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(Bookstein et al, 1985)

(SLAF-Seq),

, (SNPs InDels),
GBS RAD-seq SLAF-seq
SNP , )
1
QTL ( 1.1
,2013) SLAF-seq SNP 2013 11—12
InDEL ,
(SNP) Motomura  (2002) ,
(SV) : : : 95%
) 1
xR 1 ZEINE D5 S D S A AN AL E F A
Tab.1 The number and size of samples of E. rhadinum and E. tridactylum populations
(cm) (kg)
+ +
40 18.0—24.6 22.22+1.90 0.139—0.273 0.211+0.046
40 21.8—27.5 23.86%1.78 0.176—0.309 0.243+0.055
1.2
1.2.1
(TL) (HL) (LBA)
(FL) (BH) (PL); (2013)
0.1mm, 1 1 ( ,
1.2.2 2013)
. Fig.1 The framework measurement diagram of E. rhadinum and
, Reist(1985) E. tridactylum
, e = exp[InY-b(InX~ 1—11 L ;2 ;3 ;4
InX;)] e Y b Y InX > 6 7 8
;9 ; 10: ;11
> X s XL
SPSS
(version 19.0) (discriminant analysis)
26 P =(0/M)*x100%;
(principal component analysis, PCA), , P iAi/iBi 1$100%

i=1 i=1
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0= , M= 2.1.2
, A= i , B= i S
, k= SPSS 7 , 96.112%,
19.0 , 2 28.759% 21.467% 15.469%,
65.695% D1-2 D14
1.3 D5-8 D6-8 D6-9 D7-9 D7-10 D7-11
K / DNA ,
( , 2000), (Cynoglossus semilaevis) :

(GC 40.81%)
DNA 500 ng,
0.6 U Mse I (NEB, Hitchin, Herts, UK) T4 DNA
(NEB) ATP (NEB) Msel (NEB) 37
15 h, 65 1 h, Hae 111
Bfal 37 3h Quick Spin
column (Qiagen)
PCR ,
25uL, DNA 100ng 10xbuffer 2.5 uL.
2.5 mmol/LANTP2 pL. 5U  Taq DNA (NEB)
0.3 uL 10 umol/L Mse 1 2 uL ddH,O 25 uL
PCR E.Z.N.A. Cycle Pure Kit (Omega) ,
Msel T4 DNA ATP  Solexa , 37
5h Quick Spin Column (Qiagen)
» 2% , )
Phusion Master Mix (NEB)
PCR ,
(Illumina, San Diego, CA, USA)

Solexa
Illumina GAIIx

2
2.1
2.1.1 ,
83—97, 12—14, 15—17;
71—79, 912, 13—15
2

*2 ZEMIEDEH 5D SREFGRESHFELR
Tab.2 The morphological comparison between E. rhadinum
and E. tridactylum populations

83—97 -
14 17—18 ©5 141822
1214 514
71—79 -
12 17—19 © 15 —1519-23
S 13—14

13-15

D9-11 ,
; D3-4 D3-5 D3-8
D4-8 ,
( 3)
2
, 2 1
2
2.1.3 , 2
; , PL D9-11
D5-8 D6-8 ,
100%,

E. rhadinum:

Y=-879.116+1727.685X,+2789.212X,+762.232X;
+3153.413X,

E. tetradactylum:

Y=-942.321+2925.802X,+3348.728X,+298.423 X3
+2525.998X,

, Xi—X, PL D9-11 D5-8 D6-8
, 100%(  4)
2.2
2.2.1 SLAF
SLAF 140973
, SLAF 109005
SLAF 93036 ,
SLAF 33428 3
140973  SLAF ,
3 SLAF ,

(Repeat) 9619
(22.85%),

6.82% Marker) 32216
( ), ( )
(No Poly) 99138  (70.32%)
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Tab.3 Eigenvectors and cumulative contribution rates of factor loadings in principal component analysis on morphological variation in
two populations

