 G ML A T2 Hifth =F
TIEIIMERE: S — 002 AT U IBERAEIR, 2 C IR Z . REPAIRVL &
HIE i 7] T AAG 2571 REPAIRV2 R4 E [T UAG.

SRIMAEARE R M2, AN IRZL Evector FEARTRE B RN AZAELEgniE T A
TR AR AL R, (R RO R SO R A B AR AE A 0K, B R T
KB A A 5 BT SNP. %T11b, 7E Evector FEARH £ 1) UAG
KA motif 7] fE I A2 ADAR Bl 4F 1 motif. b4, C%1 REPAIRVL AL
T REPAIRV2, TEARRETHFRA 11 A UAG K& & 5 1) N VR 1 58 18 2 7T
REPAIRVL FTRIRKINS T AAG 781 i I 48 i 411 T 15 2 2 v T REPAIRV2 JiTJig
T UAG 51 R -

PA_E PR &5 BN Ja SR AL T 22 A (AR T 12 ] REPAIR 241 T H A4t 1 4
W, BIE ST BT I I FEBELE H AR AL A1 S B N AETE AAG T UAG 7511
oL,  ATTRAR AT BE R BERE AR s RIS T NAG (1l i 1 w] DL 1) F )
Gl BT b, TR RO

3.2.2 REEAL BB Cas AWK R
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HEHOLT, Bid oy Cas dr UM i ¥E AT Cas B HARMAPE 4L . 1K
SO B 2 RO B I FE AL R — BUF 81 5 gRNA B FRHIARABLE, Cas tE
o PR e i 22Ul 51 -5 23X BOMH U E A % 00 P 91 AT A& B i #8117 Caas A A
A It B D) P A DR O M 2 Bl P oo PRV R, 7 S AR LTS 1 DAIA 3 P e FE 2
Pz e B 1.

N TR S AL SR Fr A e 15 B AR, ASHI FU R AL I A7 A )
Fe A 59K 20bp, XFIXEE 41bp [1))F 51347 sequence logo £l ailE 7 Fiow,
P HIREAS th#OR B IRE — 5 € s R ], BRIk AT LA 2 REPAIR 22471
THAIBHEA Cas AEMHME: LR .

OXof I A e R SR ) M e S B A, I S S AE v B v2 I THR
R B 1A S U A5 AL I 5 ) N e R R PR R AR (T375G) SRFFAIK v2 H i
B {H[F B X AT TR R R . BRI, TR BRSO VR R AR A HE X
o R G AR

REPAIRVI_NT_Extend_[20r20_RNA_pos (2954)

& 7. BERAL pR R EL AT/ 20bp 75U sequence logo
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3.3 I H B RIA B W42 ) b P 0 A Rk B
FE R BT AR LS AL /& BRI 2 AT, T SR AL 2 15 2
200 AL PR A A 1 DL B E 2 )

log fold change

oA

R CIDRIONIN AR

DESeq2 Valcano
o~ 30
20
° 3
&
o
=
o
o
-
- |
10
by
== T el =il T
5 50 500 5000 50000
o
mean of normalized counts o =% o0 55
log2FoldChange
C KEGG_UP
TNF signaling pathway .
Count
s s ® 1300
IL—17 signaling pathway { ®
€ BIPASNES @ B2
@ v
. 1375
0.036 0.037 0.038
GeneRatio . 190
KEGG_DOWN
p.adjust
, 0.0434
Progesterone—mediated oocyte .
maturation 0.0433
0.0432
0.0431
Oocyte meiosis .
Taste transduction | @
0.09 0.10 0.11 012
GeneRatio

B 8. ZERJEANMTAERIMER

A. Mean-Dispersion (MA) Plot, x fiR/REERFFERIEKF, y T REFE

Up

* Down
©  NoDiff

BRI S E ZE e OB, AN SRR — AN, KR BA
Zwk, EarsA Z5M, 2% /KN Evector; B. Valcano Plot, x 3R/~

AT logo (580780 (logoFC), y MR R-logio S 1) p{E (padj), HT-Hxik
R RV, Hoh«Up»on A2 SEIR HAHXT T X2 (Evector) Eif (log,FC>1)

