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Construction of DNA Fingerprinting Database
of Citrus Cultivars (Lines)
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Abstract: [Objective] The aims of this study were to construct a DNA fingerprinting database of major citrus cultivars, which
could provide a possibility of establishment of a technical standard system for purity and authenticity identification of citrus nursery
trees. [Method] Simple sequence repeat (SSR) and inter-simple sequence repeat (ISSR) markers were used to analyze the DNA
fingerprinting of 102 citrus cultivars(lines) and then to choose suitable primers for the construction of DNA fingerprinting database
of citrus cultivars (lines). [Result] 12 SSR primer pairs, with high polymorphisms and good repeatability, regarded as specific
primers, which could identify 42 cultivars (lines), were selected from 200 SSR primer pairs. Meanwhile, 40 ISSR primers were used
to analyze the DNA fingerprinting of 60 cultivars (lines) that can not be distinguished by SSR markers and 2 ISSR specific primers
were chosen. As a result, a total of 70 citrus cultivars (lines) could be identified by the 12 SSR primers and 2 ISSR primers. Finally, a
DNA fingerprinting database containing 70 major citrus cultivars (lines) was constructed by using those 12 SSR and 2 ISSR primers.

[ Conclusion] The results indicated that SSR and ISSR markers are suitable for the construction of DNA fingerprinting database of
citrus cultivars (lines). Moreover, the fingerprinting database will provide a basis for genetic purity and authenticity fast evaluation of
citrus nursery trees.
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1.2.1 DNA $2E RHIfii% CTAB MM FyiHEE
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1.2.3 SSRZMT  PCR MW AAZFHE 1 ul 50 ng-pl”
FEH DNA, 2.5 ul 10X PCR buffer, 1.8 ul 25 mmol-L™
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B (&) HHT ISSR 40 #7, PCR JVAk &R FF4LHE 50 ng
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Table 1 102 citrus cultivars or lines used in this study
WS RHR) 4 Gt BCR) %47
No. Cultivar (line) Genera species No. Cultivar (line) Genera species
1 Fina C. clementina hort. ex Tanaka || 52 AN FE Suzuki navel C. sinensis Osbeck
2 SHELTHIHAR Clementina new line C. clementina hort. ex Tanaka 53 UKHERE Bingtangcheng C. sinensis Osbeck
3 Tardia Boro C. clementina hort. ex Tanaka || 54  Z=T5JF Fengjie navel C. sinensis Osbeck
4 Hernandina C. clementina hort. Ex Tanaka 55  BURA¥ Gailiangcheng C. sinensis Osbeck
5 HBVBHNEHT Taiwan ponkan C. reticulata Blanco 56  JEFE/REIME Campbell Valencial C. sinensis Osbeck
6  HIEMLY Yanxiwanlu ponkan C. reticulata Blanco 57 ¥4 Xinhuicheng C. sinensisOsbeck
7 KHAEHT Ota ponkan C. reticulata Blanco 58 UL Thomson C. sinensis Osbeck
8  HEAHHIAER 3 5 Ponkan varieties nucellar line 3 C. reticulata Blanco 59 Morocco blood orange C. sinensis Osbeck
9 A Yinglu C. reticulata Blanco 60  Jififiif¥ Washington Sanguine C. sinensis Osbeck
10 P4 REH Huangyan ponkan C. reticulata Blanco 61  fEJff Washington navel C. sinensis Osbeck
11 #YAEHT Chaozhou ponkan C. reticulata Blanco 62 %I Ruby blood orange C. sinensis Osbeck
12 UKHEHEG Bintangju C. erythrosa hort.ex Tanaka 63 KA Pine apple C. sinensis Osbeck
13 FFEH Nanfengmiju C. kinokuni hort.ex Tanaka 64  THT M Xuegan seedless C. sinensis Osbeck
14 ##kE Fuju C. tangerina hort.ex Tanaka 65  HirtFE Liuyecheng C. sinensis Osbeck
15 ToAZAH 4% Bendizaoju seedless C. succosa hort.ex Tanaka 66  HEEE Midknight C. sinensis Osbeck
16 MKl Xingyidahongpao C. tangerina hort.ex Tanaka 67  R% Amakusa Tangor
17 HFAREME Guipingzhushaju C. erythrosa hort.ex Tanaka 68 7% Hayaka C. reticulata Blanco
