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2003; Xu et al, 2012; , 2015; Zhang et al, 2017), 1
( 1.1
) (Li
et al, 1993; Guo et al, 1997; Chu et al, 2003; Tang et al, 2017 10—
2003; Wang et al, 2008; Sui et al, 2009; Xu et al, 12 (LH) (HH) Y2)
2012) (0J) MJ) (NLJ) s
s 1
(Sui et al, 2011a; Wu et al, s
2011) R 10
, , , —40°C
(Jarvis et al, 1994; Dalsgaard et al, 2003),
1.2
(Arslan et al, 2018; Santos et al, 2018), Morrison Smith (Morrison et al,
(Grahl-Nielsen et al, 2010; 1964), 14% - 82
, 2013) , Agilent 7890B-5977A -
(GC-MS) ,
, Omegawax 320 (30mx0.25mmx0.25um;
Supelco, Billefonte, PA, USA)
, 240°C, 245°C
6 40°C, 10°C/min 170°C,
, 6 2°C/min 220°C, Imin,
, 2°C/min 230°C,
, (Sigma-Aldrich Co., St.
Louis, MO, USA),
x1 KRHUABEHMERR
Tab.1 The information of Eriocheir s. s. samples from the six river basins
122.70°E 40.70°N LH 10
118.52°E 37.61°N HH 10
119.27°E 32.11°N YZ 10
120.34°E 28.06°N oJ 10
119.08°E 26.08°N MJ 10
109.04°E 21.39°N NLJ 10
1.3 x 100
0.3% 6 e HEO =3 4, /3B
) i=1 i=1
6 s , , 4; l , B;
i , k
Py (%) = ( / )
x 100 1.4
Py (%) = ( / ) 0.3% 6
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, 2 6 26
60% 1 , s C18:1n9 C18:2n6
C20:4n6 (C22:5n3 (22:6n3; 3 SFA C16:0
C18:0 6
1.5 , ,
0.3% , LH HH YZ OJ MJI NLJ
, 6 2.99%—27.42%  5.05%—30.00%  5.20%—
, 29.84% 5.70%—29.76% 6.90%—29.72% 3.69%—
1.6 28.76% 6 , C16:0 C18:0
SPSS22.0 6 10%
S +
(X + SE) Levene’s 3 6
, , Shannon-Weaver 26
ANOVA ,
3.2981, 3.2732—3.3204,
( ) S SFA, C22:In9 6
6 , ,
LH MJ
2 2.2
2.1 6 )
6 26 6 26
, 7 EPA (C20:5n3) ,
(C18:1n9) DHA(C22:6n3) (C16:0) 8 C17:0 C18:0 C20:0 C22:1n9 C18:3n3
(C20:4n6) (C18:2n6) (C18:0), C18:3n6 C20:22n6  C22:5n3 8
7 74% MI , s ( 8
EPA 16.3%, 5 , MJ X1 Xq )

HH YZ O] , 4 Yin = 228.47X, + 47.53X, + 69.15X; + 304.17X, +
LH  NLJ . C18:1n9 261.41X5 —14.68X, + 41.41X; + 310.25X5 —~731.90
DHA Yz , 15.34% Yin = 258.68X; + 52.62.X, + 78.09.X; + 230.47X, +

