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ARGy k R 2 R — B, KSR A
Mo L, iR RIS SN 0 R L 2 T 5T
KT — i E M AR R A S R B

il ZREME R R AR AT A L, R
G AN 1L LN O 17 ¢ (82 = G i1 b9
SRR AL F I E R N A, R dEa
RS PR R Y e T mtDNA . RAPD Al
SSR ZE4rFhric O 9 FH TR 5T 2406 10 2 A kA 5t
aE AL ZRE 2 5 ix sy TARICH L,
SNP trid HA# R+ HE . Raette . 28RS
RFAL, B TA I B 32 38 A% A W 8 Wl 19 43
FricZ—P, RAD-Seq. GBS. SBG Fll SLAF-seq
S Lo b I F R B HET N, AR R
ARG SAE YRR IS AL S AT . R R IR AN
ARG KBTI AT EE . IAEK, FHNIE
H SLAF-seq ¢RI & T KEHEAIEHT SNP 45
id, PR MRS ENR e T
SAE R B AL 22 5, dER T H 53R
M SC R AR B ML) . F AT, SNP ARt 7E iR
& 241 B RBAL 2 Ry 7 R B8 & B W98 P i 1
FIARAT B o T i 2 Ve o SR 5 T BN ) BT B
INESNE B IT & T SNP AR, FEIF Rt
G2t Hr, R AR e 2 S T 5
TUREIAR, ZERIE M ARERET R, Hh5 55
FERA B — 288, EEAR AR, R A
AT R R () ) 6 R AT o AR 5 ) P 5 A T
T 3 ANTTBI R . BB WARE)RAER 97 MEE
A, iz SLAF-seq #i AR & T Kt SNPFRic, DA
WA ST NS S0 10 (0 5 A5 PR . B2 A0
SER, BT IR R R  IR bR R 5 R T
R PEAEE S

1 #HETE

1.1 RESNF

2022 4% 5 ARG . WARE . Z20E 3 NILBCR
SEAMRFEARITRGEE 1, K1), Ho S5 EIL 50
BB, RH4ARMES, HhaH 18 2 MK 6 2.
W22 BTG5 4 )8, SXMITE: 30 8, MARETLEL
17 . RAALIEHNA DNA REGRF] & k7R
B 16 1.2%30IEMEE S A DNA Bist . SRH
RS (S A5 9 8 A B (SLAF-seq) 3 AR Pt 97
Uy bR AT FE R 43 78, AR Al D) TN 45 AR, S
T Rsa 1 Ml HinC 11 FREPENVIBGL G, 1535
364~414 bp KIEMEY F B, 78 37 CTFiff4T 3
Wl A Zb3 . 3%E4% Dual-index M)F# . PCR §”
14 . PCR =W lifl  TRAE . VIBGEEH 1) B, C
VSR G A% JE BEATIE o AR S P S AR UM X i A
BEHGHAT RS, WAL 95%M)F I A —
A~ SLAF sl o ARIFEAZRIFETE T 5 22 5 1)
SLAF Fric il & X £ 745 SLAFFRic, Al HTFIF A
FERE 17 FARIE o
1.2 fRiEFE

it A1 SLAF A5 b i fe s TR BE P SR R
2% 7%, H Burrows-Wheeler Aligner (BWA)
v.0.7.17 BRI 7 528 5 2 25 SE IR A R 7 LE X .
SNP K I 41 43 #r T HA5(GATK) Fil SAMtools
JiEFE R . SNP i IES R E AR : (1) H/MEIR
A/NTF 105 (2) FIIBEFE TR KT 30, ff X
Pl 7 A5 2 38 B il e 4 1Y SNP B0 4. U
A~ SNP (52 # MR T 0.5 FICE S0 JE R A R
(MAF) KT 0.05 hy [ {5 125 /=3 0 & 19 SNP,,

®1 MEREEREER

Tab.1 Sampling information of Schizothorax curvilabiatus

FEE population VLB river section

SREERFE] sample time

K abbreviation A5 number

% H Xiri FEVL A B Motuo River section
% Didong

%% Lengduo

T 2B Motuo River section
HETT 22 I BE Motuo River section
HETT 22 BE Motuo River section
MARERK AT Palong Zangbo
LB Chayu River

PiTT Xigong
k% Palong
2 Chayu

2023.5 MTXR 18
2023.5 MTDD 6
2023.5 MTLD 22
2023.5 MTXG 4
2023.5 PL 17
2023.5 CY 30
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Fig. 1 Study area and sampling sites (marked by blue points)

