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Abstract: [Objective) This study investigated the transferability of EST-SSR primers and markers be-

tween monocotyledonous and dicotyledonous crops. [Method] In the present investigation, 30 pairs of

EST-SSR primers from wheat,8 from oilseed rape and 14 from Chinese cabbage were selected according to

the results reported previously,to conduct PCR with the genomic DNA from 10 wheat varieties, 10 oilseed

rape,5 soybean and 5 maize inbred lines as template,and to analyze the polymorphism of the PCR prod-

ucts. [Result) (1)29,28,26 of 30 pairs of EST-SSR primers from wheat respectively had amplification

products in maize,oilseed rape and soybean, the rate of amplification was 96. 7% ,93. 3% ,86. 7% , respec-

tively;12 of 30 pairs EST-SSR primers from wheat showed polymorphism in monocotyledons wheat and

maize,9 in dicotyledons oilseed rape and soybean, and 4 in both monocotyledonous and dicotyledonous
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crops. (2)18,21,22 of 22 pairs EST-SSR primers from Chinese cabbage/rape respectively had amplification

products in soybean,wheat and maize,the rate of amplification was 81. 8% ,95. 4% ,100% , respectively; 10

of 22 pairs EST-SSR primers showed polymorphism in monocotyledons wheat and maize, 13 in dicotyledons

oilseed rape and soybean,7 in both monocotyledonous and dicotyledonous crops. [Conclusion] These data

indicate that it is feasible to establish universal primers and transferable EST-SSR markers between mono-

cotyledonous and dicotyledonous crops. And it is found that these genes containing polymorphic markers

based on EST-SSR in both monocotyledonous and dicotyledonous crops are associated with some basic

functions,such as storage, nucleic acid transcription and duplication, regulation of the expression of the

function genes,metabolize catalysis,and etc.

Key words: monocotyledonous crop;dicotyledonous crop; EST-SSR; transferability of primer
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Table 1

Sequences and information of 30 EST-SSR primer pairs from wheat used in this investigation

[ EST i) ) fig
EST putative function

ElE/bg]|

. I
Primer sequence (5-3")

Putative RING zinc finger ankyrin protein

SRS B
Primer code Previous primer code
o RO Ao 4B Al T
w-1 Xewem3(9) e R B
w2 Xewem4 (6) 48l haps

Hap5-like protein

GATCTGTGACCGAGGCAGA
GCTGTGGAGGTCCAAAATGT
CTACCCGCCGCAGCTCTAC
GGTTCTTGAAGTCGGTGGTG
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Continue table 1

s s
Previous
primer code

EIk/ETRc

Primer code

35 EST 43 fig

EST putative function

EIEZ 2]l

. o
Primer sequence (5-3")

w-3 Xcewemb5(9)
w4 Xcewem6(3)
w-5 Xewem12(3)
w-6 Xcewemb (4)
w-7 Xcewem16(4)
w-8 Xceweml18(4)
w-9 Xceweml19(3)
w-10 Xcewem20(6)
w-11 Xewem25(4)
w-12 Xewem34(11)
w-13 Xcewem36(2)
w-14 Xcewem38(4)
w-15 Xewem40(3)
w-16 Xewem41(3)
w-17 Xcewem45(1)
w-18 Xcewem46(4)
w-19 Xcewemd7(4)
w-20 Xcewem48(1)
w-21 Xewemb0(3)
w-22 Xcewemb53(5)
w-23 Xcewemb54(6)
w-24 Xcewemb56(3)
w-25 Xcewemb57(2)
w-26 Xksum104
w-27 Xksum?73
w-28 Xenl50
w-29 Xksum62
w-30 Xksum44

TR R AR G TR

Proteasome-related protein

5 AR R

Drought-responsive family protein

IR 53 F 45 B T A

Low molecular weight glutenin subunit
GTP 454 RABIC KA

GTP-binding RABIC like protein

B H H Os]_024223

Hypothetical protein Os] 024223

BB 4K 11 Os]_024088

Hypothetical protein Os] 024088
91IAFHEH

91A protein

A A

Unknown

R EH Os1_010203

Hypothetical protein OsI_010203
HRIER G N T 2-8 WAk

Eukaryotic translation initiation factor2
subunit beta(elF-2-beta)

BB Os1_014405

Hypothetical protein OsI_014405

M bHLH ZWE A

Putative bHLH family protein

ATP %4 /AR /2 14 2 S A
ATP binding/ kinase/ protein serine/threonine kinase
AKH

Unknown

RH

Unknown

Nl

Unknown

O I L L 9 5 75
CTP:phosphorylcholine cytidylyltransferase
i) 30 Ji Tl / 4R A 3 D T

