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Abstract: To investigate the genetic diversity and genetic differentiation of natural resources of Gymnocypris przewalskii, and
provide references for its conservation measures, we collected 72 individuals of G. przewalskii from six natural populations in
Qinghai Lake to analyze the genomic SNP and genetic characteristics by using simplified genome sequencing. Altogether 1 600 061
SNP markers were obtained, and 45 266 high-quality SNP loci were screened for genetic analysis after filtering. The average P; di-
versity index was 0.317 0-0.327 4. The average observed heterozygosity (H,) and expected heterozygosity (H,) were 0.459 4—
0.482 3 and 0.336 7-0.344 4, respectively. The genetic distance (D) was 0.018 4-0.023 3 and the genetic differentiation index
(Fst) were not significant (P>0.05). AMOVA analysis shows that the genetic variation was 102.37% within populations. Further-
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more, both population structure and phylogenetic tree analysis show that the six G. przewalskii populations clustered into one

glade with similar genetic structure. In contrast, the genetic structure obtained from DAPC analysis was relatively clearer, show-

ing that the Haergai, Heima and Shaliu River populations cross-clustered with each other, while the remaining three popula-

tions clustered into three other branches. In conclusion, the observed heterozygosity of the six geographic populations was high-

er than the expected value, with a homogeneous population structure.
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Table 1 Sample information of G. przewalskii