235.63Xs + 39.83X; + 27.84X; + 262.82X; —714.23
13.25%, C18:1n9 6 Yyz = 249.46X, + 44.67X, + 41.46X; + 210.30X, +
, DHA, LH 5 218.91.X5 —7.05X, + 29.10X; + 242.82X; —558.07
, YZ MJ DHA OJ NLJ Yo; = 238.85X; + 50.69X, + 40.09X; + 180.32X, +
(SSFA),  200.77X5 ~13.63X, + 34.92.; + 286.79; ~618.62
HH 21.69%, HH MJ 5 Yay = 271.53X, + 47.62X, + 19.65X; + 194.73X, +
’ 174.83X;5 —15.56X, + 35.19X; + 296.81.X; —609.58
SFA 5 , LH Yoy = 314.80X, + 54.54X, + 124.78X; + 165.85X,
YZ 0OJ NLJ +218.61X5 —153.77X + 33.78X, + 289.88X; —713.48
(> MUFA), YZ ,LH ; 8 6
NLJ S MUFA 5 , )
JHH  MJ , Py 90%—100%, P,
; n-3/n-6 ,LH 90.91%—100%, 6
5 ( 2) 100%, 98.33% ( 4)
6 , 6
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Tab.3 The compare of diversity index in the six Eriocheir s. s. populations’ major fatty acid quantitative characters
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FT2 6 NAEBEAREHRANINER(FEHELRER)
Tab.2 Fatty acid composition and variation of the six Eriocheir s. s. populations (mean + SE)
LH HH YZ 0J MJ NLJ
n=10 n=10 n=10 n=10 n=10 n=10
C14:0 0.36 + 0.03* 0.38 +0.02° 0.38 + 0.02% 0.31+0.02% 0.27 +0.02° 0.40 + 0.02°
Cl15:0 0.30 + 0.02° 0.39 + 0.04¢ 0.36 +0.02%¢ 0.23+0.01° 0.25+0.02% 0.23 +0.02°
C16:0 10.21 +0.14" 10.49 + 0.34° 10.58 + 0.24° 10.47 + 0.29° 9.55+0.33% 8.98 + 0.20°
C17:0 0.80 £ 0.03™ 1.05 +0.07¢ 0.91 = 0.03" 0.76 £ 0.05" 1.02£0.07° 1.67 £0.07¢
C18:0 7.20 £ 0.07° 8.45+0.14° 6.87 £0.11° 7.63 £0.14° 7.06 +0.15° 7.88 +0.09°
C20:0 0.47 £0.01° 0.50 + 0.01% 0.33 + 0.02% 0.37+£0.01° 0.31 £0.02° 0.53 +0.02¢
C22:0 0.45 +0.03¢ 0.43 +0.01% 0.26 +0.02° 0.37 +0.02 0.32 + 0.03% 0.47 +0.03¢
Y SFA 19.79 + 0.15° 21.69 + 0.26° 19.69 + 0.24° 20.15 +0.33% 18.78 + 0.44° 20.18 +0.23%
C16:1n7 2.80 + 0.25% 3.59 + 0.26° 3.01 +0.20% 2.25+0.19° 2.08 +0.14° 3.56 +0.32°
C17:1n7 0.66 + 0.05° 0.83 +0.07° 0.76 £ 0.05° 0.48 £ 0.04* 0.72 + 0.06" 1.57 +0.10°
C18:1n7 3.25+0.12% 3.60 +0.11% 3.80 £ 0.130° 3.38 4+ 0.10% 3.56 +0.17% 2.92 +0.16"
C18:1n9 15.08 + 0.44° 15.01 + 0.6° 15.34 + 0.46 14.61 +0.57 13.86 + 0.91° 14.68 + 0.45°
C20:1n9 0.61 + 0.02% 0.59 +0.05° 0.97 +0.09° 0.72 + 0.04* 0.80 + 0.05% 0.58 + 0.05°
C22:1n9 0.32 +0.02¢ 0.18 +0.01% 0.17 +0.02% 0.11 £0.01° 0.19 +0.02° 0.14+0.01%®
YMUFA 22.83 +0.63¢ 23.87 + 0.84° 24.15 + 0.50% 21.62 +0.73% 21.29 +0.93" 23.54 + 0.63°
C18:2n6 9.69 +0.47¢ 8.23 £0.61° 7.36 + 0.40% 6.94 + 0.33% 6.31+0.40° 3.34+0.25°
C18:3n3 1.87 +0.13% 2.23+0.18¢ 1.64+0.13° 1.13+0.10° 0.60 £ 0.04* 1.19 £ 0.06°
C18:3n6 0.20 £ 0.01° 0.32 +0.02¢ 0.13 £0.01° 0.17 £0.01° 0.12£0.01° 0.06 + 0.00°
C20:2n6 1.99 +0.12° 1.25+0.10° 1.32+0.07* 1.70 + 0.13% 1.60 + 0.15% 1.55+0.11%
C20:3n3 0.42 + 0.04¢ 0.36 + 0.03% 0.38 + 0.03¢ 0.29 +0.02° 0.17+0.01° 0.27 £0.02°
C20:4n6 9.44+0.57° 6.63 +0.20° 6.92 + 0.59° 8.63 + 0.39° 9.91+0.43° 9.34 + 0.40°
C20:5n3 14.05 + 0.39% 15.92 £ 0.45° 15.53 + 0.64" 15.8 £0.59° 16.3 +0.64° 13.13 + 0.32°
C22:5n3 2.09 £0.12¢ 1.23+0.10° 0.81 £ 0.05° 1.73 £0.15% 2.10 £0.19¢ 1.43 +0.09*
C22:6n3 8.97 +0.78° 10.26 + 0.39° 13.25£0.77¢ 11.84 + 0.40"¢ 11.04 + 0.45% 12.23 + 0.36%
SPUFA 48.73 +0.78° 46.42 + 0.68" 47.33 +0.68" 4823 +1.37° 48.16 + 1.08" 42.55 + 0.60°
YHUFA 36.96 £ 0.59° 35.65 £ 0.36° 38.21 +0.85™ 39.99 + 1.24% 41.13 £0.93° 37.95 £ 0.60"
>n-3PUFA 27.41 + 0.93° 30.00 + 0.25% 31.6 £ 1.22° 30.79 + 0.81% 30.22 +0.91% 28.25 +0.61%
Yn-6PUFA 21.31+0.95° 16.42 +0.77% 15.73 £ 0.86™ 17.45 + 0.64° 17.94 +0.73° 14.29 + 0.58°
n-3/n-6 1.32+0.10° 1.83 +£0.09° 2.11+0.20° 1.78 £ 0.05° 1.72+0.10° 2.03 £0.13°
0.3% « ) (P<0.05)

