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Genetic Difference Analysis of Populus deltoides
Using SRAP and EST-SSR Markers

GUO Juan',FAN Junfeng'" , LIANG Jun®
(1 College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China; 2 The Research Institute of Forest Ecolo-
gy, Environment and Protection, The Chinese Academy of Forestry,Beijing 100091, China)

Abstract : Both SRAP and EST-SSR markers were used to analysis genetic difference of 5 Populus deltoides
varieties including P. deltoides. cv. ‘1L.ux’ (1-69/55) and 4 varieties related to it. (1) In SRAP analysis, 21
primer pairs were screened and 287 bands were amplified,of which 209 bands were polymorphic. The per-
centage of polymorphic bands was 72. 8% and the genetic similarity coefficients ranged from 0. 548 1 to 0.
769 2. (2)In EST-SSR analysis, 17 primers were screened and 86 bands were amplified, among which 69
bands were polymorphic. The percentage of polymorphic bands was 80. 2% and the genetic similarity coef-
ficients ranged from 0. 444 4 to 0. 717 2. (3) The correlation of the genetic similarity matrix among the
SRAP,EST-SSR and the combination data were different,of which the correlation between SRAP and the
combination data (»=0. 844 2),EST-SSR and the combination data (+=0. 830 8) were significantly corre-
lated. (4) Cluster analysis showed that there was difference between the genetic similarity assessed by
SRAP and EST-SSR markers, but the results of SRAP and the combination data were consistent, which
showed that SRAP markers were more effective in genetic difference analysis of close Populus lines.
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Quiros 1 A& 1Y LA 4 55 PR 41 g B8 AR L 4G 0 S 755 e 13 HE
5H BG83 7N & T Z BT 2 SR —F
B FARCE AR . B AR ic A PR AT
HY R A S B R E N T AR ) 0 35t 26
PR3 AT R BT M st A % B 1 Ry R R TR A
=2 s . EST-SSR (expressed sequence
tag based simple sequence repeat) ¥ Ff 3 T ik ¢
IR LA IR EST hisg LA, AR Gl 1 A
A 2 A PR BT 519 7 4 L N AL R i Sh 2 1
B B TR R R P A B K e
G AR HT O TE A ) 3t 1% 1R 3 b A L B A
T8t % ZREPEVE 6 45 O 1 )z i Y . SRAP
EST-SSR 71 F Fr ic 76 47 % b By oF 5 58 b 45 5
SRAP F1 EST-SSR W # 73 F b1 i W 58 4 14 1) 35t 4%
ZE b R WARIA

FEMEBAG (Populus deltoides) Tt Ji % 1 £ & ,
BT 38 . 2 B IR P R BB R A (R
Rt B B2 70 AR BT AT E RUS . B R E R
WFFEAT 3 TR A R AH T g O R R
A Al R A AR S S8 RIE LAY i Rk T8
RMCEG R R EIEA EXED X 4y AT R
HI SRAP F1 EST-SSR W #4345 i % 38 P 224 i

*1

T ifEAT 38045 22 52 40 BT o B R 4 7 A i 7 43 #7 28
P 2B AT i o 3 A 22 S v B 5 R MR R HL 43 BT AL
Tk 25 D0 Ay 1) S AR IR R 1 40 TR
1 AOoRHRT
1.1 RIE# R

TG JEARARB 4 A 2 T T 56 3 (3% 1) R4 5
AN BAG SR FP R 1 AR A A SRR AT K BE L R
K H o
1.2 DNA2E 5%

SRR CTAB 35171 512 1 32 Ui 26 4
H ) R I DNA, 0. 8 %6 A4 Bt i B 58 e i ik A A 1
A I ASOG 56 PR 4 DNA i 47 v B A0 4 B2 1 ) g
DNA #i B 2] 50 ng/pL, —20 CLRAEEH .
1.3 SRAP 5 EST-SSR 4 #f

SRAP 5|97 % 2 B T8 75 45 . R A 9
FAEm G 8 LRI 51 (R 2, MR R S RE
JF 2 MAE S 2508 1y 97 ik . EST-SSR 514 %51 &
R AR S AR BRI A RO AR Y S IRk
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Table 1 List of experiment materials

fm b Variety

1 1E 75 5 Genetic background

F YR Origin

169 S o
P. deltoides. cv. * Lux’ (1-69/55) MMy P. deltoides
Betk 3 5 1-69 B ($) X EWMBH D)

P. deltoides. cl. *SL-3’

BlF% 15

P. deltoides. cl. Xinshiji-1
M1 1-69 4 (%) XT-63 4% (8)
P. deltoides. cl. Nankang-1

15
P. deltoides. cl. Beikang-1(16-27/92)

P. deltoides. cv. ‘Lux’ (1-69/55) ( $) X P. deltoides( 3 )
M1 5 () XA EBE D)
P. deltoides. cl. Nankang-1( £ ) X P. deltoides. cv. Imperia-1( § )

