Rz i@ F2 ePF0R2 EFEF 282 F
AL~
Institute of Ecology and Evolutionary Biology

College of Life Science

National Taiwan University

Master’s Thesis

I U §-SLE TERTE E PR
The mechanism of north—south genetic divergence of

Opsariichthys pachycephalus across the Kaoping River

LS|

Yu-Chen Chiu

hre 2rg £4
Advisor: Hurng-Yi Wang, Ph.D.

EAR 114E T

July, 2025

doi:10.6342/NTU202502820



Bl L &8 KREAPIE X
DREBEGELE

FE & O 8 A F AR & JLE AR 5 e ]
The mechanism of north—south genetic divergence
of Opsariichthys pachycephalus across the
Kaoping River

A XAEFRE (BLERIIB4017) AR &% KRS
4 ELHFELEMEREM TR ZIALRME L HERH
11457178 ATHHFRLEEEERBR OREE » HLE

8

==
ERAELBERRIE LW T (PRI
PRARBLS S BT L S

WiLdLAEREHER

ws 7 (528

EXY 3 #i—“:f_ gh g‘%
Ifn A+ ;E % izfj
B AL ﬁkm%

(#%)

d0i:10.6342/NTU202502820



T
K0S
B

Rehe RPUT &K b

Ldp a2 SR ¥

AL AL RN T L AR F R R RS h BT E AN
B S w 3 o chk P el 45 o $ ¥ K EFAY g afe o B R L4
M A engs R BAE -

2. PR KB AR

AR X R ENT L RAIFAT AR 2AF e A 0 T3
SR S TR

BHFRAEF 13 A EfFe1 B fmik B A4~ ~ DNA & 4o
BAFEF G @ AFETEaE LTINS TEE A E R
i?ﬁ,ﬁyﬁﬁﬁﬁﬁﬁﬁgrmiéﬁﬁﬁﬁéﬁﬁgo

Prob s R R e B M AR AR BAREY R R AT R

Figgp e etk A o

3. %% SR

fnk

;&Fp”%»*%; i\'ﬁﬂf‘?ia N /:. i& ~ 3EAPP \pgi%%:—;/\mf,,,,pé °

Hoe Prolg i 4 g L anfles o Hrs £ joiys Rl g doapas 5
BF AATRMFORITEALEN > AENEIFAA S IR EEY 18
ERE o a P RATHREENZ AASF RS FEOLL > B X

RS R ETEr B S v e S T S e

doi:10.6342/NTU202502820



TRHEFAHRETERERAZ BPEFRAFRE ) THRET - 047
EBp AN SN FOREE S TR P> g B oaE o)
e viaic}i LSl b “”]?7“9‘—— 17 b A7 P EOPE R o Tﬂ»#ﬁw%ﬁ

#ﬁ ,,_ 3 —r/\ > E‘-“‘ ,H—:mw IV i’\?{ﬁ”*ﬁ?ﬁév\ “l‘fl"” (; °

BREHHEIF I MFRAERAP RGO L E e J AT F

EE S T s R SUER:

doi:10.6342/NTU202502820



1 &

A2 5 B v @ (Opsariichthys pachycephalus ) £ /%>t #§* (Xenocyprididae ) 73
A KA AR A FNL BTN B RIEL AT R RMATINE B
e TRl A s mdt B BRI 0 G THY Y opth FERREG B BIEM A
I REAR TR D Rk e P B v @A A FIGEEA Y 0 Flpt R
%18 2 A ¥]2 € A (Whole genome sequencing)f£it#e 7 & v s 4 %= ¥ D3 & A~
CEEF AELE S TBATH R RGN T W R AT NI 4

EI BTV IERE A8 B A TR EF L 86.79% L3R FF 0z 10.79X a0t

PCA ~ ;7 i* #1172 2 ADMIXTURE h % 282 597 7 - K - U B BiL 5

L ad BEEAICEET UL L A BEE LB A &P BRI 30

HEHE A BEE FRIELE DY FORE G BEN e e 3 AF SRR
Rom B EELA AL G R E PR AR AU P A Rl AT TR

B ORTE T R IR o B EHF e FH TSNP (Fixed SNP) 17 %2 F3 Statistic °
FERI| B BE P LESRBIE e EENE B LT RIAAT B BEE
BRI M PEH DS e R A L B R e £iEN R BT

EREF2 & P IR HE P R AEH i a MEERFRAFC IR >

s 7B IR B o

BP A FIE R AR R R A B3R 047% 8 4.67% 0 B FE AR

(Genetic distance ) » F £ 3 fR%EH 7 % i A 7 1575 X = BEEY g K
R PR AT e M EFFETLIAFT AR G (2265 £ ) f LA
A Few w2 PR FER (Genetic drift) e 580 4oeik s it o

doi:10.6342/NTU202502820



PR R T Fsr R CREF PR S () SRR R BIEL s
iz E X # AL F) 0P ) Mammalian target of rapamycin (mTOR) 4 %2 Thyroid
hormone receptor beta (thrb) » T ¥ 4 % 2 5§ & (Danio rerio) 11 % & & #f
(Cyprinodon nevadensis amargosae) * %77 %L B R D& F Ji o ¥ 'ha iR g
Fe# P3| 7 & ¥ < Thyroid hormone signaling pathway (ko04919) > iE2 %= 3
SRR S LS B AR K $ 8 RS R e L S

PG AT AT MR ERERT M -

Bgts: %EAD - 2AFeI A - b oot s A B

doi:10.6342/NTU202502820



ABSTRACT

Opsariichthys pachycephalus, a primary freshwater fish species belonging to the
family Xenocyprididae, is mainly distributed in rivers of western Taiwan. Based on
mitochondrial DNA (mtDNA) and allozyme markers, populations can be divided into
two group , northern and southern, using the Kaoping River as the boundary. Previous
studies using the cytb gene have confirmed that individuals from north of the Kaoping
River were introduced into rivers in the south. However, there is currently a lack of
population studies based on nuclear genomic data.

In this study, we applied whole-genome sequencing (WGS) to investigate whether
the pronounced differentiation between the northern and southern populations of O.
pachycephalus is shaped by natural selection, and to assess recent hybridization events
across rivers. A total of 48 individuals were collected from rivers across western Taiwan,
ranging from the Masu River to the Gangkou River. The sequencing yielded an average
coverage of 86.79% and a mean depth of 10.79x.

Principal Component Analysis (PCA), phylogenetic trees, and ADMIXTURE
results were consistent with previous findings, identifying two major genetic groups
divided by the Kaoping River. The northern group can be further subdivided into a
northern subgroup (north of the Jhonggang River) and a central subgroup (between the
Jhonggang and Kaoping Rivers). In contrast, many hybrid individuals were detected in
rivers south of the Kaoping River, while no hybrids were found in the north. The
incongruence between mitochondrial and nuclear phylogenies further supports the
presence of hybridization.

Through analysis of fixed SNPs and the f3 statistic, hybrid genotypes were confirmed

in the Kaoping, Fangshan, Fenggang, Sichongxi, and Gangkou Rivers. Individuals from
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the Kaoping River were identified as multi-generation backcrosses to the southern
population, while those from the other southern rivers were either F2 hybrids or
backcrosses involving the central subgroup. These findings suggest that complete
reproductive isolation between the northern and southern populations has not yet
evolved.

Genetic distances calculated from nuclear and mitochondrial phylogenies were
0.47% and 4.67%, respectively. Moreover, the southern group exhibited the lowest
nucleotide diversity (n) among the three identified subgroups. In combination with an
overestimated mitochondrial time to most recent common ancestor (TMRCA) between
north and south populations (2.26 million years), these results suggest that
mitochondrial divergence may have been accelerated by genetic drift.

We further used FST and inter-population nucleotide diversity ratios (m ratios) to
identify candidate genes under selection between the northern and southern populations.
Notably, genes such as Mammalian target of rapamycin (m7TOR) and Thyroid hormone
receptor beta (thrb), both previously implicated in thermal adaptation in Danio rerio
and Cyprinodon nevadensis amargosae—were identified. Additionally, the southern
population showed significant enrichment of the thyroid hormone signaling pathway
(ko04919). Previous studies have associated lateral line scale count with thyroid
hormone levels, and in Candidia barbatus, a negative correlation has been found
between scale count and river temperature. These findings suggest that the observed
north—south genetic divergence may be associated with adaptation to local thermal
environments.

Keywords:Population genetics, whole-genome sequencing, Opsariichthys

pachycephalus, hybridization, natural selection
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Bk SRR R TR T A £ § gl %0 (Introgression) & B 0 F A @
* parseVCFpy # & 4~ VCF # # # 5 GENO # % » & ®# *
ABBABABAwindows.py 1 % - 2 100kb 4% £ 10kb # £ &7 & 447 > 3+
5 & ®Enfd (Introgression fraction) & » 3%4p#kih p ABBA-BABA Rl - *

AR AR

?«Féif%.ﬁé-‘ic@ﬁ'ﬁ’#t%b’%’ﬁ fd B3 0 R4 1 hRE o F LS
BEAEEP2EPIZAARIBLAMIG LR L HEBRTIE Z ~rd0
FERH LY s F kL P @ £ 2 FDR (False Discovery Rate ) i&

SEHRTRD o B M EE FDR<0.05 il § » & 5 2 e g iren A
Flig e R o4& F > @ % R E 1 IRanges #-& fp et Ap AR el FAL T &L & 5 i
FepA P R o T RE RS B 91 2 AT e GFF fis)

FBFEY AR E SR T o AF €5 R 22 clusterProfiler [40] #4 7 # &% &

# A~ 45 (enrichment analysis ) ™ fF T Fli% in & 8 03 B 5 50 o

27 R FR R E RE AP TR
FEFu 5 ¥ 18 0 15 18 VCFtools 4 # 100kb 7 — B % 3" & Fsr~ 7 ™4 % Tajima’s
D i+ B TmE i g A‘ii;l.é;}’l‘gl 20 Eﬁ‘ﬁ;’@%&%;mj#l% T fg—"‘f‘/)é;]%,ﬁl ,