Putative ketoreductase/Oxidoreductase

K B

Carboxylesterase/lipase

Juik % & 1 E B DAG

Putative plastid developmental protein DAG
Ri%&E M Os1 017216

Hypothetical protein OsI_017216

Jo T RN A SR/ E T

P AN C ATG ) W+ G 8 11
Avirulence-responsive protein-related/
avirulence induced gene(AIG) protein-related
A2 AR IR R0 R I 24 R A

Putative low temperature and salt responsive protein
64T B B 1 2

Low molecular weight glutenin subunit
MYB 5 5 T

Putative MYB family transcription factor
T 52 1
Triosephosphat-isomerase

Rpr4901.1

Rprd4901. 1

ENill

Unknown

CTCCCTCTGCCCCTCTTG
CAGCTCGCCTGTATCCATCT
CCTGCTCTGCCATTACTTGG
TGCACCTCCATCTCCTTCTT
CAGCAACCATTACCACCACA
GCGAAAATGATGGTTGTTGA
AGAGGAAGCCATCCAATCTG
TCTTACCCTCCCTCGAGTCC
CCGCCGCCTCCTCTACTC
GACGTTTCGGCGCATAGA
TTCGCGAAGCGACTACCG
GCATCCTTCGTCTCGCTAAC
ACAAATACAAGCCCCCAAAG
GCGGTGGGAAGGTTTCTTAT
GACACCTTCTCTTGCTCCAAA
GAAGACGTGATCAGCATGGA
TCTGGATCCCTTGTCGAATC
GAGGCGAGGATCTCATGGTA
TTGCACCTTTTGATCCAACC
TTGCCTCACCAGACTCAGTG
TCACCGGAATAGGAATAGGG
GGTATGGGGATAAAGCAGCA
AAGCCAAGCGTTAGCTGTCT
AGCTCGTTGATCTCCTCGTC
TAGCACCAGGCTTGACCAGT
GGACCAAAGCCAAAAACAAA
GGATGGAGAGGGACTTCCTG
ACTCCTCCTCCCCCAAAGTA
TGCAAGACATGCACACTGAA
ATTCCCAACAGTGCTGATCC
ACGTTGTCTCCGTGTCATTG
GGTCATGGCCTCAGTCTCA
CCTTCTCGACTCCCTCTTCG
CCATTGCTCGTGGACCTGT
TCTGTTGTCGGCATTTCAGT
TGGCGTTACATTCATTTGGA
AGTACTACGGAGCCGAGCAA
ATCGAATCGCCGAACATAAA
ACGCACGCTCGCTTCAAT
GCAGTATCGTCTCCCTCTGC
AGCCAAAGGAGCTGGAGGAC
GGCTCCGTGCTCCTCGAC

CCAAGTGTCAGCAACAAGCA
TAGACGAACACGCTGTGGTG

CCGTACGCCACCAATTTTAC
CTGATCCAGAACTCCATCTGC
GCAAATCCCCGAGCAATCCC
TAGACACCAACTCCGATGCC
GATCAGGCCAGGCTACTCAG
CTTCTTCAGCCCCTCCTTCT
AAAGGTAGGGTTTCCAGTTGC
AATGTCCTTGGCGTTGCT
GGAGAGGATAGGCACAGGAC
GAGAGCAGAGGGAGCTATGG
CCACACCATGCCACCATGCC
TGGGTAGGTGGTAGTGTGCC

Hew-1 & w-25 3k HSCHk[15]:w-26 & w-30 3k [ SCik[ 14 ]F1[167,

Note:w-1 to w-25 from reference paper [15];w-26 to w-30 from reference paper [14] and [16].

2 pL,25 mmol/L MgCl, 2.4 xL,2.5 U Taq R4
0.5 pL,2.5 nmol/L dNTPs 2.4 4L,0. 4 pmol/L 5|

1.4 PCR ¥ 18 K 3 18 7= 41 59 46 i

PCR WK Z R 20 yL,,ﬁ\:EF'@?ﬁ;IO X Buffer
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Y4 0.3 pL.50 ng #H DNA, PCR JZ B 41 : 95
CﬁﬁﬁSmmﬁ4C§ﬁlmmﬂ5CEﬁﬁk

40 5,72 CHEAH 40 s,35 PMEHR; feJ5 16 68 °C T 4
{10 min,

£ HRBENOERMME EST-SSR3AMFHNRERES

Table 2 Sequences and information of EST-SSR primers from Chinese cabbage and oilseed rape used in this investigation