P. deltoides. cv. ‘Lux’ (1-69/55) ($) X
P. deltoides. cv. ‘Harvard’ (1-63/51) (3 )

MPL 1 5()XDI7T5 (D)
P. deltoides. cl. Nankang-1( %) X P. deltoides. cl. 175( %)
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B V4 28 MOl k2 BT 5 B
Shaanxi Academy of Forestry
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Chinese Academy of Forestry
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Chinese Academy of Forestry
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Chinese Academy of Forestry
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Table 2 SRAP primers for P. deltoides identification

1E M 5149 Forward primers

JZ 1151 ¥) Reverse primers

2 Fk Name J¥%1] Sequence(5'-3") #Z F Name J¥%1] Sequence(5'-3")
ME1 TGAGTCCAAACCGGATA EM?2 GACTGCGTACGAATTTGC
ME2 TGAGTCCAAACCGGAGC EM3 GACTGCGTACGAATTGAC
ME3 TGAGTCCAAACCGGAAT EM4 GACTGCGTACGAATTTGA
MEA4 TGAGTCCAAACCGGACC EM6 GACTGCGTACGAATTGCA
MES TGAGTCCAAACCGGTGC EM7 GACTGCGTACGAATTCAA
ME9 TGAGTCCAAACCGGTAG EM14 GACTGCGTACGAATTCAG
ME10 TGAGTCCAAACCGGCAT 0OD3 CCAAAACCTAAAACCAGGA
ME11 TGAGTCCAAACCGGTCT SA4 TTCTTCTTCCTGGACACAAA
DC1 TAAACAATGGCTACTCAAG

2 HRE5

2.1 SIMRERTIBEEESN

PR 169 475 ALt 1 57 %F 72 %F SRAP 5]
Prdi A 22 X EST-SSR 5 #4743 BE 1 Fiy 1
Z AV . SRAP 519 . 280 1 W B A 2851k
M5 A A 32 XF; EST-SSR 51 ¥ . 4541 1 M .
BAZSMER G WA 17 X5, fii gk i i 519 xs 5 4
Al AP EEAT PCR 739 .32 Xt SRAP 519,21 3§51 9)
TR 5 AN SE U MR b R oE & X 2 0T 21 X5 A
A ALYTHE 287 ZAT . 28RS 209 &L Z A
P 72, 806 AT MY R A AE 6~21 % F
YR 13,7 &9 BEAE R FE 100~1 000 bp, &
1,A & ME9/SA4 f1 ME9/EM3 #¥ H, yik & %, 17
X EST-SSR 5|9, 36453 5] 86 Z& il 2 & 1k 404
69 %% . Z ML 80. 200 XS 51 W ¥ 1 Sl AE 2
~10 4%, F# 5. 1 4.9 8 5 Bt £ 100~ 350

M1 23 45M12345M,

<—2000bp

<—1000bp
<« 750bp

<—500bp

<250 bp

100 bp

bp; & 1.8 Jy HB-1 fHL UK B3, i 5 %5 5197 7] A
85 ALY SR SE 2 X, 3 L5 R K.
SRAP Fl EST-SSR 43 Fhric#h H M H N £ S
P I SRAP §7 38 i) 2 B M g £ F EST-
SSR.HZ 25 P A0 i T EST-SSR., #ii #] SRAP
PRic B X 5 A AR R R BB .
2.2 BEEHEMES

A G811 1 47 @ sr 0, 1 i FE. I NT-
SYSpc-2. 1 35 45 SR Rl st G A Bl R 8. BT
SRAP 1) 5 />3 P A% & P 22 8] 14 358 15 AH b1 3R B0FE
0.548 1~0.769 2 Z[a], XAl ZECH 0. 658 7,
ASWE A 0.221 1, FHEF EST-SSR 145 i Fl ] 119 35 1%
FHAL R ELTE 0. 444 4~0. 717 2 Z[a], P ¥ 4H bl 3R 4L
7 0.580 8,48 MK 0. 272 8, 2 B4y T Hric 45 R 44
F WU B A SR ) Y 54 22 U . FTRLER L2
FIARIC B 45 AT . {0 SRAP b0 9 35 15 A 0L 28 5k
JLE % EST-SSR /N,

