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Abstract: Chloroplast simple sequence repeat (cpSSR) and expressed sequence tag-simple sequence
repeat (EST-SSR) markers were used to reveal Citrus and its related genera phylogenetic relationship and
to clarify the genetic background of some unique citrus germplasms conservered in National Citrus
Germplasm Repository (Chonggqing) . Fifty and forty-four accessions were used for cpSSR and EST-SSR
analysis respectively. Twenty-two pairs of cpSSR specific primers generated 146 bands with an average of
6.64 alleles per locus and an average Shannon’s information index of 0.32; Eighteen pairs of EST-SSR
primers produced 240 bands with the mean of 13.3 alleles per locus, the mean polymorphic information
content (PIC) was 0.73 and expected heterozygosity was 0.78. In addition, the genetic origin of some
unique citrus accessions were also clearly clarified by cpSSR and EST-SSR analysis combining with the
morphological characteristics, meanwhile, it was showed that Ichang Papeda have close phylogenetic

relationship with Mangshan Yeju and Yuan Ju.
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H I MR KR %E (Carolus Linnaeus) 1753 SEAfNZHE & LK, MG 73 B RGEARR—
HRFARIF IR R

A 2 WA MG 735 2 48, Swingle A Reece (196 7) 4% J& 734 16 ANFl, 1] Tanaka
(1977) EHAEJE N 162 1. Scora (1975). Barrett fll Rhodes (1976) HITHTR AN N, 1R
MG, Motk M. 56 BRI A2 3 ANJEAM, e SR AR B T 3EA R 2 B 2228 . 2 H Ak
1k, ERWAMEE A W BUED IR A0 R%E. o rhnid ik, NGB
SR RRNBAL IR T R FT, IS T — e b A,

SRl C 2 TR B R 28 0y 28 K RGBT 9T . EST-SSR (Expressed Sequence
Tag-Simple Sequence Repeat) H &L SHE 4] SSR ARic UFF fi, FF HE BATF ALy 8 H M.
PREFREE s RS T IR s A 3, O Ttk 2 e . B i . LR
KRG 1 R S8 B STt (R IG3C, 2008).

2444 LA (Chloroplast Simple Sequence Repeat, cpSSR) & IT4F Ak K i) —Fl B Y s =k
B FhRid R, T RAILEIE, w2 AN oA 2SI, it R 3L 240 (chloroplast
DNA, cpDNA) Z5Rfii i, AHRTR S HOREME SRR Al O 2 T 5e el 2 08 8O0 R IR Y
Bl HERBEAATIANA K B 45 25 5% (Kaundun & Matsumoto, 2002). Cheng 2% (2003, 2005)
MHHE, IKFEEEILEAVEY) L3k KR cpSSR 51T ARG 264 ¢ R EFT, 2006 - (Bausher et al.,
2006) FRFHLRARIEN A 2P A k%, AR TR cpSSR Aric W FUAAE R G K B S T 1) %
JE o

M AR it AR BE DR 20 0 BEVESSAL 6 1 i — L8] 8 4 2 A V5t 1) AR A R RS AE R A 2% (Green et
al., 1986), T SSR 5 ict [ i it 5k PRI A A i 45 5 R A — i 2800 36 00l 2 b S FLOR AR U5 (Liu
etal., 2002). ZEHZ2E (2008) CUFF cpSSR. EST-SSR W Flhnic 4 & T 4R @ 1AL 2 FEMEWESY, X
PRI BRI IR 45 G BRAR I th 0 AR S L2

AWFFEH AR EHRIE TIPS (Citrus sinensis (L.) Osbeck var. ‘Ridge Pineapple’) IM£g{AKEH
41774 (Bausher et al., 2006), Wit 24 X5 AfEm SR 2541 SSR Rtk 14, 454
EST-SSR L W AR, X PRA7 T3 DR S SR b Jo 8 J5EhE AR [ R bR S LI 2 s I R e K B Ok Rk
ATWIEGE, TR W] Lok S B 08 Y (R AL 15 5o

