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ABSTRACT In this study, a total of 10 659 Zostera marina EST sequences were download-
ed from NCBI database, from which 65 EST-SSR loci were searched with the frequency of
1. 7% and the average distributing distance of 21. 7 kb. Out of all the repetitive motifs, the tri-
mer was dominant at a ratio of 49. 2%, followed by the dimer at a ratio of 33. 8%. Based on the
searched 65 EST sequences, 30 pairs of primers were designed and synthesized, of which 26

pairs had amplification products with unambiguous bands at similar or larger size than expected.
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Using eight pairs of polymorphic primers in a population of 16 individuals, the genetic diversity
of Z. marina population in Huiquan Bay, Qingdao was analyzed. A total of 33 alleles were ob-
tained at an average of 4. 1 alleles per locus, and the genetic diversity of the investigated popula-
tion was relatively high (Ho=0.538 2; He=0.577 6). The EST-SSR markers developed in
this study will provide data for molecular ecology and population genetics study of Z. marina.
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SR oy AT I B — 2RI TR E T A TR S O TR . AR NI R R — O R
BOERE R, Rin A AE R R G —  HAEBENAES AT M H (Orth er al. 2006; Hemminga et
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Table 2 Primer information for EST-SSR markers of Z. marina

G G F9(5'-3) W e L I Lt
Number  Accession No. Sequence Repetitive unit Anncahngo § Lcngt'h of Polymorphism
temperature (°C) amplicon
1 HS090967 GAAGGCGACCACCGTCACTC AG 62.5 379 J& No
ATCCACCACCAAACCGAACA 60.6
2 AM768889 TGCCATCATCTCACTTACGC TC 50 217 J& No
TGACCGCAATAGGACAACCA 50
3 AM4108843 CGTAGATAACGACCGCAGAG CTT 56.1 194 A Yes
GAGGGACGGAGGAGATGAAG 58.3
4 HS091441 GCCACTCAAAACATACAAAA TCT 51.1 166 A Yes
ATAGCAAAAGAAACCCAGAT 51.2
5 AMT766590 TAACTCTGCGAATCCTCCTG TTC 55.3 355 J& No
AACCTGCTTCTCCCACTGTAT 55.6
6 AM768799 CGTCTTCATCCCTACCACCA TTC 58 104 £ Yes
ATTCGTTTGCTGTCGTCCTC 57.5
7 AM767326 GGAACAAGAATGATAAACGGACAA ATAG 60. 4 352 A Yes
CGGGAGCAGAAGAGGTGAAA 60. 1
9 HS090290 TCTCCAACGCTTCTTCTCCG TA 62.3 648 J& No
CAAATACATCCTCAAGTCCG 52.9
10 AM772587 TCAGTCACGGTTCCCTACGA GAC 58.5 231 J& No
ATACGGGCTACCCACTCT 59.2
11 AM770310 AGGTTTGACCAACGGAGATT TCT 55.8 254 7t No
GACCTGCTTCACAAAGACGA 56
12 HS091741 GATGATCCTTCCGATCCTAG TGA 53.5 181 J& No
TTCAGATTCCTTTCCCACAA 55.3
14 FC822541 TTTCATTTCCATTTCCCACC AG 57.3 394 J& No
ATCCCAAAGTGCCAAACCTA 57.2
15 FN435338 GCCACTTCCGTAGTTGCTGT AG 57.7 391 A Yes

ACAAATACGACCCAAACTGC 55.2
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G o F9(5'-3) AL L I Lt
Number  Accession No. Sequence Repetitive unit Anncalmgo . Lcngt'h of Polymorphism
temperature (°C) amplicon