2 PopLDdecay v3.43[4114 B| B B ke A2 FFerdi gf R R £ 8 o

TEE R BEM e iR REATF AT #* VCFtools &= 100
kb A% ~ 2 10kb % # & = Fst 22 71 (nucleotide diversity ) & » ¥ # ",ﬁ% HE P
Fst 5 f BenTf o a 3058 e 458 BE - LBk - il 2 %, ¥ 03 5
SR TG fR A 2 B et B Weir and Cockerham 4rf# Fst 22 & f ¥ eh
T 1B o mratio T_&K L AL IR Tcgfuq‘im FH O R BEARE K& g N

<)

WA REOE B HPAHER PR XD e EHTY F 20 F nratio ¥k
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EHM P TR FRANMEEALEFERLIERERS o BT P Fsr m 25
5% enFH B0 A BB qratio w 5%Z% 6 5%2. % BAR 5 iEE G L spﬁ;»o’a‘—‘ﬁ i
Foa MEROEERFREFE L —*Ff Pl 2 AMEWDEEFRERE -3 2iF
EREELBEFH L GFEA U M EFRLDERELE AR

Bm W A AR RS A e e i -

GO enrichment % § A F18& 2 > A 7l iz X 7] ; KEGG pathway R i% &

eggNOG-mapper[35] > & * DIAMOND ¥ ;4 > ¥ ffad b e2mgdf 4 5 4

LHEYR (¢ 7 AHEEE GU) RS L P F TASKEGG T« 5 K e
% B~ 47 % 4 clusterProfiler #4 {7 » = éﬁ“ennchGO”ﬁ BT R R —fﬁ d

“enricher”» sy i {7 f T P KO BEgentr A1 * 4 1T EL T 1% 5 KO terme

2-8 HHER
ARy @ % GONE[42]& SMC+H+[43] » fa= Zdimde g B v @ H A

g o GONE #* 3t 4y 7 T = (Linkage Disequilibrium, LD ) &3 ;= > & * 3%
TP R AN OG0 EES ) EH ) SMCH Rl&* B E S ¥ 2 B & 47
( Sequentially Markovian Coalescent, SMC ) » if * *t3a iz #ic+ & 1 #icp § & % i3

EERR oA A Y LT HE - %2 4] (singleton) k4 VCF #h% T 5 ﬁs?]
*FOR s d 4 R (Candidia barbatus) ~ ¥) @it 1 EhpF S H 0 BoE £ b
B85 3 $h[44] 0 Ai- X T A AR (generation time) 5 2 & o U3k T H1I9R
TGP AL RFEEDL G FdERE > HARER L 1 Ao AARREHL 3

o R TFE A
YREBR = (HE®R +EXFF) /2= (1+3) /2=2 &

GONE #7% en€ 2 % (recombinationrate )% T 2 .5 4 %+ & 1.8 cM/Mb;

SMC++ #7% (R % % (mutationrate) P|i¢ * d2g-T35E 597x10° %8 /i~8:

2 R [45] gt *SMCH+ %38 split 45 4 3 5 3 I & B o 5L P B (split time )-
10

doi:10.6342/NTU202502820



2% %
3-1cyth %% 2 WGS 2R
FWIg oytb wd|2 AET7 Fenm 818> T 7 1089%p 1T 5 AT o 2
FlpE G M GAET 0 B BENAREDRAT R INEG GE
(Lineage ) > At d K p o IR R824 5 /p¥ » a 307 P Mo AP J
Rl A1 A 3R ed % (Lineage A) o d 3t i3 e D-loop e % © B1 % Bixii s 7

T AR kBR8] gt daipl Hd B OEEM A LR BiEe 384 L (R

Yottt FAENARARBETE %3 & (LincageB) & > #@% 2 L A

i

¥
oy
a4

2 B R

AT RIS 48 TR E A DY 596.6Gbp R4 FR (e ) T
3t ¥ % (mapping rate ) 99.7% ~ T A FR 5 10.79x ~ T3EA Fle h FF L
86.79% (BWle ) > W HFHEFFF 2 M  CHESFTHEREGFELS > BB FT
12,509,778 1 % & B SNP * > k- AR L
32 %¥HEH
VLA T T S PR B 08 5 A S 6 PLINK #%@4
? T EFS o X RT 665,152 B e SNP o * 38 4 e PCA 22 ADMIXTURE

PR

195 PCA shig % > PCL ¥ P FET A B Bkt 82 04 inf o 244

0 11.25%: PC2 RliE— H -8 B ek AR A 24030 (9P Bigkna) e

¢ 2R (“ BIEET AN IR ) w3 —ﬂ%ﬂ}?;%ﬁ—?é 5.28% (@I )" ;}L,fé“—:l,‘-ae
Brg AR Fand B4 (VAR R F 303N 3EH 2 FFend L oA B

BiErigim ek > 6 PCA ¢ AF 3 R IR F > FRY BFAE S

B HRIT R SRR R BAY
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& PCA B5% 8B HAe 2ot Ay s AR, 52 B &R

A 2n2%3 (North » & FIE4E T ~ g% )~ ¢ % (Middle » i& F ¢ jBi% 3 4}

¥

EYa

FE)S MR 5% (South ;& E 3 BE1d 2 %)

% ADMIXTURE 4~ 47°¢ » %= Z# ¥4 (cross-validation error, CV error )

DS

o b A H R B (K=2) (Fl2 ) 2R § RIEL R RA A28

WA XM A G AFUE P LERIFIF SR AL P RO L)
T&l?/v\f;\‘l“pifg (K 4) e ﬁLﬁ@E& ]m*";d'/é—?}’t%r—'ﬁml”\{yﬂ@

EE (B )

¥ 4L = 3pr > ADMIXTURE A58 % iE— #h#-¢ BiE2 B B Lz B e

*EPIe G P 3EFE (Middle) - B P > ¢ BiEE AR OR A LR DI

A4k A 5 PR PCA STRILAAHLE R - K o

1245 IQ-TREE 22 s ~ 02 234 (Maximum Likelihood tree) % » @ &

RS ST R R A Al B S F 5 A IR AR e+ 48 (Subclades ) > #7 PCA &2
ADMIXTURE & #4573 - Rofgr B A F A o # A3 3ng @ 20 2_ >
BT EREESEHT L MAMEY e Fanf B:EAF (B~ e g it At

RABROFLRRE b gt riE HROEPCA P 4303 EEF 2L B
B BT B AE S WE G e A EHF AT e B PAA T
SBPEAFSA R R T A - RADOFR (BN~ B4 ) athifiEz? 259 &
Jo v 30z kB A8 0 & PCA ~ ADMIXTURE 1/ 2 4% L F15f 1Y B b % AR s

SV FIA N AR 5 8 2 B A TR

d ML 5 B I Fsr~m 2% Tajima’s D 304 » & 3R ipRH © %
Fstied (B> ) B2jele §17aRLIRAPnREr EE A5 =
B B n( Bt - A)o ¥ ¢ Tajima’sD a3 ER D7 f E(B-L - B)>

RaFRIIEFEY 1T X AT NG BETL a0k T AR PR
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A TR

1=

FEN ik SRR hF BIEBAE A R blEF B

fH - BHEGE R Gl AR A R T o d 30 L T3 T 5 3] etk

P g A RNA R R N A ahw L% 0 3R PCA Y Bt e iR
Sk A TR — PR FERITE R Y B LI g o

3382 ER
dONALR G L F AR R BLAR IR A R SRS ko BRI G A AR
PCA 72 ADMIXTURE # B| 3] cr8e 2 B Al o F]pt 226 £ 09 "1 %2802 1L 282 ¢ 2%

*% 3% [ trr Weirand Cockerham 4c 4 Fst M %2 & Babi=chn @ (B+ = 4= )

T BT E0E I L fdp i UPRRT TR R LD

\\ﬁr

SEGE A AR LR

e L Y S

=

W pPE 5 TR Y i

—~\

W hiMhTio n 00 E hF oh For & 4Rl H £ o kA TR~ B o T

LAY B R RS R EEM e RB AR AL AR

F_k
+»~\

A3 PCA S » 22 B A S8 AP MR h g %2 F (RI )
P R R L2 LR TE R R (TR R R] o PORE T L 4R 2 %
R E TSNP Jipl A3 45 > ¥ R A &L o &

B R B L LA R 0 B BE LB R A W S
$3 30EHEOE S 1 % e w2 (Backeross) ; #5LiE s g E S w £

EFRFAVE L B B UE R BT R FL R AR BE e
TEfo- LR BEBHAIEHY R Ey 2B (B = ) &4 100kb
BRI G F T BN B RE A ERE LG F R § P B

W3 B BEN s avERE G Lk p P WEHENYER (B4 ).

fe A A= SHTBB Y o B NBEE HFEL 0L p R (Cluter) - 42

FAFRI PRI ARE BN (BT ) 7o £.0% L2 2R E o d 3
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LB EhB ARG FRA IR DR TR a R ET i A d T Y
SRR AR Y IR B A FALE Aw RET N LTS 5 8RS
Pefho Fpt i LB R iR L R AR E T AR F R B

Moo AT LG B o bR R RS L 3 AR

BB R R E e A 2 R~ 3 0% 3 1% 16 ADMIXTOOLS ¢ f3-statistic
FERETBEE-WREE - PLE - L ENE BUEY LR BiEe M ’Lf%i&ﬁig
i % (£ 7)o 12 ADMIXTOOLS it {7 e ABBA-BABA B3+ Baom it

s R EF R (A2 ).