LI ZF S RS IR

L1 EYE

SHTMRIIL 53 4y (R D), QGG JE A ES R AR St RS, WU E 1 E 4t
R BR/NE R B E [ 56 1 B S 5 A1 R st 28 )i (USDA-ARS National clonal germplasm
repository for citrus and dates, CAL) 4, L4 52 433 HL A AR} Bt 5 DA RS i 50 B 6 5 SR
SR ALl (Citrus Research Institute of Chinese Academy of Agricultural Sciences, CRI).
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Table 1 Plant materials used for cpSSR and EST-SSR analysis
5 A BN 4
No. Germplasm Species
1 A4 Fantastico Bergamot C. bergamia Risso et poit
2 AL 17 Yellow Flower Eureka C. limon (L.) Burm.
3 2 F#F Yunnan Buddha's Hand C. medica var. sarcodactylist (Noot.) Swingle
4 Mtk Java Lemon C. medica L.
5 FEAHERAE Tahiti Lime C. aurantifolia (Christm.) Swingle
6 WK 3 5 Hafa 3 C. limonia Osbeck x spp.
7 2T 2% Red Limonia C. limonia Osbeck
8 M BRAE Australian Round lime Microcitrus australis (Planch.) Swingle
9 EFE P A Indica C. indica Tanaka
10 #1964 Wen Guang Ju (Calamondin) Fortunella v. Hybrid
11 4:77 Jindou Kumquat F.hindssi Swingle
12 45 Meiwa F. crassifolia Swingle
13 HAFFRE Yu Zu C. junos Sied.ex Tanaka
14 1L %A Sanshan Xiangyuan C. wilsonii Tan.
15 2 1nf /R Bif # Newhall Navel Orange C. sinensis (L.) Osbeck
16 Bk F& Taoye Cheng 18 C. sinensis (L.) Osbeck
17 "HE 7 45 Zhongyu 7 C. sinensis (L.) Osbeck
18 AEM- 836 Variegated Jing Cheng C. sinensis (L.) Osbeck
19 ##& 43 *5 Xiangchi 43 C. aurantium L.
20 - LR Carrizo Citrange P, trifoliata (L.) Raf. x C. sinensis (L.) Osbeck
21 A5 5 Aili Carrizo Nucellar Line P. trifoliata (L.) Raf. x C. sinensis (L.) Osbeck
22 U& F5 V) HI Al Lingnan Shatian You C. grandis (L.) Osbeck
23 Ji Gt Al Tongxian You C. grandis (L.) Osbeck
24 2-3 'H E#% 2-3 Ichang Papeda C. ichangensis Swingle
25 4 5 'H E R Ichang Papeda 4 C. ichangensis Swingle
26 1€ H B #% Pink Flower Ichang Papeda C. ichangensis Swingle
27 ZE 1 EF G (AT ) Mangshan Yeju (Obtuse leaf apex) C. mangshanensis S. W. He & G. F. Liu
28 {67 Tachibana C. tachibana (Mak.) Tanaka.
29 JGH Yuan Ju C. reticulata Blanco
30 R EP G (421D Mangshan Yeju (Acute leaf apex) C. mangshanensis S. W. He & G. F. Liu
31 1846 Xie Cheng C. junos Sied.ex Tanaka
32 20-1 Kiyomi X spp. C. reticulata Blanco
33 {1 41K Anjiang Hongju C. reticulata Blanco
34 |- A ¥ Shiyue Ju C. reticulata Blanco
35 1 5 464 Jingian Ju (Dechang) C. reticulata Blanco
36 JEE 4% FF R A Morocco Sunki C. reticulata Blanco
37 18 L ¥4 Daoxian Yeju C. daoxianensis S. W. He & G. F. Liu
38 3 K BR M Judaro Satsuma C. unshiu Macf.
39 Kifii Ooura Satsuma C. unshiu Macf.
40 i WL Kiyomi Tangor C. unshiu Macf. x C. sinensis Osbeck.
41 VG M. x MEME Kiyomi x Ponkan C. reticulata Blanco
42 K FHHEA Oota Ponkan C. reticulata Blanco
43 fAYELJH Chimera of Trifoliate Orange and Satsuma P, trifoliata (L.) Raf. x C. unshiu Macf.
44 W AR Trifoliate Orange Poncirus trifoliata (L.) Raf.
45 KA Flying Dragon Trifoliate Orange P. trifoliata var. Monstrosa
46 WiFE) Atlantia Atalantia buxifolia (Poir.) Oliv.
47 LS P F K 3PS Malesia Bitter Orange C. macroptera Montrouz
48 /N K 3RS Small-flowered Papeda C. micrantha Wester
49 K 2635 [ Guo 2635 Sour Orange C. aurantium L.
50 23] K 358 Honghe Papeda C. hongheensis Y. L. D. L.
51 B 45 5% Midknight Valencia C. sinensis (L.) Osbeck
52 &R} LR Tarocco Blood Orange C. sinensis (L.) Osbeck
53 21 A JE#6 Cara Cara Navel Orange C. sinensis (L.) Osbeck
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1.2 SSR3|¥i&it

