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Abstract: Codominant markers are better than dominant ones in genetic studies for their ability to distinguish
homozygotes and heterozygotes, but their development is usually costly. There has been no report on applica-
tion of codominant markers to Carya cathayensis so far, but the cDNA library associated with fat metabolism in
Carya cathayensis revealed 43 ¢DNA sequences characterized by base repeats of simple sequence repeat
(SSR) markers, from which 34 pairs of expressed sequence tag (EST)-SSR primers were designed with Primer
Premier 5. With an SSR protocol established, these SSR primers were used to analyze DNA of 40 C.
cathayensis trees from a natural population in Lin’an of Zhejiang Province, which are at least 100 m apart
from each other. A native PAGE (polyacrylamide gel electrophoresis) design was used to analyze the applicabil-
ity of the SSR primers in C. cathayensis. Results showed four pairs of primers had no amplification product,
three pairs had an amplification product beyond the pre-designed product length, and 27 pairs had clear and
stable amplification products. From the 27 pairs, 18 pairs amplified 22 polymorphic loci accounting for 47.8%
of the total loci amplified. Compared to other dominant markers (RAPD, ISSR, SRAP and AFLP) developed
for C. cathayensis, the SSR markers were only high in the percentage of polymorphic loci. Thus, it would be
feasible to develop EST-SSR markers in C. cathayensis. [Ch, 2 fig. 3 tab. 36 ref. ]
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f&] 5 55 &2 7 41| (simple sequence repeat, SSR)J&—28—MtH 1~6 /™ 2 2 B A 2 T 8 52 5 3T 1 1
J AL EAZ R (DNA) J7 511 ST 52 A— Ml 10~50, 7] —285% LA DNA A] 23 A7 78 55 5 41 09 A [R) fir
By JENA PSSR ZAMR FE, BILRIERE, PRl RAtRE R RE, APRIEE rTRER, SSRAR
WA AW, RIJEP] 4 SSR (genomic SSR) 1 3% ik 7 91 #5% SSR (expression sequence tag-SSR, EST-
SSR) ., JEPHZH SSR J& 4k TR K4 P 5 JF & 1y, R A B R 20 SCHE Ry T ik, IR RERS 2% 07, i LR Ry
WEFII G, FhIA —E MY R BRYE . EST-SSR &A1 78 T IR FFIN Y SSR, AEIEFAETHE T
BeARF R FEIX Z P i SSRE, BT oDNA SCE B # i S cDNA W . Scott %5 M\ 5 000 % i 4 J&
Vitis EST T4 T 124 4~ SSR., EST-SSR #ric A UAAT B4 SSR Arid 281k w . bk | HAE VL1
S, T HIF A SAS AR ARG, AR 0w B B A R F R 534h, i T EST-SSR Arid ok A T4k
R gty X, Fir ASE 25 5 SRS JE I R 5 B, AR DD REJE A 1Y B4 0 R I R SR 7, HAy, %5
FhRIC C R Iz 0 T Rl SN B A % R AL O st AR 2 AR A A R A bR T i B
BRI AR UNNE Triticum aestivum"", K. Glycine max""", % Vitis vinifera™, $# Lindera
sp.®', 1% Brassica campestris™', IKFi Oryza sativa™', B5MEBE Actinidia chinensis ™ S 54 h € W T I+
& T EST-SSR #ric, [Hi LMk Carya cathayensis EST-SSR ARic BHRIE , IIAZ SR WI VT4 HE LT
WA, AR RBEE MR, B RESETE ARk b N7 T 8 B 2 357 (amplified fragment length
polymorphism, AFLP)®  BEHLY 3 22 DNA (random amplified polymorphic DNA, RAPD)™!, i T A 1]
W | Br Z2 A% (inter-simple sequence repeat, ISSR)', J¥FI|AH Y 1 2 &5 SRAP (sequence-related am-
plified polymorphism, SRAP)™ #ric/r ik &, I¥ AN T I MR BHAL AT IE . DR B . F ik 2 by
W T RN I B AL b, 28RN FE 22, X — S ek A 5 i 18 fe vk A
K, F—Ir S50 TARCA S RREA G, BidnFhricth B e, A BrEaia i8S B
PEA G AL, 4 SRAP AHXT I & 7] SR f o3 St WAERST ) W, A L2TF i SSR A Ll A% dk At
Fric, VARG ILAZ R A 54 05T

