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repeat) 2 MNIIBEFER N TF R Anic, AAEE
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1.1 KIeH

RIS R F B ARBISE T 2010 FEFFIH M
R & H5] A 300 434 3BT IR, 70 B R = A 35
KBRS BT Ak b TS R E 2
SR 30 YR IRIE AN FT R 5. 7RIS b
(R 114°20", b4 30°37") Pt W6 2, 52 ME kAT
Bk 20 cmX 25 cm, B FFAE 50~T70 Bk, H
MHFEHE, 2016 FRZE, A A REVLIE3~
5 BRI A RERE P T, B R B HFRE T
—70 ‘CARAFIFTF SSR #ric s fr.
1.2 RKEHE
1.2.1 FRRARAVELA

30 AR SER I (FR5 W1~W30), [RERE
HERR » B B —BRYAE R , BN AR 10 #k,
SR 3 AFPAE T H R e R I 2
M EER S MR KB, TR AR R RRIR, 5
THEE R B0, W RE B R AT AR, AR BRI SR T 10 4

AR
1.2.2 F:PHZH DNA 25 & PCR §"1%

FHMWER CTAB i 2 B4 X E 4
DNA, 123 REWEEE I e P Aor U S22 B, 2 4841 o
JEA T E DNA MIUEE , 36K DNA SR
% 100 ng * pg~'s T—20 CHREFEHT . 5192
R AT NCBI S48 e % bl 19 42 3¢ EST J# 511z
T R, PR L 100 XHHEATY 1 , 2B K
OIS BRI Y 14 X AR R A T b
B EST-SSR 5| # #4713 (& D .

R H 10 uL B9 PCR B R R IEF T 14 /R R
% 5 ul ) 2X Tag PCR Master mix,100 ng FEH
#4 DNA,20 mmol « L ' IER @54 0. 1 uL, KH
EB TR LR AR, PCR P HEEF R 94 °C
FiAEE: 5 min, 35 NMYHEEIR (94 CAEHE 30 s, &
TR KRB TR K 40 5,72 ‘CIEH 40 o), fef5 4
B—A~ 7 min §) 72 ‘CHEMRBT Bz, PCR ¥ 374
SR FH 6 6 11 7 1 R AT s T e o E L Uk A I 6 3
AR LR R,

x1 ZHHEIBER

Table 1 Information of polymorphic primers

. gl T BAEETn oo B MR WRE SBEGE
) e R Annealing O®E A s AR
Loci Forward primer(5°-3") Reverse primer(5'-3") Repeat motif
temperature Na Ho He PIC
LS-01 ACAAAACCCCTGATAGAA GGAACCATTCAAGGACC 55 (TO 24 3 0. 360 0. 638 0. 554
1.5-02 CTCCATAACCAAAACCTC TTCTTTCGACATGCTTCT 58 (AG)25 4 0. 083 0. 590 0. 508
1.5-03 TGGCAGAAGATGGAGTA  CATCATCATCACCACCA 54 (ATC)18 4 0.111 0. 704 0. 630
1.5-04 CCATAACCAAAACCTCA  CTTCTTTCGACATGCTT 54 (TC)23 6 0. 000 0. 691 0. 639
LS-05 TGCTGATGATACCTGTGA CCACTACTTGTCCCTTT 56 (TO22 5 0. 000 0. 636 0. 553
LS-06 TCTAGGACTGGCTCTAC TGATGAAGCTACACGAA 55 D23 5 0. 000 0. 760 0. 705
1.5-07 CTCCATAACCAAAACCT  ACTTCTTTCGACATGCT 54 (CT24 3 0. 000 0.574 0. 466
LS-08 GCACTCCACATTACCACC GAAGCCGCTGTTTCCATC 56 (GA>?21 8 0. 233 0.775 0.737
1.5-09 AACCAAAACCTCAACTC CTTCATTCACTTCTTTCG 53 (TC)25 8 0. 200 0. 815 0.771
LS-10 TTGTCTCGTCTCGACCA  GTTCTGAAGTAGCCATG 55 (AG23 4 0. 043 0. 625 0. 546
L.S11 CCTCCATAACCAAAACCT TTCTTTCGACATGCTTCT 55 (TC)23 4 0. 680 0. 644 0. 565
1.512 ACAGATCTCAAACAACCC CCCATACCTTTTCACTC 57 (GAT)15 7 0. 036 0. 795 0. 750
LS13 GGGAGATACTACCCTCA  TAACCTCTTCAGTTGCC 54 D22 3 0. 222 0. 601 0. 489
LS-14 TACATCTGGACTTTGTG  AGGATTTCTTTGCCTAT 55 (AG®21 3 0. 115 0. 604 0. 491
FH#E Mean — — 4.933  0.156  0.680 0. 600
iR
— 1. 769 0.178 0.079 0. 101

