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Microsatellite Loci Isolation for Three Schizothoracine Species and

Their Applications on Analysis of Genetic Polymorphism

DU Yan-Yan"” YANG Zhuo-Yu"® SONG Fu-Jun"® SU Zi-Jun"*
SHI Xiao-Ning”® ZHANG Yan-Ping"”® WANG Tai"®"
O Gansu Key Laboratory of Cold Water Fishes Germplasm Resources and Genetics Breeding, Gansu Fisheries Research Institute,
Lanzhou 730030; @ Gansu Fishery Resources and Environment in the Upper Reaches of the Yellow River Observation

and Research Sation, Gansu Fisheries Research Institute, Linxia 731100, China

Abstract: [Objectives] To investigate the genetic diversity and differentiation among populations of
Gymnocypris chilianensis, Schizopygopsis pylzovi, and S kialingensis distributed in Gansu Province,
microsatellite markers were screened and used to assess the conservation genetics of these three species.
[Methods] From 2017 to 2022, 309 ind from 16 populations of the three fish species were collected from the
Weihe, Taohe, and Daxia Rivers (Yellow River basin); the Bailongjiang River (Jialing River in the Yangtze
Valley); and the Shule, Heihe, and Shiyang Rivers (inland river systems). These included 110 ind from 5
populations of G chilianensis, 72 ind from 6 populations of S. pylzovi, and 127 ind from 5 populations of S
kialingensis. High-throughput sequencing was conducted to identify microsatellite markers in the three
species. Polymorphism at microsatellite loci was assessed using samples from the Schizothoracine species,
and microsatellite polymorphism was detected by capillary fluorescence electrophoresis. GeneMaker 2.2.0
was used to read the capillary electrophoresis test results. Data were calibrated according to the base repeat
unit at each SSR site to obtain genotyping data. Genetic diversity statistics were calculated using PopGene
1.32, including number of alleles (N,), effective number of alleles (N.), Shannon’s index (I), Nei’s gene
diversity (h), and percentage of polymorphic loci (P). Bayesian clustering analysis was performed using
Structure software, with the length of the burn-in period parameter and the number of MCMC repeated
sampling set to 1 x 10°and 1 x 10°, respectively. The K values for the clustering group were set to 1 - 17,
with each K value calculated 10 times. A UPGMA dendrogram was generated using Mega 7, with the
bootstrap value set at 1 000. [Results] Capillary fluorescence electrophoresis identified 21 highly polymorphic
primer pairs suitable for three species (Table 2). These 21 universal primer pairs were used to amplify 309 ind
from 16 populations. Among the G. chilianensis populations, Huangyang population showed the highest
genetic diversity (N, 1.442, N, 1.314,1 0.203, h 0.203, P 44.24%), while Zhangye population had the lowest
(N, 1.042, N, 1.042, 1 0.029, h 0.021, P 4.24%). For S pylzovi, Qilian population had the highest genetic
diversity (N, 1.539, N, 1.193, 1 0.206, h 0.127, P 53.94%), and Shimen population the lowest (N, 1.236, N,
1.126, 1 0.120, h 0.078, P 23.64%). S kialingensis showed the highest genetic diversity in the Shimen
population (N, 1.351, N, 1.152, | 0.147, h 0.094, P 35.15%), with the lowest in the Zhouqu population (N,
1.181, N, 1.089, 1 0.088, h 0.057, P 18.18%) (Table 3). Overall, S pylzovi exhibited higher genetic diversity
than G chilianensis and S kialingensis. Genetic parameters indicated little intraspecific variation across
different populations within species, suggesting comparable genetic diversity levels among populations.

Bayesian genotype clustering detected interspecies gene flow between S pylzovi and G. chilianensis in the
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Huangyang population, and between S pylzovi and S kialingensis in the Shimen population (Fig. 4). A

UPGMA dendrogram of 16 Schizothoracine populations based on Nei’s genetic distance showed that S

pylzovi and S kialingensis populations formed small branches before clustering into a larger branch. The

Shiyang population of S pylzovi and all G chilianensis populations formed one distinct branch (Fig. 5).

[Conclusion] The genetic diversity of 16 populations across three Schizothoracine species was evaluated,

thereby providing valuable insights into their germplasm status and supporting future conservation strategies.

