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C PR R S M B, TR 4007155 27 R4 RRE B R IFSTIT, AR BB g S HGHE L A2 5 k1
BV A SIS, M 510640)

# OE: PR SNP 2 85, S FERFE R PCR % (Allele-specific PCR, AS-PCR) #
PR 20T (High resolution melting analysis, HRMA), X 16 Mlidks: A A 8 ANwhZefh 5
FRARIHEAT T 7 A SNP A7 5 (K0 BB 5T o 45 SRR WX PR VE T3 00 43 B G5 AR ], #4524 ANFEAR S 1k
T 22 PRIEDNAL. (HAA R, BEAR O 5 )\, a5 INEFERE Z BT
TozE5, RN Y [ — R IO R AR . CRRRERM R rh AR 14 LA R AT
SEHAIART, BRI AR AR ] — L R AN 258 R, AR O R WL, AS-PCR Fil HRMA
P3G TR R X A R %52 o AS-PCR V22 —FiofERf . ARAA SNP 07 J5vd, 38 &35 00 5200 = {f
F, MEXT PCR R MNAR R ZER ™K . HRMA 70 B A ER . Doty (8 0B s KR A, (BRG]
e, RASAE F.

KR M PRTRZAYE: SAERRRIE PCR: i RIS o b s BEDR 3 Y
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Comparison of Allele-specific PCR and High Resolution Melting Analysis in
SNP Genotyping and Their Application in Pummelo Cultivar Identification

YANG Run-ting'?, WU Bo'?, LI Chong', ZENG Pei', ZENG Ji-wu’, ZHONG Yun®, JIANG Bo?,
ZHOU Bi-rong®, and ZHONG Guang—yanz’*

('College of Horticulture and Landscape, Southwest University, Chongging 400715, China; *Key Laboratory of Tropical
and Subtropical Fruit Biology and Genetic Resource Utilization, Ministry of Agriculture, Fruit Tree Institute, Guangdong
Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract: Allele-specific PCR (AS-PCR) and high resolution melting analysis (HRMA) are two
widely used SNP genotyping methods but no research has been done to compare them in terms of
genotyping efficiency. In this study, 16 pummelo cultivars and 8 pummelo hybrids were genotyped using
AS-PCR and HRMA respectively on two different sets of 7 SNP loci. It was shown that both methods
generated the same genotyping results in which 24 accessions were assigned into 22 genotypes. It was

noteworthy that Hassaku and Red Hassaku were identical at all SNP loci, indicating both accessions should

RS ERA: 2013 -03-07; fEEIEAE: 2013 - 06 - 04
EEWE: HEXARFFEETH (30971992); [H 5 HE AIEMBTFUR T (973) TiH (2011CB100600)
* WW{51E# Author for correspondence (E-mail: gy zhong@163.com)
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have originated asexually from the same mother cultivar, as was the same case for the two Japanese
summer orange cultivars, Beni Amanatsu and Kawano Natsudaidai. Interestingly, the early- and
middle-season ‘Zhenlong’ pummelo cultivars possessed different genotypes, indicating clearly that they
unlikely had the same origin as bud mutations as was thought before, and further analysis of HRMA results
showed there is no direct hereditary relationship between them. Our results showed that both AS-PCR and
HRMA were suitable methods for the identification of pummelo-related accessions. AS-PCR is a reliable
and low-cost SNP genotyping method and easily accessible to ordinary laboratories though the method was
found to be sensitive to changes in PCR conditions. HRMA is proven to be a reliable, quick, simple and
high throughput SNP genotyping method; However, it uses special equipment and expensive reagents.
Key words: pummelo; single nucleotide polymorphism; allele specific-PCR; high resolution melting

analysis; genotyping

HUZF IR %2 A1 (single nucleotide polymorphism, SNP) J& 45 FAMZ F IR 45 7 5 21 DNA J#
Y2, HAE SRR AME T 1% (Brookes, 1999). SNP fEMiMFE R A h¥=Z, 4],
ARG E, T R A CANAL A =554 PUSEAD)D, s T-1317 B 3k 24t (Brookes, 1999).
YENES 3 AR Fhnid AR, SNP FRicdl) 2 T-iifh il 4 it (Deleu etal., 2009; Nayak et al.,
2010). PERCHEHT (Hill et al., 2010; Myles et al., 2011). 7> FFric i Bh & F2E01 57+ (Shirasawa
etal., 2006). H ¥ I SNP 73 84 77 V247 A4 % 22 25 P (single-strand conformation polymorphism,
SSCP) (Glava¢ & Dean, 2005). 78 & ZBAH (5 1% £ R (denaturing high performance liquid
chromatography, DHPLC) (Nickerson et al., 2000). FEP.L5FHAR (Syvdnen, 2005). DNA 7