Standard deviation

1. 2.3  SSRFricS i Bk B 5CEBR 234r
Xt 12 AN REVRR AT I7 22 0 IR S #r
HEEMRITFIME . AT RPN EL (R,

ARLATE LUK PR P 48 B TE S0/ 17 —onHE IR
o 1, TG 0. SRAIJEA Arliquin 8458
L AENERESUR 4, FIA PICCalc 0. 6 114
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HEEMMCHESHEER SR, RA NTSYS
2. 21 BT IR B A8, B i ST B2
WRIE ., RIS AL B RSP SSR Fric iS5
TEAMR A 1

2 RS54

2.1 ERXRRBERTRSFTMRES R
JiZo TR W, 12 DREERAE 30 434238

BRI 22 R B K, R RR B 7
KOIBEZHEFE . R RIE R Bk
A ANRBVPIRAE 7 R B (CV)FE 20. 991 %6~
40. 256 0 , B BRI N BRI S SR/ N I 8
X 4R ES ) (R B R, AT E
0. 818~0. 997, K E R H AR R F 8L Rk
A RRIE R 2)

*2 BEmAEREERER

Table 2 Variation of phenotypic traits among different varieties

ETRe REMEAR FHfE BRAE B/ME nii= BREFCY) HEN
Number Traits Mean value Maximum value Minimum value ~ Standard deviation ~Coefficient of variation/%  Repeatability
1 BT/ em 15. 083 28 7 4.127 27.362 0. 986
2 B/ cm? 761. 330 1 560 289 306. 480 40. 256 0. 997
3 [N 4 22.433 33 14 4,709 20,991 0. 818
4 BRER/ cm? 209. 267 324 72 74. 853 35. 769 0. 962

2 N TRER SR (0 AR, KA AR AR
g R MR R TE KRR LT
L HUCHBNE KB R R P 2 4
N €L A A &R R S U Y S pline x-Sl
B BAE . 22 YRS GO 25, KR
8oL %k, 10 {3 FEEPRBTIR. 18 AL

BR.2 0 REEER, WRETE BIRITE R
TRV TR T B R YR BT B TR TR R A
TR ARHDIR R B AR B TR AT B AR R AL, AR
6 4 AEeIR, 19 R BB AL 5 i R A,
10 BRI S AR, 13 (KT, 3 R IE R,
4 KB .

—

i %

T
0.45

£ Z2EL Coefficient

I RARBURBEER

Fig. 1 Clustering results of 12 phenotypic traits
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5 20 43R0 7 Y REUR . R AU RAR L B TR R
it , BRER SHHEF A EE—K,
2.2 SSRE|#MEEHELW

FERTIR & B 100 4~ EST-SSR #3icHt, 14
AFRiC RS TER TR 3~8, 4
ALK 4.933(F D, 5|4 LS0-08 F1 LS-09 §~
WS ERRE,. HR 8 MEMENR, 1LS01,
LS-07.LS-13.LS-14 ARicd 16 (% 25 i I 5 20,
1R 34, WERZe A (Ho) M B 244 % (He)

22 Ak 75 B 43 91 2R 0. 000 ~ 0. 680 F1 0.574 ~
0. 815, -3 4351k 0. 156 F1 0. 680, LAM(E
B & PIC HAELTEE R 0. 466~0. 771,34
0. 600, PIC 1l 5 &5 19 2 LS-09 v &, &2
LS07 fi7 i, 14 AMFRichE 30 3R 53 P K2,
B RBAAHE wl Fl wl2 %5 2 . AW
28 BB K, TEMRRE 1. 43 &b, 5
TRENHEAT R 2 K4 HVETE 23 (3 5 A
IR (E 2),

o

1.57

0.79

MK Z %k Coefficient

2 HEFEAE SSRIRDHBRER
Fig. 2 Clustering results based on SSR markers

2.3 REMRE SSR IRIEKBL ST

KRBMERMEEEES SSR /- Finid KK
HIBE B A R AT A S T B RIS R y=
1. 310 52+0. 260 9, —F WAL AN 0. 042 27,
BIAREHEAR B E, 14 MU DR SR ER S
BRI RBURIR IO . B R MRE
TR, X5 | Y d A T A SR 28, ARl R B
PEAR BE B340 [ 5 % SSR B[ 1y 522K 14 BE B9 4 [
BEATAHRPE ST . ZEHEAT I 420 DPFTAE 47
B, - RAMR G SSR 5|93k 24K 8 E AR (P<T
0. 0D KB 5 [ 8 1~5 Xt 4 26 REGE B K
—0.428~0. 289, LS-13 #5055 M- 1 AHE Z 5L
R IR F|—0. 428,

5 I AR R R AR B B A S K B 1
BZ, ¥ 5 %, 4 92 LS01,1L.802.1L.504, LS

08.LS-13 fil LS-03,L5-05,LS-06,LS-07,LS10
(F3), UK 14 EST-SSR #ric 45l 50+ £4
(LS-13) ZEER(LS-01) i - B (LS-05) 45 R Rl p
RIBEMLK, LSO01 514 508 B o4, it
W EERREE 5 ANREVHRAHE , FIFE LS-09 519
Stk kil R AL R IE BRI TTARAE 5 MR
AHKEE, SR, LS11.1LS12.L.S14 45 3 15|
5 12 NRABMHR I TOAHE M