Key words: Schizothoracine; Gymnocypris chilianensis, Schizopygopsis pylzovi; S. kialingensis; Genetic

differentiation; Geographic group
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Fig. 1 The sampling locations of 16 populations of three Schizothoracinae species



<418 « 242 & Chinese Journal of Zoology 60 &
£1 3IMRB\ARNEERER
Table 1 Sample information of 3 Schizothoracinae species
Yk KRR KA MEH (B GLhiE
Species Sampling location Drainage Number of individual (ind) Longitude and latitude
SRR EiY) Changma  Bi#hiil Shulehe River 29 97°10'37" E, 39°05'38" N
gm;ygzs 23 Huangcheng £33 Shiyanghe River 7 101°40'08" E, 37°53'05" N
#°f Huangyang  f £V Shiyanghe River 37 102°28'35" E, 37°2422" N
i K Xida =i Shiyanghe River 35 101°16'44" E, 37°55'10" N
k3% Zhangye SBJA Heihe River 2 100°07'16" E, 39°20'27" N
SRAPLE F85E Qilian S Heihe River 27 99°54'05" E, 38°16'62" N
%,,hzicz,sipygoms # % Huangyang  £3 (7 Shiyanghe River 8 102°28'35 B”, 37°2422" N
1] Shimen JEY (3EJ]) Weihe River (Yellow River) 7 104°15'02" E, 35°08'37" N
fig il Luqu Wi (3EJ[) Taohe River (Yellow River) 6 102°19'41" E, 34°36'10" N
i Xiahe KA (#7] )Daxiahe River (Yellow River) 11 102°14'05" E, 34°58'14" N
K& Zhuoni Wi (3EJ[) Taohe River (Yellow River) 13 103°06'19" E, 34°39'33" N
FEEREPLE 4517 Shimen JEYE (9] Weihe River (Yellow River) 33 104°15'02" E, 35°08'37" N
S Kalingens's % B Tanchang 27 103°52'08" E, 33°59'24" N
F1 i Zhouqu ERIT (R 10 103°29'33" E, 33°58'52" N
BT Lazikou Bailongjiang River (Jialingjiang River) 33 103°06'59" E, 34°06'06" N
%7 Diebu 24 102°42'15" E, 34°06'47" N

JEBEAT AN O R VK BEAT S5 E PR 0 Y
L5 BARAHT

{fiF GeneMaker 2.2.0 BHU-EANE H KK
MR, FREFANTHHELZF (simple
sequence repeat, SSR) oz s (B I B 57 T it
ITEE A HE, SRAGHE R B M dl o A B
PopGene 1.32 (Yeh et al. 1997) 5 EEkEifE
ZRMESH, ARSI EERE (ND AREAL
R (N BIRFEHE (1D, Nei’s JEF 2
PfRE (h). Z2BMAEE% (P), IFitHE
TR Nei’s 10 A% FR S FEALAHURE o AR A HF
() Nei’s BAEEE R, A Mega 7 Hit
UPGMA Z2EHF, Bootstrap {H % &N 1000, F|
FH# 44 Structure (Porras-Hurtado et al. 2013) i
TR IS 53HT, length of burn-in-period 24
BN 1% 10°, MCMC EEfFERECH 1 x 10°,
REH KA CREHriERIEED 755 B
1~ 17, ®A KHIEH 10 K. @i i HELSL K

EA AK PR Bl e i KA, Hrb (LK)
HXTE R LR ME , AK = mean(IL"(K)|)/
stedv[L(K), |L"(K)[] = IL'(K + 1) - L(K)|> L'(K)
=L(K) - L(K - 1) (Evanno et al. 2005).
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Table 2 Primer sequences and characteristics of 21 microsatellite loci

