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Abstract The objective of this study was to characterize spinach SSRs derived from ESTs and to develop EST-SSR markers for
possible use of the markers in the studies of cloning sex-specific fragment from spinach( Spinacia oleracea L.). 1 093 ESTs of
spinach were obtained from NCBI database, which were detected and analyzed by on-line software SSRIT. 68 SSR sequences were
obtained, distributing throughout 64 ESTs. The frequency of these EST-SSRs was 6.22%, including 22 dominant type repeat unit.
Among them, dinucleotide repeats was dominant, account for 32.3% of all SSR sequences. 7 pair of EST-SSR primers were designed
by on-line software Primer 3.0. The designed EST-SSR primers were screened with optimational PCR condition based on the male
and female spinach genomic DNA as template respectively. Results showed that a pair of primer derived from ETS HS097148 could
amplify a male specific band, indicating that a possible method to clone sex-specific fragment from spinach was established through
developing EST-SSR marker from spinach EST database.
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&, 2007) BRI (& PEARAE, 2009) fH E Py 28]
T 95 Sk A 5% B EST-SSR bR 18 A AF 57 34 K WL 4R
. FET U, AR IANCBI L3 SEEST H 1)
SSRAE B AT 4 [ 43 #, LA S EST-SSRK A=
BRFVEE 25, HARIEEST-SSR T 41 ¥ 45 1€ 5 1 4+t
XPHREME S HEREDI AT 1S, PRISTEST-SSRIF 4]
FE B S A 3 AR T R R o

ik

1858 M
1.1MKEST-SSRA AR« SME L .

f K A NCBIEUE 1 093 4% 3% S ESTHE4T SSR
2, & SSRIESTIH:64%, HESTRE15.86%.

1 JESEESTHSSRIN H HLAIA
Table 1 Frequency of SSRs occurred in ESTs of spinach

1 0934<ESTF41 4K }633.516 kb, JL&47684
SSR, M TR ESE A T A, 22
U ERSSRIN32.3% . HARh R AN FUk% IR
HERITC, WHRAEREIEAAIT, 405 7R
187, 5 ESSRIN25.0%F126.5%. DUAZTFIR H & It
JCHISIZ IR R R0/ 1.5%4114.7% (K1),

FEFTA HISSRHT, AL HE22F0 FE & FL n (AN HE
FA T o 7 B e T BN R R E ),
W DL A IRGA/CTH TAZ R ACCAA N 48 XS A1
e, 25 ELSSRIF22.06%F117.65% . Hoe 25 i)
A I TUAUR AR (GR2).

FAI R CIV-E- SN SSR % d 47 SSR L (%) IS (kb)
Repeat type Repeat primitives number SSR number Proportion by total SSR (%) Frequency (kb)
“HHTR 3 22 323 28.80
Dinucleotide
ZHATIR 7 17 25 37.27
Trinucleotide
VURZH R 1 1 L5 633.52
Tetranucleotide
TRHTR 3 18 26.5 35.20
Pentanucleotide
NEHTR 8 10 14.7 63.35
Hexanucleotide
§SS2N 22 68 100 633.516
Total
2 JESRESTHSSRIE K H e A A
Table 2 The repeat types of SSRs in ESTs of spinach
iyt iy -RE" HEE 6 RABE%) (%)
Repeat type Repeat primitive Occurred No.  Frequency (%)  Proportion (%)
- GA/CT 15 1.37 22.06
Dinucleotide TC/AG 6 0.55 8.82

AC 1 0.09 1.47
AR AGA 6 0.55 8.82
Trinucleotide GAG 4 0.37 5.88

GGT 2 0.18 2.94

AAG 2 0.18 2.94

CTT 1 0.09 1.47

CAA 1 0.09 1.47

AAC 1 0.09 1.47
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gk 2
Continuing table 2
H R A Bk H RIEWE (%) Hl(%)
Repeat type Repeat primitive Occurred No.  Frequency (%)  Proportion (%)
VUL IR CAGC 1 0.09 1.47
Tetranucleotide
TKH R ACCAA 12 1.10 17.65
Pentanucleotide TTTGG 5 0.46 7.35
TTCTT 1 0.09 1.47
NEHR TCTCCT 2 0.18 2.94
Hexanucleotide GAAGCA 2 0.18 2.94
GTTATT 1 0.09 1.47
CCATCT 1 0.09 1.47
TGCTTC 1 0.09 1.47
CCATCA 1 0.09 1.47
GCTTTT 1 0.09 1.47
AAAAAT 1 0.09 1.47
MERITTIERL R MRS, BERMEST-SSR A EE HANLH(R3). HEESTHSSRIF-H

BRGNS EE R TMA S S EE R,
SRINAAFI00, I iy 1 43 LB A 70.59%41129.41%,

3 PESKESTHSSRA & KA
Table 3 The repeat length and attribute of SSRs in ESTs of Spinach

KFEZ123.49 bp, AIRIMSSRKEH R K ZER, &
(11215 bp, A1 436 bp.