1 2 3 4 5 6 7
TL 0.475 —-0.105 0.004 0.615 0.405 0.311 -0.072
HL -0.269 -0.626* 0.088 -0.219 0.284 —-0.258 0.022
FL -0.447 0.698* -0.048 0.169 -0.275 -0.193 0.286
BH -0.261 -0.575 0.015 0.370 0.132 0.507 0.234
LBA 0.390 -0.813* -0.331 0.432 0.335 —0.488 0.311
PL 0.297 0.625* -0.099 0.158 -0.150 -0.155 0.312
D1-2 0.705* 0.490 0.454 -0.359 0.033 -0.394 0.542
D1-3 0.329 0.234 0.254 0.045 0.067 -0.291 —-0.335
D1-4 0.782* 0.430 0.356 0.097 -0.349 0.327 -0.054
D2-3 0.228 0.577 -0.294 0.481 0.395 0.123 0.015
D3-4 0.406 0.232 0.795* -0.017 0.159 0.055 0.206
D3-5 0.497 0.348 0.674* -0.099 0.254 0.174 0.243
D3-8 -0.325 -0.297 —0.685 * 0.082 0.043 0.120 0.144
D4-5 0.202 -0.476 0.156 0.275 0.418 -0.442 -0.360
D4-8 -0.306 0.282 -0.610% -0.481 -0.002 0.334 0.224
D5-8 0.755* 0.346 -0.522 -0.358 0.075 -0.324 0.004
D6-7 0.571 0.127 -0.063 -0.428 0.294 0.125 -0.147
D6-8 0.799* 0.467 -0.023 0.099 -0.027 0.196 —-0.056
D6-9 0.688* 0.258 0.081 0.331 -0.543 -0.060 0.160
D7-9 0.654* 0.437 -0.238 0.419 -0.403 -0.418 0.109
D7-10 -0.740% 0.142 0.447 0.259 -0.436 0.068 -0.193
D7-11 -0.767* 0.353 0.322 0.139 -0.415 0.184 0.010
D8-9 0.599 -0.333 0.257 0.127 0.060 0.167 0.011
D9-10 -0.535 0.341 0.412 0.247 0.354 -0.101 -0.147
D9-11 0.254 0.764* 0.175 —-0.188 0.554 -0.047 0.089
D10-11 0.129 0.202 0.134 -0.025 0.321 -0.033 0.105
6.267 5.501 3.770 2.748 2.001 1.878 1.021
(%) 28.759 21.467 15.469 9.423 7.893 7.310 5.791
(%) 28.759 50.196 65.695 75.118 83.011 90.321 96.112
* >0.600
32216  Marker, GATK
2 SNP INDEL 12884 InDel, (6.00%),
SNP 68992 8031 (62.33%), 4080
, InDel 12884 (31.67%)
2.2.2 SNP InDel 5
3
>
SNP 69207 , : C/T 22458 3.1
(32.45%), A/G 22173 (32.04%); 19 s Bleeker(1862)

A/T 7900 (11.42%); A/C 6171 (8.92%); T/G 6040
(8.73%); C/G 4465 (6.45%)
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Fig.2 The distribution of first 2 principal components in ,
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Tab.4 The discrimination results between E. rhadinum and E. ’
tridactylum populations , , ,
2 () ;
Py (%) Pa(%) .
40 40 0 100
100 ’
40 0 40 100 (Motomura et al,
2002), 5
= Marker[32216] ( 2011 2011)
= NoPoly[99138]
= Repeat[9619]
4
3 SLAF >
Fig.3 The statistical results of SLAF tag type 100%, ,
x5 2/NEEHKE SNP EEIGit
Tab.5 The statistical results of SNP type between E. rhadinum (2011) 4 100%
and E. tridactylum populations )
Type of SNP Count Frequency per kb P(%) ’ ( 008)
Transition ’
C/T 22458 0.20 32.45 100%
A/G 22173 0.19 32.04
Transversion
A/T 7900 0.07 11.42
A/C 6171 0.06 8.92 3.2
T/G 6040 0.06 8.73 P
C/G 4465 0.04 6.45
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MORPHOLOGICAL VARIATIONS AND GENETIC LOCI VARIATIONS BETWEEN
ELEUTHERONEMA RHADINUM AND E. TRIDACTYLUM ALONG CHINA COAST

ZHAO You"*? ~ZHUANG Ping’, ZHANG Tao’, ZHAO Feng’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Marine and
Estuarine Fisheries Resources and Ecology, Ministry of Agriculture of China, East China Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Shanghai 200090, China; 3. Tangshan Entry-exit Inspection and Quarantine Bureau, Tangshan 063000,
China)

Abstract Eleutheronema rhadinum and E. tridactylum are economically valuable species. We analyzed 26
morphological traits in multivariate comparison method for the two species distributed along China coast. Seven principle
components were extracted and their accumulative contribution rate was 91.112%, of which the first three principle
components contributed 28.759%, 21.467%, and 15.469%. Morphological variations between E. rhadinum and E.
tridactylum were substantiated on back of head, caudal feature, dorso-ventral axis, and anterior-posterior axis.
Discriminant functions of two populations based on 4 morphological parameters were proposed, with which overall
discrimination accuracy reached 100%. These functions were used to analyze species resource of the fish. Meanwhile,
using simplified genome sequencing technology, SNP and InDel between E. rhadinum and E. tetradactylum populations
were obtained for 69207 and 12884, respectively, which enriched information of the genetic structure field. This study may
provide a support in resource estimation and protection, selective breeding, and functional gene research of Eleutheronema
genus.

Key words Eleutheronema rhadinum; Eleutheronema tridactylum; morphological variation; genetic loci variation