EIE E R RSG5

7l I8 EST # 5 fig

Primer Previous EST putative . ECEEd o
. . Primer sequence (5'-3")
code primer code function
4 ESTPOO1 Gp85 HH CAAAAACGTCGAAAATGCTT
r : Gp85 protein TTTTTCTGTGGGCAGGACT
" ESTP003 -4 2 A 1 i GGGGGCATACAACTCCCAT
r " . Chlorophyll synthetase AATGATCAAAGCAAGCAACG
3 ESTP007 TRz K5k TTTTAGTAGTCTTATAACGAAAAGGGG
o : Pentameric polyubiquitin TGGAGGTGGAGAGCTCGG
4 ESTPOIS S BEFLIR B AR/ T GGGGATGTTTATCCCGTTG
r Acetolactate synthase small subunit CTTGTCAAGATCCCCAGTAAGC
- ESTPO16 Enoyl-ACP if J5 fif AAGAGAATAAATCAAGAAACACAAGTC
r Enoyl-ACP reductase ACTCTTTTAGAAGCTGAAGAAGCA
: . 4 AACGAAACAGCCACTAGAAACA
6 ESTPO18 Unknown CCCTCTCACAGCCCTCAG
7 ESTP021 40S BB AE H SI15A AAGGCTTTGAGCTTTAGGAGG
r B 40S ribosomal protein S15A GACATTCTTCCTCCTGGCTTC
3 ESTP022 60S AR L17 TCACGATTAAGGCCTAACACAA
r - 60S ribosomal protein .17 GTTTAACCGGTTTCCCATCC
i ESTP023 40S B HHAE H S10 CCCTCTGCGTCTCTCTCTACTC
r : 408 ribosomal protein S10 TCCACCCTTTTCACCTTCAC
10 ESTP025 40S B A 1 ST AACACAAGTTTTGAGGAAGACTGA
r ; 7 40S ribosomal protein S7 AGAAAGGCTCAGCTGTTCAGA
0 ESTPO%6 2%/ IRER S27a GTAGGATGTGATTAGTGTTTTAGCGA
r N Ubiquitin / ribosomal protein S27a GTCGGCAAGAGTTCTTCCAT
12 ESTPo27 408 AT 1 S16 GGATACTATTGATCAGAAGCGGA
r 408 ribosomal protein S16 CCTATCGTAACGGATAAGGAAATC
13 ESTP031 GTP-455E A AGATGCAAACACACGCACAG
r GTP-binding protein AAGGTAACCCTAATATGGTGATGG
14 ESTP032 GTP-Z54% 1 typA GCAAGTATGTAACGAGCAGGAAC
r GTP-binding protein typA CACACCCGCACTTACAAACA
15 SSR-P5 A GAAGTTGGGTTGAAGAGCAGTT
r Unknown TCTGTAAAGTGTCCAGGAGCAAC
16 SSR-P6 M EA D2 K 0EH ACTCCGTCATCACCGTCCTT
r Putative snRNP D2 core protein CCTATTCAACGCTGCGTCTTA
17 SSR-P13 F6D8. 25 #H 1 ACCCCAGATATTTTGTTAGCCG
r o F6D8. 25 protein CAGGTCTTGCCCATTTTGTCA
18 SSR-P14 AH AGAACTAATCCGAAGGAGACCG
r = Unknown GGCTAAGCCGCAAACGAC
19 SSR-P16 5N TCATATCCATCCATGTCTCAACG
rh o Unknown CAACAGAAACTCGGTGCAAATC
2 SSR_PLo ATP & Clp % 18 3 ClpP AGTGTTGGAAGCGGAAAAGG
o ATP-dependent Clp protease subunit ClpP GCGTAGGCAGGAAAATAGGG
21 SSR-P21 HEIE TGGTCTTGATTTTATTGCGAGC
r Putative protein TTTGGGCGTGATACCTTGAG
HRTR 45 4 FIRE 1 Atmp2 PR, A T A A L
r-22 SSR-P22 Putative progesterone-binding GETCTAACCACTGACCACCGA

protein homolog Atmp2

ACATCCTGCTCTGGGAAACAT

ool r-14 3 @SS R 19 F 3% EST-SSR 5145 r-15 2 r-22 3K {25/ [ &P R E A 3% EST-SSR 514,
Note:r-1 to r-14 EST-SSR primers from Chinese cabbage from Xin Y, et alté!;r-15 to r-22 EST-SSR primers from oilseed rape from Li X B,

et all5],
] PCR 4734 7= 9y o A& A 15 1 05 1Y 1+ 22
R SR 5 80 g/ L 1 JIk A5 1 2R P A4 T Jre o Jie (%

2 RS

7 mol/L JRZ) PEAT LIk 43 B . ¥ Pk BT FH %) B 9k 2% 2.1 NZFE EST-SSR 5| ## 4 4t /e h a3 12
Wik 1X TBE,#E4 200 V e A B0 JE FHL K 1.5
DRI T Y g

b AR Y kT R
Rk A 10 g/ L BUIR W R Uk 0 85 . EB e o) 5 4h
KT R .