18 #EHEZI A Edanhongju C. tangerina hort.ex Tanaka 69 A4k Shinanui Tangor
19 FI°f- 92 Heping92 C. tangerina hort.ex Tanaka 70 E WA TH Miyawuchi lyo kan C. lyo hort. ex Tanaka
20 418 ZIf# Tangerine 418 C. tangerina hort.ex Tanaka 71 50 Kiyomi Tangor
21 FEREZIAR Chentuohongju C. tangerina hort.ex Tanaka 72 ¥EUZ 22 Ehime Kashi 22 C. reticulata Blanco
22 DeEHE N EHT Okitsu C. unshiu Marcow 73 BEUE 21 Ehime Kashi 21 C. reticulata Blanco
23 KB M EM Yonezawa Citrus unshiu Marc 74 FHA Youkou C. reticulata Blanco
24 EINRMEH Miyagawa C. unshiu Marcow 75 DEEEME W. Murcott Tangor
25 Kl N Ooura C. unshiu Marc 76 HI Sunburst C. reticulata Blanco
26 EAEIMEH Miyamoto C. unshiu Marcow 77 I Harumi C. reticulata Blanco
27 EHPK 1S IMNEH Guoging 1 C. unshiu Marc 78  H>%% Orlando Tangelo
28 HFg 1 S EH Nichinan 1 C. unshiu Marcow 79 BHJE PG Minneola Tangelo
29 i R MM Yamasaki C. unshiu Marc 80  iHUE Seihou Tangor
30 FAHH 20 M E A Nanka 20 C. unshiu Marcow 81  #:Z 7 Tsunokaori Tangor
31 SZ[ARE N E AT Tachima C. unshiu Marc 82 kL Nova Tangelo
32 TSGR M EM Yichihumi C. unshiu Marcow 83 JHE T Katsuyama lyo kan C. Iyo hort. ex Tanaka
33 AARINEAM Tanimoto C. unshiu Marc 84 i/ % Setoka C. reticulata Blanco
34 HEsEINEHM Barly okitsu C. unshiu Marcow 85  BEUE 30 Ehime Kashi 30 C. reticulata Blanco
35 fEAMHE Fukumoto C. sinensis Osbeck 86 % Nankou C. reticulata Blanco
36 TERNTE Seike C. sinensis Osbeck 87 kI Fallglo C. reticulata Blanco
37 JIWRHTRS Skagss bonanza C. sinensis Osbeck 88 ZRi LAl Dongshizao pummelo C. grandis Osbeck
38 MRS Newhall C. sinensis Osbeck 89  YFHl Liangping pummelo C. grandis Osbeck
39 Eff Fengqi C. sinensis Osbeck 90  JEWIHl Tongxian pummelo C. grandis Osbeck
40  WARTRE Lanes late navel orange C. sinensis Osbeck 91 WM Chandler pummelo C. grandis Osbeck
41 LR Cara cara C. sinensis Osbeck 92 #[13CH Chumen pummelo C. grandis Osbeck
42 FHHFFE Yoshida navel C. sinensis Osbeck 93 YPHHh Shatian pummelo C. grandis Osbeck
43 {E/RESE RS Delta C. sinensis Osbeck 94 FREHMN Guanxi pummelo C. grandis Osbeck
44 HIIEEF Olinda C. sinensis Osbeck 95  XSEHIZIAH Duncan grapefruit C. paradisi Osbeck
45  RFFEFE Carter C. sinensis Osbeck 96 Bt iAl Menglunzao pummelo C. grandis Osbeck
46 PRI Tarocco blood orange C. sinensis Osbeck 97 23kl Mansailong pummelo C. grandis Osbeck
47 JbRT 447 #3FE Beibei 447 C. sinensis Osbeck 98 Mkl Wanbai pummelo C. grandis Osbeck
48 AU 2 S4HE Licheng 2 C. sinensis Osbeck 99 LhRUHI%iAl Marsh grapefruit C. paradisi Osbeck
49 YT 78-1 #iF5 Jiangjin 78-1 C. sinensis Osbeck 100 FAFL LRl Wubuhongxin pummelo  C. grandis Osbeck
50 /K 72-1 #f%  Tongshui 72-1 C. sinensis Osbeck 101 H£I%% il Riored grapefruit C. paradisi Osbeck
51 PAUNAKEHFE Hamlin C. sinensis Osbeck 102 JUJ1%krkE Bureka lemon C. limon Burm.f
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Table 2 12 specific SSR primer pairs and 2 specific ISSR primers, sequences, number of alleles, fragment size, polymorphic
fragment information content (PIC)

ETRS 5175 ST R E JBOR/N PIC

No. Primer sequences Number of alleles Fragment size (bp)

SSR 4§F1E514)  Specific SSR primer pairs

CSSR038 5'>GCTCCTCGAATGAGAATGAAATGA <3’
5'>TGGTTGTGCGAAAATGAAGAGATA <3’
CSSR036 5'>AAAAATCGAAATCGAGCACCC<3’
5'>GAAGTAACGGAGAATTCCGATGAG <3’
CSSR050 5'>TTCACCACAAACGAAGACTCAGAC<3
5'>CTGTAATCCACTCGGTAATCCGAC<3'
CSSR052 5'>CGAAGAAGAATTGAAAGAGCCAGA <3’
5'>CAACAGATTTGTTACTGGAAGGGG <3’
SS17 5'>TTCATTTGGAACAAAACCCAATTC3 <!
5'>GCTGCTAATCACAGCATCAAGAGA <3’
SS16 5'>AGTGAACTGTCCATTGGATTTTCG <3’
5'>GTGTTGAATCCCGACCTTCTACC<3'
CSSRO51 5'>TAGGTTCTCTTTCAACCCCCTTTC<3'
5'>CTGCTTCGGCTGTAATTGTGATT <3’
SS18 5'>CCTCAGCTCTAGCAAAAGCACATT <3’
5'>AGAGGCTATAGATCGTGGATGCAG <3’
SS2 5'>TTTATTCACCGCTCAAGGACT <3’
5'>TTAGGGGTGGAAAACATGGA <3’
CSSR020 5'>ACATTCGCATTCTCCACT <3’