M, 1 2 3 4 5 M,

< 500bp

<400 bp

<4 350bp
<“—300bp

< 250bp

<—200bp

<4+ 150bp

<« 100bp

B 1 54 EH SRAP(A) Fl EST-SSR(B) 3 4% 44 5
M;. DL2000;M;. 50 bp ladder;1~5 %35 A % 1
Fig. 1 Amplification results of 5 P. deltoides varieties with SRAP primers(A) and EST-SSR primers(B)
M, . DL2000;Ms,. 50 bp ladder;1~5 is the same as Table 1
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2.3 mWBRESW

it i UPGMA kA7 R 2840 2 il ot b (8
RE. 3EF SRAP R4 (& 2, A, st 42 Al
FRECH 0.59 BF 43 PR HE, “BRAK 3 457 g 5 8
I HAAANGFAEBEL . MBER 0. 69 B, 3K
BEIL AT RLAr R 169 477 L R 15 F1 Q8 i 1
SOV B 1 SO R WL, BT EST-SSR R K4
Br(E 2.B) st L AL R B 0. 55 B, 43 R
KR T69 87 bl 15 B 3 BN T,
B 1SS Et 1 SO R EE . BT SRAP

I EST-SSR ¥l i 5 In MR Lt REGER Y
SRAP My 25 R & — By (B 2.0, 45 R R,
SRAP Fil EST-SSR #ric i RB 4 RA —E M2 5,
RIA BRAK 35778 2 B ok Fanic Ak TR A i 26
BEE QU 157 dbht 15 B R E5 1 AE 2 Fh
srFhRic A 2. U 2 B AR AR I A R &
R R BT 11 55 YN SR A i D 22 ) 1 3 B LR — A AT
HEVE B SRAP FRic Al BB HA B m iy Al {5 B .
2.4 SRAP F1 EST-SSR #Ri2 #8 X4 47

FI F TFPG A% 4w ) Mantel Xf SRAPFIEST -

£ 3 ZEiME4H SRAP 1 EST-SSR #Ri2 M & 514

Table 3 Amplification results of 5 P. deltoides varieties based on SRAP and EST-SSR markers
< " SRAP Z &t < T QQ EST-SSR EST-SSR
i - Bk - bl S o
SRAP SRAP Jf 1 SR SRAP ZELEILH | porssr EST SR SRR L%
Jo¥ 324 Rate of P s
5149 %F No. of . 5|9 %t No. of Rate of
: . Total No. . polymorphic : . Total No. . .
Primer pair polymorphic s Primer pair polymorphic polymorphic
of bands " bands/ % of bands - )
bands bands bands/ %
ME3/EM4 6 4 66. 6 HB-1 7 7 100.0
ME1/EM4 9 7 77.8 HB-3 5 5 100.0
DC1/0D3 10 7 70.0 HB-10 4 3 75.0
ME2/EM4 13 9 69.2 HB-11 10 10 100.0
ME3/EM3 14 14 100. 0 HB-16 4 4 100.0
ME3/EM4 21 17 81.0 HB-28 3 1 33.3
ME3/EM6 13 8 61.5 HB-35 4 3 75.0
ME3/EM7 16 12 75.0 HB-36 4 1 25.0
ME3/EM14 18 11 61.1 HB-41 7 6 85.7
ME4/0D3 16 13 81.3 HB-45 3 3 100.0
ME4/SA4 17 11 64.7 ESTCU310401 4 3 75.0
ME4/EM4 16 7 43.8 ESTCU310140 6 5 83.3
MES8/EM2 11 7 63.6 ESTCU316835 | 3 75.0
MES/EM3 11 10 90.9 ESTCU306954 8 8 100.0
MES/EM4 13 8 61.5 ESTCU307135 6 3 50.0
MES/EM7 17 9 52.9 ESTCU307757 2 2 100. 0
MES/EMé6 13 10 76.9 ESTCU307720 5 2 40.0
ME9/SA4 12 10 83.3
ME9/EM3 13 10 76.9
ME9/EM7 14 12 85.7
ME11/EM2 14 13 92.9
Bt Total 287 209 72.8 3T Total 86 69 80.2
A B C i
S | e
e :
3 4 3
5 3 5
2 l'5 2
0.59 0.64 0.68 0.72 0.77 0.55 0.59 0.63 0.68 0.72 0.59 0.63 0.67 0.71 0.75

AR 5L & % Similarity coefficient

A 2

AR 8L % Similarity coefficient

AL Z 2L Similarity coefficient

5 AN FE N EBAZ L FP Y SRAP(A) .EST-SSR(B) fil SRAP+ EST-SSR(C) ) B2 #h ok [/

1~5 g5 [ 1
Fig. 2 Dendrogram of 5 P. deltoides varieties based on SRAP(A),EST-SSR(B) and SRAP+ EST-SSR(C)