SOBRFERAURES Y IEEE L 2 LT L M % 516 LOTER 4 8
HRE R EE e R - BB BEERAT A G - FiT &P 3w
EF - e B4 (Haplotype ) H &z B ? - BHE SHY F RS s
P E Y- BHERHMOEARA RS S0P INEE, AL BHWAF] & F2 %%

2O mm 2 () 2 A4CERRIE G Ry 2 BAY -

3-4 ABBA-BABA statistic

5 7 i {7 ABBA-BABA statistic» & * 7 & z EHF5 v T AE o £
20,319,285 1 SNP o & ABBA-BABA 2 ® 1 & i % ~ +haflikgr L 2 j2iF 5 3 2%
EFGRA LR A IREFR G P IUEF L B BIE A A PR BIEOA
Fligor H B bR F A TR Y R (FDR<0.05) 2 ¢ mEa £ eh s 5 097
MB> %% & 57 1508 MB ch% & o 5 84477 £4 101 B& 7> &% GO
term ¢ % T cell receptor binding (GO:0042608 )~ T cell selection ( GO:0045058 )
SELAAMAGO term (£ ~ ) > A KEGG %A it d MF e « HER L

(kA & 57 DOCKI & VAV2 22 . tp M enh 7] (44 )

S5%FERL ~FL R RIS TR

ORPBIEERFL R 0 ¢ ZH- FRAGSNP T £ ¢ 7 15,545,876
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® SNP e }24 SMCHt fif s d § 234 [ 0 » 7R 43 %H b &
= B 7k #p (Last Interglacial, LIG) £2 % = 7k g #) (Last Glacial Maximum, LGM )
WY EREP R oo AR T 0 F BEMMA TR T A A KD F
MG AOEFEE T E(R LS )i - W SMCH FRplaEEL (L EFR
FRES A RHEL DAL BBEEYL 013 FHED > =0 - kY
( Penultimate Glacial Period ) 1 % i§|#c % = ¥ 7k #} ( Penultimate Interglacial Period )

Z_ > ,-:,,/‘\/4 }\J_‘\QF—JmF%&’/i’J(J’ﬂ‘\‘ btar:& a“T‘mA\‘LJEﬁgO

GONE e/ % ¥ g7 4t fngr @

-n\y

LU R RRR S s e £ PR
WG semE R Y 0 (BlL - ) o SMCHeng % — R R 1 5 3% 0
A IR o g IR IER D keh 2R B 2LF 0 0 @ PopLDdecay ¥ A
T Al IREARRM Y IVEEG Fa a4 (B ) BEIVEHEHRE

¥ 3¢ GONE L ip|ehy #RF# E 00 -

Wi 2 RME 7 BEAST #4748 % » s 43 ¥ NATE kAL
(TMRCA) PFRF X 5 226 7 8 &% (95%HPD:2.10-2.41Ma)» # ¢ 3 2853
NMenE AR R L 026 FF £ 5 (95%HPD: 0.21-0.31 Ma )» #2853 p] 5 0.19
T ET (95% HPD: 0.16-0.22 Ma) (B4 )o % a » AP A Tl Tl
SMCH A 45 #r3gplenks P EERF AR > P AT R G EL P ETEEF R -

PEZRFTRAPLEAMAFSINESHMERZ A kGBS E L X ATERS

%
¢a

%K’—;"ﬁg't ARPERY B oo

45 7 b TI 1 A ST R e g R g

e BEEdE L B L 0.46%)1 32 4.6% o 5*?‘*#? 10 & e it §EZE; @ A e

fx\q.

A FES v T P A TSR A BRI L 2 B Flt ey
BT R SR TR T A v o B R PR TR Y A B B e A hA
BAAFELE@ES v EDS56%LIET RS > 3 A EF O A FA MR REOTER
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WA KA A (A2 AP KPR TSRS R SRR
ZBREY BN (FL - ) RARRMT L P BRI 0P
AFG LR ER o
3-6 i M Flie R

PopLDdecay 2. ® S| & 3Reis 3§ P1 AT (30 4L 2827 ¥ g chid g 7 T
Ty (BN ) AR {RpE»AINEY 5 KB TRERES 5 2y Ty

FXFEETE N LR INP LG sk o

™ Fsr ¥ mratio £ FIRRIF A XA HORE(B S 4) BB EI MINE
i A F1435 B 5 e FRIEE i B A F1 418 B o - e A FIF AL A W R
HEAY O FEIEEE BH GO term > FIRA AT 55 T8 B g eh
AFlz 7 108 B> A FHFH GO term F 5 58 B o m§%EFH Y ¢ 77 thyroid
hormone binding ( GO:0070324 ) -~ negative regulation of female receptivity
(GO:0007621) 14 % cholesterol storage (GO:0010878) » i% i BLAST |55 4.
FEFRiEZ B GOterm ¥ ¢ 37 thrb~stardd £ A F) (£ L2 &Lz ); @ pn
e 3 3% 4 P & tDNA binding ( GO:0000182 ) ~ cellular response to nutrient
(GO0:0031670) ~ response to insecticide (GO:0017085) 12 % positive regulation of
translation (GO:0045727) *® 35 3| mTOR & pik3ch % 24 F 112 %5 3 Mgk

Fl (4w~ &+7 )0

& KEGG e A 477 A 308 I E T3 2l F o s » L mn

] 7 mTOR signaling pathway (ko04150)7% ;& $8*% % ¢ R & Biotin metabolism
(ko00780) r+ 2 Thyroid hormone signaling pathway (ko04919) 7 & ¥ e/ % »
T2 5 BRI P8 ¥ e mTOR signaling pathway  (ko04150) (% + = ) L 2R

EHOIFET AR T RORF ARG M-
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FECHMAEUFRELRA LGS BERE L s T Relb o
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et p AREFT A AFEELS LB ATR N iERY FER £ o
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AT AR MENFREESRAL S NS BEE RS R
(allozyme) M @ Bik i b A G a %3 X2 AIEET UL LA B 5 BY
W ([7] i D-loop RIM B EEZAA St s B%RER] - ARS8k
#» R - Reho (RN ) Fehs Fls 2 (Rl ) 230 U g A%

LR A RS o

AEF AP ATFIERRM L A9 0.46%11 5 4.6%: BEEY > Bor

-

Wk IR e o e AP RO R BIE A RS RS v A R
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p
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o ¥ SMCHTR I & 0 H A B Ak % 13 7k 112 K Bk § A
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FOEF G LM IS T (AL ) B AR IR AR EY A L D
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[7]° ke SURE 24 F14 Se 3 % | Ap st f g B L et B0 B £ P DR R
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B T FRAREAORBFT N LG OREE E IR APM[46] 0 ] R FE
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TR REAFT AR EF AR o R P ERRE B B
=% (Cardinalis cardinalis) o R E A FlaorT 7 ¢ F IR F20%FHE ] ¢
REMPEREIH D ERLS CEFF DR G[4T7] Rty Y F IR S EF
B AT e QR Oprdt > e A RHETLREF 10 R 24 > £ F i
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2 SMCH3rE e A Fl e iV S 13§ #5 > m BEAST 3+ & e s g o 1 p&

"
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RAP AT SREACERGL BFED (FL2 ) I AN - <
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P R RS MR B L MR R R g 4 2014 & v o
212017 &P AWML Y B F RS A OEERT X BRI SR - K9] o A
LUE B E e £IENE B EFRAEREBHOR T SF LT TP
e (B2 ) {33 A2S BREFPLFN -

43 aWFAEFFFARABRSRALET M
1945 ABBA-BABA % ¥ % £ (FDR<0.05) Bl 2 1108 ¥ 5 # GO term
(g=0.05) ¢ z 7T _EpM e > & 2 CEFGO term ¢ 7 T cell receptor

binding (GO0:0042608 ) ~ T cell selection (GO:0045058) & (% ~ )-

#e 2z VAV2 v DOCKI (%4 ) 34>t Chemokine signaling pathway
(ko04062) ¢ 4k F] - Chemokine signaling pathway (ko04062) 74 ic 233 47 4 £ Jw
w8 A A B2 e [S0] 0 VAV2 fo] Renih R A& B MAE B e LR

B w2 2 3% M[51] - DOCKI B+ r1¢2 Rac ' & & (7% 3t im¥e i 48 11 & 4%
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= lmie B g [52] o FI A TR IR ET A B LR R OB
44 G P HFESSAERE T MM

XAFDFETEFREY AW ARSI B R AP KT A
e F P & 5 mTOR % mapkapk2b (47 )o R L5 HmB 48] > b
A% ¢ % P ] mTOR UBLEL T » g7 p s N p el i®® > 2m {2 4R
A TR wt R s SRR R A A R E R L vk 2 - [53] ° mapkapk2b
% mapkapk2 0 L F] (Paralog ) © 3 #7 7 &1 > % mTOR #3r4|pF > BCL2
R ILE § T "% [53] 0 fid i iwre (Helacell) c9§ %% ¥ % I mapkapk2 € % 3|
BCL2 ¢hfrd] » 2 mapkap? ¥ "1 & 42 o =9 §F BECIN 1 455 fi v i ¥
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7 thyroid hormone signaling pathway hEg ¥ % % o3 3 dp 41> ;I»Lﬂ)jl'% R R ]
DIk H o FEG R RS OEDS S N REFFORERE T M
GERRESS] - BANBERR DRSS E G ( Cyprinodon nevadensis
amargosae) &% > H 35K thrb o mRNA % JLE 49 #05 MOR TR B R 3 14[56] -
LB Az T RRE (T3) kAR %Y F o 5B 6OFH0 trb 4 RE K
PRl 2 A thrb - A e R[ST] e ¥ 3 A R £E (28°C) it
TS g ALY U koA kA R A (18°C) B A H=
RTRARR N T AT s BEA[58] o T B RBAIRE 2T AP D2
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linescale) #c® [59]° @ &4 B ¢ - RlRBHEE KRR ApM [60];
FEjE S v o e R ORIAGE T B D AT IOEHE[R,61] o s IR0
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RIRE(8] e A9 ds 1 en® ;I”f]l'% SR 2 R B2 ¢ B ey
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B 4F g fBA B R IR o
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k5. s 7 HSF1 (Heat Shock Factor 1) F-v F#&E12[62] c s f g w1 ¢
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Lincage A ¥ Lineage B & %] & & #* 383 k22 @ 303 & e & o

Chinese name  Sample size Lineage A Lineage B

35 48 7 E(MS) 9 9
A7 (KL) 6 6
¥ Z(HX) 4 4
~ ;% ;%£(DH) 5 5
P &iEJG) 13 13
fs 45 J%£(HL) 4 4
~ % ;%(DA) 4 4
= 7 %(DJ) 4 4
& iE(WX) 3 3
4 -KixJS) 2 2
13+ %(PZ) 3 3