o BURERRL

7}%1&5 . AR . Sample Sampling

Sampling site Latitude and longitude sizel 2 part
A BHH 99°44'24"'E, 37°02'24"N 12 g
Wa/K 3517 HEG 100°28'48"E, 37°13'12"N 12 FeiE
By HMH 99°46'12"E, 36°43'48'"'N 12 FefiE
SRET QIH 99°53'24"E, 37°14'24"N 12 JEfE
YAl SLH 100°10'48"E, 37°14'24"'N 12 Pk
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1t (Thermo Fisher Scientific, Waltham, MA)
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Table 2 Data statistics after genotyping by sequencing
v LS b L 2ot 1 bk 7 2 pF
e Rowbmey  Combuepy Q0% owm  GOR DEL aom
BHHO1 1389 577 920 1360512 534 97.20 92.24 72.38 41.86 39.43
BHHO02 1927 663 064 1910 163 826 97.00 91.73 71.71 44.45 39.28
BHHO03 1355 388 864 1330014 564 97.23 92.29 72.40 41.63 39.38
BHHO04 1854 567 996 1 840 004 206 97.14 92.08 68.34 44.96 39.35
BHHO05 2265476 520 2228411786 97.24 92.33 74.30 44.36 39.34
BHHO06 1602 581 328 1578 477 056 97.16 92.14 72.72 43.72 39.33
BHHO07 1493 156 128 1486185014 96.56 90.65 68.29 41.88 39.62
BHHO08 3625787 104 3582205 358 96.78 91.19 69.32 47.85 39.82
BHHO09 4188 671 696 4152 405 788 96.70 91.03 66.88 49.40 39.92
BHHI10 3783676336 3743104 234 96.83 91.29 69.96 48.18 39.83
BHHI11 2 886 390 548 2857277 330 96.82 91.26 69.67 48.13 39.83
BHHI2 2436 548 180 2404 222 590 96.86 91.36 71.23 45.73 39.80
HEGO1 4452 147 016 4387 873 466 96.49 90.46 71.07 50.54 39.53
HEGO02 3773555144 3725723130 96.44 90.34 70.17 48.07 39.55
HEGO03 4206118 100 4143 796 870 96.45 90.39 71.59 48.20 39.51
HEGO04 5078 768 024 5001034014 96.47 90.42 71.66 49.81 39.56
HEGO05 1153394716 1139 883 590 96.54 90.61 73.61 39.84 39.45
HEGO06 4 843 459 540 4792194 098 96.43 90.37 73.01 48.96 39.54
HEGO07 1501 577 864 1481 599 170 97.26 92.36 74.21 40.65 39.47
HEGO08 2693727 504 2 657 441 746 97.31 92.46 76.19 44.39 39.39
HEGO09 1194 213752 1 168 489 596 97.31 92.39 76.99 38.43 39.40
HEG10 1372619 144 1339 243 546 96.89 91.50 72.82 40.60 39.33
HEGI11 3088 083 656 3050778 984 97.11 92.02 74.10 45.97 39.42
HEG12 1619 334 204 1585 556 642 97.16 92.14 75.77 41.52 39.28
HMHO01 1232127752 1200 318 504 97.02 91.83 71.56 40.28 39.22
HMHO02 3026290 652 2985218 180 97.23 92.31 73.98 44.96 39.25
HMHO03 1399 119 468 1372569 888 97.27 92.41 73.46 41.05 39.17
HMHO04 1970927 056 1921 307 060 97.28 92.39 73.24 43.12 39.30
HMHO05 2647 884 508 2596 362 030 97.23 92.30 74.44 44.43 39.30
HMHO06 1708 154 352 1 660 462 320 97.29 92.44 73.06 41.96 39.26
HMHO07 4025 817 860 3985 350 084 97.69 93.28 70.09 48.71 38.17
HMHO08 5205970488 5117 137 470 96.65 90.89 73.81 48.98 39.20
HMHO09 4940 601 456 4863 779 832 96.65 90.91 75.28 48.08 39.24
HMH10 1963 437 692 1945 709 624 96.60 90.76 73.03 43.03 39.22
HMHI11 1666 515 692 1 642 075 532 96.55 90.67 72.54 41.39 39.09
HMHI12 4347 827 000 4286 730938 96.56 90.69 71.40 48.89 39.35
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&R 2 to be continued
e P el P - -
e Tty bty % qom 8R TEE aom
QJHO1 5147 123 416 5090 638 928 96.32 90.09 70.17 55.23 39.50
QJHO02 3584 795 680 3565 628 068 95.95 89.37 66.88 49.55 39.44
QJHO03 6454 315 492 6410786 704 95.95 89.35 71.12 51.56 39.43
QJHO04 3914 473 956 3894271 390 95.87 89.22 67.09 48.68 39.41
QJHO05 5765 227 264 5711763 208 96.41 90.36 73.91 60.43 39.40
QJHO06 1578 283 708 1552 126 286 96.41 90.24 74.89 50.12 39.39
QJHO07 1 396 840 084 1358 462 200 96.85 91.53 72.06 47.11 39.26
QJHO08 2275133940 2251 308 686 97.01 91.90 70.44 52.56 39.29
QJHO09 1340 744 972 1315726238 97.13 92.17 74.67 41.01 39.25
QJHI10 2048 956 056 2009 990 568 97.09 92.05 71.84 44.26 39.38
QJH11 2092 240 212 2 061 253 446 97.04 91.95 71.65 45.25 39.40
QJH12 2039776 892 1992 244 374 97.13 92.16 72.73 44.70 39.35
SLHO1 7 040 469 056 6945 862 130 96.65 90.81 70.87 52.34 39.45
SLHO02 4498 263 220 4427 530 468 96.69 90.89 71.71 49.57 39.50
SLHO03 5164 724 600 5075 426 948 96.66 90.86 71.14 50.79 39.57
SLHO04 1272 379 640 1259 999 052 96.63 90.74 73.42 39.66 39.41
SLHO05 1 050 489 020 1032232 476 96.59 90.67 73.08 37.98 39.22
SLHO06 2360256 124 2322023 500 96.63 90.75 72.68 44.17 39.56
SLHO7 2787 269 152 2752924192 97.26 92.34 71.90 45.18 39.52
SLHO08 1659 152 708 1635202 024 97.22 92.24 70.67 42.13 39.55
SLHO09 1974 618 488 1936 922 806 97.16 92.16 68.63 43.39 39.57
SLH10 1434149732 1414000 878 97.20 92.20 67.84 42.37 39.50
SLH11 1465 104 312 1452 041 076 97.13 92.12 67.80 42.89 39.64
SLH12 1593 403 584 1565 068 850 96.44 90.59 73.79 41.90 39.02
YLJO1 1458 951 168 1441 355132 97.14 92.12 71.91 41.68 39.51
YLJ02 1933206 744 1917 865 930 97.14 92.17 67.47 44.98 39.14
YLJ03 3128 604 208 3093 206 580 97.14 92.21 72.61 47.09 39.06
YLJ0o4 1343 484 720 1316565174 97.24 92.32 76.23 40.09 38.99
YLJ05 1588 695 432 1551573 180 97.07 91.93 72.37 42.47 38.97
YLJ06 3330 149 352 3289825750 97.25 92.34 70.46 47.58 39.00
YLJO7 1873001 868 1844 675 484 97.30 92.47 72.27 43.94 39.03
YLJ08 2175175 880 2 142 504 822 96.39 90.46 71.81 44.84 39.17
YLJ09 3172296 188 3134 366 418 96.33 90.34 72.60 47.36 39.14
YLJ10 2801 743 496 2774569 032 96.34 90.37 69.66 47.28 39.06
YLJ11 2270060 848 2236343778 96.47 90.63 72.99 44.74 39.09

