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B OE. S00ERIEMIIZ T (High resolution melting analysis, HRM) ] LIS FAREIE AR 5 12 1K)
DNA XUESRIRIE (T (HZM, WA IOSFEATE AL IR 2 S P4 FhRid (Single nucleotide polymor-
phism, SNP) AT 73 B, a3 434 NCBI 8l Hh v B2 A i85 7 51 bR %% (Expressed sequence tag,
EST) Hda %75 SNP A7 55, I H/IN v B vk i 43 W s it it 28 73 B HR (High resolution melting analysis of
small amplicons) 43T 11 A% 7 #HA# (Citrus reticulata) §hF LLEAGIFE (Citrus sinensis Osbeck var. ‘Liucheng’)
1) 5 A~ SNP A7 AR Y . 85 BoR, AN By Sk m s th 42 4 B T LA W Ry el 5
At BRI, FEA TR 72 S o A T AR Bp b 73 E[R]— A SNP A7 s R R A& 2 . Gevl o i R B AR AT i
A SNP Al EBHAAEZANE, 54 SNP AR P 28 ME B & & (PIC) 24 03190, BaFEARTEIX4 SNP
fr R ERAR A5,
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Abstract: High resolution melting analysis (HRM) is capable of detecting changes in melting
temperature (T,,) of double strand DNA sequences caused by single nucleotide changes, and is suitable to
genotype genetic samples using known single nucleotide polymorphic sites (SNPs). Citrus reticulata ESTs
from NCBI EST database were searched for SNPs, and 5 SNPs were selected to genotype 11 mandarin and

1 sweet orange cultivars using HRM genotyping of small amplicons. The results showed that, at a given
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SNP site, a heterozygous genotype could be easily and clearly distinguished from a homozygous genotype
by HRM, and 2 different homozygous genotypes could also be easily identified when temperature was
calibrated. All 5 SNPs were found polymorphic in analyzed citrus samples, with an average polymorphic
information content (PIC) value of 0.3190, indicating that these samples are highly heterozygous at these
SNP sites.
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PR Z APl (SNP) 23, HPRNATHER2 . k) Mo Fhsid, $
Z TR M ) 2 AR DA S s AL [l AL (25 . SRS RNEL N BT EST 941 23 BT f 7 AR A
At NAFAE KSR SNP, H H BTG T SNP 73 TR ic T AR AN A D, RN SNP 73 BT 2
Y8 BeliE ) 2 ARSI (Cleaved amplified polymorphic sequences, CAPS) Fl ) G 2 A VER
M (Single strand conformation polymorphism, SSCP) (Zhong et al., 2008). CAPS HFENH T3z
W TR A R AR O R AR o, SSCP I 42 PCR 4719 J SR M I i HL vk, X M b 7 926
JEIRRI A . R o PR AR il 23K (High resolution melting, HRM) #E{T SNP 43%!, HAHR
L Rk AR R, BRI N R0 S AR (A S ] T2 (Erali et al., 2008; Lopez-Villar
etal., 2010; Montgomery et al., 2010), {EAHY)JCILAE FAS 5T o 14 3 AH X 45 21> (Lehmensiek et al.,
2008; Wuetal., 2008). AREE, ABFFTH I T /v B m 0 Hr e 4 i ith 26 73 T Bk
ATHIHG SNP 73 &, 25 B oiz gt — P i) SNP 73 EER .

QY VR SRS DARES

11 EMERESHR SNP L mBI3R15

T 2011 4£ 6 JJ )\ NCBI EST ¥4l Chttp: //www. ncbi. NIm. nih. gov/) F# 5% S M5 EST ¥4
Ji» JcH SeqClean (Pertea et al., 2003) 2 FREUATS ey 41 55 16§ B ORI P41, £ CAP3 (Huang
& Madan, 1999) #A-PHE7 51, 8 )5 H QualitySNP AbPE%E 5] SNP (Tang et al., 2006). M Phytozome

(http: //www. phytozome. org) N4 2 T RGIEHF AP, @7 AH BLAST %4 2 (Camacho et

al., 2008), FJH BLASTN F#/7#t EST PHEA 5 ELPA 7 A N o S TR AT BESRAFIEAG A 53 258
B Fhad, BENLIFIE T 5 A TAFRER AP B R SNP GR 1) 347 F—20 40 #7
1.2 R

T 2011 4F 8 F M SR R Pl e 5 19 R IBUMIRE RN 11 AN 58 B MR I B REAS (R 1), B ] Easy-Pure

Plant Genomic DNA Kit( Transgen Biotech)#£ B 4> 5E[X1 41 DNA, Fr#£H{ DNA #J%¥ 4 20 ~ 50 ng - mL™',
P TR A I S8 P PR R 5 Il EST JR A 343, SOR s 1 — AN S R R 1Y,