5% (KP) 12 2 10
K &£ (DG) 9 9

8, %(LB) 11 3 8
4 < JE(SW) 13 13

= L E(ES) 11 10 1
W i£ iE(FG) 9 9
z £ ;%(SH) 1
% v i%(GK) 1 1
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¥ TR Bk
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Symbol Chinese name Sample size
1 35 4RI E(MS) 1
2 A7 (KL) 3
3 B EHX) 2
4 = /% ;%(DH) 2
5 X A[€) 3
6 f¢ 457 %(HL) 2
7 =~ % %(DA) 2
8 = 7 7%(DJ)) 3
9 K iEJS) 2
10 5 iE(WX) 3
11 =+ % (PZ) 3
12 % B E(KP) 5
13 K & £(DG) 3
14 hif (LB) 4
15 2 < JE(SW) 3
16 ¥ LE(FS) 3
17 ik iZ(FG) 2
18 » ¥ ;%(SH) 1
19 #& v % (GK) 1
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+

AT TR RSB R R

T =

*~ CRER EP ST 13 FEPY R AE (Gbp) HAMAEH X
OETO06 I1lumina NovaSeq 6000 B W K 2018.08.02 17.25 0. evolans
OEHLO1 [llumina NovaSeq 6000 s A% 2018.09.14 23.29 O. evolans
OPMS09 I1lumina NovaSeq 6000 THARE 2023.06.24 17.00 Lineage A
OPKLO04 [llumina NovaSeq X Plus ARP 2020.08.08 8.92 Lineage A
OPKLO06 [llumina NovaSeq X Plus AEP 2019.07.23 8.53 Lineage A
OPKLO07 [llumina NovaSeq X Plus ARP 2019.07.18 11.42 Lineage A
OPHXO03 [llumina NovaSeq X Plus B 2023.06.25 9.03 Lineage A
OPHX04 [llumina NovaSeq X Plus B 2023.06.25 10.69 Lineage A
OPDHO5 [llumina NovaSeq X Plus < RE 2019.07.18 9.59 Lineage A
OPDHO06 [llumina NovaSeq X Plus S BiE 2019.07.18 11.47 Lineage A
OPJGO1 [llumina NovaSeq X Plus vk 2023.06.25 11.56 Lineage A
OPJGO02 [llumina NovaSeq X Plus vk 2023.06.25 9.61 Lineage A
OPJG12 I1lumina NovaSeq 6000 vk 2023.06.25 16.73 Lineage A
OPHLO1 Illumina NovaSeq 6000 o A% 2019.07.30 17.38 Lineage A
OPHLO02 Illumina NovaSeq X Plus 5 3% 2020.09.04 9.42 Lineage A
OPDAO1 [llumina NovaSeq X Plus < &K 2015.07.26 10.68 Lineage A
OPDAO2 [llumina NovaSeq X Plus < FE 2015.07.26 11.67 Lineage A
OPDJO1 [llumina NovaSeq X Plus RIS 2015.07.27 12.58 Lineage A
OPDJ02 [llumina NovaSeq X Plus <P E 2015.07.27 9.05 Lineage A
OPDJ03 [llumina NovaSeq X Plus <P E 2015.07.27 9.55 Lineage A
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220 AT E A AR ()

A TR A B Bk HFHEPY BT AE (Gbp) HAMWH L
OPZS01 Illumina NovaSeq X Plus o oRIE 2015.08.06 12.58 Lineage A
OPZS02 Illumina NovaSeq X Plus o oRIE 2015.08.06 11.88 Lineage A

OPWUO1 [llumina NovaSeq X Plus Bk 2023.11.14 13.03 Lineage A
OPWUO02 Illumina NovaSeq X Plus BE 2023.11.14 13.03 Lineage A
OPWUO03 [llumina NovaSeq X Plus BE 2023.11.14 14.27 Lineage A
OPPZ01 [llumina NovaSeq X Plus 3+ E 2023.11.13 12.05 Lineage A
OPPZ02 [llumina NovaSeq X Plus 3+ E 2023.11.13 12.03 Lineage A
OPPZ03 [lumina NovaSeq X Plus 3K 2023.11.13 9.81 Lineage A
OPKP11 [llumina NovaSeq X Plus ¥ BE 2015.07.04 9.00 Lineage A
OPKP03 [llumina NovaSeq X Plus ¥ BE 2015 10.47 Lineage B
OPKP05 [llumina NovaSeq X Plus B BE 2015 9.45 Lineage B
OPKPO8 [llumina NovaSeq X Plus B EE 2015 9.52 Lineage B
OPKP13 [llumina NovaSeq X Plus B AL 2015.07.04 23.75 Lineage B
OPDGO02 [llumina NovaSeq X Plus bk 2023.11.26 10.88 Lineage B
OPDGO3 Illumina NovaSeq X Plus fikE 2023.11.26 10.02 Lineage B
OPDGO5 [llumina NovaSeq X Plus b ix 2023.11.26 12.08 Lineage B
OPLBO01 [llumina NovaSeq X Plus RE 2023.11.25 10.90 Lineage B
OPLBO02 Illumina NovaSeq X Plus g iE 2023.11.25 10.67 Lineage A
OPLBO06 Illumina NovaSeq X Plus i ix 2023.11.25 8.94 Lineage A
OPLBI11 Illumina NovaSeq 6000 higiE 2014.12.08 21.66 Lineage B
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220 AT E A AR ()

A TR A B Bk HFHEPY BT AE (Gbp) HAMWH L
OPSWO01 [llumina NovaSeq X Plus SRR LS 2023.11.25 12.92 Lineage B
OPSWO02 [llumina NovaSeq X Plus SRR K S 2023.11.25 10.33 Lineage B
OPSWO07 [llumina NovaSeq X Plus 1 viE 2023.11.25 11.67 Lineage B
OPFS03 [llumina NovaSeq X Plus Pk 2023.11.25 9.92 Lineage A
OPFS09 [llumina NovaSeq X Plus Pk 2023.11.25 9.22 Lineage B
OPFSO011 [llumina NovaSeq X Plus i 2014.7.18 9.18 Lineage A
OPFGO03 [llumina NovaSeq X Plus Wk 2023.12.29 11.50 Lineage A
OPFGO08 [llumina NovaSeq X Plus ek 2023.12.29 8.78 Lineage A
OPGKO1 [llumina NovaSeq X Plus BT 2014.08.03 10.96 Lineage A
OPSHO1 [llumina NovaSeq X Plus r €% 2014.08.23 10.69 Lineage A
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Zom 4295 SNP 2 i ek E B EL I chT i n 01 % R P B AR

Population Mean nt Population Size

North 0.100 9

Middle 0.200 13
KP 0.206 4
DG 0.193 3
LB 0.124 4
SW 0.079 3
FS 0.155 3
FG 0.123 2
SH 0.196 1
GK 0.062 1
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7 ~ % i ADMIXTOOLS 3+ & 1 {3 statistic

FZsocre >3 2 35 FE R AAPREELS BRAITELEEHE - M

% BE (KP) X3 s

FESEN SENT R

P1 P2 Target f3 std. err Z SNPs
North, Middle DG, LB, SW KP -0.22 0.00 -55.49 8,970,389
North, Middle DG, LB, SW FS -0.21 0.01 -39.98 9,003,774
North, Middle DG, LB, SW FG -0.13 0.01 -13.77 8,892,033
North, Middle DG, LB, SW SH -0.12 0.02 -6.23 8,512,761
North, Middle DG, LB, SW GK -0.16 0.02 -8.94 8,535,569
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#. = ~ 1% 18 ADMIXTOOLS i {7 ABBA-BABA B85 %

P1 Target P2 Outgroup D Z Score BABA ABBA SNPs
DG, LB, SW KP North, Middle OE -0.31 -17.08 57,507 108,860 14,420,605
DG, LB, SW FS North, Middle OE -0.62 -4591 80,644 343,444 14,412,896
DG, LB, SW FG North, Middle OE -0.70 -80.74 98,964 553,951 14,332,526
DG, LB, SW GK North, Middle OE -0.62 -51.12 98,529 419,582 13,860,802
DG, LB, SW SH North, Middle OE -0.70 -81.73 99,695 557,005 13,830,738
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= ~ % LOTER 35 N e 48 H 2R & &)

% L v EErd MMt L 48 Hybirdindex 4 s ¥ 2407 § ¥ BB

/vt > Hybrid type _ik 5 (B + 7 )e3gplsE % -

Sample name Hybird index (Haplotype1) Hybird index (Haplotype2) Hybrid type

OPKPO3 19.5 6.1 BC2
OPKPO5 18.7 83 BC2
OPKP08 16.1 32 BC3
OPKP13 16.9 4.1 BC3
OPKP11 47.5 90.4 BC1
OPDGO02 12.3 2.4 Parent
OPDGO03 10.5 2.1 Parent
OPDGO5 12.8 1.9 Parent
OPLBO01 53 0.8 Parent
OPLBI11 4.8 0.6 Parent
OPLBO02 5.1 0.7 Parent
OPLB06 4.7 0.9 Parent
OPFS09 46.3 394 F2
OPFS11 41.1 44 .4 F2
OPFS03 46.9 47.8 F2
OPFGO3 67.3 91.5 BC3
OPFGO08 59.7 91.7 BC2
OPSHO1 67.6 95.1 BC2
OPGKO1 54.5 65.9 F2
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% ~ ~ ABBA-BABA *® k¥ % & 0 GO