5">TTTGTCTCATCACCTTCG <3’
SS15 5'<GCTTTCGATCCCTCCACATA <3’
5'<GATCCCTACAATCCTTGGTCC<3’
5'>ATACGATGCGTGAACTGC <3’
5">TACCTTTCTTTCTCCTCTGT <3’
ISSR 454E5 |4 Specific ISSR primers

CSSRO15

1822 (CA)RC
1S09 (CTGC)4

6 90~210 0.768
4 140~260 0.492
2 150~170 0.345
4 140~260 0.598
6 150~230 0.806
8 150~180 0.792
4 90~170 0.758
4 170~280 0.769
6 240~280 0.756
5 220~240 0.806
8 140~180 0.843
5 160~180 0.583
27 220~490 0.957
4 300~410 0.223
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M: DNA marker DL2000; 1: R&; 2: AR%IK; 3: BHNPTHEG 4: 350 52 BRIE22; 6: BB 215 7: BAF: 8: FHUEMNEM; 9: DBEMY
10: FWE: 11 W 12: B2, 13 WJe S Aukihh: 14: 350 15 H2F: 16: Wk 17: RELGFPAE 18 W76 19: M7 20: Fina;
21: SCHUL TR 22: Tardia Boro; 23: Hernandina; 24: AKX 25: JVh; 26: W%thl; 27: smf#hkl: 28: 27 13CH; 29: ¥ HiAh; 30:
RN 31 XSH A 32 Bhe Al 33: 2FE0uM: 34 Weradh: 35: DRUHZRE: 36 FATLLCAN: 37 ERLCHIAME: 38: ARAFRS:
39: EJIMNEM: 40: REHIHAER 3 5

M: DNA marker DL2000; 1: Amakusa; 2: Shinanui; 3: Miyawuchi lyo kan; 4: Kiyomi; 5: Ehime Kashi 22; 6: Ehime Kashi 21; 7: Youkou; 8: Early okitsu; 9:
W. Murcott; 10: Sunburst; 11: Harumi; 12: Orlando; 13: Minneola; 14: Seihou; 15: Tsunokaori; 16: Nova; 17: Katsuyama lyo kan; 18: Setoka; 19: Nankou; 20:
Fina; 21: Clementina new line; 22: Tardia Boro; 23: Hernandina; 24: Dongshizao pummelo; 25: Liangping pummelo; 26: Tongxian pummelo; 27: Chandler
pummelo; 28: Chumen pummelo; 29: Shatian pummelo; 30: Guanxi pummelo; 31: Duncan grapefruit; 32: Menglunzao pummelo; 33: Mansailong pummelo; 34:
Wanbai pummelo; 35: Marsh grapefruit; 36: Wubuhongxin pummelo; 37: Riored grapefruit; 38: Fukumoto; 39: Miyagawa; 40: Ponkan varieties nucellar line 3

Bl 1 SSRA4FMESI4 (CSSR038) XER MM (R) HYH HEEIL
Fig. 1 Electrophoretic pattern of some citrus cultivars (lines) with SSR specific primer pair CSSR038
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Ko KHFFAET | AL %A 7%, 12 %) SSR RHAES |
Y 2 AR T 42 D (R IRHIE
Fear i, X 42 ANEFE (R TR A AR
B P A r A S B N AR T R LR T A Tardia
Boro. FESPARKIMAG . BCARAT. BPBERG . REL. A0
KL BRUE 21 BRUE 22, BHAE. AEEREME. H

M 1 2 3 4 5 6 T 8

100

M BN W= R R AAGR . T A
WL WO B MAES MO R R
i EBERE. SREEENAR. RETISCH. WM, HRE
il XBE A BiieFa. SR, Bk, 5
RUBIA R HATLOMN . BRI AR, U vk
2.3 ISSR o #f

I 0t B3R A1) 2 4> ISSRAFFAE 5 | % A H 4 SSR
FRHEFR S 60 ARl (RD HEAT ISSR 40#T, 45HES]
V) 1822 i 8 Sz AR (B 2>, SRR 27
AR, FFAES 1) 1S09 14 1Y 2 42 A PE ikl