1.3 EEsHEESmEEES LTSN

FEFi & i) SNP £ Linux P i15E 5 (% SR
FIH Stacks v.2.1 FAFIFEFHEME 1 Fsr fH. 11HE
il 2 e b, ARG IR S R E(E,) .
Z4AE (He) . Nei’s ZREMEFEEI(Nei’s) . IS5
FEE(0,) . W25 JE (H,) . 2R B o i
(PIC)F1#x £¢ 455 £ (Shannon).,
14 EHAFEEIH

fifi ] plink 473 P4 73 A, ek T4
AT, FAN vef JERIARISCHE, KN R/NA
1000 kb, %F*Eﬁﬁfﬁﬁﬁ?L%ﬁT V- A, MR
PEah AT R, FIH RIBH 2K,
1.5 MBI

I MEGA X v.10.2 84, BTJF &1y SNP
Fridi#F AT TINRRIE ARG LT 50, RH
Kimura 2-parameter %% 3717 1000 IX bootstrap
wE, WERGELEEW . [FEF, FH Admixture
e R BE S A o A, BAe e WAHEE H (K 1)
H1~10 AT RS, I3l i 28 SCIR IR 2 fe I ) 43
g, AN, i8] EIGENSOFT v.7.2.1 %fhit4T
FERITHT, PAT e B2 LY
1.6 EERSH

FIH TREEMIX v.1.13 3R HEFp R G 3

DRI sl K23 3% P 4 i DR 4 7 i PR A
RO B AR Z R B SE PR Py 22, DL Rl
SR L R, RIS FEETEA E i C R,
TE 7 28945118 (estimated value), 3174
Wr SR ] 23 SRR G 4, JF 4R RGERAER |
FE SRR EE R 10l i S R ] R A
g, EREBE N 1~10. R TG ER N i
KL, i R BAIA Treemix VarianceExplained.R
(https://github.com)X S AR RIFHOCYE Y 7 25807 THARE

2 HRE5SW

21 MESHRIEFE

Wi, 44815 1116.27 Mb reads icdig, il
) Q30 i 94.31%, P GC & &M 37.82%,
A, HIFE T 966591 4~ SLAF 3%, Hh£
TERY SLAF #RZH 323989 N, X E Jy
19.04x, 3K 2952960 > SNP Fric .
22 EfEEHEN

ROk UL, SR 2 Y A% 2 R MR DN,
A5 O 4 3009 B 6 7 S5 DR 0T ORI 45 457 35 R B3
TORREFE LA, . G B2 LSRR AN /DN,
HOREEEFIRE, MABEFPRE R R, HAEE 2 F
PRSP LA SR R B /DS, AR R R AR K (3R 2).
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Tab. 2 Genetic diversity indices of three Schizothorax curvilabiatus populations

- WGP E, WIS A O, WA e WINZAE H,  Neis ZREE ZEMERGER Ffdsn

opulation expected number observed number expected observed a5 e Shannon
pop of alleles of alleles heterozygosity  heterozygosity = Nei’s divesity PIC index
2 CY 1.391 1.812 0.293 0.258 0.299 0.238 0.451
B MT 1.450 1.981 0.287 0.226 0.291 0.237 0.449
MAkE PL 1.389 1.719 0.324 0.286 0.338 0.262 0.492

2.3 EESK

e AV T UE 3 IR 2E A i 2
AR B st ok . Hob, S0 A0 AR FE A X AR Y
LR FMARE RN, For (H2A 0.096; HUZE
WARERDHE A S A, For fH4 0.062; S5JIFRHEA
PR AR B /N, For fHACH 0.051(3 3).

F3 =ENNEHRESMBEENSZESLEHE
Tab.3 Genetic differentiation index (Fsr) between
three Schizothorax curvilabiatus populations

£ CY WkE PL B MT
M CY 0
fifE PL 0.096 0
AN MT 0.051 0.062 0

2.4 EHATESH

ARG R R R EIN S, MR R,
SRR, SERBAP AR/ o B [ A 52 3
(4 AR IE ) R B, 28 0 i 5 I Al B 52 2]
(4 F AR IE T e A RN (K 2)

o
=
N

o
=
o

BAEAE R mean R?
(=)
(=)

o
=)
X

0 250 500 750 1000
I B /Kb distance

&2 9IS 2L AR A DA 1 e 15
Fig. 2 Linkage disequilibrium attenuation of
Schizothorax curvilabiatus populations

