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Analysis of SSR information in EST resource
of saffron crocus (Crocus sativus)
CHEN Guo-Qing

( College of Life Science, Hubei Normal University, Huangshi 435002, China )
Abstract. 6745 ESTs of saffron crocus in the public database of NCBI were downloaded and analysed, resulting in
1431 non-redundant ESTs with total length about 612. 01 kb, A total of 108 SSRs distributed in 103 ESTs were de-
tected, accouting for 7. 55% of the non-redundant ESTs. The average distribution distance of these EST-SSRs was a-
bout 5. 67 kb. Dinucleotide and trinucleotide repeats were the main types in Crocus sativus ,accouting for 30, 56 % and
37.96% of all the SSRs, respectively. AG/ C:I‘ and AAG/CTT are the most frequent motifs, accounting for 66. 67 %

and 29. 27% in dinucleotide and trinucleotide repeats, respectively. The present study provides a base for the develop-

2011 £ 1 H

ment and further applification of EST-SSR markers in saffron crocus.
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& 8 ¢ 7] # & (Simple Sequence Repeats,
SSRs), X i # T2 (Microsatellite) (i B LB E E
(Short Tandem Repeats),J@ W B H 1~6 i
HAMEETREREIT. SSRs T EZ G THEEA
YERAS BRALBHRE 2T EHFERLL. B
M52 T Bk B £ 19 B (Powell 4, 1996; Toth
%,2000). AT ,SSR AFICHIF R ToT K IR,
RRBRS T &0 FHic R B R A SSR B4
HTHEA LR BEEE MAFTERAKREN
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RRERNREAEEELEENRR, TEI R
BB 4> F 4R ig, B W R B [ SSR (genic SSR)
(Varshney %,2005).

FLLHE (Crocus sativus) X 24 B4 6. PO 20 46,
HERREAEBEY, REMET FHEAFEEE
E.53IARECH 600 ZFEHLE., EE—MERK
HRMAY, HRFEED R RSB E G R %
I CHATERJEE, TIRIT R RS R A E.
JFF BB b A | 08 PR S IR e B M R 9 S5 2 R (BR B &2
%,2001), BTFAULARES L AZY, BEIERILA R, #fr
WER . GENHYES”. RS EHEBFAR
—ZREAMY . FTRBAERESHERREE
BT, BRTMR R AR BFLEEEA SSR HRicH
WMEMALBFEETECRET KENFLAL EST
75,4 EST-SSR i W FF K R4t T = HL. A8
R HAFLA EST 189 SSR 5 B# 47 T £ @4
Bt LABI B L EST-SSR B & A 4 38 F g o, ik —
Bk BLAE EST-SSR fInie MR K EBREH
O EEHE A RN B E AR

R LR

1.1 B EST IR kIR

FLALEST kBEREREYHEARBEEF L
(National Center for Biotechnology Information, NC-
BID) (http://www. ncbi. nlm, nih. gov/entrez/query. fc-
g 9 GenBank ¥ 1, 3531 6 745 & FF51.
1.2 EST f9ai 438 5 R B E £ # (contig) 447

Fd EST-trimmer 3 4 Chttp://pgre. ipk-gatersle-
ben. de/misa/download/est-trimmer. pl) [ 3= 5' % 5§,
3'3% 50 bp WEEKEGE 5 WH 5 LA LAY polyT =
polyA; B =K B /T 100 bp §9 EST 35 3 TR E
K F 700 bp fy EST, Ml 4% 8 3 5' %4 9 700 bp.
DNAStar #:{4 (LASERGENE, DNASTAR , Inc. ) % %
NI EST ol 43 5l R RE S IR
%, EESHERBEN -EEL ONMETFRWERK
W, B/NREE 48 KT 9556 B9 EST 75U LA
AT PG T,
1.3 EST-SSR % B

F MISA #& F (http://pgrc. ipk-gatersleben.
de/misa/) Xf £ 13 B AL B A T U4 EST BE4T SSR
iR, HERENEETREZREADT 12K,
CHREBREERBANT 6 K, ZEABRTRES