11 12 13 14 15

16 17 18 19 20 21

M: DNA marker DL2000; 1: HHUFNERS: 2. JUfi% 447 8l 3. BERRHLME; 4. HiK 72-1 Bk 5. YLV 78-1 Hiks: 6: ZG/RIERE: 7. LT
Hbs 8: ZLPIERE; 9: HEAEM; 10: WA 11 ZU8 2 SR, 12: WEMHTIE; 13: BRI 14: WBIAARTIE; 15 BMIEERE; 16: F;
17: FHGERS; 18: FEURBSEIMS; 19: BRLLIRE; 20: BEIKIRS; 21: WEEHHE. Sk®nR2 &AL

M: DNA marker DL2000; 1: Skagss bonanza; 2: Beibei 447; 3: Tarocco blood orange; 4: Tongshui72-1; 5: Jiangjin 78-1; 6: Newhall; 7: Xuegan seedless; 8:
Cara cara; 9: Midknight; 10: Fukumoto; 11: Licheng 2; 12: Lanes late navel orange; 13: Suzuki; 14: Hamlin; 15: Olinda; 16: Fengqi; 17: Yoshida navel; 18:
Delta; 19: Ruby blood orange; 20: Moroco blood orange; 21: Seike. Arrows indicate polymorphic loci

El2 ISSRAHESIH (1S22) xEAHERM () K EBEIE
Fig. 2 Electrophoretic pattern of some cultivars (lines) with ISSR specific primer 1S22
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FrE] 4 ANEALALE. P ISSR FHES 411 PIC A
534 0.957 F10.223. FIH 2 4~ ISSR FHAES 145 &
12 %} SSRRHES [ HAF 60 ARG Al (R HEATIREL
SR, ARILH 28 MRl (R) B DNA RHiEfR
g0 B TEEBE . RIS Al RIERE .
JOF MRk RS . SOOI RE . dbRE 447 ERRE. IERPRL
MRS YT 78-1 Hiks . FE/RES RS, WG UEARETRS . 4
K 72-1 HifE . BRI ORI EARERS. Bl
MRS AR . SRR PRI RIS L R B
DTN B B AN M . H RS 15N E A
RN EE R . ONHIREHT . AR R RTAE R 3

®3 70 MEBRERM (R) BFHERSURES
Table 3 The fingerprinting code of 70 citrus cultivars (lines)

T BVERER
2.4 HIEEM (R) BUEIEHIEENLE

I 12 X SSRAFFAES 14 H1 2 5%F ISSR RFHIE 5 | 4)%6)
AR 102 > [E A A AR RS & (RO FRiEAT SSR AT ISSR
YN, AE S SRR AT E S SSR A ISSR ML
Bk, SR, SRS 5980 B D RE 519
L 38 0% b A )y B AR, A SRR R s
T IO I PR A 2 A 42 o (1 5 | 0 HE F ke ke, ot
R T REE M (R SR IEFR SRS . AT
FUAF R UERR S0 70 ANFIE R S (RO PhIEESR
gL 3.

EHES) SSR 5L ISSR $640ARTG
Cultivar (line) Fingerprinting code of SSR Fingerprinting code of ISSR
K%L Amakusa 1A2A3B4A5A6B7C8A9D10A11B12C

A%k Shinanui

BT A Miyawuchi lyo kan
7 W Kiyomi

B 22 Ehime Kashi 22

% 21 Ehime Kashi 21

FH# Youkou

DB EH W. Murcott

H# Sunburst

# W, Harumi

2% Orlando

i Je JAprkE#l Minneola

i & Seihou

#2 # Tsunokaori

i It Nova

i LT HF Katsuyama lyo kan
Wi e Setoka

A Hayaka

Mi7F Nankou

HKHE Fallglo

IR Ml Dongshizao pummelo
Y3FHh Liangping pummelo

JE Al Tongxian pummelo
#EAERAI Chandler pummelo
#113C H. Chumen pummelo

¥P Al Shatian pummelo

FR AN Guanxi pummelo
{74l Duncan grapefruit

1C2A3B4B5B6B7C8C9A10B11E12C

1F2B3B4A5SF6G7A8D9D10D11F12C

1D2B3B4A5B6F7C8A9A10B11B12D
1B2A3A4A5A6B7A8B9B10A11G12C
1D2B3A4A5B6B7B8A9B10A11B12C
1C2A3A4A5B6A7C8BI9B10C11D12C
1D2A3B4A5SB6A7TA8CI9B10A11HI2C
1A2A3B4A5B6C7C8CID10A11C12C
1D2B3B4A5A6ATA8A9A10B11B12C
1A2B3B4A5A6C7C8BID10A11B12C
1F2A3B4A5A6A7C8BID10A11A12C
1B2B3B4A5SB6H7A8A9B10A11A12C
1B2B3B4A5SB6F7A8A9B10A11B12C

