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Genetic polymorphism analysis of Citrus reticulata Blanco cv. chachiensis Tanaka
and its relatives by SCoT molecular marker

XI Xiu-li, HUANG Hai-bo, LOU Bu-qing, ZHAN Ruo-ting, WANG Hao-hang
Guangzhou University of Chinese Medicine, Guangzhou 510006, China

Abstract: Objective To carry out genetic polymorphism analysis of Citrus reticulata Blanco cv. chachiensis Tanaka and its relatives by
using SCoT molecular marker method. Methods Five factors of Mg®*, dNTPs, TagDNA polymerase, primer, and template DNA
concentration were used to screen the suitable SCoT-PCR reaction system for C. reticulata and its relatives by the method of
orthogonal design. The optimum annealing temperature was screened by gradient temperature, and its polymorphic primers were
verified. Results A total of 12 clear and rich bands were finally screened out as the primers of SCoT molecular marker for C.
reticulata and its relatives in the optimized PCR reaction system, and the genetic distance and the UPGMA clustering tree of C.
reticulata and its relatives were got by NTSYS software analysis. Conclusion The optimized SCoT-PCR reaction system was
validated by using three different places of citrus genomic DNA to obtain the polymorphism and the clear amplified bands, which
showed that the SCoT molecular marker system of Citrus reticulata is stable and reliable. The results of cluster analysis were able to
make a preliminary separation of 13 kinds of materials scientifically and intuitively in molecule level.
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targeted polymorphism, SCoT) J& Collard ZPI#E 7K
i _EIT AR T 554 18 S v (SPAR) HIHT T H
F 3 Ry T AR e 7 v o FL IR B AR AR 2 B o
ATG SR AG A7 ml I 3 PP 1 O DR sy PR B 51,
Xof i AT BEAT 918, 7 A ) Ak e T g R AT X 11 S
P2 S PERRIL. SCOT Fric&i & 1 ISSR ARidAl
RAPD bric (AL, $RAEMRIR, AR, S4BT
i HarLoE e, 2810+ E, THT 2 THbE
FH. B AT SCoT T IR FHHED . JzIR
YA, BaEAEY, FERNEI . SRR
A% 22 B O T S A S S AR A% 23 BT A AT 5T o
Wi e, (AR AT RILAE TR ST 2l
S B FEARIE « AW TR HLIES B I, &
SOE T ARAA YK SCoT-PCR R BiAA R, HigH
ANFFEFAL DNA 0 @S A RBEATI0E,  [F]F)

FZARZRRS 13 A B AT G R84 2 5
PEREAT 704, DI S Bt S Aa G i 73125 ) 2
#HE%,

1 #FRE5

L1 #

4 BHRISCAR AL 2 A R R A i 13 A, 3
R M C. reticulata Blanco cv. chachiensis
Tanaka. #&f& C. reticulata Blanco cv. tangerina
Tanaka. #iAH C. reticulata Blanco cv. poonensis
Tanaka SEA KB R H TR AR WL S5 4
BT R RE B ) M e R 2K S B i R R
E, BIEARAGRAE T MR EA K. REMED
B B, 75% CBE KRS T AR T
Mo B TR R H AR, RE T RS R T
=20 CUKAERH, SLIMEIEAE B WL 1.
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Table 1 Sample information table

[E LR F T4 KA [8) SRAEH

ZER C. reticulata Blanco cv. chachiensis Tanaka 2015-12-17 T HREILIIHH 2 X = Rt s
I C. reticulata Blanco (ju) 2016-01-25 T ARAMMNATFEEET A
HhWEiE C. reticulata Blanco (shatangju) 2016-01-27  JARAEMEMN T B Ah

AR C. reticulata Blanco cv. tangerina (hongju) 2016-04-29  DU)I[44 H ST T VRMEX JLt 2 BRA A
ey C. reticulata Blanco cv. subcompressa 2016-04-29  WITLA VL X SELCAE 1L AN

1EE C. reticulata Blanco cv. tangerina Tanaka (fuju) 2016-05-07  #E%: =T H s B = P e R v D BE
KHFH C. reticulata Blanco cv. suavissima 2016-06-17 VLA W T REH X 87 3 A