5 ElkuBel 6L BAGRE (T PR (bp)

Locus Primer sequence (5'—3') Repeat motif Annealing temperature Product range

MO02 F: AGCAGCTGACTGAGATGGGT (GCCCCT)5 56 274
R: TCATCTTGTTTGGCCTCCTC

MO8 F: TTTGTCACCATTTTCCCAAT (TTTG)S 55 156
R: CAGGGGTGGGATCTGATTCT

MI1 F: CATCCCCTGACTCTGACACC (TATT)S 57 101
R: AAATGCAGTTTCGGCTCAAC

MI18 F: GACCGATGCAGAATGGAAGT (ACAG)5 55 145
R: ACAGTGTGAGACCGCTTGTG

M23 F: TTTCTGCCATGCCTTTATCA (CATT)5 55 194
R: CAGTGCAGATGCATTCGTTT

M26 F: CAAGTGCTGTTGAGTTTCCG (TATG)5 56 122
R: CCTCAAGCCATCCCAACTTA

M35 F: ATCTGCTCCACACAGACGTG (TTAT)S 55 276
R: CAAGCACCATCACAAAAAGG

M38 F: TTTGAAATGAACGTCCCACA (ATTT)S 55 210
R: GGACATGCAACGAGCAGTAA

M43 F: GCGGAACCACTGTATGGACT (CTTT)5 56 135
R: TGCTGTTTGCTTTCAGGATG

M49 F: CATGAACCACCACACCAGAG (CGCA)S 55 168
R: AACAGGCCATAACATCAGGC

M55 F: CGCAGGCATATTAGCATTCA (AAAT)S 55 193
R: AATTGTGCCTTCCTGGTCTG

M58 F: CCAGCGAACGTTCAGTGTAA (AACA)S 55 266
R: ACTCTCATTTGCCCTTTCCC

M66 F: AAACAAGATCAGTGGACGGG (GATG)5 54 131
R: GAGCTGACTGCACCATTGAA

M72 F: CAATAGATGCATTGCGTTGG (TTTG)S 54 140
R: TGAAATGCAAATCACAATCG

M79 F: ATGTGCGATTGCATGTTTGT (GGAT)5 55 226
R: AGTGGGTGAGGGTGAAAGTG

M81 F: AGCTTCTTAGCTTCTGGGGG (GCTGGG)5 55 252
R: GAAAAGCCAACAGCAGATCC

M85 F: ACTGGGTATGCCACTTCCTG (CTGATG)5 55 194
R: CTGTTCGTCCAATTGTCCCT

M89 F: ATTCTGCATCAAACACTCGC (CAGAT)S 54 124
R: TCTGCAAATGCACAGACTCC

M90 F: ACGGTCAAAATTCGTATCGG (ATTG)5 55 157
R: CGCATGTGTGTGTCTGAGTG

M93 F: TGCTGTTTGCTTTCAGGATG (AAAG)5 54 135
R: GCGGAACCACTGTATGGACT

M98 F: CAGAAAAAGCTGTGTTTGTGC (AAAC)S 55 205

R: GGTGTGAGGCTTTGCATTTT

22 BHRBfESHEEDI T

Xt 3PN 16 MR T B Ry AR AR B, TR AR AR, BTRRAR
BT (K 3), 3R, EITRAR e PUERASIERHAR L ST s, A TR
ZRETERR S T AR AR SRR . b B RO LA T TR IR Z AR ECT

B3 IR A FRIREAR, HR AR T S A At
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Fig.2 Capillary gel electrophoresis of the primer M35 in six Schizothoracine individuals

a. WA, b, FEERR M, o WBEWREE. a. Schizopygopsis pylzovi; b. S kialingensis; c. Gymnocypris chilianensis.



334 A a8 T il RN i =R R i TR S iR AR B Z R e BT ORI - 421 -
®3 16 M REAFENBESEESE
Table 3 Genetic diversity parameters in 16 populations of Schizothoracine
W Bk SR ﬁ?ﬁ(%ﬁﬁ_ﬁ IR Nei's %%#—ﬁ ZEMEEFE (%)
Species Population Number of alleles Effective number of Sharmon’s }Ei’jﬂ[ NCII’S gene Percentfige o.f
(Ny) alleles (Ne) indes (1) diversity (h) polymorphic loci (P)
RERE 24 Changma 1.345 1.101 0.113 0.068 34.55
%ﬁﬂ]ﬁ‘;‘gf L4} Huangcheng 1261 1.168 0.146 0.099 26.06
# % Huangyang 1.442 1214 0.203 0.131 44.24
78K Xida 1.297 1.127 0.120 0.077 29.70
4% Zhangye 1.042 1.042 0.029 0.021 424
VMR R3% Qilian 1.539 1.193 0.206 0.127 53.94
&hi;;%%?pgs 3 Huangyang 1303 1.191 0.166 0.111 3030
17 Shimen 1.236 1.126 0.120 0.078 23.64
ikl Luqu 1.351 1.192 0.183 0.120 35.15
H W Xiahe 1.436 1.206 0.202 0.129 43.64
2 J8 Zhuoni 1.424 1.192 0.192 0.122 42.42
B 1717 Shimen 1.351 1.152 0.147 0.094 35.15
S lalingens's % £ Tanchang 1.272 1.093 0.099 0.061 27.27
F1 il Zhouqu 1.181 1.089 0.088 0.057 18.18
&7 I Lazikou 1.327 1.105 0.113 0.069 32.73
1% Diebu 1.224 1.083 0.084 0.052 22.42
2.4 BEAKIRDIR A EERE AT B 3 AR 16 M BEARR A T (S,