1 MHEET &

1.1 iRgE A

1.1.1  EST-SSR 31 %3t e 45k w4 2 2RI B pk SR SE il AR TE i . 54k . B B OC A At 3] ) SR 5 hy
KR, MIET — NN 5.0x10° 28 BEIE BB 07 (pfu) - mL™ A9 LA B BS 05 835 AH 56 cDNA S, IR
4y ¢cDNA R Beib AT T Bedl . LAF 8 20 Fr b & B0 & A SSR A 3 5 &2 45 55 19 P 514 k1 EST-SSR 514
BT r 5 I

.12 BEhase 5 A, IWEBkght 5 R IF G, 7E Ik X R4 40 S HpR it i, 45 SRRk 7 [H)
— Ml S ] 2D AR BE 100 m SRAE b A A B0 A0 AR LRk 7 KXWV W T S Sl
Bk e, MEE . WUR | dm A, BT RS O B A AR AR

1.2 Fi&
1.2.1 EST-SSR 7l ##93%+# X} & A SSR #f 2k & & #7551 ¢DNA J¥ 51, FIJH Primer Premier 5 (http: //
www.premierbiosoft.com/crm/jsp/com/pbi/crm/clientside/ProductList.jsp ) #E 47 51 #1511, Z AR LB 4535 &

SIS EC PR E R 100~300 bp; SIHKE N 18~25 bp; B KIRJE N 45~65 C, H L FU#E519Y
AR KR EEAH2E AR KT 5 C; 5L (GC) N 40%~60% ; ISkt 5| ) — A5 ) H
1.2.2 DNA #9428 Y584 00> @ 57 (1938 T ILAZSk T i DNA 93280575, RIS R 175 be dk = 3
TR 2% (CTAB) i 42 UKL 41 DNA, DNA £ W' BEfH D (N ) W5 B v bRz, 5 3k 1) 25K 1Y) 7 e 2
100 mg-L™ F 7T SSR 4347

1.2.3 SSR R B4R Z o944 AHIF 58 78 558 4 81 20 37 938 T LBk i SSRS N 4 R i ik -, AR 52
B BB G, X DNA B it 5 2% 4l =X R 0 (PCR) I FR B AT i fl, 49 80 I A% Bk SSR e fE: 2
IVEZ N

1.24 37 Htan & SSR 514 55k EST-SSR 519 LilgEA: T/AEY TREARAGRAF G M, B34
FEAR I DNA XTB1 9 UEAT kLR, BOFIEfE % SSR R 54k R 4% DNA J5, it 10.0 g- L A9 B b
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BERCHLUK AT B, Kl s 2 B A Y 380 . XY 85, Bk B RAREEAR R 40 4> LBk
BURRAE S AT YR, P W R 100.0 g L7 AR AR M IR D M TR B RE RS, AE 1x R AR A AL Y BT R
(TBE) HL Uk 22 mf b 150 V fE LUK 1.5~2.0 hy MUK RIS, BERHZEMKIEUE 1 min; FH)S 2.0 g- L
(R R AR R FR 20 B0 10% 2 W87 W 2 B % 10 ming FEHZEM8KESE 2 WK, 2 min- 3K, J57E 20.0 g-
L SR AN RVAR TR B0k 0.4% P SR G AW b B0, B a WK IEVEBERS, JF7E BIO-RAD GS800 /& &
4 P R AR AR

1.2.5 #&#ES5H T SSR ML ERR I, PTRLX o WA F B AR A 7, P e gk gl R i R G
B PERRIC R AT Tk A RIBE B AE 20 bp LAY, WAL R 1 A A0, 2 &Ar i A, B
#7120 bp AN HA 1A%, WIRCH A 705, B AA 5 BB,

1.2.6 LM SSR AFiL S5 L et o4 Reg s ARIPEMA O 87 17 LMk AFLP, RAPD, ISSR,
SRAP FRiC MR R . ABFFOK SSR I & 0120 L B0 25 R 5 Ay 4 Fibric iR R BT i 45 ik 47 T k.