(Ahmadian et al., 2000). 57> e AR 2k 7087 Chigh resolution melting analysis, HRMA) (Liew et
al., 2004). “EA7BERRESF PCR (allele-specific PCR, AS-PCR) (Newton etal., 1989) %%, AS-PCR
AEA 51 375 R G 25 KORIRAG PCR 4 B RCRHRe M, 75 SNP A7 sl vl 37 A U 55 AN [F] 45407 Jit
DR D PR 5 BE DRVRE e 19 5 149, Al e 8 e P vk &5 D7 VA ) H A PCR 938 i Bl It 2 FF
AHEPI Y cHRMA S AR S I s U Tl b 52 Gkt 5 PCR 4 3 W) 1) 25 5 B s 3k47 SNP 4321,
Ji B PR E KR AT 5 DNA XU IS (melting temperature, Ty,) 284k, 1 T, 2840 AT S35
T I XU A i BRI A A I 1) PR AR A T N XU 255 TR 98 D L B &5 6 () 4 B Bl RE IR
SR (Liew etal., 2004). XPIMIVE CAFE] T2 KM H] (Casado-Diaz etal., 2007; Wu et
al., 2008; Lopez-Villaretal., 2010; Leeetal., 2011), F B A WX PIAITVENE B BAA L.

2% [Citrus maxima (Burm.) Osbeck] & AR FEHIE I 3 MIEAFh 2 —, HAT RN H A2 AL IS
Firko T g IME . RRES D s I& A, AR R R ) 5 A4 IR AR ks o B FH 237 AR ad i AN TRl A
an AP REATUERA X 43, 6 R R A ORAP A RO R AT T2 B R o AR s B LU R T
24 MR EL, T AS-PCR 2RI HRMA 75 7 /> SNP A7 o5 X e AT THETSE R 0 28, 45 L ORIl ix
PAFR 7 LR SNP ATl il 1 A2 58 A AT

QY ViR SRS DARES

1.1 Ry

2012 4= 9 J3 I\ I SEME AR b e B J05t 861 LU A 32100 24 A M (38 D it 44 8L, FH Easy-Pure Plant
Genomic DNA Kit (Transgen Biotech) #EH{4FEK4] DNA. Fifd DNA £ 20 ~ 50 ng - mL™ .
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Table 1 Pummelos and hybrids used in this study
M5 HEALK P M5 FEARKTR g
1D Accesssion name Species 1D Accesssion name Species
1 E ARyl Citrus maxima (Burm.) 13 ANAEL il Citrus maxima (Burm.)
Nangnei Pummelo Osbeck Red Flesh Guanximiyou  Osbeck
2 S B A Citrus maxima (Burm.) 14 Z LA Citrus maxima (Burm.)
Pingyangla Pummelo Osbeck Somalia Pummelo Osbeck
3 SEVT A Citrus maxima (Burm.) 15 A0 G S Al Citrus maxima (Burm.)
Peijiang Pummelo Osbeck Hangwanmiyou Osbeck
4 EHi-1  Aiyou-1 Citrus maxima (Burm.) 16 TK 3 T A Citrus maxima (Burm.)
Osbeck Yongjia Zaoxiang Osbeck
Pummelo
5 %t Green Flesh Pummelo Citrus maxima (Burm.) 17 2% LU 7 Al Citrus paradisi Macfayden
Osbeck Star Ruby Grapefruit
6 FEM (H O Citrus maxima (Burm.) 18 X R A A Citrus paradisi Macfayden
Zhenlong Pummelo (middle Osbeck Cocktail Grapefruit
season)
7 i Citrus maxima (Burm.) 19 J\JH Hassaku Citrus hassakuHort. ex
Mianxu Pummelo Osbeck Tanaka
8 18-12 Aili Citrus maxima (Burm.) 20 2 )\ Red Hassaku Citrus hassakuHort. ex
18-12 Pummelo Osbeck Tanaka
9 )7 @) Citrus maxima (Burm.) 21 NILS2=x Citrus natsudaidai Hayata
Zhenlong Pummelo (early Osbeck Kawano Natsudaidai
season)
10 £kl Green Pummelo Citrus maxima (Burm.) 22 AHE Citrus natsudaidai Hayata
Osbeck Beni Amanatsu
11 AHHHH Yanjinggan Citrus maxima (Burm.) 23 2 B A Al Citrus maxima x Citrus
Osbeck Jianyang Juyou reticulata
12 YT AL0M Dianjiang Citrus maxima (Burm.) 24 i Lime Citrus aurantifolia Swingle