HEAH C. reticulata Blanco cv. poonensis Tanaka 2016-06-19  #WiVLA &M EIT EWL K H iz
I C. reticulata Blanco cv. unshiu (shanxiahong) 2016-06-19 WiV &N T KUK R

A Hh C. reticulata Blanco cv. succosa 2016-06-19  WiLA &N TTHUT EW/K R 1%

=9l C. reticulata Blanco cv. unshiu (gongchuan) 2016-06-19  WITLA &N ATHIL KWK R

TR C. reticulata Blanco cv. unshiu (youliang) 2016-06-19 Wi & M T8 i L BE EAR MG 72 B
AEIN C. reticulata Blanco (hongmeiren) 2016-06-19 WL &M T A LR BTG 7L AT

1.2 {XEEAF

OSE-Y20 ZhHffEEAC CRMBAEMARAF);
ARKTIK PCR ¥ (Thermo A #]); T960 PCR 1% (Fil
RS AR AT]); Power Pac Basic Hiyk{¥ (Bio-Rad &
FRATD; B AL (Eppendorf 24 ]); NANODROP 2000
EMEEINM e (Thermo AF]); Tanon-2500
BB Rg (B REAR AT ). dNTPs.
ExTagDNA % & HE . Mg*" . 10 X ExTaq Buffer
DL5000Maker. ZiflEH# (Takara AF]); B-Fidk L
(Sigma 2 7)) ; HAYIHE I HIREETE  RNase. Loading
Buffer CRIVEMMABRAFD s Hp A= prafili),

2% Collard £ Mackill #24£1] 36 & SCoT 514 (S1~
S36), JPAIHALE S GHERIEEFHEA R ARG K.
2 Fk
2.1 E[F%H DNA ZEUS#N

06 UM R TG T B, BT oK & b e S
=, KHEYEER ARG SR IE R 2 DNA. H#E
WA OB FE TR DNA KR, A
0.8% WA e FELVIVEAS I HL R &, K DNA IKJE
MikE %2 20 ng/uL 5B T 20 CLRAF&EH
2.2 SCoT-PCR & Mz A ZAYIE 3T 3% v

B Los(5Y IFA8 RIS (£2), % Mg™',
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2 ZFHiHH SCoT-PCR R IARIER T
Table 2 Orthogonal in SCoT-PCR reaction system of C.

reticulata Blanco cv. chachiensis

F5Mg" /(mmol-L™")dNTPs/(mmol-L™") Tag/U 514/(umol-L™") DNA/ng

1 1.25(1) 025(1)  050(1)  0250(1)  20(I)
2 1.25 030(1)  075Q2) 0375Q2)  30(2)
3 1.25 035(1)  1.00(3)  0500(3)  40(3)
4 1.25 040(1)  125(4)  0.625(4)  50(4)
5 1.25 045(1)  150(5)  0.750(5)  60(5)
6 1.50 (2) 0.5 0.75 0.500 50
7 1.50 0.30 1.00 0.625 60
8 1.50 035 1.25 0.750 20
9 1.50 0.40 1.50 0.250 30

10 1.50 045 0.50 0375 40

11 1.753) 0.5 1.00 0.750 30

12 1.75 030 1.25 0.250 40

13 1.75 035 1.50 0375 50

14 1.75 0.40 0.50 0.500 60

15 1.75 045 0.75 0.625 20

16 2.00 (4) 0.5 1.25 0375 60

17 2.00 030 1.50 0.500 20

18 2.00 035 0.50 0.625 30

19 2.00 0.40 0.75 0.750 40

20 2.00 045 1.00 0.250 50

21 225 (5) 0.5 1.50 0.625 40

2 225 030 0.50 0.750 50

2 225 035 0.75 0.250 60

24 225 0.40 1.00 0375 20

25 225 045 1.25 0.500 30

K 98 206 2060 152 172

K 15.0 174 1620 164 162

K 162 16.6 14.80 158 146

K 216 11.6 1240 168 162

Ks 17.0 134 15.60 154 154

R 11.8 7 8.20 1.60 26

dNTPs # % . ExTagDNA R &8, 51941 DNA A
BT 5 &K 4 KPFRIERL IR . PLASH T DNA
BN, EFETRISWITEN S12 AP 8514, M
AR 20 uL, &5 10X PCR Buffer 2 pL, &Mk
HES 3 K.
2.3 SCoT-PCR 5|#ffi&F0iR AR E iiFix