2 RS

2.1 EST-SSR 5| ##yi&it
M1 010 A5 (9 cDNA sefEh 5 2] 1 188 4AETUARIF S, LI 43 1> ¢cDNA J¥ 4 E A SSR fid 5t &
R, FIH Primer Premier 5 #4751 91311, HA 3T 9 4~ cDNA J3FI 31T 51 P15 A 2115 & 1 519
SHCER , L, fJa it SSR 51 34 X (R 1),
F1 FEHWLZBE SSR 5|91 F 5 K 78 i 4 & ia i 21 49 B 4L s 88

Table 1 Sequences of the SSR primers developed and the total loci detected in Carya cathayensis

EIE/E A2 X H (5" —3") BARREC SRR

SSR1* GACAACCAGCGGCAGCAT/GTGCTATTATTCCCAGGGC 57.5

SSR2 ATGAGGGTTATGGAGGACA /TGCGATAAGTGGCATTCAC 554 1
SSR3 ATGAGGGTTATGGAGGACA/ GGTAGCCGGACAAACAGA 554 1
SSR4 ACGCTCCATCCGTAGTTG /GAGTCTCATTCGCCAAGC 57.3 1
SSR5* GAAGGAGGAAGTGACGGATAT/CGAGCCCATCAGAAACTG 57.3

SSR6**  AACCGCACCGAATCCCATAC/CAGGAGGCTCGCTGAGTGAAAAGTG 59.8

SSR7#*  GCATGAAGCTGGCGAGTA/CGACAACCGATGGAACCT 59.8

SSR8 GCTCCAAGCGAAAGTCAAGT/TCATAAACCAACGCCAAAGA 53.7 3
SSR9* GCGTCTTCGCAGTCTATCC/CAACCTCCACAACAACATCA 55.7

SSR10 CAAATCGAGCTGTTGGTTC/GTACTCCTGCTTGCTCCTTA 554 1
SSR11 ATCTGGGCATAGGTAGCA/ATCGGAATAGTTCCTTTCAT 51.6 1
SSR12 AGCCAATTCCATATCCCAAGC/GACATACCAAACCGTTCTGC 57.8 2
SSR13 CGCCTGTATGTCACCCTT/ AGAGTCGCTTGGGTTTATC 55.4 2
SSR14 CAAACGACGGAGTCAACA/ACCCGAAGTGGTTCAAAT 52.7 3
SSR15%*  GACCTTTGGGAGGCCATTC/GCGTTTGCTTGCGTGAGA 57.3

SSR16 GCTTCGGCTTCTTCTGCA/GGATACCCGGAGTCTTACGT 57.3 1
SSR17 ACAACAAGCAATACACCCAA/CTAATCCAAGTAAGCCTCAA 53.7 1
SSR18 CAAATCAGTTCAGACACTCCCCCTC/AGTTCTCGGTGCGTGCTTGTAGTAT 61.9 1
SSR19 CCCAAGATCCAGTACAACG/AATGCCACCGATTCTTG 52.1 2
SSR20 TGTTACGAGGATGATGAG/GGGAGAAGAAGAAGAAGA 52.7 1
SSR21 ATTGCTGTTGCCACTGAG/ATGTCATCATCGGACTCTT 58.7 3
SSR22 GCCACTGAGTATTCCTTCC/TGTCATCATCGGACTCTTCA 55.7 2

SSR23 CTGTAACTGCAAAAGACC/AGGCTATCTCATACCACC 52.7 2
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F1 (&)