1D2B3A4A5A6C7A8A9B10A11B12C
1F2A3B4A5F6G7C8D9D10D11F12D

1D2B3B4A5B6H7A8A9B10C11B12C
1D2A3B4B5B6B7C8B9B10A11H12C
1D2A3B4A5B6B7A8B9B10A11B12C
1D2B3B4A5A6A7A8B9B10B11B12C
1E2A3B4C5C6B7A8D9D10CI1EI2A
1A2A3B4C5C6C7A8DIF10C11B12A
1E2A3B4C5D6D7B8DIE10C11B12A
1A2A3B4C5E6B7B8D9D10C1 1B12A
1E2A3B4C5D6D7B8DID10C11B12A
1E2A3B4B5SE6D7A8DY9EI0CI1E12A

1E2A3B4C5D6D7ESD9D10C1 1B12A
1E2A3A4B5B6A7A8A9D10A11B12B
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#23% 3 Continued Table 3

WA R)

Cultivar (line)

SSR FREUAR L
Fingerprinting code of SSR

ISSR fRLUHY
Fingerprinting code of ISSR

BE FAl Menglunzao pummelo
23EuHl Mansailong pummelo
% 1kl Wanbai pummelo
A% Marsh grapefruit
TLAGLLCl Wubuhongxin pummelo
B 4T 4% Al Riored grapefruit
Tardia Boro

JtJ1 kg Eureka lemon

MiE %M Nanfengmiju

Tet ARG Bendizaoju seedless
FEREPA  Guipingzhushaju
VKBiHG Bingtangju

il M Yinglu

A A Huangyan ponkan

IS HIREAT Ota ponkan

AR Yanxiwanlu ponkan
#EF 35 Ponkan varieties nucellar line 3
BYEMEMT Taiwan ponkan
Rl N EA Okitsu
BN E T Miyagawa
KU E A Ooura
BRI N E T Miyamoto

H 153N H Nichinan 1
R Seike

JURT#S Skagss bonanza

AL4r /R Newhall

£t Fengqi

Wik 5 Lanes late navel orange
Attt 447 H3FE Beibei 447
TE/RBEERE Delta

WARILEHE Olinda

YRR Tarocco blood orange
L3 78-1 438 Jiangjin 78-1
7K 72-1 5K Tongshui 72-1
WA Hamlin

AR Suzuki

#7755 Midknight

Morocco blood orange

% LKA Ruby blood orange
ToAZE# Xuegan seedless
MIH-#% Liuyecheng

U A Gailiangcheng

1C2A3B4C5C6H7BSDIDI0C11A12A
1C2A3B4C5E6E7A8DIEI0CI1A12A

1E2A3B4C5C6E7A8DID10CI1E12A

1E2A3A4B5B6A7A8D9D10A11B12B
1A2A3B4C5B6E7A8DIDI10C11E12B
1G2D3B4D5G6A7B8A9F10E11D12A
1B2A3B4A5B6C7A8B9B10B11HI2A
1G2D3B4D5H6A7B8A9A10E11D11B
1B2B3B4A5B6C7A8C9C10B11CI2A
1D2B3B4A5B6A7A8CICI0B11HI2A
1F2A3B4A5A6B7A8B9B10C11CI2A
1B2B3B4A5B6C7A8C 9A10A11B12E
1D2A3B4B5A6C7C8BIC10A11CI2A
1F2A3B4C5B6B7C8B9C10A11CI12A

1C2A3B4B5A6C7C8BIC10ATICI2A
1C2A3B4B5A6C7C8BICI0ATICI2A
1C2A3B4B5A6C7C8BICI0ATICI2A
1C2A3B4B5A6C7C8BICI0ATICI2A
1B2C3B4A5B6B7A8B9B10B11B12A
1B2C3B4A5B6B7A8B9B10B11B12A
1B2C3B4A5B6B7A8B9B10B11B12A

1B2C3B4A5B6B7A8B9B10B11B12A
1B2C3B4A5B6B7A8B9B10B11B12A
1A2A3A4A5A6ATB8A9AT0ATIAI2A
1A2A3A4A5A6A7 BSA9A10A11AI2A
1A2A3A4A5A6ATB8A9ATOATIAIZA
1A2A3A4A5A6ATBSA9AT0ATTIAI2A
1A2A3A4A5A6ATBSA9AT0ATTIAI2A
1A2A3A4A5A6ATB8A9AT0ATIAIZA
1A2A3A4A5A6ATB8A9AT0ATIAI2A
1A2A3A4A5A6ATB8A9AT0ATIAI2A
1A2A3A4A5A6ATB8A9ATOATIAI2A
1A2A3A4A5A6ATBSA9AT0ATTIAI2A
1A2A3A4A5A6ATBSA9AT0ATTIAI2A
1A2A3A4A5A6ATB8A9AT0ATIAIZA
1A2A3A4A5A6ATB8A9AT0ATIAI2A
1A2A3A4A5A6ATB8A9AT0ATIAI2A
1A2A3A4A5A6ATB8A9ATOATIAIZA
1A2A3A4A5A6ATBSA9AT0ATTIAI2A
1A2A3A4A5A6ATBSA9AT0ATTIAI2A
1A2A3A4A5A6ATB8A9AT0ATIAIZA
1A2A3A4A5A6ATB8A9AT0ATIAI2A