White Flesh Pummelo

Osbeck

1.2 #H SNP B93%15

KHGI A28 EST B PR 5 ik 4k Mh SNP. 25 1 Rl ik Hin se 5L T 4044 (Citrus
clementina L.) MIZERIZH74) (http: //www.phytozome.org) BEUT5IRY 18 YD HM" F IR
M 4 ANFE, B K3 FUOA S AL RS (Zeaxanthin epoxidase, ZEP). J\E K 441 2 & 1% (Phytoene
synthase, PSY). \EF ML & i & (Phytoene desaturase, PDS). B - #% M ¥4k EF (B-carotene
hrdroxylase, CHX) &A1) DNA F Bt $hik 2 AN sl BEREATI R, A AHE blastn B 42 LEX P41k
3413 SNP {25 (Camacho etal., 2008). 2 2 F iRl MG IE N AL SNP % 5 =R 45 5, Xf EST
AT R R AT, HERTHETFE (C. sinensis Osbeck). B&#S (C. aurantium L.). % 4G 5L
ZH P ¥ haplotype CRAARZL), AT SRAFAIFN A SNP. 2R G0 K A2 40 HT(E MEGAS # {4 (Tamura et al.,
2011)_E#EAT, HEALH ] Neibour-joining $.32: (Saitou & Nei, 1987) 3K 15, wt4L #H 25 11548 JT] Tajima-nei
53, (Tajima & Nei, 1984), bootstrap 2 000 {X (Felsenstein, 1985),

1.3 AS-PCR 3|4i&it

Iy ARG HLIE T R4 el sca7: 3222996 T/C. cl sca7: 2587191 A/T. cl sca7: 2587286 G/C
X 3 AN SNP {7 skt 7 3 AN 519, Hrh— A A S, I TIOR3 . 535~k
SN IENERE SRS, 3L 3URIARIE A S AN, SNP (KA AN R 3E B AN . BIANEE cl_sca7:
3222996_T/C SNP i pi b, ZEP-6297a A A H5IY), ZEP-5899Cs Al ZEP-5899Ts 55514, M%r
S5 3 AR uGHRFEE 4> SNP ) T A1 C B ANIEXT . %1 CHX R B, SNP $i s %,
SRR R — AN JE DR BE AN A BRI 1) SNP A7 s AF Ay 1 1) S ) 5 | 0 Tt I () 37 A i, B A 1)
I L e SNP AL AL, S 1R 5 | 406 B T iE SNP A A1, KA A~ SNP 41LRK ) haplotype (LAY
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Ao cl_scab: 21394295 21394295ins7 f&—N 7 bp I A/BEIAL s, XF 1% A0 5 [RIFE ) A5 3 (R
Z NAIRIEAMENG R FEFI 2 2 T — % AS-PCR 514, (EBETHE, g s s ek, #4
SIYIAE 3R w R A 2R 2 BEE 3 MRS ST I AEEIE (Ye etal., 2001). 54%evhd ] primer3.0 4
(Untergasser et al., 2012). SNP £Gl514))7 41 WAL 2. FIFH G EE R 20 7 41 5L vk PCR B 5 |
Yy, XS IAETA CAREEA TN —> 1 000 bp ) DNA F B, S140%51043 5 % : P1000F
(5" - 3"): GAGATCGTCACCACCATTCCTACCATTG 1 P1000R (5’ - 3"): TTGTTAGCAAATACAAG
CAGCACAGCATCT.

