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[Methods] From 2014 to 2022, a total of 2 G. pachycheilus populations (56 individuals) were collected from
the main stream of the middle Yalong River and Weihe River. [llumina HiSeq sequencing was used to explore
microsatellite markers from the genome of G pachycheilus. Microsatellite loci were tested using 2 wild
population samples’ DNA of G pachycheilus. Null alleles were tested using the software MICRO-CHECKER
version 2.2.3, genetic diversity statistics were obtained using AUTOTET. Deviations from Hardy-Weinberg
equilibrium and linkage disequilibrium at each locus were calculated using GENEPOP 4.7.5, and significance
values were adjusted after applying Bonferroni correction. Polymorphism information content (PIC) value
was based on PIC Calc0.6. [Results] 567 200 microsatellite loci were identified from 85 905 individual
sequence reads produced, and 15 primer pairs were designed and testified in the Yalong River Xinlong
population and the Weihe River population. In the Xinlong population, the average number of observed alleles
per locus was 6.87 (from 3 to 13), the average observed heterozygosities and PIC were 0.712 4 and 0.630 3
respectively, 1 pair linkage disequilibrium was detected and eight loci showed significant deviation from
Hardy-Weinberg equilibrium among the loci (Table 2). In the Weihe population, the average number of
observed alleles per locus was 8.4 (from 4 to 16), the average observed heterozygosities and PIC were 0.719 5
and 0.680 7 respectively, 4 pairs linkage disequilibrium was detected and 7 loci showed significant deviation
from Hardy-Weinberg equilibrium among the loci (Table 3). [Conclusion] These 15 high polymorphism
microsatellite loci described for G. pachycheilus will be useful for future study on phylogeography and genetic
diversity studies.
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Fig. 1 Thesampling locations of Gymnodiptychus pachycheilus
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Tablel Primer sequencesand characteristics of microsatellite loci of Gymnodiptychus pachycheilus
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FAL R GP1 5 GP14 41, HR AL s A AN EAEIES
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W 126 NEEAIED, BT AT AR B S A SR
BN 4~ 16, TFHEAIERE (A N84, M
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0.7258), Ht HARBENL 7 B NI E KRG
(He(cy) ZEALTEFEIA 0.503 ~ 0.813 P
0.6773). ZXELEETE (PIC) ~ 0432 8 ~
0.860 4 C°F-¥J{H 0.680 7). % Bonferroni % IE
J& (WF1E P15 0.002 1), 15 MU DEA S FE
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X2 ERBREREA 15 MITEARERERILFEE S B2 S HRHME
Table2 Characteristicsof 15 microsatellite markersin Gymnodiptychus pachycheilus
pachycheilus from the Yalongjiang River

I%cis Saﬁlﬁiﬁgze A A Ho Heteo Heco PIC Pizﬁxe
GP1 32 3 1.387 0.226 0.608 0.568 0.5355 <0.000 1
GP2 32 3 2.968 0.828 0.625 0.583 0.554°5 <0.000 1
GP3 32 6 3.000 0.806 0.722 0.674 0.676 5 0.1352
GP4 32 12 3.097 0.833 0.818 0.763 0.794 1 0.670 8
GP5 32 5 3.097 0.849 0.689 0.643 0.6372 <0.000 1
GP6 32 9 2.935 0.785 0.837 0.781 0.8155 0.7717
GP7 32 9 3.935 0.989 0.808 0.754 0.780 0 <0.000 1
GP8 32 8 2.710 0.753 0.644 0.601 0.601 5 <0.000 1
GP9 32 12 3.065 0.844 0.806 0.752 0.784 1 0.368 6
GP10 32 3 2.290 0.640 0.649 0.606 0.5753 0.908 4
GP11 32 7 2.581 0.747 0.722 0.674 0.677 5 0.9549
GP13 32 13 2.839 0.790 0.753 0.703 0.723 6 0.9912
GP14 32 7 1.548 0.301 0.489 0.456 0.449 7 <0.000 1
GP16 32 3 2.032 0.634 0.514 0.480 0.404 4 0.000 2
GP17 32 3 2.129 0.661 0.542 0.506 0.444 4 <0.000 1
T 32 6.87 2.6409 0.712 4 0.6817 0.636 3 0.6303

Average value
A CPEISEAEEG AL PEIEMIERE R R He MG Hee. ROABENL BRI FIIEREE: Hoey. G845
PLr SO PRI ARE; PIC. 2HEREE.