F/Rlﬁ*rim;tmmglb\ﬁ
T EZE SRR 10 AS/NAE i Fe L5 A4
FoK A B FR 10 ANl S G R A5 S R EL A Rl LUH:

KN DNA Sy LKA 30 X /A EST-SSR
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1Y T PCR Y 9 S 0 e =y 2 280k W B 1A 3.

M 1 2 3 4 5 6 7 8 910 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

BT 514 w19 ZEAEUH B 0 AR h i 38 7= i 2 2
1~10 43 BIARRALILAY 10 A/ SRl s 11~15 43540 5 D E R AL HR 516 ~25 535 AF 10 A~ ih 3 5 fb 5
26~30 43 AR3E 5 KA FN; M AR 3R Marker; T A
Fig. 1 Polymorphiic pattern of PCR products amplified in monocotyledonous and dicotyledonous varieties with primer w-19
1—10 representing 10 wheat varieties selected in this investigation; 11— 15 representing 5 maize inbreeding lines;
16 —25 indicating 10 oilseed rapes;26—30 indicating 5 soybean cultivars; M representing Marker; The following figure is same
F 3 30X/IE EST-SSR 57 4 MAHKIEM P M EBERAR S5
Table 3 Amplification and polymorphism of the PCR products with EST-SSR primers from wheat

B Y P3aE % Amplification result P 3 =) £ 4% Polymorphism
o > -
bmer oS PR o ko gk, ke
codes Wheat Maize rape Soybean Wheat Maize rape Soybean
w-1 A A A A P P P P
w-2 NA A A A NP P P NP
w-3 A A A A P NP NP NP
w4 A A A A P NP P NP
w-5 A A A A P P P NP
w-6 A A A A NP NP P P
w-7 A A A A NP NP NP NP
w-8 A NA A NA NP NP NP NP
w-9 A A A NP P P P
w-10 A A A A P P P NP
w-11 A A A NP P NP NP
w-12 A A NA NA P P NP NP
w-13 A A A A P NP P P
w-14 A A A A P P P NP
w-15 A A A A P P P p
w-16 A A A A NP P P P
w-17 A A A A NP P P P
w-18 A A A A NP P P NP
w-19 A A A A P P p p
w-20 A A A A P P NP P
w-21 A A A A NP P P NP
w-22 A A NA A P NP P NP
w-23 A A A A P P P NP
w-24 A A A NA P P P NP
w-25 A A A A NP NP NP NP
w-26 A A A NA P P P P
w-27 A A A A NP P NP NP
w-28 A A A A NP P P NP
w-29 A A A A P P P NP
w-30 A A A A NP NP NP NP

HNAEY =0 A G =0 NP BB P AZEE., FTRA,
Note:NA. No amplification; A. Amplification; NP. No polymorphism;P. Polymorphism. The following table is same.

M 3 ATLAE TR B R 10 AN R R, A 16 XPS TR 10 /N A b s A 8 M 2 385
BRTIY w-2 Ah, oAl 29 X519 A 910y Horp M. 30 XE/hAE EST-SSR 519, 73 547 29,28 Fi
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26 X5 WTE ER ISR R E MM b Gy 8w,
B4Rl Bk 96. 7%, 93. 3% F1 86. 7% ; 1
X3 MEY L YR Y SRR WoR 2 B0 51 4
B 21,21 A 10 X, 4% 5 el g4 51 72. 4%,
75% H1 38.5%,

M 3 AT LA H 30 Xf/hE EST-SSR 514,
TELF IR /N ZE R B K S T 3G L = W ) 51
A28 Xf L Hd g 12 X5 R Y R 2 Ak,
o AP S P 42,9 0 s ERLTAAE Y SE ALK 2k
¥l g s = s A 25 xF, o 9 xF sl
PR o 2N AT S M 3620,

EAFEY P AEEWY S WA 24
XF, di /22 EST-SSR 51919 8020, Hoh Ay 4 Xt
14 R w-1,w-15,w-19 . w-26) £ i (1 8 X7
MAEY YR Bon 280 ST S
16.7% ., LA LS55%M /N2 EST-SSR 5|97 4 Ff