%2 AS-PCR 3|¥IFFILL K PCR =K/
Table 2 The primers used in AS-PCR and the sizes of the expected PCR products

. PR/ b
SNP 447 SsE s (-3 I
. . . Length of
SNP name Primer name Primer sequence C
products
cl_sca7:3222996 T/C’ ZEP-6297a" GGTTCTTGTGCTGTGCTCGCTACTCTG 68.87 398

ZEP-5899Cs GGGGTAGGATTGTAGCCGTTGTGCTTaC 68.53
ZEP-5899Ts GGGTAGGATTGTAGCCGTTGTGCTgCT 70.19
cl_sca6:21394295_21394295ins7 PSY-871s GCCCCTGCCTTCTTTCATCAATCCT 68.87 765
PSY-1636-a GGCAAAATGCTAATGATACAACATCCC 68.16
PSY-1636+a GGTCAAAATGCTAATGATACAACATCC 65.02
cl_sca9:29490045_G/C + Hchx_1010G GACTGCAATGAGATTCCCAAAATAACT 66.09 222
Hchx_788Ts TTTCAATGTGAAGGCCTTTTATGCAAAT  66.45
Hchx_1010C  GACTGCAATGAGATTCCGAAAATAACT 65.51 222
Hchx_788Cs ~ TCAATGTGAAGGCCTTTTATGCAAATTG  67.11

cl_sca9:29489677_C/T + Hchx_1379C  CGACTCTCCGGAAATAAGGCACGC 69.34 254
Hchx_1125C  CAGTTCCAGCCATAGCCCTTCTCTCTG 68.69

cl_sca7:2587191_A/T $s1044-746a TCAAATCACTCAAACCCATCACCGT 66.33 298
ss1044-746A  TCGGAGGAGAGTTCCTTGTACCATCA 66.77
ss1044-746T  TCGGAGGAGAGTTCCTTGTACCATCT 65.17

cl_sca7:2587286_G/C $51044-1031 TGGAACCTTGGCTCCCATATCAGTA 65.41 380

ss1044-651C  GACTATGCTGCTGTGACAGTTCAGATGC  67.01

7 * SNP #F5H cl_sca7: 3222996T/C $5 ¥+ Phytozome i B %2 T FE K41 Chttp: //www.phytozome.org) [¥ 5§ 7 4 scaffold [5 3 222 996
AEHBRAL R —A T/C $etfe, AWM ~ IR a Rl s AR K SCRIE X 519; # 519750 /NG F-RE S RLAs S .

Note: * The SNPs were named as ‘cl_sca’, which means clementine scaffold C(http: //www.phytozome.org), plus the scaffold number, a

¢

semicolon ‘:’, a number to indicate the location of the SNP on that scaffold and two letters, separated by “/”, to indicate the two polymorphic

nucleotides in the SNP. “~” aand s in primer names indicate the antisense and sense primers. # Lower case letters in primer sequences represent the

mismatched bases.

1.4 AS-PCR ¥ &K =492

PCR §"#KH 10 pL e MAA R, HAFEIEK4] DNA 40 ng, Hot Start DNA R4 (TaKaRa)
0.5U, 1xPCR ZEM¥ (% 1.5 mmol - L' Mg®"), dNTP mix (% 200 umol - L), FAPEXIIEIE. S Ia]
F1M% 0.1 ~0.2 umol - L™, 27 JE AR VR IE . RIFUSI4 0.1 ~0.2 umol - L™, 513K 1% 75 BARYE
FH AT 5 [P R A A B DRVRE S 5 [ (0 7 3 20 3 2 Sl AT 08 Y o i T3 e ek, FRAIRAT I 22,
PCR #1#4%H] T it PCR (Touchdown PCR) %, ERUIT: 95 CHIAZME 3 min, 25 95 T4 30,
70 ‘CiE-k 90 s LL 2.5 Cisfiyk, 72 CHEH 90s, 2 MFIR, HEHAE 95°C 30s, 65°C90s, 72°C
90 s FAH¥E 38 ¥ IeJafE 72 C FEEMH 5 mine ] 1.0% ~ 1.5% 155 IR B e H bk A PCR 740
AFEAR S BRI T ST 3 IR

1.5 HRMASNP H#!
ABFFERS 24 MFEARTE 74 SNP AL A5 _EHEAT T /08 By 183260 SNP #2847 HRMA 43 (Liew et al.,
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2004). 1. W3 (Gundry et al., 2008). PCR W44 HEiHk (Rik 4, 2012) 3L,
AR i JEE PR BEE TSI EE 5 | 00~ 2 T (B 3 C RS
16 (EBZAH