1.3 5I4git

KN B 88953547 HRM 730 (Liew etal., 2004) o A4 A — SNP A7 5 _E PR A [ 4l &
Y38 BRI S (T (A2 MR 225, NS 3 BOS AT RERL, ABFR R A My 31 Bk
JE4E 36 ~ 55 bp 2 [0l H primerS #AF B GIH), 1E W 51YH 308 ] GESEIL SNP ALk, Sk
T WA G5 ARG . — NS T {HAE 50 ~ 60 CZHIEI], AL T 5100 T
A PRIFE (53 1) CYufE A, LMET PCR H A8 AR 1 R N5 Ao T A SLEUes i ith 2k it
i, 96 FLAR &AL M T BEAEE—E & 5, W1 T CANITIIE N N S ATIRER IE,
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£ Ty 60 ‘CHI 90 ‘CHINZBFA, 43514 5-TTAAATTATAAAATATTTATAATATTAATTATATA
TATATAAATATAATA-C3-3' Hl 5-GCGCGGCCGGCACTGACCCGAGACTCTGAGCGGCTGCTGA
GGTGCGGAAGCGGAGGGGCGGG-C3-3' & % H IR [ HANT A, WNZSFHIN 3 IR 5N 3
WekidE (-C3) &4 LLREL 1L N 554 PCR 2P &/ (Gundry et al., 2008)

1.4 PCR &2

PCR ¥ #7F Biometra PCR A _HE4T, SR 10 uL R AR ZR , £ 75 40 ng SEK1 41 DNA, 0.5 U EasyTaq
DNA 24 M (Transgen Biotech), 1 x PCR ZEd& (% Mg®™), 0.2 mmol - L dNTP, 300 nmol - L™
ERATT G, 4 B S HEERIZ T R4 100 nmol - L', 1 x LCGreen Plus 44k} (Idaho
Technology). PCR WA F: 95 CA:E 3 min; #RJ5 95 C 10s, 56 C 10s, 72 'C 8s, 55
AMEIR, B 95 CAME 1 min, )5 25 CEYE 1 min.

1.5 HRM &N & EE 9

R HER R 2k 3 BT AE 96 FL3A LightCycler (Spectron) _LiEAT, 7E 55 ~ 95 “Cyi [ AU HE¢
Sl SR, g ETRER N 01 C -5

HAJi 73 Hr e LightScanner 96 41T EREAT, 25— DHEBREFHIEREA, LERARGFEL PCR T HFR
PP RFEAL . TR BEAE AR IR O B 2250« AT T R 22 ) LA R AL TR B s 72, R 98
FHATPRAEAC AL B W SR A AT IS M S KUE A 1 A0, SRS R NS0 25 Ll ZE BE TR I .
T 2 AR T IX 73 e G SRR A S 45 R DA Y, Siaed T, (B [T 22 5 ] BADX 23 AN [R] R 2 JE R Y

16 SHNBEERMENRITELN

FH PowerMarker version3.25 X 73 B 45 BT T AW G0 2% 504t (Liu & Muse, 2005) , Hpi4)
MraEAL LR Callele frequency)  JERIZFEME (gene diversity) « 247 % (heterozygosity) LA
ZRMAEEEE (PIC) o B ZFEPEAE R A — R B LA IO A 2507 B R AE 45 78 70 T id A
RAFHIF MR, e85 T AR s A5 A Ik DR o 5545 2 (R 000 2 & 288 . PIC (E T — A% bl
BLAHECPH AARAE T — A 2 A 2 B IR RS [R] R 2R

