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Abstract: Bentgrass is a major cool season turfgrass. Few molecular markers have been developed
for bentgrass compared to field crops. In this study, 1 058 EST-SSR primer pairs developed by our lab
from wheat, barley, maize, sorghum and rice were screened on bentgrass. Of which, 620 (58.60%) primer
pairs showed amplification. Effective primer pairs from wheat, barley, maize, sorghum and rice were 313
(61.49%) , 30 (63.83%), 101 (51.53%), 11 (35.48%) , and 165 (60.00%) , respectively. Furthermore, 53
EST-SSR primers were selected to investigate the genetic relationship of eight bentgrass cultivars, and 51
(94.34%) primer pairs showed polymorphism. In total, 368 alleles were found with an average of 2.69
alleles per primer. The PIC (polymorphism information content) for each polymorphic primer varied from
0.49 to 0.93, with an average of 0.78. The average genetic similarity coefficient (GS) among the eight
cultivars was 0.72 (ranged from 0.48 to 0.86). Clustering analysis indicated that the eight bentgrass
cultivars were clustered into two groups based on 0.75 of GS. Group I consists only Highland, group II

includes the others, which could be divided into two subgroups based on 0.80 of GS. The sub-group II-1
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includes Alpha, Penncross and Blackspin, The sub-group II -2 includes Putter, L-93, Cato and Penn A4.
Key words: bentgrass; EST-SSR; transferability; genetic diversity

B (Agrostis L) JEARAF} (Poaceae) F#AWAEL (Pooideae), J&HEATRIRIIFR Y —,
S EA 220 &8, HEA 29 Bl 10 AR, Horb ) E BT BCE (Agrostis stolonifera L.) . 41155 55 /i
i (Agrostis tennis L.) FIZEE T B (Agrostis cannina L.) PRI HAE SN %11 A A= 25085 (1 8 J i 18
o EEPERLYG v N TR R BRI R AR SR L FEESSE (Warnker et al., 1997).

EST-SSR &4 K AL R 13E T EST (expressed sequence tags) HIHT 4> Fhnid . HFER 4] SSR
FHEG, EST-SSR fig A Dy AeRERHR AL “ Zaxt” drid, JFR AL, PFhi@E - (Chen etal., 2005;
Zhang et al., 2006). HTj/MZ (Lietal., 2008). K% (Thiel etal., 2003). 3¢ (P 5%, 2006,
HE WEW 4, 2008). &5 (Sahaetal., 2004). =% (Barrett et al., 2004) %% EST-SSR
Frid CHIT R, AHAE B A0 It 58 it ok WARIE

#1E 2010 422 H 6 H, NCBI H MBS EST 14 21 656 4% (http://www.ncbi.nlm.nih.gov/sites ),
ML E B NI IF R OK B ) EST-SSR fric. ABFFUHRIAIR AN, K2 oK. @R, KFER
EST-SSR, A/ gg e s Pk, b SRR s i > Al JF— 0 R X Sbrid 73 4
BB BUES WL it TR RIS 0GR

QY Vi SRS DARFA

1.1 EYTR

EST-SSR #rict i FH PERIF 57 BT FH 10 55 I 0 A ek ok e s S8k 0 R 0 M BT H 85 I A AR 3% 8 /N
i, ALRE4ISS B R AL (A, tennis L) =i, )& G BAL (A. stolonifera L.) [l /RvE. W57 8. [PlhE.
Weh: . L-93. A4 FIFFH.

1.2 EST-SSR3|4)

1 058 %} EST-SSR 5|4 A5z 3 FF &% (Chen et al., 2005; Lietal., 2008), i Figd T4
HATEREEGRAR G, HhskA/NE. K3, KR, w2 K595k 509, 47, 275, 31
196 *f o

1.3 PCRi¥ 15 i ik&

FERIA A DNA (32 HUE I Sharp 55 (1998) #1772, PCR RMNAKFRA (20 pL): 1xZgpf
¥, 1.5 mmol - L MgCl,, 0.1 mmol - L' dNTPs, 500 nmol - L™ 5[4, 1 U Taq i, 60 ng DNA F#.
X N AE Biometra 2 7 [#] T-Gradient 4 PCR 384 LT . RNFETF M : 95 CHAZYE 5 min; 95 CAR
PE 1 min, 50 ~ 65°CHEM:45s, 72°CHEMH 1 min, 35 MEFR; 72 CIEM 5 min. 7Y 4.5%[ k7%
P 2 TN B e B i vk . DN maarker 24 pBR322.
14 BURFITE S