2815 B8 (polymorphic information content, PIC) [¥J7F51# ] PowerMarker version 3.25

(Liu & Muse, 2005) 32 PIC {ELE MAEAA b BEA LI ) PSS — 2 2 MR 3L A
TR RS, B T 2 T HRACAL s AE B 3 552 bR X245 73 1 I FH PR 280

2 R

2.1 #hFhA SNP fifik

I3 T G YD AN AN IR 2 Al ZEP. PSY. PDS. CHX H:Bl, 3843 THIN KN 1 600, 800
800, 2 200 bp MK B, wabEfaillfy, {EppEEE = 5 WP oI s o dr, 450 —JL4k3)
33 ANEEALL SNP. CLANFRPE LAl — 104 (Scora, 1975; Barrett & Rhodes, 1976; Nicolosi et al.,
2000, FTFE ISR A= 2 P A AR I AN 56 J AR (R, FAd A2 BITRE S Al 24 (Webber,
1943; Scora, 1975; Barrett & Rhodes, 1976; Nicolosi etal., 2000), & .07 | & FH#5 L5 M o JE47 11
AR (e RFD . LM SN EST P41, 3RAG TSI 7 B B Ry v ARy, o ep (A A
TS E AT A AR 2 . AR5 Tk Lex B A5 iRl A2, SR 7SR Y SNIP.,

WE 1, A PR, B PEASSA LR gfA F1 gfB T of B K E M, BRSNS IR gfA
EINEATSEAL IR (PA A1 PB) %, Mok EME. T HiEE (gfB. CB. SB) "KLK 2 |H]
WA 25, TR B X SR BE A5 2R AT A SNP.

BB, BRPE sourA S5 LKk B 56 B A%, 1 sourB Sk B, i+ sourB 5 SB 2 [H]
() 22 5 SR H R B R AP Y SNP. B IE 1% 77— 35315 T 30 Z ARl Py SNP,

PA contig 1044

A PB contig 1044 B 463{ SA contig 1044
100 SA conti_g 1044 100 CA contig 1044

PA contig 1044 PB contig 1044

¢fA m contig 1044 66 sourA contig 1044

;/; contlgt_loﬁi?m — sourB contig 1044
m contig

. CB contig 1044
CB contig 1044 \—{ .
96! SB contig 1044

SB contig 1044

0.002 0.001

B 1 RFREMHEEERRERGHEUERER
SA FISB. PA 1 PB. CA fll CB. gfA 1 gfB. sourA Al sourB 73 A&XSNAH . REAT. SCHIL T AR, BRI PIA AR P41
A: ToAlAR P SNP (RIS AR5 BURERS . B: ATHIFP A SNP I IR 8 S AR 0 B SR 2B
B R 7R A 23 SR BEARR I 8 A% B Y
Fig. 1 Representative phylogenetic trees for homologous haplotypes of Citrus
SAand SB, PAand PB, CAand CB, gfA and gfB, sourA and sourB are the two haplotypes of sweet orange, ponkan, clementine,
grapefruit and sour orange, respectively. A: No pummelo intra-specific SNP were identified from clustered
haplotypes; B: SNPs were identified from clustered pummelo haplotypes.
The scale bar indicates the genetic distance represented

by the branch length of the tree.
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2.2 AS-PCR ¥ 18K Bk

FH AS-PCR VEXT 7 A~ SNP A7 s F 1 AN/ SRA s B 4T 50 24 . 18] 2 24 ZEP-6297a F1l ZEP- 5899Ts
MG 45 . SR SR BHE IRE381 (1.000 bp) 75 1~ 12 FEMIIIER . HERSH (398 bp) /¥
ZERR, FEA 1L 305 ~ 90 11, 2 P IEW 2y, RWWAEFY 1, WEAHEME
IR S 5 | ) ) B AN RS, R RIAEAT R T (AR 3 Tl “+7)0 24 44 10 SHEARM AT,
RIABE R G, NAEHAS, BCHEARSEMIEER Gdh “ -7,

M 1 12

bp

5 000 —=
3 000 —=-
2 000 —=

1 000 ==
T5() ==
500 ==
25()—=
100—=

—— [t ) R Positive control

—— H k544 Target amplicon
(398 bp)