HERM KJZ(bp) HEEM ik
Repeat type Length (bp) Repeat attribute Total
AR AL SRR e AEAES
Variation Average length Complete repeat Incomplete repeat
- 16~36 35.45 14 8 22
Dinucleotide
AT 18~30 20.65 13 4 17
Trinucleotide
VA% IR 16 16.00 0 1 1
Tetranucleotide
HHR 15 15.00 17 1 18
Pentanucleotide
INZATIR 18 18.00 4 6 10
Hexanucleotide
FEN7N 15~36 23.49 48 20 68
Total
1.2 EST-SSRF | H ik K A A Yok, REHEME. MEREPIA1EAT T PCRY AL -

A FHAR S A L2 H 1) 3 S ES T-SSRBE UK 5
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STEST-SS RPO3TE SEME . HERREE N P Il &
Mo FEREMEFERZH 18— 4 K200 bp
M4 (1),

2

2

I 11

I 1 M 2 22

SR
Male specific fragment

K1 EST-SSRPO3 5| )Xt MERENALFIPCRY 1 4524
Figure 1 PCR amplification pattern of male and female genome
using EST-SSRPO3 primer pair

PAR N7
2. 195 3EEST-SSRs K 4> A1 4% /=
HEST-SSR T 41 sk (R th Ze FAS [ 12 52 L I
AR AT AU AR LSS, 5 R
. R PREFCEEE A OC(Yan et al., 2008), —
FABEDL T, MR /N E KRS 20 bpht, K AH
YIMPSREST H SSRIFAS Hi % K2 45% (Varshney et
al., 2005). AHFFTMI 0934 3 SCESTIR41H, Kol
68/ SSRARIL, K HI K 6.22%, Wi T k2 Bt MR
TR R

— ek ut, EST-SSRERICTE [F—F @4 iy A
A B 2 (Poncet et al., 2006). {HAN [ F & Hy Ff
Hh F AT R AR H B AR R RN T o B A e ZE R
HiAE, 2009). R4 LAEARIE, =A% (trinucleotide
repeat, TNRs) Al — #% 1 TR = & 2% Y (dinucleotide
repeat, DNRS)FJEST-SSRE A % .. 4l Varshney %5
(2002) 45 18 7E AR A FAED P TNRs T o EE A7) e v
(54%~78%), F. VK JJDNRs (17.1%~40.4%)FITTNRs
(3%~6%) . TIAME/NE (Gupta et al., 2003). %
(Scott et al., 2000)- HHFHITZ%E, 2006)- & 75 (Eujayl
et al., 2004). Ffe(E KA, 2006, FHAHAR, 513):
316-320), #LL =R HREL N E. mAMI
vt 43 20 1) 9% 2 2 AL e A 7 A1 LIDNRs i 22
R HN32.3%. E R ERER T, ISR K
ZHF L FICRLGA/CT, K ETEKR. Tk, KE.
e A B0 I 45 At — BRI (Li et al., 2008).

2. 28 L REST-SSRERE 138 7 5 )5 FR A
&5y Fhric AL, EST-SSRbriC B AR %

FUREIIR 2o EST-SSRA F-hric AN AT LU -5t 4%

ZRENE. WIPRIRIE A LR R 2 2250 5T, i

1357

T-EST-SSR B K5 T~ ik L M iy X 3 471, [T
WO AN[R] 2 LA 1) [F) 40y o ) 22 S EST-SSRIEAT L
WP, 7ESRA R S PEEST-SSRTY J5 AR 46 5 4t
e PERE I, T IhRE IR R R I 5 e A A
KT AWEFTH, FIHEST-SSR 514 7 51 Ik
SER AL 38 H— 4% 5> 158200 bp oA g ik
gty DRI 2 A B mT e 9 S Pk ) A AR G
T kg 3 S ) 3 A AT 1 o I R B ) 4 e B
SE T A

