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Abstract With a total of 120 Chinese soft shell turtle of maximum, minimum two groups individual as exp-
erimental material, we analyzed the correlation between 25 selected microsatellite DNA markers and body
weight, carapace length, carapace width, body height, shell length and shell width of Chinese soft shell turtle.
The results indicated that 3 microsatellite loci showed significant or highly significant influences on these growth
traits (p<0.05 or p<0.01). LTF1 is significantly correlated with body weight, carapace length, carapace width, body
height, shell length and shell width; and LTR87 is significantly correlated with body weight, carapace length and
shell width, while LT8 is significantly correlated with body weight, body height, shell length and shell width.
Multiple comparison analysis of genotypes related to growth traits showed that BE genotypes of LTF1, BB
genotypes of LTR87, and CF, BC, AC and CC genotypes of LTS8 played positive roles in growth traits respectively,
which could give effective basis to the study of Chinese soft shell turtle marker-assisted breeding.
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Table 1 The data related phenotypic of the maximal and minimal weight populations of Trionyx sinensis
Population Item Minimum Maximum Mean STD deviation
(2) 578.70 1 185.00 764.48 143.12
Maximum group Body weight (g)
(cm) 13.10 16.71 14.45 0.86
Carapace length (cm)
(cm) 11.10 15.80 12.18 0.92
Carapace width (cm)
(cm) 427 6.50 5.00 0.47
Body height (cm)
(cm) 12.04 14.82 13.36 0.70
Shell length (cm)
(cm) 11.00 14.52 12.36 0.73
Shell width (cm)
(2) 61.43 306.40 162.51 67.48
Minimum group Body Weight (g)
(cm) 6.00 16.33 8.87 1.77
Carapace length (cm)
(cm) 5.32 12.65 7.37 1.27
Carapace width (cm)
(cm) 2.31 4.04 3.06 0.39
Body height (cm)
(cm) 5.82 10.35 7.95 1.13
Shell length (cm)
(cm) 5.03 9.22 7.47 1.05

Shell width (cm)
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Table 2 Correlation coefficient between the groups data and phenotypic traits
N
Characters Mean Minimum Maximum Correlation coefficients
©® (cm) Cm  (cm) (cm) cm)
Body Carapace  Carapace Body Shell Shell
weight (g) length (cm) width (cm) height (cm) length (cm) width (cm)
(2) 120 463.50 61.43 1 185.00 0.940%: 0.947%%  (0.949%:* 0.965%* 0.968*
Body weight (g)
(cm) 120 11.66 6.00 16.71  0.940%: 0.963%*%  0.909%:* 0.965%:* 0.963%*
Carapace length (cm)
(cm) 120 9.77 532 15.80  0.947#*¢  (0.963%: 0.9173%:* 0.967%x* 0.972%x*
Carapace width (cm)
(cm) 120 4.03 2.31 6.50  0.949%x  0.909%* 0.917%: 0.937%x* 0.936%*
Body height (cm)
(cm) 120 10.65 5.82 14.82  0.965%*%  (0.965%: 0.967**%  (0.937%x* 0.988:
Shell length (cm)
(cm) 120 991 5.03 1452 0.968**  (0.963** 0.972%x  0.936%* 0.988x*
Shell width (cm)
ok (p<0.01)
Note: ** indicated highly significant correlation between the two tested traits (p<0.01)
1.2 AE
25 AE BE
339 13.56 AE  DE
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Table 3 Genetic diversity analysis of 25 microsatellite loci in population of Chinese soft-shell turtle

(n) (HO) (He) (PIC)

Locus Number of allele Observed heterozygosity Expected heterozygosity Polymorphic information content
LT79 13 0.392 0.594 0.573
LT42 15 0.842 0.893 0.880
LT60 26 0.833 0.944 0.937
LT7 9 0.392 0.744 0.697
LT61 19 0.592 0.924 0.915
LT48 19 0.592 0.930 0.921
LT9 18 0.742 0.895 0.883
LT70 24 0.800 0.941 0.934
LT49 26 0.900 0.959 0.953
LT47 16 0.942 0.912 0.901
LT64 22 0.892 0.913 0.902
LT38 19 0.689 0.858 0.840
LT46 6 0.483 0.468 0.372
LTS8 9 0.525 0.551 0.528
LT6 6 0.933 0.638 0.573
LT40 23 0.642 0.936 0.928
LTH61 10 0.700 0.778 0.740
LTF56 4 0.567 0.536 0.427
LTF68 11 0.525 0.592 0.556
LTHI101 9 0.742 0.764 0.731
LTRS87 4 0.283 0.293 0.273
LTF1 5 0.983 0.613 0.538
LTH18 9 0.667 0.611 0.557
LTF42 10 0.642 0.866 0.847
LTH30 7 0.375 0.725 0.673