B2 12/MERA5I14 ZEP-6297a M ZEP-5899Ts & AS-PCR ¥ 145 R
Fig. 2 AS-PCR results using primers of ZEP-6297a and ZEP-5899Ts for 12 accessions

Hchx _1010Ca Fl Hchx_1010Ga 514%f M. [¥) SNP 47 i & G/C, Hchx_788Ts Fl Hchx_788Cs X i
ff) SNP {7 15 T/C (£ 2). 514 Hehx_1010Ga F1 Hehx_788Ts #EATH 4, 3% 1 ~ 8. 17. 18 Ff
AR RUEE RN “+7 (3R 3), RWIIZLERE ALY 19 1 B 1A SNP A7 BT G, 55 2 M s
245 T. Hchx_1010Ca Al Hchx _788Cs. Hchx_1379Ca Al Hchx 1125Cs § 345 L R4 (36 3).

£3 24 MHRM AS-PCR HBIZR
Table 3 The SNP genotypes of the 24 accessions determined by AS-PCR

GIL7h Fefh4n's  Sample ID

Primer pairs 1 23 456 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 pIC
ZEP-6297a, ZEP-5899Cs + + + 4+ + + - - -+ - 4+ 4+ - + + + 4+ 4+ 4+ + + + + 03680
ZEP-6297a, ZEP-5899Ts + -+ -+ ++ 4+ +- 4+ + + 4+ + + 4+ + + + + + + + 02468
PSY-871S, PSY-1636+a -+ + + -+ ++4++ + - - - - 4+ 4+ 4+ + + + + 4+ - 04545
PSY-871S, PSY-1636-a + + 4+ 4+ + + 4+ - +4+ + + 4+ + + - + - - - - - - + 04156
Hchx-1379Ca, Hchx-1125Cs + ++ ++++ 4+ ++ + - + 4+ + + 4+ - + 4+ - - 4+ + 02468
Hchx-1010Ca, Hchx-788Cs + -+ -+ - - - -4+ 4+ + + + + + 4+ + + + + + = + 04545
Hchx-1010Ga, Hchx-788Ts + + + + + + + 4+ == - - - - - - 4+ 4+ - - = - - = 0519
$s1044-746a, s$s1044-746As + + + + - -+ F - - - - - - 4+ - 4+ 4+ + + + + 4+ 05195
ss1044-746a, ss1044-746Ts + + + - + + + - - + + - - + + 4+ - - = = 05065
ss1044-1031a, $s1044-651Cs - =t = = = - - - - - - - - - 4+ + + 4+ + + + - 04156
SP-Y4{H Mean value 0.4148

2.3 1 SNP B HRMA 58!

FUESF (2012) TR/ B 81 HRMA 350 B2 1) DG/ T3 iy RS ) 4l 45 0 1
JTBUZ IR T {225, AU, FEARWIFTH, REARY A B, IR Rt £ GC & & m i X
VENY B Sk, 45 9B R 7 A SNP AL 1) HRMA ¥ RET5 W X 5 3 FORRISERAL,
3 i, EFTAHTI 4 A SNP {55 (chr2: 31491 T/C, chr3: 10462341 T/C, chr2: 30595627 T/C
I chrUn: 19904498 A/G) |, Z%& LD IS O EhE), MRpali& a0 fug iz (46
Mgt sk, T2 >1°C), % A IR,
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£ p3s | chr2:31491 T/IC £ 04 chr3:10462341 T/C
L £ 030 E
% 5 025 5 5 03
B 020 LA T
- i
g 0 E 0.1
= % o00s =k
£ 0 £ 0
-UI— 1L L L 1 -:’l-l- 1 L 1 1 1 1 1 1
70 71 72 73 7475 80 70 71 72 73 74 75 76 77 78
% 0.35 [ chr2:30595627 T/C £ L chrUn: 19904498 A/G
5 0.30 - g 030
_ﬁ_ﬂg 0.25 = £ 025
=T 0.20 = = 020
g P05 3z 3015
- § 0.10 & go.lo
& 005 £ 005
2 0 E] 4]
= 1 1 1 1 1 1 1 1 1 1 1 'ﬂu‘ 1 1 1 1 1 1 1 1 1 1
73 74 75 76 77 78 79 80 81 82 83 72 73 74 75 76 77 78 79 80 8l
#iJE/°C Temperature i3 #/°C Temperature