2 HIR5 0

21 MNREB LIS HEEREENE

AN BT B o e s g ih e oy BB AR TP T T 5 XU DNA 455 BN S gk, 9O6ME
SREE DNA RUBER S Rl b, T8I 8 0 1 i B[R] B A — 20 195 5 ok = AR S A i 2k,
NS I — B S BRI /E DNA BUEE) T {H B — R AR, HAT AR T, [E 1 DNA BUEEFE 5% 145
TRV (P BAEAE 22 7 o AMETURIS 25 R IR, g th 26 43 B o] LA A8 Hb X 43 ] — > SNP 47 g8 L (1) 2%
AR Al 5 LD R DL S AN R i A 6 R . [ 1 R AR UELL)S I clementine0.9_014051m
118A/C SNP {7 pi a2 & (B 1, a), LLRZEomBENR A — M S48 (B 1, b). T A/A
HC/C 4liATUREA K] PCR 41 =4 b 24 U5 —Fh DNA XUBE, 43008 “A SR 36 R BE + A S5 3
DRI RMEE 7 A “C SR B + C SR TAME 7, DRI e AT 145 B il it Ze Ik — 30 (& 1,
a), —Mr AR g (B 1, b, FURET To (AR ESAEE R A TR, Jei ih 2k A
— P PRI R R AJA BUREARY B T (AT C/C SiBTRUREAR, I RN Bl S e X6} el
AT Z WA 2 ANEHRET C/G A1 3 MEBE. T A/C 4B BIFEAT PCR ¥ 347~ A8 M 5 474 4
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FEEE: A SEACIEDN B CARRLRER A B, AR B AME. ik, BB KIS TR 4 Ff
RV A SERLFREIR A B + A SEALRE I AMIE s A SRR R By + C AR A3 N LA s C A5
DU B + C S5 R B AME; C SRR 7 BE + A SE(LBE R HAMEE . h T2 2 Bl 2 4 FlomUE 41
AT T ARG, DA PR X R EE () T (RO 24 W AR50 1 BRAIEE 3 FRXUEES I . th 1T 4
FIEERIAAAE, A R R REAC I A i e S B 0 4 PR TRV i R B, IR EA W 8
AF TG ARSI EIER (B 1, a). SEbs b, i 1, 3 WFOREEZ 8] Ty (H 2550,
EATAE— I SEE T R IE A A T R S, 2, 4 PRTRUEE IR Rtk BRI AE— B S 450
HAEABEM S F) 4 DAFRFFIEE (KB 1, b)), (A RX 3 TaiE R MR (K1, b,
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B 1 & SNPHIA (clementine0.9_014051m 118A/C) PCR F=HIME S MRIEMIME S HT (HRM) B
Bl a, b AN 1 AR 7 AR A FIAREAS (AR YA AR A 1 2 R 215 5 58 ORI K — B S 2
I AR A () il £ ey R — AN [ BB W] A/C: 2% SNP fxd, C/C Al A/A: 2% SNP fiinie
Fig.1 Melting curves of PCR products containing SNP clementine0.9_014051m 118A/C
Different curves in panel a, b were the melting curves and derivative melting curves for different samples, respectively.
The curves for different genotypes were denoted by separate circles.

A/C: The heterozygous genotype; C/C and A/A: The homologous genotypes.

22 HEAMHBLER

Bt b, BN SNP AR DLEFEAR S N 3 41, bl halis, —dhaE, Bk s MiE
M 415 FUAE Y SNP A s B B AT LAIX 43 243 NARIEAE 1 5 FEA . HRM 23 U8 8o, AR
HEETF RN 5 /N SNP fEREAR TP 28, SHEARZDAE 1 A SNP A i A AR AL, O
T F o Ir (R Do 8558878, 4 4 SNP 7 sl I T 456 3 PP SE A Y, TI7E clementine0.9
018003m 688C > T i i H I T/C %5 LA K C 2lit5 ByFP L R 1Y

UG B GTEER (K 2) IR, 54 SNP A1) = B4 JE R R AE 0.5833 ~ 0.9167 2 [,
ANIA] SNP A7 i ) 2 A 20 5 BE R 2 FEVEAE Y 22 R B2 AN R], - clementine0.9_003840m 632C > T i i [1)
TR L 0.6667, 25T Z (Y 0.4861, 1M clementine0.9 012548m 535T > C {7 £ 24 &
4 0.2500, K TR ZHEPEMY 0.4688. clementine0.9 018003m 688C > T i M AR & Ak, N
0.1667. 5 /1> SNP 47 5 f1°F-14 PIC {4 0.3190, [ clementine0.9 018003m 688C > T 7. 14 () PIC i

H 0.1411 4, 4y 4 AN AR PIC HI KT 0.3500, 294 55 .
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Table1 Genotyping 11 mandarin and 1 sweet orange cultivars using 5 SNPs

SNP ## SNP name

HHgEREA clementine clementine clementine clementine clementine
Citrus accessions 0.9 012548m 0.9 014051m 0.9_003840m 0.9 025095m 0.9 018003m
535T>C 118A>C 632C>T 147G > A 688C >T

Mk Sweet orange T/C A/C T/C A/A T/C
A%k Parson Mandarin c/C A/A T/C G/A c/C
FHIiL/KHFE  Ellendale Mandarin ~ T/C A/A T/T G/A c/C
#KF Leeche Mandarin c/C A/C T/C G/A c/C
BREHEE - Murcott /T A/A T/C G/A C/C
OPEH S Matathari Mandarin T/C A/C C/C G/A C/C
FiAtt  Ougan /T C/C T/C G/G T/C
igk%  Mafengju T A/A T/C G/G C/C
VI Tiche Mandarin c/IC A/C c/C G/A c/C
4K Edanhongju T A/C c/C G/G c/IC

k47 Cara Cara T/T C/C T/C G/G c/C
L4 Anjiang Hongju T A/C T/C G/A c/C

71:: clementine0.9_012548m 535T > C #5112 Phytozome e HfL & T AR clementine0.9_012548m #5345 535 ML H IR AL S —A
T/C Feffe, T>CHg T SEMIEFSAR R T Co RIS,

Note: clementine0.9_012548m 535T > C is a T/C transversion at the 535 nucleotide of the transcript“ clementine0.9_012548m” from clementine
genome (www. phytozome. org) . T > C indicates that T occurs at a higher frequency than does C. The rest follow the same rule.