13.56 0.667 0.755 0.723
LSM

7.142 0.196 0.184 0.204
SD

425

Table 4 The x? test of 25 microsatellite loci in the maximal and minimal weight populations

p p

Locus X’ value p value Locus X* value p value
LT79 68.01 0.000 LTS8 90.065 0.000
LT42 413.250 0.000 LTo6 114.667 0.000
LT60 7.825 0.020 LT40 10.131 0.017
LT7 85.886 0.000 LTH61 498.788 0.000
LTo61 17.204 0.004 LTF56 480.000 0.000
LT48 6.369 0.095 LTF68 487.543 0.000
LT9 13.777 0.008 LTHI101 718.130 0.000
LT70 0.757 0.685 LTRS87 480.000 0.000
LT49 1.481 0.224 LTF1 698.571 0.000
LT47 14.613 0.002 LTH18 523.648 0.000
LTo4 8.169 0.086 LTF42 413.259 0.000
LT38 13.493 0.036 LTH30 718.130 0.000
LT46 117.000 0.000

1 p<0.01 ; p<0.05
Note: p<0.01 indicated highly significant difference; p<0.05 indicated significant difference
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Table 5 Correlation analysis on Correlation analysis on growth traits of 3 microsatellites

(® (cm) (cm) (cm) (cm) (cm)

Locus Body weight (g) Carapace length (cm) Carapace width (cm) Body height (cm) Shell length (cm)  Shell width (cm)

LTF1 0.000%* 0.000** 0.000%* 0.000%* 0.000%* 0.000**

LTR&7 0.032%* 0.038* 0.063 0.061 0.054 0.045%*

LT8 0.044%* 0.063 0.054 0.048* 0.045* 0.037*

D (p<0.01); * (p<0.05)
Note: ** indicated highly significant difference (p<0.01); * indicated significant difference (p<0.05)
6
Table 6 Multiple comparison on phenotypic data of different genotypes in seven microsatellite loci
@ (cm) (cm) (cm) (cm) (cm)

Locus Gene  Number Body weight (g) Carapace length Carapace Body height (cm) Shell length Shell width
type (cm) width (cm) (cm) (cm)

LTF1 BE 85 541.07+£303.810%  12.58+2.653%  10.54+2.332% 4.29+0.973* 11.45£2.480%  10.66+2.266"
DE 8 442.11+343.1724%  11.35+3.544 9.48+2.809% 4.09+1.212% 10.37+3.329% 9.75+2.908*
CE 5 388.87+365.165% 10.83+3.763%  8.90+2.987"% 3.79+1.227A%0 9.96+3.2914%  8.93+2.8514%
AE 20 130.92+120.053%  7.82+1.490% 6.62+1.138%  2.89+0.472% 7.25+1.363% 6.78+1.147%

LTR87 BB 83 494.81+333.202%  11.95+3.086™ 9.94+2.572%  4.13+1.077* 10.93+2.844%  10.18+2.576*
BC 18 426.55+264.005* 11.63+2.818"™  10.09+2.810" 3.98+0.953* 10.49+2.664%%  9.78+2.4604%
AB 14 412.73+317.511%  11.21+3.322%  9.37+2.719* 3.79+1.003"® 10.27£3.0234%  9.45+2.7594%
cC 3 389.69+30.557 6.78+1.089% 5.92+0.644%  2.67+0.372% 6.42+0.721% 6.11x1.127%

LT8 CF 10 614.74+275.770%  13.05+2.992**  10.93+2.487* 4.55+1.006* 12.01£2.706%  11.13+2.562*
BC 9 575.70+354.520%  12.65+3.329°% 10.41+2.702* 4.45+1.289" 11.70+2.888%%  10.72+2.850*
AC 521.01+311.983%% 12.25+3.094*% 10.07+2.527 4.25+0.9424% 11.09+2.871%%  10.41+2.566%"
cC 53 501.61+339.699%  11.86+3.014"%* 10.03+2.635* 4.13+1.059* 10.96+2.840%  10.22+2.615%
CD 6 359.13+346.424"™  10.56+3.195%%  8.77+2.661™ 3.73+1.1014% 9.67+3.086"™*  9.09+2.842%
CE 14 289.04+235.686™  10.28+2.8424%¢  8.944+2.950% 3.49+0.771 9.21+2.5524%  8.46+2.055"
BE 3 119.55+36.232% 7.75+1.362% 6.57£0.725%  2.91+0.352% 7.21£1.000% 7.09+0.974%

+ , , :
, (p>0.05), (p<0.05),
(p<0.01)

Note: The mean =+ standard deviation represented the numerical value in different characters, “**” meaned the dominant genotype in
the same loci, figures in brackets represent the size of the amplified fragment of the dominant genotype; The numerical values contain-
ing the same superscript letter expressed no significant difference between the two genotypes (p>0.05), different lowercase represent

significant difference (p<0.05), different uppercase represent highly significant difference (p<0.01) in the same column

LTRS7 BB . 2
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Table 7 Characteristics of the twenty-five microsatellite primers' sequences

(5'-3" (5'-3"

Primer sequence (5'-3") (bp) (‘C) Joint sequence (5'-3") Fluorescence Accession

Locus Production Tm labeling number

size (bp)  (C)