13A14A
13B14A
13C14A
13D14A
13E14A
13F14A

13G14A
13H14A
13114A

13J14A

13K14A
13L14A
13M14A
13N14A
13014A
13P14A

13Q14A
13R14A
13S14A

13T14A
13U14A
13V14A
13W14A
13X14A
13Y14D
13E14A
13S 14B
13E 14C
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IR 1 SRR iE e 50 P 3 3 A TR A o iy 400 R B S
VRS R, 225 N T8 — XA AS i R R e P
BEZR D) By, NOGiEEE R N iR 2. Rk, AHFFTEL
i —A™ Marker 12 [, I i 7k 4= 2562005 5 1 HL AT %
KIS B A BRI THAEN Gel 2.0 SAFEXT % fhFh 1)
SSR 1l ISSR BRI TG UEAT A BTN, R e plebs
HEFe g U S (B 3) , a7 4R 70 AN
ARERERE (R BT gubX B Hos P .

AT, AR I . RRIEFR SO AN
T SR BT AL) T AR AR B R i Fe s i, AT
AE by ) 52 AR R P v 0 5 R B S R AR . RSB
NI, SR FREAE 5 |06 U AE & DNA HEAT PCR
P HIF Ik B, FER A RSURE B3N RSE Gel
2.0 TRIEARGAE b 1R S8 e P 1% -4 L 480 i g S0 X
Kltk, SREFHZ RSN AL DyEe, R IIRE &
(1 SUsE Pl 55 R P s e b i B 1EA T B 3
oxs, $RENS ZAHICEL A 8, 5 S ¥k kR g 3
a7 2R ITRE . R ARL A e 4 5 | I P A1 >k
LSRRG S AR SR SC A RS EA T E A, BRI AT P A )
HRAS IR b PR Rl (BRI, NI A e A i
1K) 2l J3 N L S

mn
Lmn
L mm
Tmnn
|

nn
THm

M 1 2 3 4 5 6 7 8 9

M: DNA marker DL2000; 1: ANJIK; 2: @2 3: IEEEHM; 4:
Mol 5 ERMGR: 6. AKMREHT: 7. KRN EA 8 AL RIFHE
9: EDRHIKE . 1~9 KA TFPIRE Y 3 SHREE S [ H4 BR I 4R SO ]

i

M: DNA marker DL2000; 1: Shinanui; 2: Tsunokaori; 3: Guanxi pummelo;
4: Wanbai pummelo; 5: Yanxiwanlu ponkan; 6: Ota ponkan; 7: Ooura; 8:
Newhall; 9: Tarocco blood orange. 1-9 are standard model fingerprintings of
nine cultivars with three specific primers respectively

3 FIA Gel2. 0 #E4EE IR RFEITEAER D HHIF
mFpER AR U B
Fig. 3 The standard model fingerprinting of some citrus

cultivars by using Gel 2.0

3 itig

e BRI 52 2 LB A S bR W Ik, A%
ERWIK, A5 SHB ARSI, 52 ML, DNA
I TRROAZIN A S AR, 2ERAEWR TGP

afi g R EL st e T e R BRI D), BAEARZ
1) DNA 7 Fhrid i iz, je—Maf i min
B RS e S, HIEARTISROR R R, HEfR. PR
TR AR SR . SSRARICAHIA Ay gt i i S Al BHLARL
bricdZz —. HAT SSR Aric B pEh I F 3 LRI,
AU o A AV SR () R 48, TSSR AT S ol 4
E T EARKE T AL LY, ISSR drid &
HRUFIIZATE, TR SR GO R BT I it F [R] R4
B E S 2 &M, X5 Fang 2RISR
— (. {H ISSR Fric X} PCR W 41445k L SSR #5
OB, ANIE] 5 4 75 B PCR AR N Fr i 44
RESRTFIAE SR, 4f DNA & Taq DNA A1) i i
BURME . MAh, AW e SR v i
PP 57 E 2 SSR ARIC AT ISSR Fric I EE M, B
it 3 bh B ESRE, M2
SRR ER .

Z RN S A AT 2 M, AR O IR T S
i H B AR Z MG R R A A EEE P, oAt
R A CREBIE RIS R M A R 5D R iE i 28 AR
ERE RS EA SR S SR GO R IR, B
R 43 A it H AR B A LS 5 . RS R i g T
200 Xf SSR 514, &AL 12 X SSR 4F1E 5 | W fit %5
42 AR CRY CREB R M 2R AL A (R Bkl
L SSRAFFAEFRSL WA -t AN A A 7 R0 3 5 A X P
A EAT SSR HFEFRED o MU AH SSR 4¥
TEFRSUH) 60 ARl (FR) HEAT ISSR 514k, 4554
M 40 4~ ISSR 51 ik ) 2 AT ML 2 A ERE
TEG1Y), 456 SSR Fric il %0 B3k 60 AN (D
HR) 28 ARl AR, —SeBE T RA S AL TTIR
A5 3 AURRIEHAR (il SNPPY, InDel™%5) Frih
19 BB 2 N, 2B IEAE XL o A
05635 RIS U AT D8 S ol H5dis e, S sl S £
RERf DR PR P T 400 88 R B S 6 R AR A R AN
BRI B 58 Hepit o