%k 2 HESRHEMRITESH
Table 2 Bio-statistical analysis of genotyping data

ZEMELEE

SNP 4k IR IR P wEE Polymorphic information
SNP name Major allele frequency Gene diversity Heterozygosity content (PIC)
clementine0.9_012548m 535T > C 0.6250 0.4688 0.2500 0.3589
clementine0.9 014051m 118A>C 0.5833 0.4861 0.5000 0.3680
clementine0.9_003840m 632C > T 0.5833 0.4861 0.6667 0.3680
clementine0.9_025095m 147G > A 0.6250 0.4688 0.5833 0.3589
clementine0.9_018003m 688C > T 0.9167 0.1528 0.1667 0.1411
FHIE Average value 0.6667 0.4125 0.4333 0.3190

3 iig

HRM S B8 (156 515 Al RSl 45 Fh st A4 A8 7, Fdf SNP 4 A /B 2k BL K SSR 2 24514 (Ganopoulos
etal., 2011, vIRTIAH R R 7 41 FH &AL % 5 (White etal., 2007). /Dy Bty 3% HRM H
ik PCR 43— AN 100 bp 7 BUE AT EAREAT RS A I Ze k2 (Liew et al., 2004), AN
NS FEANHEE 2 h, fEAPUE PCR AU UL R HE 42 1T 4E 30 min P SE AL . 765 [0 V1 AR Ol
N, HRM (¥ B 5 FonT AW 43 FF 3 AR A o A8 LN 48 1 BERT & SNP BB M5 0L T, W]
DATRIN 3 b I IR B A it i 2 K L — B SR T AR RS AE e (07 B, L AN T 8 e 3 DR R ) 2 T
A 1] SE M AN i AR R ML Y, 3X— f4E DNA P8 B B Z PRl (2L 5 4y B ep 14
AR, AT NF A . HRM LT 0] T BT 16 SNP A s, R FOAS Rl 4l &5 439 F B2 A 1)
T HZESKT 0.4 °C, HATHRIEINAN —Fh CANSE5 R0y 39 F BR i ih 2 1R 238 2 17 ERf A 1) 3
7 (Liew etal., 2004). £ LAfE[) HRM SNP 43 B b 75 B2 N 3 218 46 14T (Zhou et al., 2008;
Nguyen-Dumont et al., 2009), S —AMFETT LRI 2 ~8 CM) T fEHIAL, PAHIINHEER . AT
FEHOA LA, ARAF I BRENTT R840 5 PCR 38 =) ) ikt sy Hi e, 45 1Ry, 1olgd iy
BRI 50 bp LAY, AFSEER A B T EHZE SR IAR] 1 ~ 3 °C, AR T, (HZERIEE
ANIBREE, AR s RIS T nT 4, X rTRef3 55T LightCycler BRIFWURE BEHR =, FrakAS i ith
LI HERE S (0.1 °Cho MAh, SIANAS AN TR IR RS & T /Ny B 19k s o Jee
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Yo 2 23 TSN 2l 5 R 40 HE6E ) (Gundry etal., 2008).

ARG, 11 A58 SRR 5 A SNP A7 5550 74 28 5 32 LA A7 JEPAT RN 0.58 B 0.92 A%, &
HJ3X 6 SNP JIr 1 F 55 DA 20 DX 352 380 1) 11 SR8 6 ) b A S B mT B AN ] o BT A7 56 B ARG A A BT 43
BT SNP 7 8 F 2% & 485 10%, HILd 3 A4 SNP A7 s 4B B AMET 50%, o akis v B
FA R L o ANIR) SNP A7 2 A 50 R I S ik o [A)— SNP A 24 A % 5 L 2 A PE(E
H 2. clementine0.9  012548m 535T > C. clementine0.9 003840m 632C > T clementine0.9 025095m
147G > A 3 > SNP {7 il I 5L PR 22 FEPE AR 55 % A B 22 20% LA b, 3R 22 5 1 g s . 5 B I A 1T g
T REARE N AFAEBURE W 25 . 5 A4 SNP A7 4 PIC “F¥(E K 0.3190, 4 4T 0.3500, EoRiX
YE SNP A7 S AE MR 2y 8PP e . R 2 REVEVPAN N R . MEE IEAERR A 10 M
A7 SNP K IX 3 BT AT o B2 AR SR AR R T e, A5 SRR Lk R R 4 . (R4 S in) i,
B GIEAT R R 2N 1 SNP 4L B0 — 6 1) DNA 543 4505
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