3 44 SNP L= S S YR SR &1 — S 8E
SNP iy 4 HUW 528 2 Al . S UP SIS HEFS LR 4] (Xuetal., 2013), chr AR YA A, KE AR IAIERNM, 2 fhek ARy H
B To (HBAREN & S A7 HE D) A B0 T IYAUEHERI Y, 200 i ZRARSR Y34 1 B T (BRI RIS S5 AL R G B0 C el SRR A
Fig. 3 Derivative melting curves of four representative amplicons from four different SNP loci
The nomination of SNPs followed the same rules as used in Table 2 except that the sweet orange genome instead of clementine genome was used
here as reference (Xuetal., 2013) . “chr” indicates chromosome. The grey curves indicate heterozygous genotypes while the red and green curves

indicate homozygous A or T (low T,, amplicons), G or C Chigh Ty, amplicons) genotypes respectively.

24 24 i Riey o BlLs

F1 10 %I AS-PCR 519X} 24 NMFEARAT BB S5 IR 3, PraFEARIEA 22 FiA[m p 3 F R,
e O (190 F1c4n)\) (200 FERIBUAHE], 4R (22) 5 OINEFERE (21) KA
o A RAHR IR, SEPbr T 7 X519 (3 hBRARRIRE) WK% 22 BRI A X 2 1. LR
H CBLEAl (9 6D fE 3 N SNP A i b WoR AT ANFEIFSEFAL, NOAAEIFIA R i S
SHMEZSHEEEEEMNE, PXN5IMMNZEERSE (PIO) P&k 04148, HrbAg 3 X591
PIC {HEE T 0.5, R/nixX g Y7e X o ERAMR G,

24 MEALE 7/~ SNP L) HRMA 73 RGN 4, FrAFEA 70 B 25 FR AS-PCR [ 45—
#;, [FERERT RIS 22 BREEDAAL, Hoh )\ (19) R4\ (200, ‘AHE (22) 5 ¢)IEf
BRE QU Ui i BA AR RREFER. mmAs e (9 R 6) 7E 3 AN SNP AV s EHEAAFER
FEPRAY, gk A AS-PCR 45 15,

F4 24 MHEN HRMA HRIER
Table 4 The SNP genotypes of the 24 accessions determined by HRMA

Feigm  Sample ID
SNP PIC

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
chr2:31491 T/C T/C T/T C/C T/C T/T T/T T/C T/T T/T T/T C/C T/T T/T C/C T/C C/C T/C T/C T/C T/C C/C C/C C/C T/C 0.3755
chr3:10462341_T/C T/T C/C T/T C/C T/T C/C T/T C/C T/T C/C T/C T/T T/C C/C C/C T/C C/C T/T T/C T/C C/C C/C T/C T/T 0.3732
chr2:30595627_T/C T/T T/C T/C T/C T/C T/T T/C T/T C/C T/T T/T T/C T/C C/C T/T T/T T/C T/T T/C T/C T/T T/T T/T T/T 03288
Chrun:19904498_A/G G/G A/A A/A A/G A/JA A/A A/A A/A A/A A/IG A/AA/AA/AA/GA/GA/GA/GA/AG/GG/GA/AA/AA/GA/G 0.3288
chr9:2379630_T/G G/G G/T G/G G/G T/T T/T G/G G/G G/T T/T G/G G/G G/G G/G T/T T/T G/T G/G G/T G/T G/T G/T G/G G/G 0.3538
chr4:14833122 T/C T/T T/T C/C T/T T/T /T T/T T/T T/T T/T T/C T/T T/T T/T T/T T/T T/C T/C T/C T/C T/C T/C T/C T/T 0.2754
chr9:13716551 T/C C/C C/C C/C T/C C/C C/C C/C C/C C/C C/C C/C T/C C/C C/C C/C C/C T/C C/C T/C T/C C/C C/C C/C C/C 0.1692

V35914 Mean value 0.3144
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REER (R 4) BoR, B/ S SNP A7 CRBARRRE) (8% 22 FiASE LKA 43 TF . HRMA
R 7 4 SNP *F35 PIC {54 0.314, {& T AS-PCR 7' SNP [1] PIC {ii. PIC {8 [ i HE w11
1 F AR i 2 SRR Sk, S M8 kT k.