A. Average number of alleles; A;. Average allelic richness; H,. Observed heterozygosity; He(,. Under random chromosome segregation,

average expected heterozygosity; Hee,. Under some level of chromatid segregation, average expected heterozygosity; PIC. Polymorphism

information content.

anshuiensis) %5 (LE%% 2019) &RFARM T
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Kalinowski (2005) #I Schlotterer (2004)
A, BRRARM PR SETRICKES
FLAEBA B 7 51 v (1) L A 2 AR S 3y
FE R 3 e 2 Bl ik = S SR A () 3 T2 B
HefEe TEMH, Lei % (2021) @idxf 14
b 0 2 1) A FE R ZHARFAE 0 BT R B, b 11 Fbfn
KM TEDL 2 AEREESEA N, WA, K
A7 # (Decapterus macrosoma) ( FLUH % %
2019). HHEFJEH (Triplophysa lixianensis)

(GFR 2020). /K4 4A4E (Snocyclocheilus

Heh 2 AEEE M PR S ERE, 6 Ak
HE R, REHRBE . KEFFTREY

(Kalinowski 2005, Hoffman et al. 2009, ¥
J& 20200, HILL 2 GREEE LA, 3. 4 Ak E
R BT SR AR W A SRR R R
PG/, [RIEAE PCR ;=453 BY I 45 A7 LR 22
PREEHIE, HARUETE /D, A5 AR
TE G106 J5 J& R B LR A RO, DL
T 3. AR E R A R AL R, HAr R
RbF, PRIE T B E AR R
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Table3 Characteristicsof 15 microsatellite markersin Gymnodiptychus pachycheilus
weiheensis from the Weihe River

I%:js Saﬁi%ze A A Ho Heeo Heco PIC Pzzﬁxe
GP1 24 7 2292 0.562 0.656 0.612 0.604 0 0.002 2
GP2 24 5 2.833 0.792 0.701 0.654 0.6459 0.592 0
GP3 24 6 2.792 0.757 0.643 0.600 0.5873 0.705 2
GP4 24 14 2.667 0.757 0.853 0.796 0.838 4 <0.000 1
GP5 24 5 2.833 0.785 0.713 0.665 0.662 8 0.906 2
GP6 24 10 2.750 0.757 0.829 0.774 0.8116 0.018 4
GP7 24 10 2.458 0.743 0.768 0.717 0.736 9 <0.000 1
GP8 24 8 3.083 0.847 0.779 0.727 0.744 5 0.962 9
GP9 24 16 3.208 0.868 0.872 0.813 0.860 4 0.114 4
GP10 24 4 1.958 0.444 0.690 0.644 0.635 1 0.000 2
GPl1 24 8 2.125 0.542 0.679 0.634 0.633 0 <0.000 1
GP13 24 10 3.292 0.868 0.831 0.776 0.8123 0.021 1
GP14 24 14 2417 0.715 0.795 0.742 0.772 1 <0.000 1
GP16 24 4 2.042 0.674 0.539 0.503 0.4328 <0.000 1
GP17 24 5 2.083 0.681 0.539 0.503 0.433 6 <0.000 1
P 24 8.4 25889 0.719 5 0.725 8 0.6773 0.680 7

Average value

A CPEISEAEREG AL PSR R He MG Hee). ROABENL BRI FIIEREE: Hoey. G845

ML B e oL P PIC. ZEEEEHE.

A. Average number of alleles; A;. Average allelic richness; H,. Observed heterozygosity; He(,. Under random chromosome segregation,

average expected heterozygosity; Hee,. Under some level of chromatid segregation, average expected heterozygosity; PIC. Polymorphism

information content.

ZAEEEERMERA N BREZAEN—
NEEZH . Botstein 2F (1980) #H AR
B Rd R E PIC R R ER, 4 PICHLAT 0~
0.25 ZIaIF, ZAL RONRZ APENL A 2 PIC
fHALT 025 ~0.50 if, ZAL A NFEREELS
PEA /s 24 PIC A3 0.50 BA B, %47 5K
B2 AN A, BEARI PIC (53R &
RIEMHRK R, PIC HlE, #RAMBEER
B AT AR 15 M A KB EA
(2, fEHEALREE P RIRE, 1248
T 2 AL A (PIC 1 0.5355~0.8155), 34
b 22 A PEAT A5 (PIC 5 0.404 4 ~0.449 7);
TEIRTF#E, 13 AN w2 &AL (PIC

