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Abstract: In the present study, the accuracy of the four molecular markers tightly linked with Ry,
locus, S0405127 (SSR), S0304673 (SSR), SNP4236, and InDel4254 were tested based on the resistant
phenotypic and genotypic identification of 50 apple cultivars. The results indicated that the accuracy of the
four molecular markers were 90%, 94%, 96%, 92%, respectively. The study could provide breeders an
effective method to speed up breeding program by using these molecular markers for the pre-selection of
the hybrid seedlings resistant to the Glomerella leaf spot in apple.
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PEp > 2P iEAR, kD R T, 3 E MReR.

Ak, B THEARMKE, 20050 Fhddi I, 1 AFLP. RAPD. RFLP. SCAR. CAPs.
SSR Al SNP #5ic % (Rosaetal., 2003; Silfverberg-Dilworth et al., 2006; Xia etal., 2007; Moriya et
al., 2012; Chenetal., 2015), FHRIIH T2 Fhrid4iiBh & M. Tartarini 5% (2000) FH SHERE
AIIER (V) BEIEB RAPD Fric LG 7455 i IE RIS A, EIKETRE N 3%, (RS
ERAUN 0.02%0 FRAEBERRA R T BAL @ IR, BRAR A = oA, s 5.
Moriya % (2012) H 3 NEHMER (Cod 4B SSR #xid Mdo.chlO.12. Mdo.chlO.13 Fil
Mdo.chlO.14, AR LI BERIEAT T FHIE RS . Cheng %5 (1996) RIS HIF AN Thd0l K
P3G B RAPD Arid, EFRSEAE TR & R TARIC L, SEL T % SRtk i I ¢
Wang %5 (2011) ik SCARs bricd fl SSR Fric X # il ZL A% AL AR IE R PeDw BEAT T 07, X ALELL
B EEZENE X

SNP #rid (4.5 ~20kb) PRIH) V2 A0 T3 R B4l (Velasco etal., 2010; Micheletti et al.,
2011), REMEIE I ml 5 P RO RO &, P USRI SZ 27038 I k. Chagné 55 (2012)
X 27 AN SR AT AR B T A U A A AL IR ALE Y SNP, R T 32 8K ) SNP i 4,
A T3RRGO I, R T hR il — A SRR G PR R I, HES) T AR .
Isabelle 25 (2016) 4} T FJT] KASP™ (Kompetitive Allele-Specific PCR) $3 AN 55 3 FL 5 A2 i
R 3 U i DDA ZE B 1) SNP EAT R DK 0B, I H T P01 & - David 45 (2016) FJFH 8K
(K] SNP U5 i P& T 3E B A6 () SNP TBEARIC (ss475879531), FEFHiZARIC AT 5 AR AR 147
WEREAT T RSB % e, SR, AR BRI AT A P S s B e, v LARY FH 120 7 b il
BrE .

ERRIA B A (Glomerella leaf spot, GLS), AP )™ 84 32 3 o nt B (134T e E e 3
[ Z R R NAFE (Glomerella cingulata) 5. 7E-L/\ O @i s T 2~3d W
RT3 B I B A i v, A I IR AR e SRS 5 SR AE PEBE 14 (Leite et al., 1988; Gonzalez & Sutton,
1999; Gonzalez, 2003; Aif 4%, 2012; Wangetal.,, 2012). 555 PR bRl M v 35 BRI B -G
IR BOEAT . Z AT HRIFIERE I, 3 SR R TR A0 PRI B P A2 el A B v DR 22 1Y) (Dantas et
al., 2009; XIYFEE 4, 2015; Liuetal., 2016a), HUPEFHEDE Ry {07 s T3 55 15 gtk b, JF
G HAT A5 Ry BRI s BRBEB I 22 T A51d (Liuetal., 2016b),

AT I8 R FH I H ) 4 A5 000 R AT P A5 5 DR R, 7 AU HE B 23 1 b id S0405127
(SSR). S0304673 (SSR). SNP4236 FI InDeld254, X 50 /N30 5k i Ah Rl 5 28 HEAT P03 2 2 A
RUME, I RS FhRc A I 4 R SRR U SE 45 R, R AR I HERTE, SRR bt
DRIFL TR R B R S TR LR 43 1 S8 BOR

QY VL SRS DARE

1.1 RIgsRl

2015 4 LATE By AR K22 I N AR 3 3 SR Ee Skt AR 15 1) 50 ASSER R (RO M B TFRd
ERR I SIE . ORERT 15 d AW 24, At i I PREAT .