1~5 is the same as Table 1
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SSR 5 ic 19 35t % AR AL 28 BIOHE W 00 47 AH G 1 43 #r L OF
3900 1) 79 5 T YR 5 SRR T G 114 388 2 AFAL 28 00 5
FIAE SRS HT . 253 7R . SRAP Fil EST-SSR #ricd
Xof S5 Y BB A7y i ol 1) A DL 43 B 1 25 SRR DG M AN I 2
(r=0.403 0,P=0. 08); SRAP ¥ric F1 45 & B4 19
A3 AT 4 P AH ek i 2 (r=0. 844 2,P=0. 03); EST-
SSR ARIC N ZE & Kol 1 20 B 4 R A M B 2 O =
0.830 8,P=0.001), )i B SRAP Fric %L 48 A %
PG o0 B s 1 L D B HE I SRAP A5 858 T 20 Hr 2%
25 % ZR B 1Y & U SR A R ] 1) 3 4% 25 e

3w

3.1 SRAP # EST-SSR #Ri2 i 1% 4 il & 2 A9 1F
A58 H K A A SRAP fl EST-SSR 2 1 4r F
FRic X B PG48 Y ARG 5 A 26 I A S R R AT I AL
22 SRR, it bR A9 3545 BE Al AR L {H SRAP R
TR I A3 T RICRE S AN 5 | ) A R D 3 Y L
(13.7) Je Z 25 ML 5 (9. 95) Y8 &, & EST-SSR
M9 2.7 F5F 2.5 f5 . ARG Y 17 %& SRAP 5]
YL AT DV R 72 X 51 AR P L i H A
1 A A 1 EST-SSR 51 4 % B AH X 45 / B A
A . ITLL, SRAP B ic 76 8 7% AS [) ity i ] 33t 1%
Z MM EREZAL T EST-SSR,
3.2 SRAP f EST-SSR R4S R HiEX 1%
RSy FARic B AR 1 4R B 7 2 FhVE D AT
it W F G4 i RAPD . RGA fil SRAP 4> F
PRicH AR X 22 A Fih b B IEAT T o0 T A 0F 5 (R
HETE B aER D . JE T AR 5 Frid /9 48 7]
ARk 22 18] 3kt A% AH AL 3R 25004 A DG M /N B F 3 26 4y
FHRICHT B 7R 1 3L A 2 B R AE . AR iR

SEZ 3k

1, EST-SSR By K45 R 5 SRAP 1y RSG5 R Z 1A]
TAE—EM 25, EE R B 3 574 F A
2. 1M SRAP R KR 5255 /00 i R 2%
GERLR UM, X 5 e g I g R — B0,
J S AT RE A 2 B2 1 bR T R RGBT A A A
P e s XY (B 7R (1 2 5 AR Wl . EST-SSR
S 3H A 0 AL SSR 1 EST J 4R 48 13 T2 &2 77 51
Ui (R ST I B 5 BT 5 4 s %k i DR 4 G ) X R AT
P, A EER T U EEL TS ECE L
7= A K 2 DT, 1 SRAP J2& F gl 4R 1Y
I ORFs #E474 5 6 & 7 X388 8h 1
DX HEA TR S PR3 AN R AS [ DL 2 3 g o8 %
Fash FSREKEAREN A ZEES, ]
52 &ML S £ /04 X, EST-SSR R 2 & R 4
69 M ZAMENL S HEAT . 1 SRAP 2 28 & R 45 209
AN ZBPENT S AT Y . 5T 2 B & AR AU 50 A
F18 AT S T R A M R AR AR B b I T i ) A
WWHHEMZ A WRAELE R T LLE ) SRAP fr
ICH A EE L AT AE 5 SRAP #7055 M PR 1 3% 8
R AT

SRAP FiI EST-SSR ¥4l 25 15 J& 18t 1% #H Bl R
B B4y 35 SRAPEST-SSR (1438 4% A bl £ 546
Meii4T Mantel #5300, AH 5C 22 800 i 0. 844 2 Fl
0.830 8, W [E] VL L R 4. X i SRAP Fil EST-
SSR AR08 7% 1 56 PR AS TR) (0 067 0 8- TR ks
FbR 10 45 G 82 ok W] RE 23 50 6 2 o 0 b S B i D
] ) 3845 25 5 . AN 6] 19 43 F 32 =2 8] 9 AS 41 B HE
JF o W TCTEAH B AR, AN [ A 3 18] A AH B RS 55 R0 R
I RE T Ly i 48 7 BT 22 0 A s 1R 2 RE R
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