0.587 3 ~0.860 4), 2 M s BE 2 A MEAL A5
(PIC 1 0.432 8 ~0.433 6), iXEEf; fidEAH
TR SRR JE R RS AR S T
TEFRAEIRAS R, B WA 2 R R A Ze A
WAL R LR AR E , WA Tk B0 1 -
T AERE T, H [EIUR DO A5 AR R b — A5 R A ol
B 5l 25 1 e - R AP A P 1 1 B0 B AR 2 T
FAUESL (Sardaro et al. 2008, Gonzalez-Pérez
etal. 2009, Kevin etal. 2009, &= &2 2013).
ARBIE FETGE Rl TR A A 2 A e 5 A
FEHLURIRE: (1) DURRYF T EHR
Z ARG A 0]k B 1l R AR AT, BT DU A
AR G T (2) ARBENLAC ELAL A
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(LER 2020); (3) WF[AIHER S B ML
RIBR AR (Jin et al. 2022) FIAEAS 80N
(Wahlund effect) (Liu et al. 2017). #HWFA
T 2020 £ 2022 HR HMEZLH BT 2
R PRI R TETITREAT 2014 2 2016
R B IE I R XA S B B, AN R AR A FIAS
()t R P b ) i PR 26 22 SR 1T R S BN
AR FE R ES s (4) HHBAS, (EMREL
PSRN J s S A R R B A e 6 B
I, Hrh S AT B R B 2 BE D AR,
SEOR GRS, R E KRG TR
(heterozygote excess) (Sepulveda et al. 2017).
TEFRFPHE, 8 /i 25 P e - 1 AT 8T PR S 5
o6 NRIAZE TR 7E R B RN AR}
R K I #R24 i1 (Schizopygopsis chengi) (Hou
et al. 2013) F15% 1% f§ 1 ( Schizothorax
prenanti) (1 H & 2019) Hi K I K& T
BALRRE T IR, 1R 2 AR B s
VAR, R 25 5g e HL R TP A% 2 e
WAL SRR M. Tk, AT IE
REW 15 M R SEAH T EERERE
R AL AT 5T

WAL Z RV PP I B R, YY)
(A A A AR L 2 . VRN AR 3
71, RV AR A (R (1 2 IR 2 B Sk O B HA 5
Ak, AR, Z2REEEEMREE

SR R WU I AR Z KT . AR ST
PR R A IR & BRI 2 365 B & &0
TR EE 5N 6.87. 0.712 4. 0.6303, JHIFl
By AN 8.404 0.719 5. 0.680 7, SRR
T 35 4 6 ( Gymnocypris przewalski, % %
2:2009) PGSR (G potanini, J&F 2018).
gl #R 2 it (Schizopygopsis malacanthus,
[ Bk HH 20220 RUEMR R G A (fF Gk
2013). Jm"f (Aspiorhynchus laticeps, 7
FARGE 2012) (R 4) Lk, EJSHEHE A
& Z FEVE AL T A SRR, BURE Y8
FhEES TV R R . HUEIER I, A5
T K SRR 220 R X /N AR 8 P ) 2R £
Al BB — LUK IS AR R AR Ll B 5K TE Ak
(17, PRI BN B LR, HL B e Z 1k
RMWCONERK (Ma et al. 2020), [FEHT XK
UK BBUK N B 52, UK S A I 10 34 858 LA KG9t
KA B D 3 BOME BT R = R
JE B E S S T A& (Wang et al.
2022). MhAh, AP HR A BT S AR 2 0 R T
& Z VR A i, HEZEVL 2 BN
TR FE ARG R, KR T AR 2 e 5 23]
T AL BERRE AL DL B KA TS G ok BE AR JAT
2005 NRE S s IR 2009, 2
Jop A A et RS () A A AT, AR T s A 2
PR .

R4 REHTH SR T EBRIE S ST

Table4 Satisticsof microsatellite genetic diversity of other Schizothor acinae fish species

2 ] A
N 2 4 LEEREHE

S AA) /:Tg L;Q K] ¥ sy y
YFh U Polymorphism LAEITD S
Speci Average number of Observed . .
pecies alleles heterozygosity information Reference
content
FH IR Gymnocypris przewal ski 1.92-2.17 0.4145-0.5105 0.364 2 - 0.407 4 5% 2009
A% HHEE G potanini 18 0.698 0.801 JA5 2018
IR 8. Schizopygopsis malacanthus 28.58 0.773 0.901 22 [FI#RE 2022
KIS chengi chengi 16.364 0.701 0.897 Bk 2013
FNHRZL A S chengi baoxingensis 8.25 0.54 R 2013
JW) . Aspiorhynchus laticeps 3.54 0.530 6 0.5353 HBELAREE 2012
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