E DN U NP P = e P NS R S TR VIR 2 e & L DA S r NS I ey p
M98 H R 995 TR 18 Bl /N A FE Glomerella cingulata (Wang et al., 2012),
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1.2 #HREERENNFELEE

AR 50 ANFERGRES A (R MR BB Ao 1Bk, RS (R B 4 AV
% QAHTEMEE, 2 AHENRD o BIBRE M, IR 4 NI, Kok
JEL TR R T8 20 2B TRV (F IR 1044 - mL™) By A ey B F E e ps i, R 4 d 5
HEAT o 1 4 s FE i %

B EIORBEIE A “PUi T, W “R”, AP “BOR”, il “S” CXIYEE 4R,
2015) .
1.3 SFRIEEE

FEAIR (R AR 0.2 g, AR, - 70 CHATF. FEH4 DNA 143 2% Doyle Al
Doyle (1987) [] CTAB ¥%. #JH] NanoDrop 2000 73 6611 (Thermo Scientific, South Logan, UT,
USA) Jll5E DNA M2l AR, HHRERFEE 10ng - pLs

I RS 5E b BT SR AT R 5 L B I R BT S TR Ry 7 AU IS BN 4 0 FARid (SSR #x
icl S0405127 F1 S0304673, SNP Fric. SNP4236, InDel #iic InDeld254) i HHH] 50 ANl (R) #E
ATHEI RS 5E . JLH SSR AR S0405127 53K P Ry A7 mi IS AL HHES O 0.5 <M, S0304673 L5 5E A Ry
(R AL 254 0.9 ¢M (Liu et al., 2016b), Frict SNP4236 fil InDel4254 5 H (LKL 2. 514)0%
F AR S A BN T2 1. 51 AETAEY TR (R A RA R A

®1 FEER
Table 1 The information of markers
pngd P g e s sk s
Marker name Sequence Ref base Mutation Location Reference Primer sequence
length base

S0405127 330 (AT) 10 4622388 ~ 4626535 Liuetal., 2016b F: 5-GGCACAATGTAGGAGGGATA-3’

R: 5'-GCTATGAGGAAATTGGCTCT-3’
S0304673 333 (GT)3 4121053 ~ 4135560 Liuetal., 2016b F: 5-GTTTGCACATTGTAATGCTG-3'

R: 5-CAGTTTTCTAGTGATGTCGTTG-3'
SNP4236 114 A G 4198916 ~ 4199072 R: GCTTATCATAAAAAGCAAGACCAC

F: ATCATATAATTGTGTAATTTAGTAGAACA
Indel4254 119 G GC 4254896 ~ 4255015 XIYHE =, R: ATAAAGTCACTTCTAGCACAAATA

2017 F: CGAAAAACGCTTTACTTAGG

FHXPREZ S (2015) [¥) SSR RWAKZR: HEA 15 ul, W 4ng -yl FEA4 DNA 2 uL, 1x
Master Mix 7.5 pL, 0.2 pmol - L™ ZE4754)%% 0.8 pL. PCR §"8FL/5 4 94 CHiAYE 5 min; SRJ5 4%
94 CA%: 30s, 54 ‘CiB-k 40s, 72 CLEM 30 s MIFEFHEAT 35 AMEFF; f)m 72 CLEMf 8 min, 4 °C
{RA7. PCR P28 3.5% 0 B IR B et e rEL kA 565