2.5 FEFLSH
ARG RFEMERE RN T 3 ALK, 20
S MU RIR R P11 e AR5 RS ol AR PO

RGER BN S5V & (K 3a); PCA
R R, FE PC1/PC2 H, [of AR BEFREE o (141 51
ARIES AN, X 3 A HBERF IR 255 —iE (K 3b);
Admixture 458 Bon, HEE AR LTINS 248
AR IAL 54 R 1 (] 3c).
2.6 EER

MR m=2 B, BRI MR T 98.5%,
PR KE 2 m (BRI BB I i A . LRI 5%
Bref R, WIS HE e, —5%&
A BB PG BT 1 AR A £, T — A A BRI AR I
SR H o AW ARE . SENEEHE 3 ML
Bz 0] (5 i 240 0 R BE I A R B Y 3 IR AS O
(GESE
3 itig
3.1 ETF SNPiriCHINE RS & BESH TSR

WAL Z R R YR ZREVE LR 0 SR, AT
FGEATAU PP () EE BT AR, 5 A P b R R 1
LA EFT 1P AR R, 3 AT BN 246
() Hy IE He /)N, 33 3 B b5 3 5 B T oS 24
Ji fa PR 2 AR AR AR, MR ET H, 8T Heo
BEAN, AR R ) 2% A B B I A A R
CEAEBUR T 25 b AR R R B RO (Y, B H
P FEZ s, SR 240 fa oy B2 = oy 1 AR A
RS T R H AR e P78 — BB R R
WTRIE N, IR 2 & R = T AR

B AL SRR, A ERIR
P o T PR B AL 2 REPE AR, X5 g P I
UL RARL o 3 B i e B ) SR AT B O
JE A 244 1) by B8R AR 355 RV £ D77 50 % b A A 7 A Y
K, AL IEY Rh s B 24 4 P, itz
Gh, FEIA T Hr a5 RR W, BRI 2 A A
WEE A SR IEEBAE R, 3 N A B AL hE
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Admixture 22 IR, LAFRRMAREER, BENHREIES R
Fig. 3 Population structure of Schizothorax curvilabiatus populations
a. Phylogenetic tree of Schizothorax curvilabiatus; b. Scatter plot of two principal components (PC1 & PC2) of
Schizothorax curvilabiatus (PC1/PC2) from PCA; c. Admixture of Schizothorax curvilabiatus.
Red point indicates the optimal clustering result and black points indicate other verification results.
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Fig.4 Gene flows of Schizothorax curvilabiatus populations
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3.2 ET SNPiricHINE RS & B R R 4544

AR R T IS 2L 00 P e st AL 25 44,
5 AT T U O 48k A 9IS 4 £ R — 2%
BEL X5 LUAE S T OIS 2406 0 157 45 AR Y,
FRUZY AR AR R X RBiE, 7ER
Gk BEMEs R, BRIV B R 2 ] R 2 F
— 2, (HEX TR BERZE R NZ S & 28
#&, 4 Admixture F PCA, LUfiAE Y i fc st
P G B AL SR For (HE— 25 31,
AN TRV Jrs 24 1 0 b B 22 B) A7 76 IR B 1Y 35t A% 43
ko b 2 A A A 3 S R B R I s AL
OrABBOS A YT R U 3 AR 2 fa R
KR 22 R, MARERER BT ALK 2 2000~
2300 m, ZLFEBFIARTALEIRZ) 1500~1800 m, T
TR R A IR B Y 500~700 m, RIS
A AE X Y A — R R P, et TR
JE 24 TP RE ] ) oAk o S8 ERE AR 5 AL AN R Y
Fsy {EAR/IN, 7eHE B B ) JC 35 PR3 A 26 m) 41
SERIRTHE T, 2B I 2 st A% AR 1) JR
SN, iSRRI A AL SIS, For /N,
33 ET SNPiricHNEREEFMB LR

AHE SR T S A VLR TN R U 240
AIEZ B AFLE 2 2L . TreeMix Z553 IR,
KD & A A AR R 22 ), — 2% D28 05 7 53 )
WAL, i — NN AR B S B o
KEFHONEHE AR, 2 2I/NHE,
AL, IR 28 6 A K /R B e >,
BEL ) T R [ 179 i R 28 0 o AR AR5 v S B AE A T
P R PR AR =2 ) Y A L PRI, 3 7P A e ) e Ot
Rz T A SE R, F 50 1, MU VLR Ui
Fy e T A A G AT 2, B b g S Y S O
ARG f0 PP REAR ME & 2B SE R 2SR, A R A VI R AR
1E FWAC AR T3, HIixyLBoKim 2, 24
AR KB, AT REME IR VLB 5 S T Bt
FETCTE AT R 3 i o SRR AR IR 29 100 m it
AT, Ml 208 0 )F m R K a2k,
TCIEAETCA AN R, o fE— e BB b FHAS
TR NG fa R ] ) SR R A U
34 ET SNP fRiCHIMBEREEMRERRP
R A&