HET, %3S TEST-SSRIT & 5 W FH i A7 AE
IRZ FBRM: . NCBI database$# 4 H WL 5% Y 9 3¢
ESTHAIE HARD, {NA51 09355, 18 1 B
AT S MESTA, CisJLH TR
JUA T4 {EiXeey b gETEST-SSRER I 1 T &
SRR, HHAMREMN,. HEAE ST
(EST 4 R B, A FIESTHEATHIF 5T (1 i 5K 5
I S22, AWFFURIENCBIE S E h BLAT (9% 5
EST# U5, 7B T 2 ESTH HSSRAS BS e T
EST-SSRFRIC I I H 23 52 M 5 - I b o 25
RRW, BT 9 RESTHE IF K 9 2% P 79 AH < (1)
EST-SSRAwIC 17 VA2 VI SE AT AT 1)

MRS ik
3. UYL I DNASREL

% SRR 0] R K 2 AR ) Rk 2 2 Bt sk
B0 FH o 43 I Ik ) (O L R SRR AR 4))
W, AR JER LS T, AT, SR SR
[112xCTABVAHEEUDNA

3.2 EST/FAIZRMB ML

MNCBI (3 B [ 37 AR B ) Bl 2
(http://www.ncbi.nlm.nih.gov/) 1 £ $k i ¥ EST, it
1 093%(#HL11-20114E5 H). 4fi%1 0935EST/¥41, FIH]
FE L A EST-trimmer (http://pgre.ipk-gatersleben.de
/misa/) BRI A fiploy A/TRAEMASETH]. FFHIH
FEZE /T Repeat Masker (http://www.Repeat masker.
org/cgi-bin/WEBRepeatMasker){# 2 F & )7 41

3.3 KESTHSSRIG R #7

F FHAE 2 344 SSRIT  (http://www.gramene.org/
db/markers/ssrtool)## 22 SSR . K R brifi h X R «
SRR WUEFR. BETR. SETRES Y
VS IRBY MR T 855 T8 5 44 34 3.

3.4 EST-SSR5 ¥ ¥t it 5 & B
FIH 5% v A Primer 3.0% 11 T 75 35 3%
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EST-SSR5|¥)(#4). Wil 51 Wit =247 LN 2K
EST/F 4K 5 K F-100 bps SSRIF A1 ) IT 4 Al 4%
WA E 5 BE SR 3 i AN > 20 bps G K E
18~24 bp; B K TmfE AN 140.4~65.4C, H I

F47 MW SEEST-SSRFEH S |9

Table 4 7 EST-SSR primers designed from spinach EST sequences

TSI EEREMEAKTSC; GCHFEN
40%~60%; TUHAY 14 = #1100~500 bp; I 5 kE
I ZBRAR R TC N R I B B 25 b A (2 AT
45.2009).

LY R SSHE: G KIHESTH 5 Tm GC JF5(F:5'-3; R: 3'-5")

Primer code SSH motif ESTcode () (%) Sequences (F: 5'-3; R: 3-5")

P01 (CAC)6 HS097056 60.00 38.89 F: AACTCTCACGCATTCACA
50.00 R: GTGGTGGTGGTGTTATGA

P02 (GGTTTT)4 HS097067 60.00 47.37 F: ATTCACTCTACGACGATGG
42.11 R: AGGACGAAGTTCAACAAGA

P03 (CAG)S HS097148 60.00 40.00 F: AGTTCGTGTTCATCATAGGT
50.00 R: CAGCAGGAGGAATGTTGT

P04 (GCA)s HS097173 60.00 42.11 F: AGCAGCAGCATAACATCAA
42.11 R: AATCTTGGTTGGCTTCACA

P05 (TGT)S HS097184 60.00 40.00 F: AGAAGTTCCTGTGTTGTTGT
47.37 R: CAAACCCTAGTGCCGTAAT

P06 (AAGAT)S HS097198 60.00 40.91 F: AGAGAAGAGAAGAGAAGAGAAG
55.56 R: TGGAGGTTGTTGGATGGA

P07 (TAT)6 HS097215 60.00 50.00 F: CCTTGGTTGGATGGTGTA
40.00 R: CACAGACATACTGTAGTTGA

3.5 PCRY™ 34 I B A Bl s FL UK

WE25 uLIFPCRX M AA & : 1xTaq DNAZE 5 1
2%~ 2.5 mmol/L MgCl,. 0.5 U DNA Polymerase-
200 umol/L dNTP. I Riii514#1750.25 umol. 5t
DNA 100 ng. B FHFIE B % A9 TRECRE) A B
NT) o URBETEIR AT 95 CTIARYES min; fEHF DB
H94°C 1 min 60°C 1 min.72°C 2 minFt45/MEFF,
55 72°C ZEH110 min.