DAY 3 S A AE R AT B AL B TG, IR 178807, 28 7 T SR AP . K95 Botstein 45 (1980)
HI 51 2 45 B & (polymorphism information content, PIC):

HINTSYS pe V2.10 BAFTHE A B AL AL R £ (GS) RIBHL RS (GDy, WRIGERED,
i GS AU AN 113% (UPGMA) HEATERK 7347
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2.1 EST-SSR7EEIRR#F EBIBEA M

FEH] 1058 % EST-SSR 5|94} 55 gt AT 7L, 47 620 M5 140X (58.60%) BEY 1Y HiFe e i
By L b, YR /NEE L OREE L K R RIK AR IR 5 00 B AT 3y 36 L9 23 5310 4 313 (61.49%)+
30 (63.83%). 101 (51.53%). 11 (35.48%) #1165 (60.00%). iBHMEEARKIK A : KFE. Iz,
P I 1 QU L N DN

620 %} EST-SSR 5 |W7E 85 B fiirh 3o 8 1 447 43517, S5 0 femnd 18l 6 4%, P8y
233 %, Y BOR/N 80 ~800 bp. Hirr, YT M. KEZ. FOK. /NERUKHIN EST-SSR 514
KI5 B 480k 2,64 2,63 2.50. 2.32 F12.19. M EST-SSR 5| R E S HRE (£2),
DL A% R T 1K) EST-SSR 519 R 55, 4 60.99%, HAZIFMRE 1) EST-SSR 53 1 H i
%, 4 53.88%, WAAHZE 7.11 ANE 4 Ao

&1 AE{EH EST-SSR HRICER BB L PCR 84 R
Table1 PCR amplification results of EST-SSR markers derived from different crops in bentgrass

KITED 515k SR GIEY T3 /% P73 R B op i g A R
Origin crops Number of Number of effective ~ Percentage Sizes of amplificated ~Number max amplificated Average of
primer pairs primer pairs fragments bands amplificated bands

/N Wheat 509 313 61.49 80~800 6 2.32

K Barley 47 30 63.83 80~620 6 2.63

T K Maize 196 101 51.53 120~700 6 2.50

1F1 % Sorghum 31 11 35.48 90~650 6 2.64

7K 7 Rice 275 165 60.00 105~650 6 2.19

A7t Total 1058 620 58.60 80~800 6 2.30

£2 TEAHRFEHES EST-SSR B PCR LR
Table 2 PCR amplification results of EST-SSR markers with different motif in bentgrass

TR E S A GlE7EA ARG E ERGA PR AL
Motifs of EST-SSR markers Number of primer pairs Number of effective primer pairs Percentage Average
TR Dinucleotide 182 111 60.99 2.32
ZI%AFR Trinucleotide 530 313 59.05 2.30
TUA%FF R Tetranucleotide 140 85 60.71 2.32

TiH% 1 Pentanucleotide 206 111 53.88 227
4T Total 1058 620 58.60 2.30

2.2 ETEST-SSRHIBIRGFEZ X RN

M 620 N 1Y EST-SSR 5 [0 i B LBk I 53 X4 airi . 8o 2 51 T 8
AN B FPSR GO R (B D
5300519, 51 XSIMRIMZENE, ZAVELARN 94.34%. JLAGIF] 368 MM AL S, KRGS
5P R PR S5 AR S A 2~20, ~FE00h 6.9 ANEERT AR S 51 A 2 A TES 1 PIC fi =ik 0.93,
RAKA 0.49, P2k 0.78. MHEIX 51 %5514 3G~ B A RE, THECHR Y 8 AR )
BLEEE R 0.72, AZALTE Y 0.48~0.86.
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1 EST-SSR 314973 B 438
M. ZrF ks 1. BIURYE: 20 W oiin: 3. [lig: 4. 45 50wl
6.1L-93; 7.A4; 8. T,
Fig. 1 Amplification of EST-SSR primer on bentgrasses
M. Marker; 1. Alpha; 2. Penncross; 3. Blackspin; 4. Putter; 5. Highland;
6.L-93; 7.A4; 8. Cato.