4 #Eig

M 200 XF SSR Sk R] 12 X EEMLF. £
ATEFE M) SSRFFETH, FIHIX 12 X SSR L
WA G AT HERA S 102 MG AR A (RO iy 42
AR (RD o fEBIERE L, 4 60 ANAREAT SSR 4
TEFE S M AR S AP CROIEAT ISSR 40471, M 40 4~ ISSR
IRk 2 4~ ISSR RHAES 1Y), 454 SSR Arid vl
PO AERAHL 2] 70 MG (R o AFRREA
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42 %

I 12 %F SSREFAE G )F1 2 A ISSR FFHES [y T
PR 70 AR B SRR CRO e 8o B S S 2
R FH 53 o i e A DR R i b A ) 45 52 A A o i 4
J5 R ST I AR N e AR B T R4 (1 25 Ao

References

(1

[2]

B3]

(4]

[3]

(6]

(7]

(8]

[9]

Breté M P, Ruiz C, Pina J A, Asins M J. The diversification of Citrus
clementina Hort. ex Tan., a vegetatively propagated crop species.
Molecular Phylogenetics and Evolution, 2001, 21: 285-293.

Fang D Q, Roose M L, Krueger R R, Federici C T. Fingerprinting
trifoliate orange germ plasm accessions with isozymes, RFLPs, and
inter-simple sequence repeat markers. Theoretical and Applied
Genetics, 1997, 95: 211-219.

X, AR, ER, RO, BWRERE. ARZEMF BT AFLP
i SSR L Z AL b, R E AR, 2005, 38(11): 2308-2315.
Liu Y, Sun Z H, Liu D C, Wu B, Tao J J. Assessment of the genetic
diversity of pummelo germplasms using AFLP and SSR markers.
Scientia Agricultura Sinica, 2005, 38(11): 2308-2315. (in Chinese)
DEWER, SHARAR, X758, ) SSR AR ICHF TS 8 L Fn & Jm i)
FRISREGOC R, BHE2£AR, 2003, 30(1): 81-87.

Pang X M, Hu C G, Deng X X. Phylogenetic relationships among
citrus and its relatives an revealed by SSR markers. Acta Genetica
Sinica, 2003, 30(1): 81-87. (in Chinese)

Barkley N A, Roose M L, Krueger R R, Federici C T. Assessing
genetic diversity and population structure in a citrus germplasm
collection utilizing simple sequence repeat markers (SSRs).
Theoretical and Applied Genetics, 2006, 112: 1519-1531.

Fang D Q, Roose M L. Identification of closely related citrus cultivars
with inter-simple sequence repeat markers. Theoretical and Applied
Genetics, 1997, 95: 408-417.

Roder M S, Wendehake K, Korzun V, Bredemeijer G, Laborie D,
Bertrand L, Isaac P, Rendell S, Jackson J, Cooke R J, Vosman B,
Ganal M W. Construction and analysis of a microsatellite-based
database of European wheat varieties. Theoretical and Applied
Genetics, 2002, 106: 67-73.

ZEMRTE, Dreisigacker S, Warburton M L, ®5G#H, [+ g, #MHAE.
ANFEHR LB RS R P 1) ST S SSR ARICIRFI AR 1A,
2006, 32(12): 1771-1778.

Li G Y, Dreisigacker S, Warburton M L, Xia X C, He Z H, Sun Q X.
Development of a fingerprinting database and assembling an SSR
reference kit for genetic diversity analysis of wheat. Acta Agronomica

Sinica, 2006, 32(12): 1771-1778. (in Chinese)

FAH, FaR, FEATT, WA, TR, BB, X, ok

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B, OBECSP. @AT/NE SR DNA SREUN VAL 1EYR, 2007,
33(10): 1738- 1740.

Wang L X, Li Y F, Chang L F, Huang L, LiH B, Ge LL, Liu L H, Yao
J, Zhao C P. Method of ID constitution for wheat cultivars. Acta
Agronomica Sinica, 2007, 33(10): 1738-1740. (in Chinese)
Bredemeijer G M M, Cook R J, Ganal M W, Peeters R, Issac P,
Noordijk Y, Rendll S, Jackson J, Réder M S, Wendehake K, Dijcks M,
Amelaine M, Wickaert V, Bertrand L, Vosman B. Construction and
testing of microsatellite database containing more than 500 tomato
varieties. Theoretical and Applied Genetics, 2002, 105: 1019-1026.
FENZ, WK, NAE, SEE, W2, ol R hE
ARG AL AR IC B PR bR . T E KSR, 2006,
20(5): 460-468.