AR T A2 10 285 SR B A S SR B0 36 2%
SIREAT IR, BETATAL, LR S i 5 kT

IR B8 , £ ARKTIK PCR A% I 5 5E 6. [X ] 45~
55 °C, HBNER 12 NMREEHEE: 45.04 45.2, 46.0,
47.0. 48.2. 49.4. 50.6. 51.8. 53.0. 54.0. 54.7.
55.0 C, HAFRIBKIEEAFSL, RIBFEFF I
2.4 SCoT-PCR & NAFRRIIHIES 2755 [ 7FiE

CAZS R R 40 FH 2 17 1 3 R 4 DNA VAR
F 18 FIRARAE I SCoT-PCR & R HEAT SCoT 4 Fhs
10, K 1.5%35 e W& F bk ks il PCR 4738 7=47),
iz 22 AU 2T R 514 .
2.5 SCoT-PCR # & 54

PCR 14 )< M #E ARKTIK PCR 1% (Thermo 2
7)) BT, PR 94 CHIAEM: 4 min; 94 C
250 1 min, 49 ‘CiEB‘K 1 min, 72 ‘CZE{# 2 min,
36 MEFR; 72 CHEMH 10 min. $ 18 N EEH G,
BN 2 uL 6 X Loading Buffer, H{ 8 pL 4 Hér=47F
1.5%IF NE MRS H vk, ARG | X TAE,
TEEEI UG AT 4 B
2.6 BIERSW

FRAE PCR 938 =Wy B bk 45 2R, i iy HL5 T
HEAI AT K “0/17 R CHEAE, ERHH
FEAMFIER AL E B FKA I “17, kW
Fid A 0”7, #SL SCoT Fricdhy 01 HifE. H
NTSYS-pe 2.1 BAFTHERE S R AR LR 2, AR
OB AR 1457 (UPGMA) HE4T TR0 #7 .
3 HR59%H
3.1 SCoT-PCR R MARIEXZMUER D

fEF 51 S12 X e RiAA 2 A0 AK 1) H ik 225 51 AL
K1, ZHEBESCREME KR 25 A
IR H AR ZEMEHAT I, K HEFE. G
Tk 25 4, IRATEGARH TR 1 48, R 1~25
AR R 1) BB KO 200 164 11, 1. 1,
18. 16+ 14. 10, 17. 18. 10, 21. 14. 18. 23,
22, 25, 21, 17. 24, 23. 12, 12. 14 %y, K&t
SYIEN, THEE—AKCE R SR RTE (KD,
LSRRI ZEE (R, Wi 2, MIEFHEAT
TS B FME K, (K [E50&E) 1 LHE
BRI BIEIRE . 3R 2 1) K B R LAY
E 5 MRERMEEHE A 1XPCR buffer, 2
mmol/L Mg®", 0.25 mmol/L dNTPs, 0.625 pmol/L 3
), 0.5U ExTaq i, 20 ng 54 DNA.
3.2 S|fFE IR AGREMSAL

DU FE I RiAAR &% 36 25 SCoT il 51 Wit 47
e, EHE 3 PITEEL 20 451K 2, %20 %
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1~25 S3 B TERS 1~25 AR MA R M-Marker
1—25 was orthogonal 1—25 groups of different reaction systems M-Marker
1 SCoT IEXXRRMILEK
Fig.1 Optimized electrophoregram of SCoT orthogonal system
10 11 12 13 14 15 16 17 18 19 20 CK M
5000 bp— T .
3000 bg— \ . - :
2000bp_ 4 ' -—
1500 bp__ -
1000 bp - -
750 bp - g b
500 bp - -— T o -

1~20 5358 S4. S5, S6. S8. S9. S12. S13. S16. S17. SI8. S21. S22. S23. S27. S28. S29. S30. S32. S34. S35 55|¥) CK-XfiH M-Marker
1—20 was respectively S4, S5, S6, S8, S9, S12, S13, S16, S17, S18, S21, S22, S23, S27, S28, S29, S30, S32, S34, and S35 primers CK-control M-Marker

2 SCoT 3|4¥#)) iR KE
Fig. 2 Electrophoregram of from preliminary screening SCoT primers
SIMREAT 12 AR KORERETRL, BIKEE B EW. 2EMEEENLSY GR 3. K S13
tannonGIS HEERAR RGL M, RIE SR SIWXF 13 444kl SCoT-PCR ¥4 Hiik K L& 4.