SNP F1 InDel Fric FIRINF) F & 7 #2414 (High Resolution Melting, HRM) $ARTE
LightCycler®480 11 ¢ % £ & PCR 1% (Roche) LHE(T. ZHAES (2015) B NIAR: &
H15uL, W& 10ng - pL” ISEKI4] DNA 1.0 pL, 1x Master Mix 7.5 pL, 2.0 mmol - L™ MgCl, 1.5
ul, 2475190 0.2 umol - L™ % 0.5 uL. PCR F8FLF: 95 CHi4E 10 min; SRJ54% 95 CAEHE 10
min, 55 CiB/K 155, 72 ‘CZEfH 10 s FEAT 45 MEH . 19779 HRM £ A7 R : 95 °C 1 min,
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40 'C 1min, 65 C 1's, £ 65 CIHELZ 95 ClU P, LL25 Wk - C IR IO E R, Bn
PR 2 40 °C. A LightCycler®480 [¥] Gene Scanning % (1.5 version) #EAT i 73 5 45 i ih £ 7>
e

2 R

2.1 ARERGM (R MREEMHERBIRITEE

AN R S R 25 4R R, AE 50 SRR (D, A7 33 MU (R, 17
NIRRT (R, PURRILZSR U, JRaarflh GRS s RanlE 1.

B 1 EREMN4dRESEMN (R) MBEEHHRNRERT

Fig.1 Resistance performance in part varieties to Glomerella leaf spot four days after inoculating

22 AEREMIEREM (R) HEE
I3 3.5% B RE RS Fi bk A HRM 7347 /73206 SSR i At SNP InDel AR AEA [ b
(R) PHHTHRRRYEE .,
SSR #Fric S0304673 (& 2) Redr 1y Wy 4 22 B Wy 9 4ty , fEPUM P (R TPREY S
305 bp KNI B, RO AR (R a8 4> 184 333 bp I H BL
SSR A5 80405127 (K& 2) RELEEF M (R) iy 4> 78k 330 bp M Bt ZEHUR L Fh
() Pl B.
7 HRM Elt, A LLE HARiC SNP4236 Fl InDeld254 A R 28 1 X 2r th Hodkatk (& 3).
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M F G Pl P2 P3 P4 P5 P6 P7 P38 P9 P10 P11 P12 P13 P14 P15

P16 P17 P18 P19

50304673

500 bp
200 bp

M F G Pl P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19

50405127

500 bp
200 bp

B2 SSRHRID (S0304673, S0405127) FEERS @M (FR) i HAITRAS SRS Fe ik E
M: DL2000; F: & G: 4jils P1~P9: HUWiihfl; P10~P19: AN,
Fig. 2 Agarose gel profile of SSR markers (S0304673, S0405127) amplified from part varieties
M: DL2000 marker; F: Fuji;: G: Golden Delicious; P1 -P9: Resistant variety; P10 - P19: Susceptible variety.
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i3 B/°C Temperature
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' el
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B3 SNP4236 (a) #1InDel4254 (b) HFRIZEERFERHM (R) i K HRM B
Fig.3 HRM profile of SNP4236 (a) and InDel4254 (b) marker amplified from difference varieties

2.3 HFHIRICERMELEE

SSR #5ic S0405127. S0304673, SNP hric SNP4236 Fl InDel #ict InDeld254 %} 33 ASHii dh b
(R) F1TABIR MR (R BAEMSER (£2) Bos, 4 Nbric eI R % g 4 lorp 5 2 A4 %g
EPUARHTT AR (R 50 5450 34 245 44, % PUw B0 VR R 2351 4 90%- 94%,
96%- 92%. X 4 Mo hrid % 0E 45 R HER 2R I8I8 2] 90% LA b, n] DL FH T H R R RS S, il &R
FlTT0E U5 DA S 2=l i A 40 1 ) 2 S BT I o B 1 1 68 0
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%2 ATFHICHERFELMARRONFEENEELER

Table 2 Result of resistance identification of four markers in apple cultivars (lines)

