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Genetic relationship analysis of apple cultivars
with SSR and SRAP markers

BA Qiao-rui,ZHAO Zheng-yang, GAO Hua, WANG Yan-li, SUN Biao

(College of Horticulture s Northwest A& F University ,Yangling y Shaanzi 712100, China)

Abstract: [Objective] The study was done in order to select the proper parents in apple breeding.
[Method] The genetic diversity and genetic relationship of 37 apple cultivars were studied with the SSR
and SRAP markers. [Result] The results showed that 56 and 64 bands were obtained by SSR and SRAP
markers amplified through 10 selected primers respectively. Polymorphic percentage was 61.09% and
70. 8%. [Conclusion) Based on the SSR+SRAP results, the selected primers were effective in revealing ge-
netic diversity of the tested varieties,and the apple cultivars could be classified into the six groups, which
were similar to the traditional classification.

Key words:apple; SSR;SRAP; genetic diversity;genetic relationship

=

SRR — A R E S A R AL R
B Mz E R B E MR K AR
5o DRI R g S 2R 7 6 AR B S B AP R — iR

838 TE o (EL Y T — > ol A AR 1 2 B 280 2 i DA 2R
PRIE D FJL R A5 T i 25 51 I LA Fh 5 2 3
PS5 04 5 Vi) T 3 S 22

TC 3 B 2R A S Ao AR 2 30 B B, Rl A
PR R G OC FBGE , FLR AU B AR A LR
M A F] TR B AR . TR LE A A
H— MRG58 B AN Fy AR PR b 2R AT 2R AR

* [k H ] 2011-02-15

I AR ICE AR IE — b AE FE PR K B X Al gt Ay
Sy M 5 1 FCRE S O PR B A S L ] B O S M
M ity o ) FR) 236 % O 2 5 BT A 2% 52 77 b v S AR 114
FCHR AL R S5 . H AT % i DNA 43 Fhric

s H] ERRAR AR LT (nyeytx-08-01-03) s B P4 45 “ 131157 H K BHH£ £ 51 (2010ZDKG-69)
[fEHEMN] WIEG (1985 =), L Holr 22 M R L, SR TR 5 4 W HORBEST . E-mail: bagiaorui@ gmail. com
CEEMEH ] BB 964 —) 5 BRPU R A 3082 . 1 e A S0 2SR & b 5 A W B RBFSE

E-mail: zhaozy@nwsual. edu. cn



124

P AL AR AMRB 3 2222 4R (A SRR 2 B

539 %

R F2A SSRIAFLP Fil SRAP 4, H 78 it 9%
Y8 RN A% 2 B Tk 4 BT A O TR A BT 2 I 0
RIS, 2 Blbe 1o 6 FH 0 A7 358 4% 22 B M 43 BT 16 BF 5
7 FE AN FRA R E T, SSRH A He I a7 {42
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MR BE K2 1K S R 0 o S A 0 R . B 2R OB
RS W e A B B4% R 5 ORAFAE —40 °C TS
1.1.2 XA FNE KLEITH Tag Master Mix Fl
DNA Marker Il {48 K 5 A7 BR A A . PCR LR
ABI A1 Veriti B, MUK RGN HAN —] A7
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1 HAERRWREER
Table 1 Apple cultivars used in study
R i R A 9T i il FEA
No. Variety Parent No. Variety Parent
: Py AR5 2 G RS
Golden Delicious Unknown Ralls Unknown
, % W 5 ” i e < T2
Qinyang Seeding of Gala Hongbaoshi Ralls X Delicious
) it i > T » T 9 5 B X TR
Fuji Ralls X Delicious HAC 9 Fuji X Tsugaru
\ L LIER X ’s iR 18 < SC
Gala Kidds Orange Red X Golden Delicious Empire McIntosh X Delicious
5 Tro 4 &5 X 4L 24 BEV N 43k X T
: Jonagold Golden Delicious X Jonathan Orin Golden Delicious X Delicious
] i W < 5 . i [ X A B
Kizashi Gala X Fuji N Qiujin Ralls X Mixed pollen
. g e ” % #41 1 x R
Royal Gala Sport of Gala Qinxing Starkrimson X Qinguan
5 ot 5 X T , 5% 485
Yanguang Golden Delicious X Delicious Jiguan Unknown
. S e 25 %5 S5 X W
Delicious Unknown Qinguan Golden Delicious X Jiguan
1o BV SRS 29 FiiEAN AR
Indo Unknown Jinhong Jonathan X Jiguan
. Bt 5 X B w0 0 RS
Pinklady Golden Delicious X Lady Williams McIntosh Unknown
" i SR " TH A Bk
Danxia Seeding of Golden Delicious Senshu Toko X Fuji
13 H T A 3 0 52 39 aF ] A S A
Cox’s orange Seeding of Ribston Pippin Jonathan Seeding of Esopus Spitzenbur
14 JEH X e+ a3 = B 6 X 408
Hanfu Toko X Fuji o Megumi Ralls X Jonathan
. ok X B " I Py
: Toko Golden Delicious X Indo : Yueshuai Gold Delicious X Starking
" et X . ik xR
Huaguan Golden Delicious X Fuji . Kuihua Gold Delicious X Starking
. 5t — Tl X 4 Ny A T X 45
Sekaiichi Delicious X Golden Delicious Yanfeng Delicious X Golden Delicious
" b X BN - it UL
Mutsu Golden Delicious X Indo Shinsekai Akagi X Fuji
. o T B
Starkrimson Sport of Delicious
1.2 A & P S S AR i R R R B 0 R P A DNA SR 35
121 A4 DNA #0846 SIAAES M0 IR b R I S S 2R A 72
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MR S8 AR 4 G BE T ND-2000 I 5 JH: J5 6 Wk B
¥ DNA FEM B R 50 ng/pl fRAFH