LH HH YZ oJ MJ NLJ
C14:0 3.2901 3.3027 3.2950 3.3043 3.2890 3.3031 3.2974
C15:0 3.2969 3.2573 3.2981 3.2940 3.2827 3.2769 3.2843
Cl16:0 3.3206 3.3144 3.3183 3.3162 3.3132 3.3185 3.3169
C17:0 3.3116 3.2846 3.3153 3.2940 3.2832 3.3075 3.2994
C18:0 3.3213 3.3200 3.3200 3.3196 3.3185 3.3209 3.3201
C20:0 3.3164 3.3201 3.2952 3.3139 3.2782 3.3111 3.3058
C22:0 3.2990 3.3142 3.2783 3.2924 3.2639 3.2954 3.2905
>SFA 3.3215 3.3209 3.3209 3.3200 3.3180 3.3210 3.3204
Cl16:1n7 3.2668 3.2864 3.2883 3.2704 3.2869 3.2586 3.2762
C17:1n7 3.2754 3.2673 3.2919 3.2565 3.2752 3.2914 3.2763
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LH HH YZ oJ MJ NLJ
C18:1n7 33114 3.3145 3.3133 3.3161 3.3067 3.3022 3.3107
C18:1n9 3.3159 3.3109 3.3153 3.3108 3.2923 3.3153 3.3101
C20:1n9 3.3147 3.2623 3.2566 3.3018 3.2877 3.2667 3.2816
C22:1n9 3.2872 3.2761 3.2622 3.2738 3.2522 3.2876 3.2732
>MUFA 3.3164 3.3133 3.3188 3.3136 3.3085 3.3169 3.3146
C18:2n6 3.3055 3.2822 3.3009 3.3049 3.2936 3.2838 3.2952
C18:3n3 3.2883 3.2764 3.2772 3.2622 3.2817 3.3014 3.2812
C18:3n6 3.2970 3.2776 3.2619 3.2915 3.2672 3.2943 3.2816
C20:2n6 3.2932 3.2757 3.3012 3.2758 3.2541 3.2791 3.2799
C20:3n3 3.2675 3.2541 3.2714 3.2821 3.2984 3.2813 3.2758
C20:4n6 3.2932 3.3154 3.2684 3.3071 3.3084 3.3078 3.3001
C20:5n3 3.3161 3.3160 3.3091 3.3116 3.3112 3.3176 3.3136
C22:5n3 3.2989 3.2746 3.2877 3.2668 3.2658 3.2940 3.2813
C22:6n3 3.2701 3.3114 3.2976 3.3135 3.3098 3.3156 3.3030
>PUFA 3.3201 3.3204 3.3204 3.3161 3.3183 3.3205 3.3193
>HUFA 3.3201 3.3212 3.3183 3.3149 3.3183 3.3201 3.3188
>n-3PUFA 3.3135 3.3214 3.3109 3.3169 3.3155 3.3186 3.3161
>n-6PUFA 3.3077 3.3063 3.2997 3.3118 3.3097 3.3095 3.3075
n-3/n-6 3.2847 3.3047 3.2605 3.3169 3.2980 3.2937 3.2931
Mean 3.3020 3.2971 3.2969 3.2990 3.2932 3.3013 3.2981
x4 KAAEBBHAEZSHINSAARER
Tab.4 The testing discriminant results of Eriocheir s. s. populations from six river basins
(%)
LH HH YZ 0l MJ NLJ P, P, (%)
LH 10 10 0 0 0 0 0 100 100
HH 10 0 10 0 0 0 0 100 100
YZ 10 0 0 10 0 0 0 100 100 08.33
oJ 10 0 0 0 10 0 0 100 90.91
MlJ 10 0 0 0 1 9 0 90 100
NLJ 10 0 0 0 0 0 10 100 100
2.3 , o] MJ
26 6 3.0352; YZ ,
(PCA  )( 1) 1 5.3137; LH NLJ ; LH NLJ
, 6 , 12.1338
,0J  MJ 3
R NLJ , HH 3.1
YZ LW
2.4 )
6 26 ,
6 (Sui et al, 2011a; Wu et al, 2011)
2 5 , OJ MJ HH YZ (
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) (Grahl-Nielsen et al, 2010)
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(Jarvis et al, 1994; Dalsgaard et al,
2003), (Shin et
al, 2008; Imbs et al, 2009) Neira (2004)