FIH NTSYS-PC #f4, {8 H] UPGMA VAR E T REH (K 2). {EAHLRECH 0.75 /KFrl 404
PR T e angggyiemn  mth”, TT2O0HE AL mFT/RvE oy i e 45 L-93.
TFAA A4 25 7 AN FVFIR R . 1B AE LR B 0.80 A A5 (R /KT BTk 40 AN E2, 11-1 W2k
AP R EE . W& e o7 . [RiEdl i, 11-2 Wk HEr. L-93. JTHh. A4 4.

/K% Alpha

1I-1 [ & 7597 1 Penncross

I ——— [Aljj& Blackspin

————— 4% Putter

1-2 ] 193
4‘; Fia Cato
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0.5‘0 0.39 0.%8 0.‘77 0.‘86
FHALZREL Coefficient

B 2 ET EST-SSRIFCHMEFIAMBERE

Fig. 2 Dendrogram of bentgrass cultivars based on EST-SSR markers

3 e

CA JURP > FhRic B T 59 B Y5 9T, W RAPD Aiic (Rajasekar et al., 2007). RFLP 45
it (Caceres et al., 2000; Chakraborty etal., 2005). AFLP #5ic. (Vergaraetal., 2004; Zhao et al.,
2006) FI SRAP #rict (Dinler et al., 2008) . {HARX T RKHA/EY, BRI EEIRIR D A0
FUHOOT NGS5 FEYY) EST-SSR brac 76 54 i - ey 3e HIVEEAT 74047, £E 1 058 X EST-SSR 514
HE 620 X5 1 Re e B e b A Ry 3, W SO TR ARG . IR kR m] LS T
BB B 2 AR AT oAl PR A . SEDR AT FRECEIE AT AbR 0 Al B ik B 55

HI S B EST-SSR bric /LR m)as FH : 4% 5 (Saha etal., 2004; Yuetal., 2004; Lietal.,
2008). AHIFLHFRENE . K. Tk w4, KR 1 058 %t EST-SSR 5 W7 55 11 #i b A5 2343
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BB ERE N 58.60%, BiHIIX 5 FEMH EST-SSR 7 88 I Bl L A7 B il vk, 3 5 e
VEYIE I PERTIUSE B30 W PERFIT 4 FAESE 75T EST (1) SSR 57 Mfh 2 a1 () s PR <5 1,
KA RTRATRI KRG . N2 K HAEY CIF R IR ) EST-SSR Axid, 7E EST £l e rh £t i/
(PR B AT R AF AT 5.

BB AL X RIE RA IR, X7 T WA ALY, 5 — A2
AP SE A KPR ANTE 2 (Warnker et al., 1997; Caceres et al., 2000). Rotter 2 (2007) X 54 &5l )E
WY R G A IR I, TR A R, AFAE) 12 B RETE . AR 45 kG, 53
X1, 51 51 LA, ZEMEERA 94.34%, wikE T Gupta 2 (2003) A8l H AL/
FEZFEVEA R (55%) FIPTHESE (20060 Rl IS4 R (46.7%), XU BIIRATIT & 1 EST-SSR
Fric BEAR U (00 FH T B B BT Rl ) S 20 0¢ R0 HT . AAFE T EST-SSR 43T A ic Y 55 JBEA it b S 2 i S ]
DI, s iR CASSE D A LB 5IEMR CREWERED A, sk ey
e, (BRI RN, XA Caceres 25 (20000 FJJ] RELP 441 5 ik B i B (1) 55 25 0% R
LR B TN T AP AT, RN 1SRN R T BE AR RO Mok &R &, AT
19 B IRERIE 200 Z 0] b J00T W RRIE B RIS A E R 2%
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(PR SR AE) R RO T 2009 4 10 H b AR AR HRCR AT« 214 250 )77, 1 iig. &8,
DRI R 5 AL B RO R 4 05 RIS FSBEEMISIE T b BRI I 8 LR, B
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