Ontology ID Description GeneRatio  BgRatio pvalue  p.adjust  qvalue
BP GO:0006689 ganglioside catabolic process 3/353 10/24014  3.50E-04 2.40E-02 2.28E-02
BP GO:0001573 ganglioside metabolic process 5/353 34/24014 1.31E-04 1.34E-02 1.27E-02

establishment of T cell
BP GO:0001768 7/353 21/24014 1.36E-08 1.77E-05 1.68E-05
polarity
BP GO:0001766  membrane raft polarization 7/353 22/24014 1.97E-08 1.77E-05 1.68E-05
establishment of lymphocyte
BP GO0:0001767 7/353 23/24014 2.80E-08 1.77E-05 1.68E-05
polarity
BP GO:0031580  membrane raft distribution 7/353 23/24014 2.80E-08 1.77E-05 1.68E-05
BP GO:0051665  membrane raft localization 7/353 25/24014  5.35E-08 2.54E-05 2.41E-05
BP GO:0031579  membrane raft organization 7/353 47/24014 5.30E-06 1.19E-03 1.12E-03
BP GO:0070986 left/right axis specification 7/353 89/24014 3.43E-04 2.40E-02 2.28E-02
BP GO:0030010 establishment of cell polarity 19/353 430/24014 2.33E-05 3.41E-03 3.23E-03
BP G0:0090630 activation of GTPase activity 11/353 200/24014 1.95E-04 1.81E-02 1.71E-02
establishment or maintenance
BP GO0:0045197  of epithelial cell apical/basal 10/353 163/24014 1.57E-04 1.49E-02 1.41E-02
polarity
establishment or maintenance
BP GO0:0035088 10/353 191/24014 5.56E-04 3.34E-02 3.16E-02
of apical/basal cell polarity
establishment or maintenance
BP GO0:0061245 10/353 191/24014 5.56E-04 3.34E-02 3.16E-02
of bipolar cell polarity
phosphatidylserine
BP GO:0006659 3/353 13/24014 8.07E-04 4.58E-02 4.33E-02
biosynthetic process
BP G0:0044351 macropinocytosis 7/353 22/24014 1.97E-08 1.77E-05 1.68E-05
BP G0:0006907 pinocytosis 7/353 42/24014 2.42E-06 7.09E-04 6.71E-04
bundle of His cell to Purkinje
BP GO0:0086028 3/353 1024014  3.50E-04 2.40E-02 2.28E-02
myocyte signaling
bundle of His cell action
BP GO0:0086043 3/353 1024014  3.50E-04 2.40E-02 2.28E-02
potential
positive regulation of high
BP GO:1901843 voltage-gated calcium channel 3/353 10/24014  3.50E-04 2.40E-02 2.28E-02
activity
myeloid dendritic cell
BP GO0:0002277 activation involved in immune 6/353 11/24014  4.20E-09 1.60E-05 1.51E-05

response
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% ~ ~ ABBA-BABA * i ¥ 5 & ¢ GO(HF)

Ontology ID Description GeneRatio  BgRatio pvalue  p.adjust  qvalue
BP GO:0043383 negative T cell selection 6/353 22/24014 5.91E-07 2.05E-04 1.94E-04
positive thymic T cell
BP GO0:0045059 6/353 22/24014 5.91E-07  2.05E-04 1.94E-04
selection
negative thymic T cell
BP GO0:0045060 6/353 22/24014 5.91E-07 2.05E-04 1.94E-04
selection
larval visceral muscle
BP GO0:0007523 6/353 25/24014 1.35E-06 4.29E-04 4.06E-04
development
anterior Malpighian tubule
BP GO0:0061327 6/353 29/24014 3.45E-06 9.38E-04 8.88E-04
development
BP GO0:0007522  visceral muscle development 6/353 31/24014 5.22E-06 1.19E-03 1.12E-03
positive regulation of Rac
BP G0:0035022 6/353 31/24014 5.22E-06 1.19E-03 1.12E-03
protein signal transduction
BP G0:0045061 thymic T cell selection 6/353 32/24014  6.35E-06 1.34E-03 1.27E-03
myeloid dendritic cell
BP GO0:0001773 6/353 37/24014  1.53E-05 2.91E-03 2.76E-03
activation
cell competition in a
BP GO0:0035212 6/353 38/24014 1.79E-05 3.19E-03 3.02E-03
multicellular organism
mitigation of host antiviral
BP G0:0019049 6/353 39/24014  2.09E-05 3.19E-03 3.02E-03
defense response
modulation by symbiont of
BP G0:0052031 6/353 39/24014  2.09E-05 3.19E-03 3.02E-03
host defense response
response to defenses of other
BP GO0:0052173 6/353 43/24014 3.73E-05 4.55E-03 4.30E-03
organism
BP G0:0052200 response to host defenses 6/353 43/24014 3.73E-05 4.55E-03 4.30E-03
BP GO0:0075136 response to host 6/353 43/24014 3.73E-05 4.55E-03 4.30E-03
BP GO0:0043368 positive T cell selection 6/353 54/24014 1.38E-04 1.38E-02 1.31E-02
positive regulation of distal tip
BP GO0:1903356 6/353 55/24014 1.53E-04 1.49E-02 1.41E-02
cell migration
BP GO0:0046633 alpha-beta T cell proliferation 6/353 58/24014 2.06E-04 1.83E-02 1.73E-02
positive regulation of
BP GO0:1901076 6/353 60/24014 2.48E-04 2.10E-02 1.99E-02
engulfment of apoptotic cell
regulation of Rac protein
BP G0:0035020 6/353 61/24014 2.72E-04 2.20E-02 2.08E-02

signal transduction
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% ~ ~ ABBA-BABA * i ¥ 5 & ¢ GO(HF)

Ontology ID Description GeneRatio  BgRatio pvalue  p.adjust  qvalue
BP GO0:0097628 distal tip cell migration 6/353 62/24014 2.97E-04 2.31E-02 2.19E-02
regulation of distal tip cell
BP GO:1903354 6/353 62/24014 2.97E-04  2.31E-02 2.19E-02
migration
BP GO0:0045058 T cell selection 6/353 66/24014 4.18E-04 2.65E-02 2.51E-02
positive regulation of
BP GO:0060100 6/353 76/24014  8.90E-04 4.70E-02 4.45E-02
phagocytosis, engulfment
positive regulation of
BP GO:1905155 6/353 76/24014  8.90E-04 4.70E-02 4.45E-02
membrane invagination
positive regulation of
BP GO:0050766 9/353 151/24014 4.10E-04 2.64E-02 2.50E-02
phagocytosis
positive regulation of
BP G0:2000427 8/353 82/24014  2.79E-05 3.79E-03 3.59E-03
apoptotic cell clearance
BP GO0:0010883 regulation of lipid storage 9/353 169/24014 9.22E-04 4.81E-02 4.55E-02
regulation of apoptotic cell
BP G0:2000425 9/353 111/24014 3.92E-05 4.55E-03 4.30E-03
clearance
3'-UTR-mediated mRNA
BP GO:0061158 4/353 23/24014 3.26E-04 2.40E-02 2.28E-02
destabilization
3'-UTR-mediated mRNA
BP GO0:0070935 4/353 28/24014  7.11E-04 4.16E-02 3.94E-02
stabilization
regulation of establishment of
BP GO0:2000114 6/353 60/24014 2.48E-04 2.10E-02 1.99E-02
cell polarity
regulation of establishment or
BP GO0:0032878 6/353 65/24014 3.85E-04 2.53E-02 2.39E-02
maintenance of cell polarity
BP GO:0016319 mushroom body development 9/353 155/24014 4.96E-04 3.10E-02 2.93E-02
immunological synapse
BP GO0:0001771 8/353 35/24014 3.35E-08 1.82E-05 1.73E-05
formation
BP G0:0009988 cell-cell recognition 8/353 98/24014 1.00E-04 1.06E-02 1.00E-02
cellular response to epidermal
BP GO:0071364 6/353 75/24014  8.30E-04 4.58E-02 4.33E-02

growth factor stimulus
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biological process involved in
BP GO0:0051701 14/353 248/24014 2.02E-05 3.19E-03 ' 3.02E-03
interaction with host

adenylate cyclase-activating G

BP G0:0007189 protein-coupled receptor 13/353 278/24014 2.62E-04 2.17E-02 2.05E-02
signaling pathway
progesterone metabolic
BP GO0:0042448 5/353 25/24014  2.78E-05 3.79E-03 3.59E-03
process

regulation of engulfment of
BP GO0:1901074 7/353 82/24014 2.06E-04 1.83E-02 1.73E-02
apoptotic cell

regulation of phagocytosis,

BP GO:0060099 7/353 101/24014 7.37E-04 4.25E-02 4.02E-02
engulfment
regulation of membrane
BP GO:1905153 7/353 103/24014 8.28E-04 4.58E-02 4.33E-02
invagination
modulation of process of
BP GO0:0035821 ) 11/353 215/24014 3.62E-04 2.42E-02 2.29E-02
another organism
BP GO:0006672  ceramide metabolic process 9/353 148/24014 3.54E-04 2.40E-02 2.28E-02
glycosphingolipid metabolic
BP GO:0006687 7/353 104/24014 8.77E-04 4.70E-02 4.45E-02
process
modulation by virus of host
BP G0:0019048 9/353 91/24014 7.86E-06 1.57E-03 1.49E-03
process

modulation by symbiont of
BP GO0:0044003 9/353 102/24014 1.99E-05 3.19E-03 3.02E-03
host process

modulation by virus of host
BP G0:0019054 8/353 86/24014  3.94E-05 4.55E-03 4.30E-03
cellular process

modulation by symbiont of
BP GO0:0044068 8/353 96/24014  8.68E-05 9.43E-03 8.93E-03
host cellular process

regulation of timing of cell

BP GO:0048505 4/353 16/24014  7.26E-05 8.13E-03 7.70E-03
differentiation
T cell differentiation in
BP GO0:0033077 8/353 126/24014 5.62E-04 3.34E-02 3.16E-02
thymus
guanyl-nucleotide exchange
CcC G0:0032045 6/373 50/25008  9.66E-05 3.65E-02 3.47E-02
factor complex
MF GO0:0004308  exo-alpha-sialidase activity 3/341 10/23517 3.36E-04 2.87E-02 2.68E-02
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MF GO:0016997 alpha-sialidase activity 3/341 10/23517 3.36E-04 2.87E-02 2.68E-02
MF G0:0005096 GTPase activator activity 18/341 479/23517 2.44E-04 2.87E-02 2.68E-02
MF GO:0042608 T cell receptor binding 6/341 16/23517 6.30E-08 3.76E-05 3.52E-05

