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The genetic diversity of diploid and triploid crucian carp from six
populations in Heilongjiang River System
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Abstract: Twelve microsatellite markers from silver crucian carp were used to investigate the genetic structuring of the
diploid and triploid crucian carp from six natural populations in Heilongjiang River System. In the six populations, the
number of average allele (A) is from 5.8 to 6.8, the number of effective allele (Ne) is from 2.8 to 4.6, the expected het-
erozygosity value (Hg) is from 0.5592 to 0.6962 and the average PIC value is from 0.5962 to 0.648, which indicated that the
genetic diversity of the populations investigated is rich. According to genetic deviation index (d), deviation from
Hardy-Weinberg equilibrium was found in these populations and all of them showed heterozygosity excess. Kruskal-Wallis
test indicated that there was no significant variance in different ploid level and populations. No extra alleles that present
with the increase of ploid level were found. The coefficient of gene differentiation between populations(Gsr)was 0.0398
which indicated low values of genetic differentiation between these populations. Genetic distance was calculated and cluster
analysis was also carried out. The results showed that distance between polyploid and diploid in same water was the nearest.
Among populations, Songhua River and Ussuri River were the nearest, Xinhuangpao Lake and Moon Bay Lake were nearer,
and Shuangfeng reservoir has the largest genetic distance with others.
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Table 1  Collecting time and number of samples
Ploidy
Population Time Number L L
Diploid Triploid
Shuangfeng Reseviour 2005.10 55 12 43
Hulun Lake 2005.12 35 6 29
Songhua River 2006.5 59 38 21
Ussuri River 2006.5 58 35 23
Xinhuangpao Lake 2006.7 22 4 18
Moon Bay Lake 2006.7 30 3 27
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Fig. 1 Histogram picture of nuclear DNA content of the crucian carp taken by flow cytometry

A: Diploid; B: Triploid.
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Table 2  Allelic variability for six populations at twelve microsatellite loci
Locus A Ne Ho He d PIC
J4 3.2 1.3 0.2791 0.1896 0.4718 0.1655
J9 8.0 5.0 0.8288 0.7839 0.0573 0.7570
J12 7.8 4.9 0.9245 0.7889 0.1720 0.7573
J58 8.3 5.1 0.9909 0.7790 0.2720 0.7451
J69 6.0 3.9 0.9951 0.7410 0.3428 0.6947
HLJY-018 12.8 8.2 0.9769 0.8778 0.1128 0.8658
HLJY-016 2.3 2.0 0.8510 0.4935 0.7242 0.3686
HLJY-025 4.8 3.0 0.8476 0.6696 0.2658 0.6168
HLJY-030 7.2 5.3 0.9933 0.7970 0.2464 0.7660
HLJY-034 5.0 3.1 0.9482 0.6654 0.4249 0.6059
HLJY-019 4.8 3.0 0.9479 0.6467 0.4657 0.5765
HLJY-035 55 2.6 0.9758 0.6069 0.6078 0.5269
£3 6 M HBRENBESRIESH
Table 3 Genetic diversity of six crucian carp populations
6 Six crucian carp populations
Parameter Ploid i i
y Xinhuangpao Moon Bay Lake Us_surl Shuangfr_eng Hulun Soqghua
Lake River resevoir Lake River
2n 3.6667 3.3333 6.0000 5.4167 4.0833 6.1667
A 3n 6.5833 6.2500 6.1667 4.7500 5.7500 4.8333
total 6.8333 6.5000 6.5833 5.7500 5.7500 6.4167
2n 2.7840 2.8201 4.0231 3.5021 3.2779 3.6299
Ne 3n 4.5753 4.0366 4.1946 3.3264 3.5394 3.4951
total 4.3942 4.0779 4.2072 3.5464 3.6178 3.8420
2n 0.8333 0.7222 0.8899 0.9444 0.8056 0.8389
Ho 3n 0.8889 0.8654 0.8636 0.9823 0.8631 0.8667
total 0.8788 0.8506 0.8750 0.9722 0.8529 0.8500
2n 0.5769 0.5592 0.6817 0.6664 0.6124 0.6466
H 3n 0.6962 0.6706 0.6827 0.6479 0.6570 0.6219
¢ total 0.6915 0.6713 0.6868 0.6652 0.6563 0.6485
2n 0.4444 0.2914 0.3054 0.4173 0.3155 0.2973
q 3n 0.2767 0.2905 0.2650 0.5162 0.3136 0.3937
total 0.2708 0.2670 0.2741 0.4616 0.2995 0.3106
2n 0.5355 0.5035 0.6331 0.6017 0.5605 0.5928
PIC 3n 0.6552 0.6274 0.6394 0.5725 0.6120 0.5638
total 0.6481 0.6285 0.6413 0.5973 0.6115 0.5962
, (H=17.4901, d; =5, P>0.05; H= (D) (),
11.6364, d;=11, P>0.05) 0.5, 0.5
d (D
Hardy-Weinberg , 0.0300), (I 0.9704);
, Hardy-Weinberg (D
: 0.4695), (I 06253) 6
(Multi-group test) , 12 6 , (I 0.9395),
Hardy-Weinberg , J9 (D 0.7040), 4 5
2.4 , MEGAA4.0 , UPGMA
Neil® 6 2
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Table 4 Genetic identity (1) and distance (D) in different ploidy populations