DR M S LUk . B 5 9 77 ) 5 6xloading
bufferiie &, Z81d3.0% 1) B A Bl B i (TBE 2% 1 i,
TTEB 0.5 pg/ml, 100 VHUR)HLIK 78, Rl i
YR PR £ 85 . FlGel Doc EZ % RSk 4T
MEL. AT

(-2 N

S A ARE & XA BRI S T AR SCH A R %,
BT R Fp A7 AE 10 ) /AT 8 T OF AT 1R ST s 28—
P v R R3S — AR & W 52 L) 58 B T AR SCHIE ST A 110 5K B
TAE, JFREAT T ARSI e E Z s mil s
A e AR SR R 45 7 TR Z B AR &, JFx e 3

MO T — S
Bt

AT EIE K BRI RS H (S5 : 31000165),
TR ITYE R R A T 20mm B % 8, 7RibRoR

SR

An Z.W., Zhao Y.H., Cheng H., Li W.G,, and Huang H.S., 2009,
Development and application of EST-SSR markers in
Hevea brasiliensis Muell. Arg., Hereditas, 31(3): 311-319
(P, REZ, FEN, FYEE, HHEAD, 2009, BIEH
EST-SSRARIC HIITF K H N, 1ifk, 31(3): 311-319)

Chang W., Zhao X., Li X., Qiu B., Han Y.P., Teng W.L., and Li
W.B., 2009, Development of soybean EST-SSR marker
and comparison with genomic-SSR marker, Zhongguo
You- liaozuowu Xuebao (Chinese Journal of Oil Crop
Sciences), 31(2): 149-156 (WHi, &%, 2k, D)k, =
e, BRI, 45300, 2009, K EST-SSRARIIF A M
5 Genomic-SSRIM LLE ST, H EHEMEYI SR, 31(2):
149-156)

Eujayl 1., Sledge M.K., Wang L., May G.D., Chekhovskiy K.,
Zwonitzer J.C., and Mian M.A., 2004, Medicago



i iy
IR

ISEDEN

TP E R (MERRR), 2012 4F, 25 10 &, 55 1354-1359 5T
®49@ Fenzi Zhiwu Yuzhong (Online), 2012, Vol.10, 1354-1359
http://mpb.5th.sophiapublisher.com

ic

truncatula EST-SSRs reveal cross-species genetic markers
for Medicago spp, Theor. Appl. Genet., 108(3): 414-422
http://dx.doi.org/10.1007/s00122-003-1450-6 PMid:1367-
9975

W.J., Xiao L.H., Lu L.D., and Li S.P., 2006, Analysis of

sex-related

Gao

isozyme marker in dioecious Spinacia
Oleracea, Henan Shifan Daxue Xuebao (Zirankexue Ban)
(Journal of Henan Normal University (Natural Science)),
(4): 147-150 (HRE, MBS, SEF, 2807, 2006,
TR R AR G 7] LR A1 43 B I R U 98 K2 22 ()
RBLEEIR), (4): 147-150)

Gupta PK., Rustgi S., Sharma S., Singh R., Kumar N., and
Balyan H.S., 2003, Transferable EST-SSR markers for the
study of polymorphism and genetic diversity in bread
wheat, Molecular Genetics and Genomics, 270(4): 315-323
http://dx.doi.org/10.1007/s00438-003-0921-4 PMid:1450-
8680

Huang L.F., Fang B.P.,, Chen J.Y., Zhang X.J., and Luo Z.X.,
2009, Analysis of SSR information in EST resource of
sweet potato (Ipomoea batatas (L.) Lam), Zhiwu Shengli
Tongxun (Plant Physiology Communications), 45(1): 23-27
GHRALX, I, BRstad, skikm, BUEE, 2009, H#
EST#IEMISSRIE B34, A FE R, 45(1): 23-27)

Jiang D., Zhong GYY., and Hong Q.B., 2006, Analysis of
microsatellites in citrus unigenes, Yichuan Xuebao (Acta
Genetica Sinica), 33(4): 345-353 (T4, %) %8, UtHh®R,
2006, HIEEST-SSR7> T hrid 70 Mr, wifea#k, 33(4):
345-353) (Chinese journal in English)