B AR B PTG R B A —
RN
BiGR 1 AT LUAE A B BT AR Y
LY P Y R 28 M EST-SSR 514, KB
Xof o7 1) 5 PR 3 531 2 ) £ 2 FAOIR R A AR 1 L 22 R/
R R KO BRI ORE M R L R B
(CTP) M/ FREAE AW R, X80 X 8 W
MAEI AR R B R A R X,
2.2 BAX/MFE EST-SSR 5|7 4 MK IEHF
My EER RTINS S
R LS/ 3% EST-SSR 51 4 7 5 8- it
PEY v i3 B 43 0 LA 10 Sl 3E S Rl LS DR
AR 10 AN /N SRR A 5 A T oK [ B8 &R SRR R S
P H s DNA Bt . J 14 % 3% EST-SSR 514
1 8 X[yl EST-SSR 5| #4717 PCR 41§, ¥ 14
LR B = 2SR IR 2 Tk 4,

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

K2 519 21 AR T AR 5 i 2 25
Fig. 2 Polymorphic pattern of PCR products amplified in monocotyledonous and dicotyledonous varieties with primer r-21
x4 BX/M3EEST-SSR3IWE 4 MEKEMPRTIEELRZHME
Table 4 Amplification and polymorphism of the PCR products with EST-SSR primers from Chinese cabbage and oilseed rape

5l P Amplification result P =Y £ & Polymorphism

9 5 TS o

P;ﬁ;r:(;r O{iT;:Zd K& M .~ 7'6 Oﬁs;e\id Ai i & 7&
codes rape Soybean Wheat Maize rape Soybean Wheat Maize
r-1 A A A A NP P NP P
-2 A NA A A P NP NP P
r-3 A A A A P P NP P
r-4 A NA NA A P NP NP NP
-5 A A A A P P NP P
-6 A A A A P P NP P
r-7 A A A A P NP P P
-8 A A A A P P NP NP
r-9 A A A A P P P P
r-10 A NA A A P NP NP NP
r-11 A A A A P P P P
r-12 A A A A P NP NP P
r-13 A A A A P P P P
r-14 A A A A P P P P
r-15 A NA A A P NP NP NP
r-16 A A A A P P P P
r-17 A A A A P P P NP
r-18 A A A A NP NP P P
r-19 A A A A NP P P P
r-20 A A A A P P NP P
r-21 A A A A P P P P
r-22 A A A A P P P P
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SRR BT AR A EST-SSRs 319 #1AR I 138 F PO 52 81

MFE AT LLEH, 22 X E 3/ EST-SSR 5]
Y1 AE 10 AR T 5 22 RAR KIS i Fhrp 3 A 9
Ha=y Bk 3 X514 (BDS 14 r-1.0-18 FI r-19) 41, H
A 19 X514 A A 04 v S S R ) 0 7 2 B OR
LN I 18,21 1 22 X BIWI1E K T /NI
FERPAAY Y, 51T PR 4 81,824,
95. 4% M1 100% ;43 A 15,11 F1 17 XF 51 ¥ 78 K
ISRV SN= P N AR /RS DRt/ RTINS 2 s | el |
P HGIYIRY 83.3%.52. 4% 77. 3%,

NF 4 Al LLE WL 22 XF 3R/ S EST-
SSR G A 18 X 5 W AE XL I VR 9l 3 LK
TR S TSI Y 81,800, Horh 13 X
SIYAEX 2 MAEY Y S W Bos 2805
Ay SR 72.2% . A 21 X519 TE T EY
INFERNE AR BP0 TR S 995, 4 %0,
Hor 10 XF 51 9y 78 3 W Fp VR b g 3 7= 4 1 B oR
ZAME ARSI AT 6%,

22 XFH /3 EST-SSR 51 ¥, 5 7 Xt 5]
Y1 B r-9.r-11.r-13.r-14.r-16 . r-21 F r-22 ¥F 4 Fb
BEREY Y 8= SR 28540, 5 el i 5|
Y 38.9% . HILTET UL, 3%/ 32 /) EST-SSR 5|
WITE IR KR N R ROk p T e R e, BT
R — R 2.

g 2 LA 7E AR i B T AR
T TR P 3 R 28 ) EST-SSR 514, H
Xof 17 F 5 R 3 0 2 i 1 2 408 BB R R 1 S10.972
R/ MBRER GTP 454 & 1 . snRNP .0 E A
D2 R 45 A 5 A RS Atmp2, 33X $035E H [6) £
X W E R AE K EE A HEEE X,
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