WEA/NTF 5 . 5] i 57 3 70T R A B0 2 (]
BT 10 AT 10 bp) fTHTRIASE £ EAH & SSR,

2 BRERA

2.1 ZH4I1E EST-SSR H M5

M NCBI A3t $iEFETHIGH 6 745 R AFHF
18 EST, B K E A K 2. 64 Mb, i3 AL H )58
H4KHK612.01 kb I EXITTR EST F5) 1 431 %,
URBEETHFERENFTLEILRK EST 551,
ST TIIAR EST #iiT# R, LK 103 £ &F
SSR #Y EST J¥%, &4 S % (& SSR &7 EST
BHS ESTHEMHEME) RN 7.20%6(GE D, Kb A
H14SSRWESTH 8L, SH24H24HUE
SSR 4 5 £ ,3k4f 108 4~ SSR, 5 XJU4 EST 8y
7.55%, B0 % EST-SSR W MImE, 5 &52 1
Pl SSR #y EST #, 4848 SSR Z Al R BE B #5 K F
10 bp, WA TtEGLRE, ¥4 5. 67 kb ZRHH 1
A SSR,EAREEE LKA EEZRBRE D,

1 HFAHELEABRSABW EST-SSR %

Table 1 Percentage of EST-SSR of different
repeat types in Crocus sativus

Frequency of
RHRE BH % occurence
Repeat type No. of
B 4% ¥ # & & Mononucleotide 20 18.52 1.40 30.6
Z ¥ ME K Dinucleotide 33 30.56 2.31 18,55
ZHHFMEHE Trinucleotide 41 37.96 2.87 14.93

PO4% & BRE & Tetranucleotide 8 7.41 0.56 76.5
FE B E E Pentanucleotied 4 3.70 0.28 153
AWM EFE Hexanucleotide 2 1.85 0.14 306
& i Total 108 100.00 7.55 5.67

EAREHREELXAT, RELNE LT
MAMZBHERER /55 8 EST-SSR # 30.56%
#137.96% ; AR I BR SSR T 5 KB A B 20% ;5 1Y
FEAHE SSR B4 13%, FrbthplHEER
ETUEHEBREE R RmEEGE D.

2.2 HYIiE EST—SSR My 45 iE

W E M FELIAE EST—SSR v, L7 23
MARMERET, HPERFREEMN 1 #, 2%
HRELZ3M, = WA AEFREZ S 10,4,
3eHM(E2), BETREZERARNE A/TER
HIT.BARAC/GERELR., “BKHFREEYP,
AG/CT HHIRRERE R, S iA _BEREER
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Table 2

Distribution of different SSRs in the non-redundant ESTs of Crocus sativus

HH AL

2 ¥ Number of repeatations &3t

SSR Motif 5 6 7 8 9

10 11 12 13 14 15 =16

1 1 1
1

A/T —
AC/GT —
AG/CT
AT/AT
AAC/GTT
AAG/CTT
AAT/ATT
ACC/GGT 1 1
ACG/CTG
ACT/ATG
AGC/CGT
AGG/CCT
AGT/ATC
CCG/CGG
AAAG/CTTT
AACT/ATTG
AATT/AATT 1
AGAT/ATCT 1
AAAAG/CTTTT 1
AAAGG/CCTTT 1
ACGAT/ATGCT 1 1
AAAACC/GGTTTT 1
AAGGAG/CCTCTT 1
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AC/GT
AT/AT 12.12%

AG/CT
66.67%

Bl ZBEREXFAFREEETH LG
Fig.1 Percentage of different motifs in
dinucleotide repeats

66.67%, HRE AT EEE G, BEEA KN F
CCEEXET(ED. ZHHFRERP,AAG/CTT
WEL 12 K, BT o5 e ilak 29. 27 % ; HikE CCG/CGG
M AGC/CGT, fr 5 b # 39 2F 12. 20%, A K F
AAG/CTTEEZIT(E2), W E.ABHREE
MEMERELRBHBIARBEIENTS5GEK 2., BT
FEEETKRE, A bEEBHE AG/CT
(20.37%), ik & A/T(18. 52%) #1 AAG/CTT
(11, 11%) (& 3),