SIS 2N Ve T liF a2 AR Fh, e

BEFE AT . B TR . SRBET LASCRE T A
A (4K 550~3000 m), HA HE L5 AR
{E™, 2015-2022 4F LI fe A A BA F W 0 45 SR 2 B,
W T o A1 YT B oIS S8 10 28 W JR AR AL AR
e, T I AR B A T SN e VR S R
)T Bk 3 HR N 2 M SRR EA L, A5
ACEIEL . Ak, NGRS T i A H
FEF PSRBT, 1T il R R R R
PRIME. 4R, R T Gy e g ok ek A 25 2 4
BB, AT AR R £ 2K S S A1 i AR F
FIAE,

4 it

ARAFFEHFIH SLAF-seq HARTF & T HES AR
VLR e ko S 2408 £ i SNP #nic, dE— A REA
WAL F AT B, I SRR S B R &
FEEAR R, 3 DO IRAER (S0 . BB FIEE ) R ok
JE MGt R JE — A28 . IS 2L A e 2 ] 2
B AR BBt AL oAk, AR R R N TR AR AE— Y
FERNAT, MABFEHR 3 AR 0] R A7
FEFEDRIZE UL o 3 BEAS Y- 43 A 2 I ) e o o 3 i
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Genetic diversity and population structure of Schizothorax curvilabiatus
in the lower reaches of Yarlung Zangbo River
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Abstract: The Yarlung Zangbo River, one of the largest rivers on the Tibetan Plateau, is a hotspot for biodiversity
conservation efforts. Schizothorax curvilabiatus is mainly distributed in the waters of the lower trunk and
tributaries of the Yarlung Zangbo River, and it is a representative fish of the lower basin. Recently, geological
disasters and human activities have caused severe damage to the habitat of the Schizothorax curvilabiatus, leading
to a decline in its resources. Consequently, conducting relevant studies to protect the germplasm resources of
Schizothorax curvilabiatus is urgently required. In this study, SLAF-seq was used to develop SNPs. Genetic
diversity was calculated using a script provided by Beijing Biomarker Technologies Co., Ltd; paired Fst values
between populations were calculated in Stacks; linkage disequilibrium analysis was performed by Plink;
phylogenetic analysis, Admixture population structure analysis, and principal component analysis were used to
classify the genetic structure of Artemia; and the TreeMix (v.1.13) software was used to calculate the level of gene
flow in the populations. A large number of SNPs were identified in Schizothorax curvilabiatus populations.
Overall, the genetic diversity of Schizothorax curvilabiatus was small, with MTXG having the highest genetic
diversity. Recent geological events, such as weir collapses and earthquakes, have significantly impacted stock
levels. Overfishing and biological invasions have also impacted stock levels. Human activities such as engineering
construction and sand mining have altered the localized aquatic ecosystem of the river and reduced the population
size of Schizothorax curvilabiatus, thus leading to an overall low genetic diversity of the Schizothorax
curvilabiatus in the lower reaches of the Yarlung Zangbo River. Schizothorax curvilabiatus populations showed a
low to moderate degree of genetic differentiation. The lower reaches of the Yarlung Zangbo River are
characterized by considerable differences in elevation, which may act as a barrier to geographic dispersal and
promote differentiation among populations of the Schizothorax curvilabiatus. Unexpectedly, MTLD and MTXR
were the furthest apart but had the smallest Fst within the Motuo population. Excluding the absence of gene flow
and common ancestry between the two populations, we hypothesized that this was due to the local effect of genetic
drift, which led to the convergence of genetic structure between the two populations and minimized Fsy. The LD
results indicated that the Motuo populations were subjected to greater natural positive selection, and their ability to
adapt to the environment was stronger, while the Palong and Chayu populations were subjected to relatively less
natural positive selection. The results of the phylogenetic tree, Admixture, and principal component analysis
showed that the Schizothorax curvilabiatus in the lower reaches of the Yarlung Zangbo River belong to the same
taxon. TreeMix results showed that the optimal number of gene flow was two, both occurring in the Mutuo
populations. Geological disasters have decreased the resources available to Schizothorax curvilabiatus, resulting in
smaller populations. Additionally, Schizothorax curvilabiatus migrate over long distances and have limited
movement patterns, which restricts inter-individual gene flow. This study provides a database for the conservation
and exploitation of the germplasm resources of the Schizothorax curvilabiatus in the Yajiang River Basin.
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