Xinhuangpao Lake Moon Bay Lake Ussuri River Shuangfeng resevoir Hulun Lake Songhua River
Population Ploidy
2N 3N 2N 3N N 3N 2N 3N 2N 3N N 3N
2n - 01571 02836  0.1995 02570  0.2894 03076 03299 02612 02316 03388  0.3728
Xinhuangpao Lake
3 0.8546 - 01816 00654 01248 01330 02717 02199 01717 01421 02002  0.2370
2n 07531  0.8339 - 01776 02178  0.1966 03942 03268 02510 02545 02241  0.2914
Moon Bay Lake 3n 08191 09367  0.8373 - 01336 01413 02976 02548  0.575  0.1248 01971  0.2391
2n 07734 08827  0.8043  0.8749 - 00300 03057 02347 01290 00997 01099  0.1397
Ussuri River 3n 07487 08755  0.8215  0.8682  0.9704 - 02996 02564 01192 00973  0.1056  0.1493
on 07352 07621  0.6742 07426 07366  0.7411 - 0.0963  0.4263  0.3594  0.4042  0.4695
Shuangfeng resevoir 3n 07190 08026 07212 07751 07908 07738  0.9082 _ 0.3238 02727 03597  0.3852
2n 07701 08422 07780 08543 08790  0.8876  0.6529  0.7234 - 00682  0.1926  0.2170
Hulun Lake
3n 07933 08675 07753  0.8827 09051 09073 06981 07613  0.9341 _ 01519  0.1837
2n 07126 08186 07992 08211 08959  0.8998  0.6675  0.6979  0.8248  0.8591 - 0.0692
Songhua River 3n 06888 07890 07472 07873  0.8696  0.8613  0.6253  0.6803 08049 08322  0.9331 -

Notes: Numbers above the diagonal are genetic distance and numbers below are genetic identity.
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Table 5 Genetic identity (I) and distance (D) in six populations collected

Xinhuangpao Lake Moon Bay Lake Ussuri River Shuangfeng resevoir Hulun Lake Songhua River
. - 0.0624 0.1245 0.2087 0.1309 0.2011
Xinhuangpao Lake
0.9395 - 0.1207 0.2394 0.1172 0.1848
Moon Bay Lake
A 0.8829 0.8863 - 0.2388 0.0860 0.0988
Ussuri River
. 0.8116 0.7871 0.7915 - 0.2765 0.3510
Shuangfeng resevoir
0.8773 0.8894 0.9176 0.7584 - 0.1451
Hulun Lake
. 0.8178 0.8313 0.9059 0.7040 0.8649 -
Songhua River
Notes: Numbers above the diagonal are genetic distance and numbers below are genetic identity.
I: B35 BLT Ussuri River (2n)
595 BT Ussuri River (3n)
{ FAAETT Songhua River (2n)
FAAETT. Songhua River (3n)
42 Hulun Lake (2n)
IFFfE3] Hulun Lake (3n)
H A Moon Bay Lake (2n)
H %L Moon Bay Lake (3n)
Hriicid Xinhuangpao Lake (3n)
Hi7iEil Xinhuangpao Lake (2n)
E— AUAK I Shuangfeng resevoir (2n)
L XUAUKIE Shuangfeng resevoir (3n)
0.15 0.10 0.05 0.00
2 BHAHI UPGMA & F R 4Rt
Fig.2 UPGMA molecular trees of populations
: ; , Ne Ho He
, ) 3.5~4.3 0.8500~0.9722  0.6485~ 0.6962,
6 Ne Ho He ,
(Gsr) 0.0398 Ne Ho He
3 [31
3.1 0.5885~0.6091,
PIC Bl
Ne Ho He 0.607~0.721, DeWoody
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