Lan T., Zhang S., Liu B., Li X., Chen R., and Song W., 2006,

of the dioecious
Spinacia oleracea L. (spinach) by FISH of 45S rDNA,
Cytogenet. Genome Res., 114(2): 175-177 http://dx.doi.org/
10.1159/000093335 PMid: 16825771

LiL.Z., Wang J.J., Guo Y., Jiang E.S., Xu Y.F., Wang Y.Y., Pan
H.T., Han GZ., Li R.J., and Li S.S., 2008, Development of

SSR markers from ESTs of gramineous species and their

Differentiating sex chromosomes

chromosome location on wheat, Progress in Natural Science,
18(12): 1485-1490 http://dx.doi.org/10.1016/jpnsc.2008.0-
5.012

1359

Li X.B., Zhang M.L., and Cui H.R., 2007, Analysis of SSR
information in EST resource of oilseed rape, Zhongguo
Youliao Zuowu Xuebao (Chinese Journal of Oil Crop
Sciences), 29(1): 20-25 (Z=/NA, KR, FEiEH, 2007,
SR EST %8 Y5 (1 SSRAF &L 20 4, v [ sl B AE #2724,
29(1): 20-25)

Liu Z.J., Sun P, and Bu X., 2008, Analysis of SSR information
in EST resource of peanut, Huasheng Xuebao (Journal of
Peanut Science), 37(4): 6-11 (MIJEIL, #MHE, 53K, 2008,
AEAEEST R IHMSSRAE B4, Ae4%4R, 37(4): 6-11)

Poncet V., Rondeau M., Tranchant C., Cayrel A., amon S., de
Kochko A., and Hamon P., 2006, SSR mining in coffee
tree EST databases: Potential use of EST-SSRs as markers
for the Coffea genus, Molecular Genetics and Genomics,
276(5): 436-449 http://dx.doi.org/10.1007/s00438-006-01-
53-5 PMid:1 6924545

Scott K.D., Eggler P., Seaton G., Rossetto M., Ablett E.M.,
Lee L.S., and Henry R.J., 2000, Analysis of SSRs derived
from grape ESTs, Theor. Appl. Genet., 100: 723-726 http:
//dx.doi.org/10.1007/s001220051344

Wang Y.N., Chen Y.F., Fan H.H., Li Y.C,, Lin Y., and Cai Y.P,,
2010, Relationship analysis between length of ESTs and
Characters of EST-SSR for Gossypium hirsutum,
Shengwu Jishu (Biotechnology), 20(1): 1-4 (L5, Fk
o, BEUGEL, BIERE, MER, 4K, 2010, FiHiAR
EST K% 285 M 5 HSSRIM MR AEAH D20 4T, A4+
A, 20(1): 1-4)

XinY.,, Cui HR.,LuM.Z., Yao Y.L., Jin ].Q., Lin R.S., and Cui
S.L., 2006, Data mining for SSRs in ESTs and EST-SSR
marker development in Chinese cabbage, Yuanyi Xuebao
(Acta Horticulturae Sinica), (3): 549-554 (7, 45,
FUERUL, BRHEES, BIEUR, MOAH, HEIKGE, 2006, F3E
EST-SSf& B 7» Hr & bnid i 7, Jdl Z 4k, (3):
549-554)

Yan Q.L., Zhang Y.H., Li H.B., Wei C.H., Niu L.L., Guan S., Li
S.G,, and Du L.X., 2008, Identification of microsatellites
in cattle unigenes, Journal of Genetics and Genomics,
35(5): 261-266 http://dx.doi.org/10.1016/S1673-8527(08)
60037-5



	研究报告
	Research report
	菠菜性别相关EST-SSR 标记的开发及应用
	摘 要
	关键词
	Development and Application of Sex-specific EST-SSR Marker in Spinach(Spinacia oleracea L.)
	Abstract
	Keywords
	1结果和分析
	1.1菠菜EST-SSR分布、频率与特点
	1.2 EST-SSR引物的筛选及应用

	2讨论
	2.1菠菜EST-SSRs的分布特点
	2.2建立菠菜EST-SSR标记的潜力与局限性

	3材料与方法
	3.1植物材料和DNA提取
	3.2 EST序列获得和预处理
	3.3菠菜EST中SSR信息分析
	3.4 EST-SSR引物设计与合成
	3.5 PCR扩增和琼脂糖凝胶电泳

	作者贡献
	致谢
	参考文献