3 AN AN TR B AR 1] Neeis 38845 AH DL
B AL B 5 23 B L PR 36 10 5% BRI fh (1) 3
N, BARITK RIS B #ER A0 K R 1
A1 T TR 845 AR LRE B IS (0.908), 18 f% R
B K (0.097); AT /K 3% 55 A5 i 5
AR BAE AR B 5 (0.994), 1A% B 5 i
/N (0.006) . TR PR AR N, PRTRTK
I LB A A R A A 8 A% A UL RS B
(0.983), BEFEE &/ (0.017); {HFMKFR
(00 1D A AR Ay Tk VT 7K R P B S A A B A A
U BAR (0.901), BAEFEE &K (0.104),
A AR R REAAR Y, SRARTIK ER I Tk R A N
BB K ZR ) B T B AR IR a8 A AH DL RS AR
(0.975), BAEFRE /N (0.025); A FEFIK
ZR (1) 5L A R R BT KR D AR AR 11 R 0
FERAK (0.904), BALFEE & A (0.101),

FRPEHER ] Nei’s 845 P 2T UPGMA

SR AR BN B B R R L I O — AR
19332, X% BRI BER
f R0 9 R AR L 1 B R A AR RO — A
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Ql Q@ Q3 Q4 Q5| HI H2H3H4HS5 Hé i1 B3 74 J5

\ o . i # . )
FRHERRE Gymnocypris chilianensis Schiigﬁﬁiylzovi R S, kialingensis a

Q1 Q2 Q3 Q4 Q H1 H2H3H4 HS H6 12 J3 J4

REBEE G. chilianensis BB S. pylzovi FHBG S, kialingensis b

B4 16 MRIGEBEE T TR H R R RS

Fig. 4 Bayesian genotype clustering results for K-value of 16 Schizothoracine populations

a. K=2, WAFERRPHDNEIRE: b K=3, ZFFERR=ATIOHE: S8kt w b el 2 Mgt (o 25 5 i W AN AT B8 2 PN
SR ACTIR, AEREAEIR . QL. FREMEL S TR, Q2. MM I, Q3. FRIEMMI B EREMR: Q4. FREREL VT KHE
A5 Q5. ARVEMRBMSKARNEMA: H1. B BRI AARERA; H2. SRR A E R, H3. SRR T, H4. SRR
RRHEA; HS. SETTRRE G BT, He. SR st e ffd; J1. BRI A TIRHE: 12. BRI s BREE: 13. 5%
FRARZLTL f 4 iR J4. SERARER UG T D HEfR, J5. JEPRBRBLI ik i i

a. K = 2, two colors represent the two theoretical groups; b. K = 3, three colors represent the three theoretical groups; The fact that some
individuals are composed of two or more colors indicates that the individual may have interbred from two ancestral subgroups, and there is
introgression of genes. Q1. Changma population of Gymnocypris chilianensis; Q2. Huangcheng population of G. chilianensis; Q3. Huangyang
population of G chilianensis; Q4. Xida population of G chilianensis; Q5. Zhangye population of G chilianensis; H1. Qilian population of
Schizopygopsis pylzovi; H2. Huangyang population of S. pylzovi; H3. Shimen population of S pylzovi; H4. Luqu population of S. pylzovi; HS.
Xiahe population of S. pylzovi; H6. Zhuoni population of S. pylzovi; J1. Shimen population of S kialingensis; J2. Tanchang population of S
kialingensis; J3. Zhouqu population of S kialingensis; J4. Lazikou population of S. kialingensis; J5. Diebu population of S kialingensis

#RZERHA Qilian population

E I #A Xiahe population

TR #HA Luqu population AL

H JE#HK Zhuoni population Schizopygopsis pylzovi

l: 17 J##& Shimen population

A JR#HA Shimen population | BBt S. kialingensis
&7 OB Lazikou population
Z B A Tanchang population

‘{_7[ & Pop FREHPLA S. kialingensis

FHH#HA Zhouqu population

EEHRBEIAK Diebu population
—— BD##{& Changma population
L SkmRHA Zhangye population