J¥*5 Code  §fl/Z Cultivar/Line %7 Phenotype ~ S0405127 (SSR)  S0304673 (SSR)  SNP4236 InDel 4254
1 2} B Dounan R R R R R
2 TN Fuli R R R R R
3 4 Fuyan R R R R R
4 218 1 %5 Hongxun 1 R R R R R
5 A£)I) Huashuai R R R R R
6 1% Lujia 1 R R R R R
7 JE McIntosh R R R R R
8 &4 % Lujia4 R R R R R
9 0 6 5 Lujia 6 R R R R R
10 12 5 Lujia 2 S S S S S
11 H AL Qingnonghong S S S R R
12 %ii4T Ruihong S S S S S
13 X FHLT Shuang yanghong S S S S S
14 Bt St Shinsekai S S S S S
15 N2 S S S S S
16 4 .41 Fuzaohong S S S S S
17 547 Gala S S S S S
18 Z: 7t Qinguan S S S S S
19 %fi 1t Judaine S S S S S
20 15 Malus sp. R R S R R
21 JHE 1 Yanfu 1 R R R R R
22 425t Golden Delicious S S S S N
23 Z% Alps Otome apple R R R R R
24 £ Huashuo R S R R R
25 FAK Orin R S R R S
26 H%% 15 Zaoza 1 R R R R R
27 BT Wiicik McIntosh R R R R S
28 F€4> Saijin R S R R R
29 214 1 5 Red Flesh 1 R R R R R
30 T H 4 Wuyuejin R R R R R
31 1141 Wangshanhong R R R R R
32 B4 42 Starkrimson Delicious R R R R R
33 T 7t Qing Delicious R R R R R
34 5L H 1 Hirosaki Fuji R R R R R
35 &+ Fuji R R R R R
36 J it Pinova R R R R R
37 FLELLR Zaocuilil R R R R S
38 7C-102 R R R R R
39 [ Ralls R R R R R
40 #% Xiaguang R R R S R
41 7C-35 S R R S S
42 95-161 R R R R R
43 95-231 R R R R R
44 95-232 S S S S S
45 95-32 R R R R R
46 95-93 R R R R R
47 7C-104 S S S S S
48 7C-105 S S S S S
49 7C-106 S R R S S
50 7C-107 S S S S S
e AR IR AL A7 5 e R e 45 A AT
Note: Boldface indicates that genotype is not consistent with phenotype identification.
3 whe

ARI T 4 MRS IUHERZRIIEE] 90.0%, T LAE RN H T AR id A & . SSR FRid
S0405127 S5FE Ry {7 s (HII8AEHE 250 0.5 M, S0304673 HIBALEE 4 0.9 M, TfifE SRR
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HE, ARid S0304673 S PrE Rl (R) MHEMR LLARIC S0405127 MIUERIR m. SNP4236 Fl
InDeld254 5 H (FE R SLo0 5, (HLE SR BHAR IR P IS AT 2 ~ 4 NR B i 5 I R S 52 AN
AR PRI GAEAE LR UAN R, — 5 el gt H 4w ) R e REE AR, SET
SERMIMES s —aArid S0405127 (4% o WA MG 22 5, AR VKN AT REARAEieaii iR 22 =
SETEX M BB EAT RS e T, W RBAAE R AL e R 2, FEORR I BT S 22 DU RS 4
SENLH, T LY B KPR A 07 126 T 20 (%) SRR LA SE O H bR S DR RS A s A, i el TS AR R
il BT AR RUSEA R AR, BTCAT BE S BUE A &5 IR 22 025 Wi S8 L 17 81 70 24 A2 A
W R AESEAR, SE AT S HER AT AR . X8 ) A RS R AN AT S, (AT LUE
S PUR AT I . — SR AR AT SRS 40 BBt e oy, LR DR P R A AR B 7 146 ) S 36
VERAE m it AV BRI RORE RS, AT BRI IR SR 25 7= A R ] LA AN 4 Fhm i 5 o2 &5 SR k4T
GEE YT HEBR B — 0 P ARIC T RE P AR AR 22, METIB 5 20 A 0 il B 3 R A0 B P s i b 1R Ak
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