20



PIZEE, “Down” /R 7E S5 AN T X HZH R (logoFC<-1) 2L, “NoDiff”
RIORTEP AR 2 [0 A B3 2Z F A C. Kyoto Encyclopedia of Genes and
Genomes (KEGG) B EESIEE, X DESeq2 P HR15 2| 1) 2 7 R IA FE R HEAT I
i%, PRE p{E/NT 0.05 [FRF logaFC 4a0HE KT 1 B,  [FIRHKYE logaFC>1
<1 XA AR RERER, i@t KEGG # L E £ 3 I, Fream <

E

W S x E G BAM SO A featureCounts T L%, SR 51
DESeq2, ¥4 Evector B & NZH%/KF-, 70 REPAIRVlI. REPAIRVI_NT.
REPAIRV2. REPAIRV2_NT X H )% FRIX G 1h, FHARA5 21 45 R 25 Rk
MA K. & 8A i, MA B A AHECT 0 FhACXI AR, 10 W RIE AR
S5 H . HE ] DESeq2 45 R4l k1l & (B 8B) , RIMKZHIEN
log2FC HIZEXHEARAE 5 AN, AMFERT 10 7. [N, X DESeq2 14k
KT KEGG & £ IRl i B A I p IR B3 OhT
0.01)  BFEITHEUECK I, AT DU BN T4 AR AR (1 5 MmN

Plk, S8 M, ARSI 3 A SR AL i I R 4 i HE A 1) D) e
U B2 AE I R AT IS B A R, REPAIR R 51 T [ % A MEE A5
fitre

3.4 HH i BEE B R AR AR AL TR
3.4.1 o X RZRFHE X RZE
B PRLE I R 4% 8 T 1) B RS 4E LTS S A AR R, BRI AE 3.3 BV
REPAIR % 41) T BTt Jlt i) 0 Jd 57, h500T 210 0 8 A2 T 3 B AN ol K g )
Bl b, RO PR BRI S AR S B E AR AR . H
TRERAETEARY, FrelIATEIAE CDS X8 b B A7 s AT 4347 .
HE5eomE — AN 7%, CDS (coding sequence) 7T 114 B 1 it #1407 L f fir B
15 B FEAL AR J5 P £ %5 01 B0 1A 2 2 LR 1Y) Python ek KL,  7E LI FE A 75
TR R AL S T LRI E . 25, SN AR, BRI T
JR LRI AL AR . 305 3 K] 44 FR 25 225 SCPF i AR IR B 0 I F) e S A 7 31 A
. CDS FPA iAo FI& MK AL T E 781 (Fah &t K
20bp) , BIXFIEKF AL RIS HE AT b, INE RN SES %
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Feol B E . BEUEER, MRS 1 Python B8+, M5 2{r
SRR P BRI

TEFRE RARHE (U2 0, B BRI 56 BB AL 2, 15 2R3 1 e
B RELER TN R, QR REAES 5 e A S 4k 21 % b
R A 15 2B EE MU e R (AL RN O R 1P < ar ) . mr A
KB, K PO S #R AR B A b e 2 b, $e2ibR. RIRHMEASER M
&, AEH S0 TR AL R B B 2% Python e 28CA i HH 45 RIGIFE AL AL,
A REAFAE SRAZHI Ja X N A ZE AN R AR R OL, BITE SCRAZ . O 1S40
(RIIX 73 T AR AL NS A= DD PR S M SR IR SCRAR, ARG R i b 7372
R CRAR [ o

R LA KB B REgHR
JEVN Evector REPAIRv1 | REPAIRVI_NT | REPAIRv2 | REPAIRV2_NT
LTPN=E 4 51 4008 2942 153 207
S 2 355 304 29 30
R 25 R R R E RS T
AA | Lys { Thr | GIn | Tyr | Ser | Asn | Glu | Arg | lle | Asp | His | Met | Stop
it | 125 | 62 49 41 40 39 38 33 31 16 11 11 3
R IH R EHHEERS T
AA | Arg | Gly | Ala i Cys { Val | Ser | Glu { Met | Asp | Trp
% | 164 | 127 | 62 41 30 27 21 12 12 3

H ] 9 FTLAK I, REPAIR RFIIFH, AU KRB BEAIC T 72 8 A g fid e
B AR, I BB RIEREAR 7 A F 108 SCRASI LU, IG5 70% (K2
T 40%-50%, iXf§if5 REPAIR TR 1% 4aME 3 T ERMIET.