3 itit54ie

B AT (linkage disequilibrium, LD) 2
ENEE- SN vl e Y ive - S OE SR R g R
BT LA BT A B, Jo/ib i VR A, S
RN BRI SR D SR B E S R 4
Brors® , kB TE LT ZRATFKE. EXRVK
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Table 3 Correlation analysis between single leaf shape traits and primer pairs
EZiili 2N KA EST-SSR 5|4 AHRT W4 BAGIRRA LR
Traits Related EST-SSR primer pairs Number of primers Maximum correlation coefficient of single primer
€8, Leaf color 1.5-13 1 —0.428
%] Leaf type LS-01.1.503 2 0. 289
¥ Leaf shape 1.5-01,1.502.1.5-04,1.5-08,1.5-13 5 —0.241
4% Leaf margin 1.5-01,1.8-06.1.509 3 —0. 280
34 Limb 1.S5-01.1.5-03,L.5-09,1.5-10 4 —0.216
253K Heading 1.5-01 1 0. 243
BRI Plant type 1.509.1.510 2 —0. 264
K# Growth L.S-02.1.5-06 2 —0. 250
BT Height 1.503,1.5-05,1.5-06,1.507,1.5-10 5 0.271
HRIE Scope 1.5-02.1.5-06.1.5-09 3 —0. 248
M H % Number of leaves LS-05 1 0. 270
AT The biggest leaf area LS-09,LS10 2 0. 267

2 8 RS 28 B W R R R B AR T
51 41, 8 B A5 SR R 7 S S A A BT A K P 4R
BT 5HE ER R RS R MR RS
BRZR (1 SSR 3 8. SR, X TAE 38 & B R 55 40
FHRIC R SRIR 43 B v £ DL OE

MY BRI IR 32 IR 5S35 K, 28 70 M PR v
DIERG I s AL AR . ARSI iR B
> US> AN S NS 7 3= 7 =N
8 B R R AR 40208 s AR SR IR rh Sl B R
RIMR 2 B W 30 AR IRIEN S 8
P RE TE BRI R A — S5 0 o [, HLR S22 R AL
X LB, B KR T Ik T 305 IR 25 s R A
RERRES, AR RNEMEREAES
HRAL AR ARk R IE O B SRR e T
MEAANRBERAERRZECH 20.991% ~
40. 256 %% , LA MR AE A 6] 2y BE A4 46k 8] 77 AE A 2
EEFAMERBEE S (RBKTF 0.800, B
M 4 MR AE R R G R R, 14 IR
A5 B R BT 34 4. 933, PIC B AR 4k i Bl 488
K (0. 466~0. 771) , B B A6 I 19 26 S 9% Pl it 45 A8
SHBEEER.

AR R A 35 4 SSR ARiC S 44 S EH:
RESCERA ST MR REGA R 0. 729 5, Bk
FARME., BRS, B RRE 2 MERY S
LS-03 5 B%oehk, HRI N BN, B %M
RZZHEELFEEH. HalRE LS 13 f7icH

R RBCRF]—0. 428, A WA K FLZHHitnicdt
A6 R 0 35 PR 2 49 I SR R AR SRR A T3 7 2
1o BTN TLESCR BARIR H B R A TR,
LA He 3R o BT 5 B o R i R PR i L (R
Ko SR RERA A3 5 PEARIE] 5 2 S AR LB AN
TR AERE TR MTRANI.
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Association Analysis Between Microsatellite Loci and
Phenotypic Traits in Lactuca sativa L.

WANG Shuzhen' , WANG Bincai? , HUANG Xingxue? , LI Zhiliang' , ZHOU Guolin? , WANG Aihua?
(1. Hubei Key Laboratory of Economic Forest Germplasm Improvement and Resources Comprehensive Utilization/College
of Life Science, Huanggang Normal University, Huanggang, Hubei 43800032, Wuhan Vegetable Research Institute, Wuhan
Academy of Agricultural Science & Technology, Wuhan, Hubei 430065)

Abstract: Among 300 lettuce germplasms collected worldwide, 30 samples were selected as materials
for the survey of phenotypic variation. And 12 traits were surveyed, SSR molecular markered analysis
was conducted. Association analysis between microsatellite loci and phenotypic traits were performed
to provide the theoretical basis for molecular marker assisted breeding of lettuce. The results showed
that significant differences existed in phenotypic traits, and the remarkable one was strain amplitude
(40. 256%). These phenotypic traits divided the 30 lettuce resources into two categories, with the
genetic distance ranging between 0. 083 and 0. 667. Furthermore, each polymorphic EST-SSR marker
amplified 3—8 alleles,and the mean Hg and Hg were 0. 156 and 0. 680, respectively. PIC value varied
from 0. 466 to 0. 771. Similarly, the 14 SSR markers divided 30 resources into two categories, and
genetic distance ranged from 0.032 to 2.629. The clustering results of phenotypic traits were not
related to that of SSR markers. The correlation analysis between single trait and SSR marker showed
that most markers were correlated with phenotypic traits. In particular, most marker combinations
showed cumulative effects.

Keywords: Lactuca sativa L. jtrait; SSR marker;association analysis; germplasm improvement