Zhuang J Y, Shi Y F, Ying J Z, E Z G, Zeng R Z, Chen J, Zhu Z W.
Construction and testing of primary microsatellite database of major
rice varieties in China. Chinese Journal of Rice Science, 2006, 20(5):
460-468. (in Chinese)

Kijas J M, Fowler J C, Thomas M R. An evaluation of sequence
tagged microsatellite site markers for genetic analysis within Citrus
and related species. Genome, 1995, 38: 349-355.

Kijas J M, Thomas M R, Fowler J C, Roose M L. Integration of
trinucleotide microsatellites into a linkage map of Citrus. Theoretical
and Applied Genetics, 1997, 94: 701-706.

Chen C X, Zhou P, Choi Y A, Huang S, Gmitter Jr F G. Mining and
characterizing microsatellites from citrus ESTs. Theoretical and
Applied Genetics, 2006, 112: 1248-1257.

Ahmad R, Struss D, Southwick S M. Development and
characterization of microsatellite markers in Citrus. Journal of the
American Society for Horticultural Science, 2003, 128: 584-590.
Valdenice M N, Mariangela C, Alessandra A S, Marcos A M.
Development and characterization of polymorphic microsatellite
markers for the sweet orange (Citrus sinensis L. Osbeck). Genetics
and Molecular Biology, 2006, 29(1): 90-96.

LR, B R, BRHUR. ARG EST-SSR 4FFARic 4. ek,
2006, 33(4): 345- 353.

Jiang D, Zhong G Y, Hong Q B. Analysis of microsatellites in citrus
unigenes. Acta Genetica Sinica, 2006, 33(4): 345-353. (in Chinese)

F 5, WRRAIL RRE, AN, R, SR, BREEE. HE
SRAP A1 ISSR 7+ FARICEAR MR ML S MAL. T AT,
2008, 6(1): 170- 176.

Wu X, Lei T G, He Y R, Liu X F, Xu L Z, Peng A H, Chen S C.
Establishment and optimization of SRAP and ISSR marker system in

Citrus. Molecular Plant Breeding, 2008, 6(1): 170-176. (in Chinese)



8 31

ORNIAE: MR AP (R) DNA fa Bl Rkt

2861

[19]

[20]

[21]

[22]

Anderson J A, Churchill Ghurchill G A, Autrique J E, Tanksley S D,
Scorells M E. Optimizing parental selection for genetic linkage maps.
Genome, 1993, 36: 181-186.

HOKE, SLEME, F50E. I T B GAC BT TR R SO AT
(OL), = [EA/EYF 5 K M. http: //icgr. caas. net. cn/training/forum/
BT B ZAE BRI Rl BT IR AR SO 20 4T hem,

Cao Y S, Kong F S, Wang Y S. Fingerprint analysis system of crop
germplasm resources(OL). Chinese crop germplasm resources
information system. http: //icgr.caas.net.cn/training/forum/Fingerprint
Analysis System of Crop Germplasm Resources.htm. (in Chinese)
O, L0, kel HES, KIOTE, WS, Sk R
TR FE SSR 2> ThRIC R P EAR AR, 2007, 23(7):
129-134.

Cai Q, Jiang L J, Zhang X M, Yan G H, Zhang K C, Cao Y F, Ma H P.
Identification of apple varieties with SSR molecular markers. Chinese
Agricultrual Science Bulletin, 2007, 23(7): 129-134. (in Chinese)

B, B85, KITRE. R
B bl SSR %5 Jodite AR, [ 244, 2007, 34(2): 305- 310.

WS, MR, wO, FUR, E

[23]

[24]

[25]

Cao YF, LiuF Z, Gao Y, Jiang L J, Wang K, Ma Z Y, Zhang K C. SSR
analysis of genetic diversity of pear cultivars. Acta Horticulturae
Sinica, 2007, 34(2): 305-310. (in Chinese)

This P, Jung A, Boccacci P, Borrego J, Botta R, Costantini L, Crespan
M, Dangl G S, Eisenheld C, Ferreira-Monteiro F, Grando S, Ibanez J,
Lacombe T, Laucou V, Magalhaes R, Meredith C P, Milani N,
Peterlunger E, Regner F, Zulini L, Maul E. Development of a standard
set of microsatellite reference alleles for identification of grape
cultivars. Theoretical and Applied Genetics, 2004, 109: 1448-1458.
Yoon M S, Song Q J, Choi I'Y, Specht J E, Hyten D L, Cregan P B.
BARCSoySNP23: a panel of 23 selected SNPs for soybean cultivar
identification. Theoretical and Applied Genetics, 2007, 114: 885-899.
Cai X X, LiuJ, Qiu Y Q, Zhao W, Song Z P, Lu B R. Differentiation
of Indica-Japonica rice revealed by insertion/deletion (InDel)
fragments obtained from the comparative genomic study of DNA
between93-11

sequences (Indica) and Nipponbare (Japonica).

Frontiers of Biology in China, 2007, 2(3): 293-296.

(g HoRED