s, GIFTAEREARNEIE, RIS SRR —5 . sk
2 7R, TEAFRI 499 AN CRARRL firp, G 125 /M AU SR A SR IR i A
2, o5 KT 25%. R IR BT RIS T8 AAG B AAA, X5 3.2.1 5311
motif fmif % AAG —F. IR motif AZEF T 2501, (FURIEMRE iR
T REME IR KA RAR TR REPAIR T H K8 Fl i 471tk A %
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Mutation Type Statistics
Evector REPAIRv1 REPAIRv1 NT REPAIR~2 REPAIR¥2 NT

- 250
250 -

200-
1307 Nonsynonymous
. ne
100 - . =
) I
. . Il- IIII

no yes no j,-'es

Mutatlon Type

count

B 9. o X RAREE L RN H G
LM TR LR, S AR T URA

Brib 2 Ab, ARSI IR R G P A R A BRI AT T it 3k 3 TR,
FR IR e RAZ GBI R 2 RIS, A 164 MLl XA REZ2FEER
B A ot B I 22 W R R BR 2 — o AT 164 ASKE ZURR 107 £ 1Y) S 4 e i 1
Giitortr, RIHAA 104 MERAL BIERR, B AAG > AGG B AAA >
AGA. TR E) 21 MR RAE N T HEIR, B AAG > GAG Bl AAA >
GAA. TEAFEFFIMmAFTERIATEE T, Ml T A IR 2R IR 2 U H AAG >
AGG, MRAMRABEIEINE AAA > GAA, IETFHEHE—5—x— LB FEF5
A [ HEAT SR IE

3.4.2 5 L AR 22 () Sy AR I T R 3 AR
3.4.2.1 FES ek BRI

HE 10A AT LUK, 8 URBRFELEFSME LS, 195, 115, 35,
2°5RI17 Stk b, Xk E R AR MR DK B AT 50%.
FeOR 5 SEHT AL A REPAIR R 51 TR IR Beit- g Ar sl iy, 2585 GBI LL 4
i AU ) 7 471 X3
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3422 EHEEE LHERER

S CRARFITE (L REAT KEGG B 48, RBUTE BEEE (J
10B) , JRk¥EEEE I RN EE P BESHA (K100 o KR EEHE
05 = [ % 4 Polycomb 41 &2 &4& (Polycomb repressive complex, PRC)
WLZE s M Z G840 5E  (Amyotrophic lateral sclerosis, ALS) , 4l 3 (Cell
cycle) , F:RHEHA T = S VZ 45 =M = 0GE  (Amyotrophic lateral
sclerosis, ALS) , JESEH IS I £k (Proteoglycans in cancer) , ZHEE RN _EZ
401 (Bacterial invasion of epithelial cells) . b, HLZE4aPEMIRBIAE. F5E
WP RN R R AR S IR AT IR o AE SR B — B SR IR IR 11
GUN, ASSCEI TVERf A B SR I B SRR — 5 o T B MR B A (0 4
B, HZ EHATISIRE R O AL T REPAIR Z 51 T FL I it #8202 8 4
COIBAT IR e DA R A A IR L R dd B b ) LIRS, RN R R SRR T
PEAEIX L3 B b AR (R RS ) SE RN IR 9T

343 MIFBLIE R HINE R LM REPAIR RFI T AR

1. £ REPAIR R4 583 1 THRMEH 2 /1, FHER T H REPAIRV2 #£47 H
PR R, DA IE B SCRAR T /D, 22 A VAR X B

2. R G T X I P B SR R Y T AR AE ,  CARAR DR R 7 8 i i 1
1717 et B3 PR U Ji B A

3.E15. 195, 115, 35, 25/ 17 364k il T,
2 EE Y T DX S Bl R TR 2L b RV R T N I N R AR AR A T B AL T R
BEIN, A AT DA PR R B T 2 AS 1 S T B RUR DX A T AR

4. ZRH T HA WS FIE SO 1 2 P 7 e A 228 A7 M5
FIRAHE I NFF G DA SR AT, 7153 R0% 5 I B AR (K T RE 1L
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Count

[

S

0

A B

Polycomb repressive complex

Amyotrophic lateral sclerosis

Count
60
36 36 Cell cycle
40
Spinocerebellar ataxia

17 Protein processing in

16 15 15 15 endoplasmic reticulum

61
<
33
I 30
I 28
SO L LIS LIS NS S
< 3 3 ~ ¢ & & ~ 5\ ¢ ¢ ~

S Ty
chr

13 13 15 12
Wi
[l Huntington disease
[
[
| 1
G Bacterial invasion of
epithelial cells
SN &S >2500