phosphatidylinositol 3-kinase
MF GO0:0036312 4/341 14/23517 3.88E-05 5.78E-03 5.42E-03
regulatory subunit binding
MF GO:0017124 SH3 domain binding 10/341 190/23517 4.79E-04 3.57E-02 3.35E-02
steroid 17-alpha-
MF GO:0004508 4/341 12/23517  1.96E-05 3.90E-03 3.65E-03
monooxygenase activity
17-alpha-hydroxyprogesterone
MF GO0:0047442 4/341 12/23517  1.96E-05 3.90E-03 3.65E-03
aldolase activity
MF GO:0016832 aldehyde-lyase activity 4/341 28/23517 6.75E-04 4.48E-02 4.19E-02
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56 DOCK1 dedicator of cytokinesis 1
8 ZC3HI24 zinc finger CCCH-type containing 12Ab
6 avi2 dishevelled segment polarity protein 2
6 kpna7 karyopherin alpha 7 (importin alpha 8 )
6 neu3.2 sialidase 3 (membrane sialidase ) , tandem duplicate 2
6 neu3.5 sialidase 3 (membrane sialidase ) , tandem duplicate 5
5 GITI G protein-coupled receptor kinase interacting ArfGAP 1
5 MYO94 myosin [XAa
5 RXRA retinoid X receptor, alpha a
5 myo9ab myosin [XAb
4 CBL Cbl proto-oncogene, E3 ubiquitin protein ligase
4 DAB2IP DAB?2 interacting protein a
4 ILK integrin-linked kinase
RAS p21 protein activator ( GTPase activating protein )
4 RASAI 1b
4 c3b.1 complement component c3b, tandem duplicate 1
4 c3b.2 complement component c3b, tandem duplicate 2
4 cyplcl cytochrome P450, family 1, subfamily C, polypeptide 1
4 cyplc2 cytochrome P450, family 1, subfamily C, polypeptide 2
4 si:dkeyp-72a4.1 si:dkeyp-72a4.1
3 ACACA acetyl-CoA carboxylase alpha
3 CACNA2DI si:dkey-266j7.2
3 DLG3 discs, large homolog 3  ( Drosophila )
3 KRITI KRITT1 ankyrin repeat containing
3 LHX2 LIM homeobox 2b
3 PAX6 paired box 6a
3 ROCK?2 rho-associated, coiled-coil containing protein kinase 2a
calcium channel, voltage-dependent, alpha 2/delta subunit
3 cacnaldla la
3 pdzdll PDZ domain containing 11
si:ch211-
3 153f2.3 si:ch211-153f2.3
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GO term
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si:dkey-
3 3153.11 si:dkey-31j3.11
3 st3gall ST3 beta-galactoside alpha-2,3-sialyltransferase 1
3 st3galll ST3 beta-galactoside alpha-2,3-sialyltransferase 1, like
2 AKT3 v-akt murine thymoma viral oncogene homolog 3a
2 BCR BCR activator of RhoGEF and GTPase
2 MAPKI4 mitogen-activated protein kinase 14b
2 NAGA N-acetylgalactosaminidase, alpha
2 OKI QKI, KH domain containing, RNA binding b
2 RBM24 RNA binding motif protein 24a
2 SMPD1 sphingomyelin phosphodiesterase 1
2 STXIB syntaxin 1B
2 TBCID22B TBC1 domain family, member 22B
2 7SC1 TSC complex subunit 1b
2 prfl.3 perforin 1.3
1 ADGRL?2 adhesion G protein-coupled receptor L2a
1 ADGRL4 adhesion G protein-coupled receptor L4
1 ARFGAP2 ADP-ribosylation factor GTPase activating protein 2
ATPase sarcoplasmic/endoplasmic reticulum Ca2+

1 ATP2A2 transporting 2b
1 CERSS ceramide synthase 5
1 ELMODI ELMO/CED-12 domain containing 1
1 ETNKI ethanolamine kinase 1
1 HTR4 5-hydroxytryptamine receptor 4
1 NKAPL NFKB activating protein
1 PAKG6 p21 protein  (Cdc42/Rac) -activated kinase 6a
1 PTDSS1 phosphatidylserine synthase 1a
1 PTPNI3 protein tyrosine phosphatase non-receptor type 13
1 RAB38 RAB38b, member of RAS oncogene family
1 RICTOR RPTOR independent companion of MTOR, complex 2b
1 SIVAl SIVAL1, apoptosis-inducing factor
1 SOX5 SRY-box transcription factor 5
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1 SSH2 slingshot protein phosphatase 2a
1 STARD3 StAR related lipid transfer domain containing 3
1 TMEM]135 transmembrane protein 135
1 VAV2 vav 2 guanine nucleotide exchange factor
1 ZNF609 zinc finger protein 609a
1 ghrh growth hormone releasing hormone
1 lta4h leukotriene A4 hydrolase
1 nectin3b nectin cell adhesion molecule 3b
1 nkl.4 NK-lysin tandem duplicate 4
si:ch211-
1 191522.8 si:ch211-191j22.8
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BB S RPN BT %R
Group 1 Group 2 Nucleotide genetic distance (%) Mitochondrial genetic distance (%)
North South 0.49 4.68
Middle South 0.46 4.66
North, Middle South 0.47 4.67
North Middle 0.11 0.31
North, Middle O. evolans 5.56 9.65
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DNA s i& % p 3 VCFtools # 100kb ¥ ¥.e9n3t 5 2% » & 4548 DNA B4
MEGA X =0 p distance #-73]i& & o

Population Nucleotide DNA mean © Mitochondrial DNA mean ©t
North 0.00167 0.00210
Middle 0.00218 0.00274
North, Middle 0.00227 0.00276
South 0.00129 0.00134
47

doi:10.6342/NTU202502820



3L s B IEHEY FF GO
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G protein-coupled adenosine 1.12E- 8.54E- 7.76E-
MF G0:0001609 4/362 17/23517
receptor activity 04 03 03
negative regulation of female 3.80E- 4.45E- 4.28E-
BP G0:0007621 3/363 10/24014
receptivity 04 02 02
1.43E- 4.37E- 3.97E-
MF G0:0070324 thyroid hormone binding 3/362 15/23517
03 02 02
phosphatidylserine floppase 2.48E- 4.31E- 3.92E-
MF GO0:0090556 4/362 12/23517
activity 05 03 03
phosphatidylcholine floppase 3.54E- 4.31E- 3.92E-
MF GO0:0090554 4/362 13/23517
activity 05 03 03
4.89E- 4.97E- 4.51E-
MF G0:0140328 floppase activity 4/362 14/23517
05 03 03
phosphatidylcholine 6.31E- 2.40E- 2.19E-
MF GO0:0008525 4/362 26/23517
transporter activity 04 02 02
G protein-coupled adenosine 9.44E- 2.02E- 1.94E-
BP G0:0001973 5/363 31/24014
receptor signaling pathway 05 02 02
G protein-coupled purinergic 1.97E- 2.72E- 2.61E-
BP GO0:0035588 5/363 36/24014
receptor signaling pathway 04 02 02
regulation of 3'-UTR-mediated 3.29E- 1.27E- 1.22E-
BP GO:1905868 5/363 11/24014
mRNA stabilization 07 03 03
collateral sprouting of injured 1.37E- 2.66E- 2.55E-
BP GO0:0048674 5/363 14/24014
axon 06 03 03
3'-UTR-mediated mRNA 5.67E- 1.83E- 1.75E-
BP GO0:0070935 5/363 28/24014
stabilization 05 02 02
positive regulation of axon
9.44E- 2.02E- 1.94E-
BP GO0:0048691 extension involved in 5/363 31/24014
05 02 02
regeneration
positive regulation of 1.49E- 2.38E- 2.29E-
BP GO:0048687 5/363 34/24014
sprouting of injured axon 04 02 02
MAP kinase kinase kinase 2.14E- 1.45E- 1.32E-
MF G0:0004709 5/362 36/23517
activity 04 02 02
1.36E- 2.38E- 2.29E-
BP GO0:0030516 regulation of axon extension 16/363  361/24014 0 0
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regulation of extent of cell 3.53E- 4.27E- 4.10E-
BP GO:0061387 16/363  393/24014
growth 04 02 02
6.76E- 5.66E- 5.43E-
BP G0:0048668 collateral sprouting 10/363  110/24014
06 03 03
1.03E- 6.52E- 6.26E-
BP G0:0031103 axon regeneration 13/363  197/24014
05 03 03
regulation of axon 7.31E- 5.66E- 5.43E-
BP GO0:0048679 11/363  136/24014
regeneration 06 03 03
regulation of neuron projection 1.18E- 6.52E- 6.26E-
BP GO0:0070570 11/363  143/24014
regeneration 05 03 03
5.21E- 5.66E- 5.43E-
BP GO:0031102 neuron projection regeneration ~ 14/363  214/24014
06 03 03
3.58E- 1.65E- 1.58E-
BP G0:0048678 response to axon injury 14/363  254/24014
05 02 02
regulation of axon extension 4.98E- 1.83E- 1.75E-
BP G0:0048690 6/363 44/24014
involved in regeneration 05 02 02
axon extension involved in 5.67E- 1.83E- 1.75E-
BP GO0:0048677 6/363 45/24014
regeneration 05 02 02
regulation of sprouting of 7.29E- 1.94E- 1.86E-
BP GO0:0048686 6/363 47/24014
injured axon 05 02 02
1.44E- 2.38E- 2.29E-
BP G0:0048682 sprouting of injured axon 6/363 53/24014
04 02 02
structural constituent of eye 3.17E- 1.80E- 1.63E-
MF GO0:0005212 6/362 60/23517
lens 04 02 02
G protein-coupled receptor 3.90E- 1.59E- 1.58E-
CcC GO0:0038039 4/363 14/25008
heterodimeric complex 05 02 02
G protein-coupled GABA 2.48E- 4.31E- 3.92E-
MF GO0:0004965 4/362 12/23517
receptor activity 05 03 03
negative regulation of neuron 9.93E- 2.02E- 1.94E-
BP GO0:0045665 19/363  466/24014
differentiation 05 02 02
negative regulation of cell - 1.65E- 1.58E-
BP GO0:0010771 12/363  192/24014
morphogenesis 05 02 02
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1.10E- 3.53E- 3.21E-
MF G0:0048156 tau protein binding 4/362 30/23517
03 02 02
7.13E- 2.41E- 2.19E-
MF G0:0004879 nuclear receptor activity 7/362 96/23517
04 02 02
ligand-activated transcription 7.13E- 241E- 2.19E-
MF GO0:0098531 7/362 96/23517
factor activity 04 02 02
potassium ion transmembrane 1.56E- 4.53E- 4.12E-
MF GO0:0015079 13/362  322/23517
transporter activity 03 02 02
2.96E- 4.31E- 3.92E-
MF GO0:0008187 poly-pyrimidine tract binding 7/362 58/23517
05 03 03
o 3.15E- 4.31E- 3.92E-
MF GO0:0008266  poly (U) RNA binding 6/362 40/23517
05 03 03
3.65E- 1.85E- 1.68E-
MF GO0:0003727 single-stranded RNA binding  10/362  173/23517
04 02 02
1.92E- 3.92E- 3.90E-
CC G0:0016363 nuclear matrix 9/363 138/25008
04 02 02
cellular response to exogenous 1.66E- 2.38E- 2.29E-
BP GO0:0071360 4/363 19/24014
dsRNA 04 02 02
4.30E- 4.75E- 4.56E-
BP G0:0010878 cholesterol storage 4/363 24/24014
04 02 02
8.73E- 7.59E- 6.90E-
MF G0:0000339 RNA cap binding 5/362 30/23517
05 03 03
rhombomere boundary 6.76E- 1.94E- 1.86E-
BP GO0:0021654 5/363 29/24014
formation 05 02 02
8.02E- 1.94E- 1.86E-
BP G0:0021594 rhombomere formation 5/363 30/24014
05 02 02
2.90E- 3.62E- 3.47E-
BP GO0:0021593 rhombomere morphogenesis 5/363 39/24014
04 02 02
negative regulation of
1.05E- 2.02E- 1.94E-
BP GO0:0048685  collateral sprouting of intact 4/363 17/24014
04 02 02
axon in response to injury
fasciculation of sensory 1.66E- 2.38E- 2.29E-
BP GO:0097155 4/363 19/24014
neuron axon 04 02 02