1.2.2 PCR Rtk ZAy ¥4 5 SSR-PCR K
& & : Tag Master Mix 10 pL, 10 pmol/L 5|4 1
pLy 50 ng/pl Btk DNA 2 pL, IR ZE K4 21K £
#) 20 uL. ., SSR-PCR # 1 #2)%:94 °C 4 min;94 C
45 s,57 °C 1 min,72°C 1 min, 35 PME#FH;72 C 10
min,

SRAP-PCR I 1 & 2 % 5k & W 5 1 Jr 12
FHAEVE Bl : Tag Master Mix 13 pL,10 pmol/L 5|
W2 pl, 50 ng/pl Btk DNA 2 pL, FIXUZE K b 2
K& % 25 pL, SRAP-PCR ¥ #F2 % :94 “C 5 min;
94 °C 45 5,35 “C 45 $,72 °C 60 s,5 Mg ;94 C
45 $,51 °C 45 5,72 °C 60 s,30 NMEH ;72 C 10
min,
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.
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2 2 AT, 10 Xt SSR 5I#7E 37 A3 H 5 Fh
LRI Y 56 AN A RERE I 5.6 AL Jh YT
B 36 D Z WAL E B X G W 2 A
A3.6 A4 MRk 61.09% 510 X SRAP
SUIAE 37 A3 5 G Bl A I 4 64 AL AL S
BTG 6.4 A LY B 45 AN BB
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SSR Z ,FH R X 51 £ 0.9 A7, Horfr, SSR
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Table 2 Comparison of the number of polymorphism band between SSR and SRAP markers for 37 cultivars

SSR SRAP
B BARERE  ZERLE/ 514 g EOERER  BAREE/ %
Primer AR HE A i rcentage Primer ¥ I8 A B i reentage
Polymorphic Percentage of Polymorphic Percentage of
Total band . Total band .
band polymorphic bands band polymorphic bands
Hil2c02 9 7 78 Mel-em2 6 5 83
Hi02c¢07 5 3 60 Mel-em3 7 4 57
KA4b 3 2 67 Me2-em3 7 4 71
CHO02c02 8 4 50 Me2-em4 6 3 50
CHO04e02 9 4 44 Me2-em?7 4 3 75
Hi05e07 4 2 50 Me3-em4 4 3 75
CHO02d08 4 3 75 Me7-em4 6 6 100
CHO05d04 4 3 75 Me8-em2 6 4 67
CHO01g05 5 3 60 Me8-em?7 10 8 80
CHO05d03 5 4 80 Me8-em8 8 4 50
¥ Average 5.6 3.6 61.09 SF-#) Average 6.4 4.5 70. 8

2.2 AEAERBMHIRESH

HI T 2 AT UL, 37 AN 3058 i ol 14 3 A% AR 0L 2R E0h
0.51~0. 83 7RI L AL R E N 0. 59 Wf . il H 37 4>
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— .
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GBI A w TRk Hoh s i S — (GT b X G
Je) HE X CTE I X 4G 56D R AR T I A 5 JiE D' (43 T X
JEI) AR (I X o) R AE G4 L X 4 D
AR it Bl B 2 AR R 2 e AN L EUR S S 5 R A
RAE— 21 3K T RE 2 it T REPERON T S B g 2R



126 P AL AR AMRB 2222 4R (A SRR 2 MO

539 &

il LRI AR G 1) 2 AR R A et REDBE L Bl R A 5 4
55 11 5t % AH AL R 200 3o 0,810 8,0. 722 2, K F
55 R 38t A5 AL R 8k (43 31 0. 64,0, 657 5),
Wi 45 5 B 2 38 e ARz Bl e i sg A K. Al

FE AR (0 X ) B AR G e X oD il 4 e 119

M 1 23456 7 8 91011121314151617 18 19 20 2122 232425 2627 28 2930 31 32 33 34 3536 37

’
It o
@l

300 bp

AL AR Bl R T H 5 05 — 2R AR B 32 A A LR
B X UL e A O R A I s AR BRI S A
A AL 2 AU VR BR A T A R 2598 — B BT LA
$%Z’%§fﬁﬁ'¢' 2 IBC SR A AL G I R A 4 7 R A R
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Kl 1 SSR 5% Hil2c02(A) #1 SRAP 5] %) Me8-em7(B) i ¥ 14 4547
M. Gene Ruler™ 20 bp DNA ladder;1~37. 325 5 Fh 4 5, [l 2% 1
Fig. 1 Band patterns of SSR primer Hi12c02(A)and SRAP primer Me8-em7(B)
M. Gene Ruler™ 20 bp DNA ladder;1—37. Refers to the cultivars listed in table 1
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Fig. 2 Dendrogram of 37 apple cultivars based on SSR+SRAP analysis
The number of 1—37 refers to the cultivars listed in table 1
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