YLJ12 2007 127 400 1987101014 96.34 90.38 71.46 44.26 39.08
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Table 3 Genetic diversity of G. przewalskii
FiEZEN W 2 5 W 2l i WA R WIRal & AR Z
Population H, OH H, EH P,
AiM4 T BHH 0.459 8 0.540 2 0.337 3 0.662 7 0.317 2
M /R #:9 HEG 0.468 6 0.531 4 0.342 1 0.657 9 0.3217
R E ] HMH 0.466 1 0.5339 0.340 0 0.660 0 0.320 5
SR QIH 0.482 3 0.517 7 0.344 4 0.655 6 0.327 4
YOAIEr SLH 0.465 8 0.534 2 0.343 3 0.656 8 0.318 1
—HB&I YLJ 0.459 4 0.540 6 0.336 7 0.663 3 0.3170
=4 BEHFENSEEBSMEESIURER
Table 4 Genetic differentiation and distance of G. przewalskii
FEAK Population BHH HEG HMH QJH SLH YLJ
AW BHH 0.022 8 0.0227 0.019 1 0.023 2 0.023 3
/R 5597 HEG -0.021 7 0.0219 0.018 6 0.022 6 0.0227
SR by HMH —-0.022 3 -0.022 4 0.018 4 0.022 5 0.022 4
RET QH -0.0215 -0.0230 —0.0230 0.0192 0.019 3
VMR SLH —0.027 2 —0.0257 —0.026 6 —0.029 8 0.0232
—HB&I YL —0.021 4 —0.0217 —0.022 4 —0.0212 —0.027 0

e T ORI R B, L= ORI e

Note: The lower triangle is the genetic differentiation coefficient (Fy) among populations, and the upper triangle is the genetic distance (D) among

populations.
xS ANBERRERENS FLTRSHT (AMOVA)
Table 5 Analysis of molecular variation (AMOVA) of six populations of G. przewalskii
A SRR HHZ S5 S EE R e

Source of variation Degree of freedom

Sum of squares

Variance components Percentage of variation/%

BRI Among population 5 13 287.29 —138.528 8Va -2.37
BEAR PN Within population 138 825 536.29 5982.147 OVb 102.37
&7t Total 143 838 823.58 5843.618 3

&I H, M 0.2381~0.313 1, H, A 0.269 0~0.311 5,
M ERGERKFE, HFEMELL SNP A5y
fib £ 815 ZREE AR LA, ARSI 2 & K
(Hy: 0.459 4~0.482 3, H,: 0.336 7~0.344 4) X}
. H e MHAR H, ¥IRT H,, BIAEG Tt H
MG, WA, AEGRGE S Z i T T ERMC
(1) T )RR 0 35 1% Z2 REPE T 58 45 JRAHAL, 5 G
LV 10 MBS TR C s,
ML PR FE) . R T RETTFIR K R 6 4>
MR A5 1L 2R TR ST, 6 DREIARAR
K (Hy: 0.414 5~0.510 5) %, BA—E W
BRI

P; Je i A 8 A Z AR O — T 2R AR,

P s E RGN ES . B TaFiridh
LR, ARG P; (H5 2 w3 T 4ok (4
s i X 510 0 7 0 AR Y Py A R 25 P A B
P, MOCEMAT EE A2,
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