50

doi:10.6342/NTU202502820



3 L

FL ~aIEHEY BEF OGO
Ontology ID Description GeneRatio BgRatio pvalue p.adjust qvalue
collateral sprouting of intact 2.51E- 3.23E- 3.10E-
BP GO0:0048673 4/363 21/24014
axon in response to injury 04 02 02
regulation of collateral
2.51E- 3.23E- 3.10E-
BP GO0:0048683  sprouting of intact axon in 4/363 21/24014
04 02 02
response to injury
4.30E- 4.75E- 4.56E-
BP G0:0003404 optic vesicle morphogenesis 4/363 24/24014
04 02 02
GPI-linked ephrin receptor 3.24E- 1.80E- 1.63E-
MF GO0:0005004 4/362 22/23517
activity 04 02 02
negative regulation of axon 1.16E- 2.14E- 2.05E-
BP GO0:0048681 6/363 51/24014
regeneration 04 02 02
negative regulation of neuron 1.60E- 2.38E- 2.29E-
BP G0:0070571 6/363 54/24014
projection regeneration 04 02 02
intracellular calcium activated 5A41E- 2.20E- 2.00E-
MF G0:0005229 4/362 25/23517
chloride channel activity 04 02 02
intracellular chloride channel 5.41E- 2.20E- 2.00E-
MF GO:0061778 4/362 25/23517
activity 04 02 02
intramembrane lipid 4.14E- 1.94E- 1.76E-
MF GO0:0140303 6/362 63/23517
transporter activity 04 02 02
7.70E- 1.94E- 1.86E-
BP GO0:0007613 memory 19/363  457/24014

05 02 02
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count
21 ephbl EPH receptor Bl
21 ephb2b eph receptor B2b
21 ephb4b eph receptor B4b
19 si:ch211-45¢16.2 si:ch211-45¢16.2
15 duspl6 dual specificity phosphatase 16
8 ptenb phosphatase and tensin homolog B
5 abcala ATP-binding cassette, sub-family A (ABC1) , member 1A
5 abcalb ATP-binding cassette, sub-family A (ABC1) , member 1B
5 abcada ATP-binding cassette, sub-family A (ABC1) , member 4a
5 gsk3ba glycogen synthase kinase 3 beta, genome duplicate a
5 ifitl10 interferon-induced protein with tetratricopeptide repeats 10
5 jak2a Janus kinase 2a
5 thrb thyroid hormone receptor beta
4 adil GDP dissociation inhibitor 1
4 mibl MIB E3 ubiquitin protein ligase 1
4 trpcsa transient receptor potential cation channel, subfamily C, member 5a

NN W W W W W W W W Ww

adenosine receptor
Al-like
adora3a.l

ano3

apbblip
cnga3b
khdrbs2
patl2
phox2bb
pspcl
sa20824
ssb
zeb2b
HNF4o

ada

adenosine receptor Al-like
adenosine A3 receptor a.1
anoctamin 3
amyloid beta (A4) precursor protein-binding, family B, member 1
interacting protein
cyclic nucleotide gated channel subunit alpha 3b
KH domain containing, RNA binding, signal transduction associated 2
PAT1 homolog 2
paired like homeobox 2Bb
paraspeckle component 1
sa20824
small RNA binding exonuclease protection factor La
zinc finger E-box binding homeobox 2b
hepatocyte nuclear factor 4, alpha
adenosine deaminase
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2 ano2b anoctamin 2b
2 ano8a anoctamin 8a
2 gprise6 G protein-coupled receptor 156
2 matn3a matrilin 3a
2 nrid2b nuclear receptor subfamily 1, group D, member 2b
2 nr2féa nuclear receptor subfamily 2, group F, member 6a
2 nrd4ala nuclear receptor subfamily 4, group A, member 2a
2 si:ch1073-446el8.3 tetratricopeptide repeat domain 3
2 tte3 tetratricopeptide repeat domain 3
1 KCNJI5 potassium inwardly rectifying channel subfamily J member 15
1 SLC24A42 si:cabz01080888.1
1 ago4 argonaute RISC component 4
1 atadlb ATPase family AAA domain containing 1b
1 atplblb ATPase Na+/K+ transporting subunit beta 1b
1 atxnll ataxin 1-like
1 cend2b cyclin D2, b
1 celf5a cugbp, Elav-like family member Sa
1 cizlb cdknla interacting zinc finger protein 1b
1 colecl? collectin sub-family member 12
1 crhrl corticotropin releasing hormone receptor 1
1 crtcla CREB regulated transcription coactivator la
1 crygm2dl5 crystallin, gamma M2d15
1 crygm2f crystallin, gamma M2f
1 crygm3 crystallin, gamma M3
1 crygs3 crystallin, gamma S3
1 crygs4 crystallin, gamma S4
1 dpys dihydropyrimidinase
1 dyrklaa dual-specificity tyrosine- (Y) -phosphorylation regulated kinase 1A, a
1 ednrba endothelin receptor Ba
eukaryotic translation initiation factor 4E family member 2 related
1 eif4e2rsl sequence 1
1 eif4g3a eukaryotic translation initiation factor 4 gamma, 3a
1 eps8a EGFR pathway substrate 8a, signaling adaptor
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1 erclb ELKS/RAB6-interacting/CAST family member 1b
holocarboxylase synthetase (biotin- ( proprionyl-CoA-carboxylase

1 hlcs ( ATP-hydrolysing ) ) ligase)

1 insra insulin receptor a

1 kenc2 potassium voltage-gated channel, Shaw-related subfamily, member 2

1 kenj3a potassium inwardly rectifying channel subfamily J member 3a

1 kenj6 potassium inwardly rectifying channel subfamily J member 6
potassium intermediate/small conductance calcium-activated channel,

1 kennla subfamily N, member la

1 mavs mitochondrial antiviral signaling protein

1 ntf3 neurotrophin 3

1 ppig peptidylprolyl isomerase G (cyclophilin G)

1 prdmlb PR domain containing 1b, with ZNF domain

1 si:ch211-247n2.1 S100 calcium binding protein P

1 si:dkey-162b23.4 si:dkey-162b23.4

1 si:dkey-43k4.5 si:dkey-43k4.5

1 si:rp71-39520.4 si:irp71-39b20.4

1 sorbsl sorbin and SH3 domain containing 1

1 sptbn2 spectrin, beta, non-erythrocytic 2

1 stard4 StAR related lipid transfer domain containing 4

1 stxbp5a syntaxin binding protein 5a (tomosyn )