LT6 F: AAAGCAGGGGAGAGAACAGC 145~190 63.1 CAGGAACTCAGTGTGACACTC HEX DQ371923
R: CATGGTCTAGGCAGTGCTGA

LT7 F: ACGCAGGACCAAGAGTGAGG 142~176  62.1 CGACAGACAGTAAGGTCTCTG TAMRA HMO068084
R: TGTGCCACTCCCCGTATTGT

LTS8 F: AGTGAACCTTGCACATCCCAG 176~216 614  CAGGAACTCAGTGTGACACTC HEX DQ371914
R: TCCAGTGAAGGTTCCAGACA

LT9 F: ACCAGTCAGGAAAGTTGACAC 190~244 63.5 CACGACGTTGTAAAACGAC ROX FJ889059
R: GCCAGTTTACCAAGAGATGGA

LT38 F: GGAATAAGGGAAGTCAGAGG 240~300 56 CAGGAACTCAGTGTGACACTC HEX HQ207559
R: CAAAGGATACCATCACCAAA

LT40  F: TTACTGTCAAGTGCTGTCCC 234~309 553  CAGGAACTCAGTGTGACACTC HEX HQ207553
R: AGCGAATCCATAATCCTGTT

LT42 F: CGAAGGTGAAAAAAGGTGTT  183~249  56.7 AGCTCGACCAGTGAGTCAG FAM HQ207555
R: ATGTTTGTTTGCTGGGAAGG

LT46 F: ATTTTTTTGGCATCCTTGTA 235~304 573 CAGGAACTCAGTGTGACACTC HEX HQ207560
R: CTCTTTCCGTCTGTCTTTTT

LT47 F: GGACAACATCCCAGTGAAATG 240~300 55.8 CAGGAACTCAGTGTGACACTC HEX HQ207561
R: CCAATCCCCAAAGAAGGTAA

LT48 F: TAGTCCTTTATTGAACCCTG 286~358 573 CGACAGACAGTAAGGTCTCTG TAMRA HQ207562
R: CTTGAAAGAGCATCTCCATA

LT49 F: TAAAGTGAGGCTAGAGAAG 299~452 573 CAGGAACTCAGTGTGACACTC HEX -
R: AAAAAATGAGTGAGTGATG

LT60 F: CCCCAAGAAGGAAGACTATT  259~393 57.5 AGCTCGACCAGTGAGTCAG FAM HQ207554
R: ATTTGAGAGGAAGCACAG

LT61  F: TGCTGTCCCCCTCTTTTGATT  182~258 60.7 CGACAGACAGTAAGGTCTCTG TAMRA HQ207553
R: AGCAGACAGAAGTATCCCCAA

LT64  F: ATTCCTCTTGAACGCACTCT 149~267 555 CAGGAACTCAGTGTGACACTC HEX HQ207550
R: GGGAACGCATAATGGTAAT

LT70 F: CTTGAAAAAACGGACTTAC 140~242  56.6 CAGGAACTCAGTGTGACACTC HEX HQ207543
R: AATGTCCACGGAGTGTCTAT

LT79 F: TAACAAGCAGGACCAAGAG 146~177 583 AGCTCGACCAGTGAGTCAG FAM -
R: TGTGCCATTCCCCGTATT

LTF1  F: GTGGGTGTTTGGTCAAGGAT 86~125 63 CAGGAACTCAGTGTGACACTC HEX -
R: CTTCCACACACACAACCCTG

LTF42 F: TGCTCGCATTGTCTTCAGTC 246~274 63 CAGGAACTCAGTGTGACACTC HEX -
R: AACCCCAAACACATCCTTGA

LTF56 F: TGCTGTGCTGTATCCCAGAG 274~284 63 CAGGAACTCAGTGTGACACTC HEX -
R: GGATTACCAGGGTTAGGGCT

LTF68 F: GCAACACGCCACATTTACTG  225~278 63 CAGGAACTCAGTGTGACACTC HEX -
R: CGATGAGAGCATCCTGAACA

LTHI8 F: CAGACCCAACAACCCAATCT  253~293 63 CAGGAACTCAGTGTGACACTC HEX -
R: TGAAAGCACACCACCCAGTA

LTH30 F: AGAAGAGAGGGGGTGAGAGC 273~302 63 CAGGAACTCAGTGTGACACTC HEX -
R: GCGTGTGACTTCCTCTGTCA

H61 F: ACCCCTCACAGCATTGTTTC 208~255 63 CAGGAACTCAGTGTGACACTC HEX -
R: GGTTGCAAGGAGTCCCACTA

LTH101 F: CGCTCTGCTTTTGTTTTTCC 171~293 63 CAGGAACTCAGTGTGACACTC HEX -
R: CGGTGTGTGCAAAGACTAGG

LTR87 F: AAGCTCCAGGAACTGTGCAT  189~293 63 CAGGAACTCAGTGTGACACTC HEX -
R: TCCTTCAGCCACATTCAGTG
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