16 AM768896 GATTCTTCTCCCTTGGTTGC TA 56.2 202 J& No
CCTTGGAGGAGTCTGAAAAT 53.3

18 AM771969 AGAAGCGTCTCCCTAAGCAA AAG 57 113 J& No
AACCTGCTTGAGAACCTTGA 54.7

19 AM769444 CTGCTTCCTCTGTTTCCACGAT AAG 61 191 J& No
GCGACGGTCAGACTCCAAAT 59.8

20 HS091722 CTACCGTCAGGTTTCTACTT AAT 48. 8 99 J& No
ACTAATCCACTTCAAGCCAC 51.6

21 AM769845 TTTGTTAGGTCGAAACTCCG AGA 55.9 233 J& No
CAAGGCATCCATTCTTACTCAG 56.9

22 AM769767 AATGGAAATATGATGGGATG CCA 52.2 154 J& No
ATGTGGTTGACTCGGTAGAA 52.5

24 AM766914 GGGACTCAATAATTCACAGAGA AG 53.7 221 J& No
ATGGGCTACCAGACGAAACT 56.3

25 AM766316 GGGGACTCACTCAATAATTCAC AG 55.5 224 A Yes
ATGGGCTACCAGACGAAACT 56.3

26 AM766373 ACATCCAAACCCATTTACCG GGA 57.3 239 J& No
TCCTTCACAAGCGAAGCACA 60

27 AMT767889 GAGACAACATCTACCCAAGACA TTTGA 54. 1 181 J& No
TGACAGACCGAGACCTGAAT 54.7

28 AMT772850 GGGGACGCCTCTTTTTTCCT CT 62.2 377 f Yes
TCAACCCTGGGAATACCATCTT 60. 1

29 AMT771411 AAAAGACAGAGCCTATCAAC ATC 48.6 294 £ Yes
CAGTACAGGGTTTAGTTTAGAT 48. 4

30 HS090390 TCCTGCTCTGACTATCTCCA TGGC 52.5 353 J& No
AACCACAGATCAAATCTAAGAC 50. 6
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Ry 33 A% 7 JE A 735 B 4> SSR BE K
M 401 AR, K1 oy H AP 29 5
GIE7/POR N W E R/ Y NN /AS R R
FIFH POPGENE #4358 T % B R K
I 98 ] SR BE A ) A5 07 6 TR B (N A R A
KB (Ne) ,Shannon ZEEPEFE % (D W5

Fig. 1

1~21.Hd 21 A RM#EAA ; M: DL2000 marker
1~21: 21 Z. marina individuals; M DL2000 marker
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Electrophoresis patterns of Z. marina using the primer No. 29
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Z B (Ho) MBI G BE(He) (3% 3) . X BESHUE 7R 7 8 11 SR T U5 A AR TF A LA s 0 i 1 2 AR
X 28 EST-SSR {7 i £E 77 &5 0 R E K M8 B AR T A7 & Hardy-Weinberg -, I H3X £8 07 50 AH B 57 L A4
1M i) Ak T 2 P AR 25 (P<20. 01D
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Table 3 Genetic diversity of Z. marina population in Huiquan Bay, Qingdao

Na Ne 1 Ho He

4.123 540. 240 5 3.98740.414 6 0.560 7£0.108 0 0.538 2+0.038 9 0.577 6+£0.023 1

3 it

A T Genomic SSR F % 1 FE Z 2% A& 5 , K3 Genomic SSR 4y FHriC A i i8 (Reusch er al.

1999.2000;Peng et al. 2012);%f EST-SSR i 5 , AR AL H P E b B4 K E KM% EST(Reusch et al.

2008 XA 2010) fHJE HETAA Oetjen 55 (2007) FI AT THS 21 EST 488 2 iy 1103 27 51HF & T
14 4~ EST-SSR #rict . AW F A A Kt 3 EST {58, AR T 26 2819 EST-SSR trid. Al iff — 25
Fow K0 SSR ARICAR B 3N SSR AR iC 78 K38 3 DR 21 A B 25 B L R K R 40 A 2 RV A G % A R L T
Z (AR IC I DI IR 55 1 K it 35388 2 22 FF P a8t 12 45 48 45 R OG5

Kb EST Jpal & SSR i 3 1. 706 R 25 7 EST SCE Ry 2% ~11% 1) EST J¥ 5 b &4
SSR By #EM (Cordeiro er al.  2001), Kt EST P4 F-34 4% 21. 7 kb & 47—~ SSR,#t H EST-SSR (%% &
BT E K (28,3 kb) FI K 17 (23.8 kb) (Gao er al.  2003), i fik T#IFF IF (14. 9 kb) . /NZZ (15. 6 kb) 4§ 46
(20. 0 kb) /KA (11. 8 kb) . R FI3 (10. 3 kb) M3 (4. 34 kb) (ZEK584E 200435 (4 200525 /N4
2007) . fHAHE R Z . AR MR FHHR N EST-SSR % EAEZ S XAl 5 EST fy % 48 & SSR #ff
55 SSR bRfEM S HOR B FE LR R A X,

K3 EST-SSR Hh =A% 8 5 & BT o5 A9 L 0l Bre i b 49. 220, 5 EL R GE B9 H RE AR AE KR ok hNE R
138 5 0 A A5 0L R I R = A% A R 28 AL T o LB B i 1 45 SR — 3 (Cardle ez al. 20005 E#E%  2008),
FE T oM i BT 2R R b, B R A 1R AAG/CT T, 5T =M 8 2 A8 26.3% . 51
WK S U ST RGP AR & AAG/CTT H B R fi = (9 45 S A0 — 3. Gao 45 (2003) 4 I XL F- I 4
Yk AAG/CTT SR FEMR G R EE TR Py B2 H AAG/CTT 5 & 28 A5 % 5 & 3% ] BB
PR Ay B B S E R AAG/CTT A,

AW i L 1 8 A4~ EST-SSR ARic /3 A PEA 17 8 10 5005 K38 F AR BEAR 138t 1% ZRE 1k 4 R R WX
T B R B B W iR G 2R (Ho=0.5382; He=0.5776), %4h, XIE M4 (1998) .25 P& (2011) 4%
S5l 7 FH [R] Tl A AFLP £ AR B 5, 3% B 7 & Ml DX R I 38 b B 5L AT 8 38t A5 2 RE M, 5 AR IF o0 45 SR AH — 3
X LI AR UE B T B K A B B st i 2 R KO WS R LA B A PR IE I T . AR L AR R
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it o — 7 T 3 Ao 22 T B v K BE AR B 0 R BRAE N T 5 — O T R s A T R AR R B R
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