3 e

A s, 15452 SSR. RAPD 2 (Besnard et al., 2001; Aranzana et al., 2003).
R SSR A& R, i 32 B ) R A I AR Th R A s = AR AR AL R IR, kA, AR
DNA S il (rIE R W B 4 S B 5 oo 2B X (Barkley etal., 2009). RAPD FEAR [ )l &
BEALS [ RBRR (K 25 & 52 1% 2 N R s, fe e tEAaE, 45 RIME LA KL (Pejicetal., 1998).
FHAL SSRARILMF, H4 SNP 70 FARIL I 285 B & & BARKAC, Hili T SNP %, ARG R
B, X20fAE UHiis® (Hamblin et al., 2007). KZ% SNP AP, Rt A4 AL
SRR IR, WTECEA, & A SEER AT (Rafalski, 2002). 1fi H SNP 25 5 AR 7EARA
KB A [F) E A I IS (Jones et al., 2007). BEZE DNA MIFHE A 3L 1 DNA B3R 1R 2,
SNP Fric (T &t C 4 AR ORI 5

AAEFTH ] AS-PCR VAT HRMA 73 B 759553 IAE PR AL % 7 A SNP A7 10 ERCDIIX 73 T 24 A~ LUAh
H LR RE, o e TR A T IR SE A4 R SNP JE DRI RGN, N 12 A28 it P 468 s 1 X 40 R e
Jitke WIROTIEMEE Rog a8, BNIE TEM T SENE.

IRIG PRI AS-PCR X} [ 3 4 A RS BURS, 24 PCR 4K A ANTP 15 9K 5 D A B A 45 5
55, s 00 5 e AR AR R R 1 T U B M B A KR T I R R F 8 PCR KM, HRMA J77:
X PCR ZERIAK, NG Taq BERITT, RSN MRIMT, HRMA 7 B 5 pi,
PR A R MR . AR AS-PCR SOV IRE R, AW RIS 3) DNA REH. &
PR RS SN BRI A i, R I i N BH P FE SR I T PCR 2R LLFERR PCR RN 35011
BB o G TAE S A i 5 | NI B AR PO SR B =y PCR e e PE M )8, AT HFFUR I G/A.
C/T Jamsiic M, C/A. G/T HIFHICRAY, A/A. C/C. G/G. T/T JH45mc2EM (Yeetal., 2001).
ST ICARIE AR T4 R PCR W 0, (H S AN MK PCR 2%, A, Hledt i RMAAfE 5SS
I, PITIE A 5 A R, WO R 58 8 PCR IR S, 7E 0TS I 336 T ot Fo A Hh 4 T Al
JE. 7i4h, HRMA 43890775 BARAE Rl Poll. molE e, B &, WrsAaRm. g
M7, AS-PCR L HFGZE PCR SR HLUKAY,  BHIE F T RS 00 3 3047 /NS R R R 4 2

o R A R BRI DR R b 2 —, BRI R . LR, AR
AF T HR it PR s AN B U= AR A 75 3R H 2538 K, R SNP 20 FARICHEAT dh R 25 52 5 X 40 IR
SR 72 (Yoonetal., 2007; Tokarskaetal., 2009; Cabezasetal., 2011). EAWIFLH, 4R
FIF AS-PCR #iA, 454 HRMA LA & DNA Wl P HeA N RS S b G g — JC 5T SNP (1) 4%
TEND, fif A SR P % e | [ 4 S R e 46 S5 1), JEFH SNP 23 BT A S 08 U5 s A% 22 R
AT GE RE], R BB RO E R ST AEARFI R, TEiS Al PR g L el 4] SNP,  FT
PR MgE Roe—380, 24 MREARIIHIA K 22 BRI, BRI 2] 24 FREERIRUERY <\ Fl
L\ CAaHET 5 NEERT PSRRI AR, XK, 4\ N U et
RO, M CAHET MR EFER M RRAE RE9m 55, 2000). EAMAZ, D ‘K
Rl FEA CHD S EBEuh R R BEERL D RIERALE S, BAREAIAR AT RS IR T e
RRAR, w—BRME 4, ATRURILIZMAS SAN ZMWAFER TRR, HRA —: FEAR
A, BEWH AR .
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