QN O
s 5% 5 s
Proteoglycans in cancer

gene count
4

L
z

Amyoatrophic lateral sclerosis
cree! Bacterial imvasion of epithd ial cells
Cell cycle

Huntington discase

NPy

Polycomb repressive complex

Protein

Lol ]

Proteoglycans in cancer

Spinocercbell amataxia

& 10. 45 XA TEGutadhk b 1A FNE B B AR
AL B SURASAEGL AR I, s BUIRAE — S Qv Bk B ias X R R,
614 BATHE URAFTEIFEH BT KEGG @ = %, W RR g B0
(p-value < 0.05) M 8 ki, WEMMNEEMLSHZ: Polycomb it & & 14
(Polycomb repressive complex, PRC), WIZEAiPEM R LE (Amyotrophic lateral
sclerosis, ALS), ZHJffEIA (Cell cycle), A#E/MptH:ILHF KL (Spinocerebellar
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ataxia, SCA), HEHFAENFIM I T. (Protein processing in endoplasmic
reticulum), F3EHH (Huntington disease, HD), 4R N\ L4l (Bacterial
invasion of epithelial cells), JFESEH I ZHE (Proteoglycans in cancer); C. X4
XA FAEFE N (1) 7 R TEAT ARG T HE, AR R R 8 | —d@ i, FEnK
TR IR A FEA AR R 1 AN K, 2T Tt & 0f IV (14 i [ 44
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0. g

SUANRGT S P AT 22, GATK-Haplotypecaller 1 VarScan2 #5241 5 iiE 3
LSz A S A M AT AR 58 1) variant caller, {H 2 7E AR R ILETAR WA
o XA BEARUE T ARG T F B R R AN T B AR B A A G B . 2
i EASZE R ] RNA-seq #45, Gk = 2580 T WGS 45 ) K & Hidhs vl I TR ALl
SR ICR AR A s X0 T AR S b, ARUR R 75 B A 3 R AR A T Y 4
RORERINL R, X AT REAE AR 2 T R AEARTE o5 JE I 1 T N B SR TRV R AR A 35 )
AR, X B F I MR GATK-Haplotypecaller. BCFtools 11 VarScan2 Bt 21 1
A

Frh, GATK HaplotypeCaller 3= B3 T 77745, FRi T 40150910 28
FXIRSE, P EISEEM AT R A, ISR R B B AR,
IS A A DU E B ME SR, 456 2e 505 BATHE B I A BURUAR, SRAIr A
o7 5 RIS 5 . HaplotypeCaller & PFA AN A 5 R 20 & RER, iEBFEGHS
JER MRS, YR AT AR A . A SE5 48 I ) BCFtools £i%
(Multiallelic calling, -m) 2K HE DU Bk g v 52930, M iU =15 5011
AR MEAR LRI Giey)VE WL EE 25 52 HE RS (U HE 2R P(data |
genotype): CKfiE A% F BRI TS A FE R AR S I e B R P(S)BE N SE IR MER
B Ja S5 WL BE R RSB I Ml 2R, 1325 S0 M3 Ls, FTPRAl 4 @ S
IR SIS .

%of T DU 37 55002 o T OBk 3 SAE AR, H T i PR /D> A
BAK, TTREAERM S RA D EMIN Y S BE 5, 15728 Rl i ge v Th Rk
I, AR HI P4 R SE AT BER IR AN R AR o IbAh, T DU TR B AR T
Fel BB, AN ALk AR e 30 70 A o W R Je BB s 52 P o A AL
M, WRE FEUS AR R B, W R R AL S P e B AT
B T 17 BN B B R B T R I B R A A0 A, AT R e TR A
5 B SNV T JEiE VA 838 ZBAR A i B0 A, AT B IR AB FH A -

VarScan2 3= E8 FH )2 J8 A R EEDY, #3816 TR I MR I A, B
SR eI R e B R ) I o B2 DX A P D BB R, (L RIRE AT RE BRL L T
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AT DAL PP AR ot B A R R R ST s T AR B 8 o R0 IR S0 I L P 5 A 4
XANTE A PERIRIE T B EABARMERSHESE SR, A ITARME BT “ Fm 4 AR
PEAK.

FEAE DA D5 9202 AT I SRR IS, =5 B B K i . 225 Hie ik
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