GIL7E 22 S X FH (5'—3") BAREEC ML R
SSR24  TGCCTTCTCCAGCTCATG/CAACCCTAGCAATCTACGAC 57.3 1
SSR25%  TCGTTCACTGATTCGGAGGT/CTTGTGGGAAGGTCTTTGGT 57.8
SSR26  AAGTTTGGCTTTGTGAGG/ACAAACGGTATGGATCGC 52.7 2
SSR27  CTTTCCTGCCATACTCACG/ATCGTCCTCTTTACATCC 52.7 2
SSR28  AAACCTTGGCATAGTCATTTGAGAG/CTTTGTCAACTTTGTTTTGGGTGTC 58.7 1
SSR29  GCAAGGTAGCACCCAATT/ATCCCGCTCATGCAGAAC 57.3 2
SSR30  ACAAGAAGAAGAAGCGAG/CTTCCTCTTTCTGCCTCT 52.7 2
SSR31  GAGAAGAAAGGGAAAGTG/AGGTTGTCTTCCAGTAGG 52.7 1
SSR32  GCTTCGGCTTCTTCTGCA/GATGCCAAGGCGATTTCA 55.0 3
SSR33  GGGCAAAGCACAAACTCC/TATCGGCGGTGTATCAGG 57.3 1
SSR34  ACTTCGGCTTCTTCTGCA/GAATACCCGGAGTCTTACGT 55.0 3

B, ok B B PR IR e FORY IR T 500 bps RAREE * (09405 T AL Bk SSR 314
2.2 DNA HI#RE

AR i 4R A JE L DNA D (N ) /D (N ) oo #8891 1.8~2.0, H DNA HLIK &M A | M7, 46
g, W TR 22 SSR 4 FhRiC I HT .
2.3 SSRIEZKIML

g S BEAWT AL, 5 PCR =Wy R UK A4 385 25 T T, e . S ARRL, #fE 10.0 wL 1Y
PCR S BRZR N . 10xZZ i (buffer) 1.0 pL, SfEEE (MgCl)1.0 pl, —BERROLIEMNAZ TR (INTP)
0.3 pL, SSR IEZ [ 519 (HJE N 10 wmol -L7)4% 0.5 wL, Tag DNA B4 0.1 wL( L B RE TR 4= W B
FARRAF), fitk DNA(100 mg-L™) 0.5 wL, fNJCHE MK (ddH,0) EZARF 10.0 pl; PCR ¥ 15 &4
K. 94 CHIZAEYE 5 ming BEJG 30 MG, HAMEIR 94 CAEM: 30 s, Bk 30s, 72 CHEAH 60 s; fie)a 72
CHEAH 3 min, HARJGRELSI YA AR (F 1), 5340027128k SSR KR LR, A
S B N AR Z P B 25 vh U D T 0.5 pl, Tag DNA B4 B EW T 0.1 L, DNA A/ T 200
ng; FWECIEHTI AT 30.0 g- L™ (AR REEENS , 1M 75 A 52 46 R F 09 J2 20 B8 T A A AR AR 1R 2R
N EERL LUK (PAGE) . BRI, SR Z8 rfr— 20 4311 FH S Tk Zl> 17 P i 22 5 oo 33t i

BT 4 SSR I ATHE 3 4~ DNA FE 5L i 4 38 25 5 | 76 S i B 8 I o b 5 | ) X AT T 40 20 I i 2
34X B 4 XS Ty B (B ) o AP sk, 40 SRR EETT PCR PR, Bk
PR AR AR M PAGE HLVK , 2558 30 X5 1=y (| 2), I 3 X518 5 7= P48 500 bp

- "-----------
- e -

B 1 LAEdk SSR 3l 40 i kB kB (34

Figure 1 Preliminary screening of SSR primers in Carya cathayensis (partial )

S HH R O EHER

A2 L#ZHk SSR ARE oA E ik B (4 314, SSR34)
Figure 2 Electrophorogram of SSR markers in Carya cathayensis (partial; primer pair: SSR34)
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PLE ., RS S5, W e 8= 100~300 bp, HI, X 3 X519 80P 86 8 A4 S
B R AHA A RS SSR 514 27 XH(FE 1),

BeAh, TERTRY 27 X510 R =y b, i B E AR ST R R 4y, rE S 4ol 3 M &R 3T
gy, Hrh R REZ ST IR S, N 66.7%; R4 = TTRANETRESR, ©
115390 5 30%F1 3.3%, —h 5L 8 5 HL o0 rp i R AR 22 () A BL TR (AT, RI(TIC),, B4 G %t
iR 1 F T s WY 35% 1 45% (3% 2)