1 ttc39b tetratricopeptide repeat domain 39B

1 yeats4 YEATS domain containing 4

1 zgc:158403 zgc:158403
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BP  GO:1902075  cellular response to salt 14/308  369/24014 3.22E-04 3.41E-02 3.21E-02
BP  GO0:0071103 DNA conformation change 13/308  340/24014 4.87E-04 4.39E-02 4.14E-02

epigenetic regulation of gene

BP  GO:0040029 16/308  481/24014 5.29E-04 4.52E-02 4.27E-02
expression
BP  GO:1990834 response to odorant 4/308 28/24014 4.26E-04 4.14E-02 3.90E-02
BP  GO:0043488 regulation of mRNA stability ~ 13/308  248/24014 2.10E-05 4.19E-03 3.95E-03
regulation of mRNA
BP  GO:0061013 13/308  264/24014 4.02E-05 6.53E-03 6.16E-03

catabolic process
BP  (GO0:0043487 regulation of RNA stability 13/308  265/24014 4.18E-05 6.53E-03 6.16E-03
positive regulation of
BP  GO:0045727 10/308  207/24014 3.61E-04 3.70E-02 3.49E-02
translation
BP  GO:0030261 chromosome condensation 8/308 113/24014 1.07E-04 1.53E-02 1.45E-02
positive regulation of DNA
BP  GO:0045739 8/308 75/24014 5.35E-06 1.37E-03 1.30E-03
repair
BP  GO:0006282 regulation of DNA repair 8/308 132/24014 3.11E-04 3.41E-02 3.21E-02
positive regulation of double-
BP  GO:2001034 strand break repair via 7/308 16/24014 5.53E-10 9.92E-07 9.36E-07
nonhomologous end joining
regulation of double-strand
BP  G0:2001032 break repair via 7/308 21/24014 5.32E-09 4.77E-06 4.50E-06
nonhomologous end joining
positive regulation of double-
BP  GO:2000781 7/308 36/24014 3.24E-07 2.32E-04 2.19E-04
strand break repair
regulation of double-strand
BP  GO:2000779 7/308 82/24014 8.91E-05 1.33E-02 1.26E-02
break repair

mitotic sister chromatid

BP GO:0051306 8/308 115/24014 1.21E-04 1.67E-02 1.57E-02
separation
male meiosis chromosome
BP GO0O:0007060 6/308 25/24014 6.12E-07 2.75E-04 2.59E-04
segregation
resolution of meiotic
BP GO0:0000712 6/308 28/24014 1.26E-06 4.69E-04 4.43E-04
recombination intermediates
BP GO0:0006265 DNA topological change 6/308 29/24014 1.57E-06 4.70E-04 4.43E-04
BP GO:0071318  cellular response to ATP 6/308 29/24014 1.57E-06 4.70E-04 4.43E-04
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2w s ARG B GO(H)

Ontology ID Description GeneRatio BgRatio pvalue p.adjust qvalue
meiotic chromosome
BP  GO:0051307 6/308 41/24014 1.31E-05 3.13E-03 2.95E-03
separation
BP  GO:0033198 response to ATP 6/308 61/24014 1.30E-04 1.73E-02 1.63E-02
mitotic chromosome
BP  GO:0007076 ) 7/308 39/24014 5.77E-07 2.75E-04 2.59E-04
condensation
BP  GO0:0015074 DNA integration 20/308  160/24014 2.24E-14 8.04E-11 7.58E-11
BP  GO0:0032196 transposition 10/308 60/24014 4.45E-09 4.77E-06 4.50E-06
BP  GO:0006310 DNA recombination 19/308  442/24014 5.03E-06 1.37E-03 1.30E-03
BP  GO:0006313 DNA transposition 5/308 44/24014 2.42E-04 2.90E-02 2.73E-02
BP  GO:0032197 retrotransposition 5/308 16/24014 1.31E-06 4.69E-04 4.43E-04
response to hydrogen
BP  GO:0042542 ) 10/308  199/24014 2.64E-04 3.05E-02 2.88E-02
peroxide
positive regulation of DNA
BP  GO:0051054 13/308  331/24014 3.78E-04 3.77E-02 3.56E-02
metabolic process
cellular response to hydrogen
BP  GO:0070301 ) 8/308 95/24014 3.09E-05 5.29E-03 4.99E-03
peroxide
double-strand break repair
BP  GO:0006303  via nonhomologous end 9/308 74/24014 4.45E-07 2.66E-04 2.51E-04
joining
reciprocal meiotic
BP  GO:0007131 8/308 87/24014 1.62E-05 3.43E-03 3.23E-03
recombination
reciprocal homologous
BP  GO:0140527 8/308 87/24014 1.62E-05 3.43E-03 3.23E-03
recombination
BP  GO:0035825 homologous recombination 8/308 93/24014 2.65E-05 4.75E-03 4.48E-03
BP  GO:0007127 meiosis | 9/308 178/24014 5.08E-04 4.45E-02 4.20E-02
BP  GO:0031670 cellular response to nutrient 9/308 120/24014 2.52E-05 4.75E-03 4.48E-03
BP  GO:0017085  response to insecticide 5/308 51/24014 4.87E-04 4.39E-02 4.14E-02
BP  GO0:0051610 serotonin uptake 3/308 10/24014 2.35E-04 2.90E-02 2.73E-02
BP  GO:1904647 response to rotenone 3/308 10/24014 2.35E-04 2.90E-02 2.73E-02
negative regulation of
BP  GO:0051581 3/308 11/24014 3.19E-04 3.41E-02 3.21E-02
neurotransmitter uptake
neurotransmitter loading into
BP  GO:0098700 3/308 13/24014 5.43E-04 4.54E-02 4.28E-02
synaptic vesicle
BP  GO:0006837 serotonin transport 4/308 29/24014 4.89E-04 4.39E-02 4.14E-02
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Ontology ID Description GeneRatio BgRatio pvalue p.adjust qvalue
CC  GO:0008623 CHRAC 6/294 10/25008 5.06E-10 1.88E-07 1.83E-07
CC  GO:0031010 ISWI-type complex 6/294 24/25008 2.83E-07 5.26E-05 5.10E-05
CC  GO:0060198  clathrin-sculpted vesicle 4/294 19/25008 6.31E-05 7.83E-03 7.60E-03
MF  GO:0003696 satellite DNA binding 6/325 14/23517 1.82E-08 3.30E-06 3.03E-06
MF  GO:0003916 DNA topoisomerase activity 6/325 21/23517 3.03E-07 4.12E-05 3.78E-05

four-way junction DNA

MF  GO:0000400 6/325 37/23517 1.08E-05 1.17E-03 1.08E-03

binding

DNA secondary structure

MF  GO:0000217 6/325 59/23517 1.62E-04 8.81E-03 8.08E-03

binding

interleukin-1 receptor

MF  GO:0004908 6/325 14/23517 1.82E-08 3.30E-06 3.03E-06

activity

catalytic activity, acting on
MF  GO:0140097 14/325  379/23517 8.72E-04 3.96E-02 3.63E-02
DNA
MF  GO:0003727 single-stranded RNA binding ~ 10/325  173/23517 1.54E-04 8.81E-03 8.08E-03
MF  GO:0016853 isomerase activity 11/325  240/23517 5.44E-04 2.69E-02 2.47E-02
MF  GO:0042826 histone deacetylase binding 10/325  158/23517 7.28E-05 4.95E-03 4.54E-03
MF  GO:0000182 rDNA binding 8/325 18/23517 4.74E-11 2.58E-08 2.36E-08
monoamine transmembrane
MF  GO:0008504 4/325 16/23517 5.72E-05 4.72E-03 4.33E-03
transporter activity

MF  GO:0005080 protein kinase C binding 8/325 97/23517 6.07E-05 4.72E-03 4.33E-03
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GO term count & * A F] 4 %

T\4

R¥EF Y B ¥ oD

GO ¢ ¢ § ek )

o BEFHGOterm ¢ AR o

GO term
count Gene symbol Gene name

39 top2b Topoisomerase 11 Beta

9 slcl8al solute carrier family 18 member A1

9 mrella Meiotic recombination 11

8 fh Fumarate Hydratase

7 mtor mammalian target of rapamycin

7 far2 FMR1 Autosomal Homolog 2

5 dis312 DIS3L2 exoribonuclease

5 pum?2 Pumilio homolog 2

5 ddx3xb DEAD-box helicase 3 X-linked b

5 elavllb Enables mRNA 3'-UTR binding activity
5 pabpcll poly (A) binding protein, cytoplasmic 1-like
4 parga poly (ADP-ribose) glycohydrolase a
4 ywhabb 14-3-3 protein beta/alpha

4 fastkd3 FAST kinase domain-containing protein 3
3 mapkapk2b MAP kinase-activated protein kinase 2

3 slc18a3a solute carrier family 18 member A3

3 zfp3612 ZFP36 Ring Finger Protein Like 2

3 ptk2bb protein tyrosine kinase 2 beta, b

3 ttn.2 tandem duplicate 2

2 rev3l Protein reversionless 3-like

2 acinlb apoptotic chromatin condensation inducer 1b
2 hdac4 Histone Deacetylase 4

2 tgfbla transforming growth factor, beta la

2 adam9a ADAM metallopeptidase domain 9a

2 illri2 Interleukin-1 Receptor-Like 2

2 Imnbl Lamin B1

2 pppSc Protein Phosphatase 5 Catalytic Subunit
2 wfslb Wolfram syndrome 1b

2 zmp: 0000000936

1 gatadl GATA zinc finger domain containing 1

phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic

1 pik3ch subunit beta
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GO term
count Gene symbol Gene name

1 add3b adducin3 (gamma) b

1 ajuba ajuba LIM protein

1 becnl ajuba LIM protein

1 cdh30 cadherin 30

1 cenpe Centromere protein E

1 cpned copine VIII

1 dse Dermatan-sulfate epimerase

1 fkbp10a FKBP prolyl isomerase 10a

1 illraplla interleukin 1 receptor accessory protein-like 1a

1 illrapllb interleukin 1 receptor accessory protein-like 1b

1 illrapl2 X-linked interleukin-1 receptor accessory protein-like 2
potassium voltage-gated channel, subfamily H (eag-

1 kenhlb related ) , member 1b

1 kdmla Lysine-specific histone demethylase 1A

1 med] Mediator of RNA polymerase II transcription subunit 1
mesoderm induction early response 1b, transcriptional

1 mierlb regulator

1 p3h4 prolyl 3-hydroxylase family member 4 (inactive )

1 per2 period circadian clock 2

1 ppiaa peptidylprolyl isomerase Aa ( cyclophilin A)

1 rbpms RNA binding protein, mRNA processing factor

1 rgs7b regulator of G protein signaling 7b

1 si:ch211-212k5.3

1 si:ch211-5717.7

1 si:dkey-17e16.9

1 syt Synaptotagmin-4

1 usp9 ubiquitin specific peptidase 9
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%42~ 3 0%EE ¥ HKEGG

ID Description GeneRatio BgRatio  pvalue  p.adjust  qvalue

ko00780 Biotin metabolism 5/486  10/19038 2.41E-06 5.81E-04 5.49E-04
ko04919 Thyroid hormone signaling pathway =~ 20/486 241/19038 4.09E-06 5.81E-04 5.49E-04
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v The mitochondria of sample belonging to Lineage A.
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