. AR RR B
l: S AR Huangcheng population Gymnocypris chilianensis
T KEEA Xida population
0.01 | l: #E#HA Huangyang population
#FEPHA Huangyang population | BRI S. pylzovi

B5 ZT Nei's BAEI R 3 MREEK 16 MK UPGMA RRNE
Fig.5 UPGMA dendrogram of 16 Schizothoracini populations based on Nei’s genetic distance
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Appendix 1 Genetic distance (below diagonal) and Nei’s genetic identity (above diagonal)

of 16 populations of Schizothoracinae

Q1 Q2 Q3 Q4 Q5 H1 H2 H3 H4 H5 Hé6 J1 J2 I3 J4 J5

Ql 0915 0.926 0914 0975 0.894 0913 0.869 0.903 0904 0.901 0879 0.851 0.851 0.854 0.858
Q2 0.089 0972 0.965 0.904 0911 0.956 0899 0907 0912 0917 0.906 0846 0.851 0.841 0.851
Q3  0.077 0.028 0959 0919 0941 0988 0916 0934 0936 0943 0923 0.866 0.876 0.865 0.878
Q4  0.090 0.035 0.042 0911 0.879 0951 0.873 0.886 0.877 0.887 0.881 0.839 0.848 0.837 0.844
Q5 0.025 0.101 0.085 0.094 0.875 0.902 0855 0.875 0.886 0.884 0.862 0.829 0.833 0.840 0.839
H1 0.112 0.094 0.061 0.129 0.134 0.927 0.963 0968 0977 0982 0964 0911 0918 0911 0921
H2 0.091 0.045 0.012 0.050 0.104 0.075 0901 0916 0.920 0.925 0.909 0.856 0.862 0.856 0.868
H3 0.141 0.107 0.088 0.136 0.156 0.038 0.104 0955 0953 0963 0994 0913 0925 0916 0.927
H4  0.103 0.098 0.068 0.121 0.134 0.033 0.088 0.046 0.968 0983 0958 0917 0.929 0920 0.930
H5 0.101 0.092 0.066 0.131 0.122 0.024 0.083 0.048 0.033 0.980 0.957 0911 0915 0911 0919
H6  0.105 0.087 0.058 0.120 0.124 0.019 0.078 0.038 0.017 0.020 0964 0.926 0934 0925 0.935
J1 0.129 0.098 0.080 0.127 0.149 0.037 0.095 0.006 0.043 0.044 0.036 0.908 0.918 0910 0.920
J2 0.161 0.168 0.143 0.176 0.187 0.094 0.155 0.091 0.086 0.093 0.077 0.097 0.987 0.971 0.988
13 0.161 0.162 0.133 0.165 0.183 0.086 0.148 0.078 0.0741 0.089 0.068 0.086 0.013 0.981 0.994
J4  0.158 0.173 0.145 0.178 0.174 0.093 0.155 0.088 0.084 0.093 0.078 0.095 0.029 0.019 0.979
J5 0.153 0.161 0.131 0.169 0.175 0.082 0.141 0.076 0.073 0.085 0.067 0.084 0.013 0.006 0.021

Q1. FPEERREM S THHEAR, Q2. AR LIRHEIR; Q3. AR B FHEIR, Q4. FOEMMEPL KK, Q5. FCERRBLTKMAIK; H1. 3

TR A ERE R, H2. SRR LS B E A, H3. BB TTREIR; HA. SEMBUR LA IR, 1S, BRI 5
BEMR: Ho. THMARALA 5L JEREAR; T1. SRR A T TR, 12, SRR s BRI 13, SRR A BEIR: 14 SRR

LG DR, J5. SRR LA TRHE

Q1. Changma population of Gymnocypris chilianensis; Q2. Huangcheng population of G chilianensis; Q3. Huangyang population of G

chilianensis, Q4. Xida population of G chilianensis; Q5. Zhangye population of G chilianensis; H1. Qilian population of Schizopygopsis pylzovi;

H2. Huangyang population of S pylzovi; H3. Shimen population of S pylzovi; H4. Luqu population of S pylzovi; H5. Xiahe population of S

pylzovi; H6. Zhuoni population of S pylzovi; J1. Shimen population of S kialingensis; J2. Tanchang population of S kialingensis; J3. Zhouqu

population of S kialingensis; J4. Lazikou population of S kialingensis; J5. Diebu population of S kialingensis