&2 Bk EST-SSR 3 My MM ES E T it

Table 2 Repeat contigs of SSR primer-amplified products in Carya cathayensis

THEHMRER SHEHRER PO R AT
BT gAY Jt i LA/ % Bl Jt i Fe 1% BT AY JIr i Fe /%
(AT), 233 (TGC), 10.0 (CATG), 33
(TC), 30.0 (CTC), 33
(AG), 133 (ATT), 33
(TCT), 33
(AAT), 10.0

2.4 SSRRIEEHMIRIEHTERMLILER

27 %t SSR BI¥ %t 40 A~ 1A BREE S EAT o0 M, LY HEAR B 46 s, FHEX B A 1.7 A
R, Horp e A0 28 A, N R A 60.9% ; A A 18 A, S S 39.1%, 27 MBI A
18 X 7E MR S rp 338 Hh 22 AN ZAPENI AT, AR R 47.8%.,

Ej AR 2 57 oA A B L A R LAl 2 AR IE B2 AR, SSR bRid 2 AR S A e, HLEE
% DX 3 Ml G O 5 S A A LSS, (B AR AR RN I WA AR IE (3R 3) . SSR 2 A AR B AL
JEPH R DNA 351 A& 52 b A2 P B 1) T sl | i T 0 4 0 2 e A e s e e £ B AR (R R 38 A5 58 43 1A%
B EST-SSR Aric &l (9 37 s 8O 1~3 A, LA Q1 HA 2 AR IC . 248K, 2225140 B S e 1% J2 ) ol 1) 3t
L2 ReEE, S5IZWMM AT A, Wik, FIH SSR Wik se (e AR, ARG —EREN L
SO T L b, 8HE A 0 SSR 51 Z . Mlskm &, BFE4REIF & SSR 514 .

®3 WEHETHSFIRICT BERMLILR

Table 3 Comparison among the amplification results of various molecular markers in Carya cathayensis

bric £ Fx RAPD ISSR SRAP SSR AFLP
IR 16 17 15 27 11
RLEAN IR 12 9 9 18 8
P4 R A 121 143 173 46
PRI BB 7.56 8.41 11.53 1.7
EZ RV 25 20 27 22 32
251 L 61/% 75 52.94 60 66.67 72.72
ZI AL AL /% 20.66 13.99 15.61 47.83
EZ Y0NS EIL ] 1.56 1.18 1.80 0.81 2.91
3 it

Silva 2P 5l i WF 78 H I Saccharum sinensis EST, #3117 20 % EST-SSR 514, It H X &£ 5] ¥ WF 5%
T H BB A AUH B8 Saccharum WP R 22850, 25 B LB EST-SSR H A4 8 & i Al PRy . %
SSR ARic B 3L Sk K A E e e, IR A RO R m, RIS R S AR B A s, ASATE AT S
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T cDNA SCEEAGEE K p 458, JF& T 27 X iiAZ#k EST-SSR 514, NG %E SSR 51 ¥t — 2 I &
FIF T 928 3enl . IAZ Bk SSR bRid ik — LIt &, W DAAE A SCPE cDNA D)3 () S il 4k 22 b4y, Ik
Ah, A I AR EAE AL S FE B AE ZE RNA AP KL, 454 454 WP, JE3kM T 1 575 A~ HA SSR
B ik 5 2 AR AU S B X SR RHER T LAAE Dy Ll AZ Bk EST-SSR s ic ik — 25 I & 1 B 46 U

cDNA ML IR TR 77 4 ) mRNA U skick, A EWEFIFH, AFEYFE—IE K cDNA J¥51
PEAT Lot il 2 5l /b B — @ AR RIPE , PRk, BE B3 EST @ 40 F & i SSR 51 47 % i) 3 i 22 )t
T TR ORI AW SSR Bl XS, IRE AR B A R R AR AL ABES N ETE AT IR S
FEIAZBE Carya illinoinensis 1EJZ3EWFE, 0B M LLAZ Bk I & 19 EST-SSR Axic FH T [F) & P 4 # 1E & 38
FARBY 34T, E— 25 S0 T T & b i i 38 4k

AT LMK EST-SSR AR #4717 H &, WA 27 XFal IR SSR 514, 058 09 52 55 45 Fk
AT IR AL Z R o 98 U5 DT 45 B8 5 Ll
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