CCG/CGE AAC/GTT
12. 20% 7. 32%

AGT/ATC

AAG/CTT
29.27%

ACG/CTG
7.32%

A2 ZBEHFREEPTIEESEETH LY
Fig. 2 Percentage of different motifs in
trinucleotide repeats

3 Wik

AP F X GenBank FHE B FLLE EST #47
G, 45 R K ¥ EST-SSR i h B E K 7. 55%,
SSR-EST WKL R N 7.20%. W HBINEL
7E SSR-EST %k 4 3 # & F Kumpatla & Mukho-
padhyay(2005) %t & 41 7 553 4 EST MR & R
(5.79%) . BEREMNWEETEAE: (DFRSHH
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ESTHE SV, T FHE R K MWE. Kumpatla
& Mukhopadhyay (2005) 9 4> ¥7 4 & Xt 24 Bt Gen-
Bank AR LK 500 Z&LFLIE EST, (25T
SR A ERNAEERSERPER. Kumpatla &
Mukhopadhyay(2005) % 67 ESTs 2 SSR, B
& A SSR By EST #iT PP B AR B ITRD
SSR-EST; M A8 52 W Se 24T EST PrE R £I0
AR, B HEAT SSR ik, XHE R BREEHRESHT
B, AT DA — b g 3T T A9 SSR BEEER 3, T 3% 0
SSR # 4% . BE % (2005) TE X K A 3 (Brassi-
ca campestris ssp. pekinensis) $EfT EST-SSR 43+ #
B % B0, 3ETT 4 EST o SSR & 3 by HERR JT 4 BT 3F
BELIEE T BRE R DL — S AT
B SSR. (3)ffiik SSR WS HRERF, BLwEm
gy £ R, Kumpatla & Mukhopadhyay (2005)
MIESSRBRENBERTREERELR AT 15
K, ENEHFREERECRNDT 5 W MA 57K
RARERIREEREEREADT 12K, —GHR
BEEREANT 6 K, ZEABEHRER REA/N
F 5 W, FA1F H Kumpatla & Mukhopadhyay
(2005) gy Fm L in HEHATEHT A0 4, G R R B 133 4
SSR 434 T 125 & K JUA& EST JF5l+#, &4F SSR
M EST R R E 8. 74%, SSR It B K K
9.29%. X1 [A] B 3% B, SSR i ¥ 7 % 2k 2F A,
EST-SSR K43 fii SR M SSR-EST Ry % A4 57 K #0 4
BEZ s . B, R [R5 45 258 00 DA FL e B, o 2
K A ) — AR
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Fig.3 Percentage of different motifs in
EST-SSRs of Crocus sativus

KEWHEYH EST-SSR U=ZHERESE S
A, ERE B HEBREE (EKRE, 2004;

Varshney ,2005) . L EWRI MR MFLR,
HWHA EST-SSR P =ZBHFRERZF S LK X
(37.96%0), “HiHMERE BB L (30.56%) . F4
EoBHEREEF,AG/CT HIFHEEE, 525
FEY T B RE 5 AR (FEARE,2004) ;=8
HFREZP,. ML AAG/CTTEE N X, 5SHHIF
(Arabidopsis thaliana ) .M #% (Citrus) . K 5 (Gly-
cine max ) % L 4 2K 8l (Cardle %, 2000; Gao %,
2003;Chen %,2006), CCG/CGG BEE X TTHEHL
HEBHREE LR PR AW (E 2),X
FEZREITHERL T WY KE (Hordeum wul-
gare) \EXK (Zea mays) . KK (Oryza sativa) M5
R (Sorghum bicolor) P RSB F M =BF
REFRY, XEHEAFNEERERTETTRS
HmmnEO R ERmEREea X, X—R1E
PRI ENES (B =4%,2003),

B4k EST B RO R BT L B 5 EST-SSR 4R
MARRETEREE. oM RAFLE
EST-SSR Hi Bl R e KB EFH, Bk, AR
ZRAH— BT Z ML LI EST-SSR 4FiC %
ST B A B TRy e IR SR T 8
FEEE2H G FiRc B ER ML RE R %
HHRBEF