2k, AR ROEIR KR E Y 1519, FIFIX 12 26519055 13 4 A1 kFEAT SCoT ¥4, 3t
3.3 SCoT #ri%E’J%u M5 AT RIF LT 1411 2%, Hp 284t 1112 4%,

PAZRAECHT . Al B4 3 Mz KRS 2EMAE 2 RILL 78.8%, ZETEHRE, £
XFIB KRGS B 51 AT Z A ERfIE, #64) SCoT 4 F/AKPAESE T A S G FpIa) L F £ & i
IR I 3. BARA 12 KT NBES AR
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a- Bl b-AENE  o-EENG 1519 S22 2-51¥S27 3-51¥S28 4-514S29 5-514S30 6-51# 832 7-514 S35 M-Marker
a-C. reticulata Blanco cv. chachiensis b-C. reticulata Blanco cv. tangerina c-C. reticulata Blanco 1-S22 2-S27 3-S28 4-S29 5-S30 6-S32
7-S35 primer M-Marker

B3 #B5r SCoT 5% S MiFi%
Fig.3 Polymorphic screening of partial SCoT primers
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Table 3 Amplification results of SCoT primers
EIE/EALS A1 (5-3°) 1BKIRBE/C [ et AR ZHEREY%
S6 CAACAATGGCTACCACGC 47.6 113 113 100.00
S12 ACGACATGGCGACCAACG 47.6 115 102 88.70
S13 ACGACATGGCGACCATCG 53.3 142 129 90.85
S16 ACCATGGCTACCACCGAC 46.5 124 85 68.55
S17 ACCATGGCTACCACCGAG 45.7 94 94 100.00
S18 ACCATGGCTACCACCGCC 54.2 146 81 55.48
S21 ACGACATGGCGACCCACA 47.6 96 70 72.92
S22 AACCATGGCTACCACCAC 49.0 118 79 66.95
S27 ACCATGGCTACCACCGTG 45.7 123 123 100.00
S28 CCATGGCTACCACCGCCA 46.5 94 42 44.68
S29 CCATGGCTACCACCGGCC 45.7 127 114 89.76
S32 CCATGGCTACCACCGCAC 49.0 119 80 67.23
&t 1411 1112
Py 117.6 92.7 78.80
g M 12345 67 89 01 RN 34 SCOT ARIZHBEARLIE RE LA
p— - — - o "
e EEEmEm=s 2R = HMHAINTSY'S B4 2 A AR T SCoT 4
p— = ... s b - T — — 2 N
1000 bpe 52 55 EXNE QY S8 T B &= o= wo oo 3% AL R 2L (3 4) A1 UPGMA #PARE (] 5).
TEERCEsS="EZC= " = . = %
500bp — o= = &= - 13 03 B1REP 9 22 8] AR L SR HAE 0.497 5~0.864
2506p = 3, HAPEIE B REMUEZ RN 0.864 3; 1
1AM 2-4EHE  3-EME 440 S-RVRBERE 6-BA 7-LF N = =AY EX YIS S M >
A s ARME O-MEHE 10-E)I 1-BR 122K 13-% HEH S GO RBUR ANy 0.497 5, VHIPIH 22

CK-FAMEXS R M-Marker

1-C. reticulata Blanco cv. chachiensis Tanaka 2-C. reticulata Blanco
cv. tangerina Tanaka (fuju) 3-C. reticulata Blanco cv. subcompressa
4-Citrus reticulata Blanco cv. fangerina (hongju) 5-C. reticulata
Blanco (shatangju) 6-C. reticulata Blanco cv. suavissima 7-C.
reticulata Blanco cv. unshiu (shanxiahong) 8-C. reticulata Blanco cv.
succosa  9-C. reticulata Blanco cv. poonensis  10-C. reticulata
Blanco cv. unshiu (gongchuan) 11-C. reticulata Blanco cv. unshiu
(youliang) 12-C. reticulata Blanco (hongmeiren) 13-C. reticulata
Blanco (ju) CK-negative control M-Marker