(Oncorhynchus kisutch)

( , 2016; Grahl-Nielsen et al,

2010)
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trituberculatus) (Veretillum cynomorium)
(Cerastoderma edule) (

, 2013; Ricardo et al, 2015; Figueiredo et al,
2017)

26
, C20:5n3 C18:1n9 C22:6n3 C16:0 C20:4n6
C18:2n6 C18:0 7 ,
( ,2016) 6
) EPA
R ARA(20:4n6) ;
DHA , )

(Chapelle, 1978; Wang et al, 2007);

>

(Sui et al, 2011a);

(Dalsgaard et al, 2003;

2013) 8 ,
98.33%
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Fig.1  Scatter diagram for the first and the second principal
components of Eriocheir s. s. populations from six river basins
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Fig.2 Diagram of cluster analysis of Eriocheir s. s. populations
from six river basins
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Tab.5 Comparison of Euclidean distances (below diagonal) between the six Eriocheir s. s. populations

LH HH oJ MJ NLJ
LH 0.0000
HH 7.8374 0.0000
YZ 9.4440 5.3137 0.0000
(02) 7.6502 6.6356 4.7666 0.0000
MJ 8.1208 8.7152 6.9061 3.0352 0.0000
NLJ 12.1338 8.8676 8.5425 9.1500 9.6286 0.0000
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(Atta-Krah et al, (Herborg et al, 2003; Chen et al, 2014),
2004) s )
:Xu  (2012) ( , 2011),
s : Okinawa ,
(2015) , (2016)
D-loop >
, ; Zhang
, , (2017) Cytb
6 ) >
(Ma et al, 2007; Chang et al, 2008) , s
( ,2015); )
( , 2015; , 2016) ,
, ( , 1999), ,
3.2
, 5
(Anandakrishnan et al, 2008) , ,
(Abdi et al,
2010) 6 26
4
; PCA ,
b 9 6
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THE POPULATION INHERITANCE OF SIX MITTEN CRAB POPULATIONS
(ERIOCHEIR SENSU STRICTO) IN COASTAL CHINA BASED ON PHOSPHOLIPID
FATTY ACIDS BIOMARKERS

ZHANG Cheng"?, ZU Lu"?, LI Qing-Qing"? CHENG Yong-Xu"?*? WU Xu-Gan"*?

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306,
China; 2. Shanghai Collaborative Innovation Center for Aquatic Animal Genetics and Breeding, Shanghai Ocean University, Shanghai
201306, China; 3. National Demonstration Centre for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China)

Abstract The fatty acid composition of aquatic animal muscles can be used to evaluate their population inheritance. In
this study, the fatty acid compositions of the six Eriocheir sensu stricto population muscles were measured and compared
in phospholipid fatty acids biomarkers, and the six populations were from Liaohe, Huanghe, Changjiang (Yangtze),
Oujiang, Minjiang, and Nanliujiang River basins. The genetic diversity and phylogenetic relationship were analyzed among
the six Eriocheir s. s. populations. The results show as follows: (1) All the six Eriocheir s. s. populations contained 26
types of fatty acids among which the total volume of seven main fatty acids C20:5n3, C18:1n9, C22:6n3, C16:0, C20:4n6,
C18:2n6, and C18:0 was over 74%; (2) There were eight fatty acid indices with high contribution to the discrimination of
the six Eriocheir s. s. populations, including C17:0, C18:0, C20:0, C22:1n9, C18:3n3, C18:3n6, C20:2n6, and C22:5n3.
Relevant discrimination equations were established for each Eriocheir s. s. population, the synthetic discriminant accuracy
was 98.33%; (3) The results of cluster analysis show that the Euclidean distance between OJ and MJ populations were the
closest, and the distance between HH and YZ populations were relatively larger than those of OJ and MJ populations, and
the Euclidean distance of NLJ population was the farthest compared with the other five populations; (4) Among the six
Eriocheir s. s. populations, the variable coefficients of fatty acid content ranged 2.99%—30.00%, and the genetic diversity
indexes varied from 3.2732 to 3.3204. Overall, the genetic diversity indices of the six populations were quite high based on
phospholipid fatty acids biomarkers. Fatty acids were effective to identify the six Eriocheir s. s. populations. The
phylogenetic relationship of the other five populations were the farthest from NLJ population. The results of this study
provide basic information for the evaluation, development and utilization of germplasm resources of Eriocheir s. s.
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