S % 3k -

Cardle L,Ramsay L,Milboume D,et al. 2000. Computational and
experimental characterization of physically clustered simple se-
quence repeats in plants J]. Genetics,156:847—854

Chen CX, Zhou P, Choi YA, et al. 2006. Mining and charac-
terizing microsatellites from Citrus ESTs [J]. Theor Appl
Genet ,112;1 248—1 257

Chen SA(BEH%2), Wang XDXEBEA) , Zhao B(RXE) et al. 2001
Advances in studies on Crocus sativus (BRLLFE B9 WF T8 ) (I,
Chin Trad Herb Drugs (P #),52(12):1 137—1 139

Fan SHGE=41), Guo AG(3E3% 7%), Shan LW (BT ), et al.
2003. Analysis of genetic code preference in Arabidopsis thali-
ana (W EREB TR ZFLEIHTI]. Prog Biochem Bio-
phys CEMILE 5EM Y EBR) ,30(2) 221225

Gao LF,Tang JF,Li HW,et af. 2003. Analysis of microsatellites
in major crops assessed by computational and experimental ap-
proaches [J]. Mol Breed ,12:245—261

Ge J(CE#) , Xie HOH4E) ,Cui CS(# 2 ) ,eral. 2005. Analysis
of expressed sequences tags(ESTs)derived SSR markers in Chi-
nese cabbage(Brassica campestris ssp. pekinensis) (K Q3R LA
F 7452 SSR ARiE 1) [J]. J Agric Biotech CRIL A H AR
3R),13(4):423—428

Kumpatla SP,Manley MK, Horne EC, ez al. 2004. An improved

CF¥4 96 7 Continue on page 96 )



96 i - G|

31 %

Feng JCGEBRAI , Hu XL($ F W) Mao XJ(B Y ). 2002,
Application of chlorophyll fluorescence dynamics to plant physi-
ology in adverse circumstance( M R R N H = EHREY
HIEEF P AIR )], Econom Fore Res (B2 FHBFR),20
(4):14—18

Hu XH(# 2 4), Pu GL(H X 2), Xiao QW(H F30), et al.
2007. Effects of water stress on chlorophyll fluorescence in leav-
es of plum(Prunus salicina Lindl. ) (K43} 8 F 24 -3 £ 5%
Y HFERBHTIR)I ], Chine ] Eco-Agri (PR LRI 2
#),15(1).75—77

Jiang CD,Gao HY,Zou Q. 2003. Changes of donor and acceptor side
in photosystem 2 complex induced by iron deficiency in attached
soybean and maize leavesJ]. Photosynthetica,41;267—271

Krause GH, Weis E. 1988. Applications of chlorophyll fluorescence in
photosynthesis research[J7]. Physiol Plant ,74:566—577

Mommer L, Visser EJW. 2005. Underwater photosynthesis in
flooded terrestrial plants; a matter of leaf plasticity[J]. Ann

-Bot ,96 :581—589 ’

Panda D,Rao DN, Sharma SG, ez al. 2006. Submergence effect on
rice genotypes during seedling stage: probing of submergence
driven changes of photosystem [I by chlorophyll a fluorescence
induction O-J-I-P transients[J]. Photosynthetica,44.69—75

Rohdgek K,Bartdk M. 1999, Technique of the modulated chloro-
phyll fluorescence: Basic concepts, useful parameters, and some
applications[ J]. Photosynthetica,37.339—363

Vyal YA, Dyukova GR, Leonova NA, et al. 2007, Adaptation of
the photosynthetic apparatus of the immature broadleaf trees to
the floodplain conditions[J]. Russ J Plant Physiol ,54.58—62

Wang KF(E®#) ,Xu CHGEF#) , Zhao FHGR R BE) , et al.
1997. The effects of water stress on some in vivo chlorophyll a
fluorescenc parameters of wheat flag leaves(7K 43 38 Xt /) 35 it
MEEENHRE a RSO [J]. Aca Biophysica
Sin(EY YR, 13(2) 273278