4 S13 31497 13 3444} SCoT-PCR ¥ 1 k&
Fig. 4 SCoT-PCR amplification electrophoregram of 13

copies of materials by S13 primers

=4

S TN

il UPGMA ZRE A3 FIEFL R AL 0.65
KP BRI 13 AR 3 ORSEEE, B 1 K
PAZSRGME . #6AE . ARG RZOAE NIRER, il R4,
AU KA SR ADFERG S 1 4 B 2 ZEBEIU DA
M B B RAZE N, A kR %
5503 KB, BT WZSE RaE Rt 13 FARE
UPGMA PR E B LAX 0 JF3k, IE# T SCoT 43
FRRCTE A S SR S50 B mT 474

R RIEEFMET SCoT 4 FHRIZHIMBILRE

Table 4 Similarity coefficient of C. reticulate cv. chachiensis and its relatives based on SCoT molecular marker

R M W BRSO 4 B R L ra AR M B HE 4N i
A 1.0000

WG 0.7839 1.0000

EiG 0.7839 0.8090 1.0000

21K 0.6985 0.7940 0.7638 1.0000

WORERE 0.7035 0.6784 0.7186 0.6734 1.0000

BEMt  0.6834 0.6884 0.7387 0.7136 0.6884 1.0000

R4 07136 0.6784 0.7889 0.7236 0.6683 0.7186 1.0000

AHLE 0.6985 0.6734 0.7236 0.7487 0.7236 0.6734 0.7739 1.000 0

NEFE  0.6482 0.7035 0.6131 0.7085 0.6030 0.6432 0.6533 0.6382 1.0000

Bl 0.6533 0.6985 0.7286 0.6935 0.5980 0.6683 0.7688 0.6734 0.7035 1.0000

HE  0.6382 0.6734 0.7035 0.6784 0.5628 0.6432 0.7236 0.6784 0.6482 0.8643 1.0000

2125 N 0.6080 0.6432 0.6131 0.6181 0.6030 0.5829 0.5930 0.6181 0.6583 0.65333 0.708 5 1.0000

Ui 0.5678 0.5025 0.5528 0.5276 0.5327 0.5427 0.5327 0.5779 04975 0.5729 0.5779 0.5879 1.0000
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5 FEHHIIESIPET SCoT 53 FHRCH) UPGMA RIKE
Fig. 5 UPGMA tree of C. reticulate cv. chachiensis and its

relatives based on SCoTmolecular marker

4 g
SCoT FricAE A —Fgi L) B 192 [ 2 74
id, BAREAERIERI, EEML. F1495EH kR

PR A, (ES R B R BRSBTS AR R
FITE FH K SR SR AT AR KANIR], - Rt s 36 ) FH
BRIk, 193] T A SCoT-PCR It X
Bk %: Mg® 2.5 mmol/L. dNTPs 0.2 mmol/L. 3
#) 0.625 umol/L. ExTaq DNA E&T 0.5 U. FitR
DNA 20 ng, JIWFE/KZE 20 pL. [A XA H
SCOT-PCR % Stk Z 1) Mg®" . dNTPs. ExTaq M.
19 S A5AR DNA SERIZH3AT T, RIS ER
it S A 2R (6 5 i AR JE K /N Mg® > dNTPs >
ExTaq fif >k DNA> 54, BIFEIAA Mg> W&
XF ExTaq DNA RABEHE R EER, MHk
FERHKET, BEE I 0 RRRAR, R I AR
SR B0, e N e S PR ST A, A
g Mg &0 SCoT-PCR J W 14 2 i - B R 2%,
X5 AW S AR — 5L

M 36 % SCoT il 51+ WP ik 20 %755
A2 BRI SCoT 514, FIN B 12 NME K
FERREERAL, ZAVERIE, RATEL 12 2&IEMW .

2kt E B WE AR BN R4 Fh SCoT 43 FHric i
g1, Bk 7 HARE M TR SIS 2 A
B 78.8%, {E5rT/KFIESE T A K Al

G RA FE ML 2R i NTSYS

AT AL R ERT UPGMA R0, Mo+

FEXIRBIA S M 13 FPRLEEAT T X 73 K

TS R AR B B SR AN S g AT

KI5, oot 5 ok G itk ig ft 170+

AR, AR IC N A T AR I T R

GRS
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