Wilbur KM, Anderson NG. 1948. Electrometric and colorimetric de-
termination of carbonic anhydrase[J]. J Biol Chem ,176.147—154

Wei Y(Z8),Yu LFi 3¢, Zhang JC(3¥ 4 #1). 2007. Study

on biomass construction of Broussonetia papyrifera sprouting
population with different disturbed conditions in karst region(®%
B X AR THRAG TR ERRBEEYRERBO0]. J
Nanjing Fore Univ: Nat Sci Edi (B Akdy K22 - ARHR
%) ,31:58—66

Wu YY(RHER)HLi XT(ZET ) , Hao ICHEERH) ez al. 2006.
Study on the difference of the activities of carbonic anhydrase in
different plantsCR F] Y MR R E B E L 2 R 1]
Guihaia (] FiHEH]) ,26(4) : 366 —369

- Wu YY, Li PP, Zhao YG, et al. 2007. Study on photosynthetic

characteristics of Orychophragmus violaceus related to shade-
tolerance[J]. Sci Horti ,113:173—176

Wu YY,Liu CQ,Li PP,etal. 2009. Photosynthetic characteristics
involved in adaptability to karst soil and alien invasion of paper
mulberry ( Broussonetia papyrifera) in comparison with mul-
berry(Morus alba)[J]. Photosynthetica,47(1) ;155— 160

Wu YY,Wu XM, Li PP,etal. 2005. Comparison of photosynthet~
ic activity of Orychophragmus violaceus and oil-seed rape[ ]].
Photosynthetica ,43(2) ;299—302

Wu YY,Zhao XZ,Li PP, et al. 2006, A study on the activities of
carbonic anhydrase of two species of bryophytes, Tortula sinensis
and Barbula convoluta , Cryptogamie Bryologie ,27(3) :349—355

Yang XQ(# B2%H) , Zhang SQ(FK F I ) , Liang ZSCGREEH) et al.
2004. Effects of water stress on chlorophyll fluorescence param-
eters of different drought resistance winter wheat cultivars seed-
lingsGK A BN AR M BRBRXNDEHHHFERENLSEK
R [J]. Acta Bot Boreal-Occident Sin (T AL W E ) »
24(5).812—816

Yu LF(Ri 38 %) , Zhu SQURFER » Ye JZ(M @) ez al. 2003,
A study on evaluation of natural restoration for degraded karst
forest GRALME HT 43 2R 0k B RIR B VEM BE SO [J]. Sci Silv Sin
Gk BH2£) ,36(6) : 12—19

Zhang SR(F¥ 5F4{=). 1999. A discussion on chlorophyll fluores-
cence Kinetics parameters and their significance(H 4 & 3% 635
HEBBNE L RFOI]. Chin Bull Bot GEH2ER) 16
(4):444—448

( B35 46 T Continue from page 46 )

enrichment procedure to develop multiple repeat classes of cotton
microsatellite markers[J]. Plant Mol Biol ,22:85a— 851

Kumpatla SP,Mukhopadhyay S. 2005. Mining and survey of sim-
ple sequence repeats in expressed sequence tags of dicotyledonous
[17. Genome,48.985—998

Li YQ(ZFAR),Li HW(ZFEE £5),Gao LF(FIL ) et al. 2004,
Progress of simple sequence repeats derived from expressed se-
quence tags(EFRIXFIIIRE B3 T E 4510 (EST-SSRs) B 5%
#ROI). J Plant Genet Res (VY E R BRERS (19195

Powell W, Machray GC, Provan J. 1996, Polymorphism revealed
by simple sequence repeats [J]. Trends Plant Sci,1:215—222

Toth G, Gaspari Z, Jurka J. 2000. Microsatellites in different
eukaryotic genomes; survey and analysis [J]. Genome Res,
10.967—981

Varshney RK, Graner A, Sorrells ME. 2005. Genic microsatel-
lite markers in plants: features and applications[]J]. Trends
Biotechnol ,23 ;48—55