% Jiang 55 (20060 )75V 24 X3 5) A AT AERI RS i S AR L R 40 B 1Y) cpSSR 51 4)F1 25 Xf
MiA% EST-SSR 519, Ffih B iR ) TREA R G . M 24 X cpSSR 5IHH ik th 22 X nf LAY
A s I T b, 1330 20 WP RA ZEMERLIY (R 2): HAMNEERZAE (2008) k43 30
X EST-SSR 514, M\ 55 %} EST-SSR 5|4 rhiiik th 18 X Za&Memt W Tik5, 28519
JF 51 Bk I S BRI D45 B LR 3.

1.3 SSREHI &=

KSR CTAB ¥ GRS FIXEZY, 2007) $EHIEK 415 DNA.

7£ Biometra PCR % _:#E4T PCR #"1#%. cpSSR FJ PCR [ W {A £ 41 F: DNA 15 ng - uL™', MgCl, 1.5
mmol - L', E #5144 0.2 umol - L', dNTP 0.2 umol - L', 1 U Tag #4 W, 1 x PCR buffer Zf
W, VR EINZEEK A 25 uL. PCR RNV ARE: 94 CTHAZYE 5 min, 94 ‘CASE 40s, 58 ‘CiBk 40's,
72 CHEA 30s, 26 MEH, TEHLEHELEM 8 min, 4 CHEfr.

EST-SSR ] PCR X W AKX Z &I F: DNA 50 ng - pL™', MgCl 1.5 mmol - L, EF#514#% 0.2
pmol - L', dNTP 0.2 pmol - L™, 1 U Tag B4, 1 x PCR buffer 2B/, G5 IMZEMEK A 25 uL.
PCR W FEF: 94 CTRAZYE 5 min, 94 CASE 40s, 57 ‘CiBk 40s, 72 CHE{H 30s, 32 MEIF,
PEAEE R G AEfH 8 min, 4 CH&AfT.

TR0 FH 8% 1) A1 2R PR 945 Tt e P R

1.4 SSRE#E2H

cpSSR £ AAIL N 1, AL 0, 132 1. 0 HiF%. JI] POPGENE version 1.3.1 £t
% Shannon’s ZFEPEFREL (D,

EST-SSR &5 b, s &5 K 7 B/, H Cervus version 3.0 (Marshall et al., 1998) 115
ZHRFEEEE (PIO), MNZETE (H), WEREGE (H), SMHEFSE,

1.5 BEEWE

H Treecon ¥ A1 1% Nei (Nei & Li, 1979) &L 5], J£#% UPGMA (Unweighted Pair Group
Method Arithmetic Averages) JEMEATERIE /T, X 45 AT 500 X E A bootstrap 1% -

2 HiR5H

2.1 SSRIEEZ M
22 % cpSSR GIWIFLAGT I F] 146 45 2417, ~FIEEXTal Il 6.64 45ifr . Horp 20 XT HA 2 &1
cpSSR 5 #J°F-1) Shannon’s ZFEVEFEETA 0.32 (32 2). CP10 Al CP13 5194 14 Hi Sk ffyaiy B4 & Fr B K
e a—8, FELEHTRERENIWAY =YL Ray IRb 1WA Kk HEE 74
(trnV-GAC-rps12-3end FERI A FFHX ) o
1 J3514) CP21 ¥4 tH i 41
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2 20 MB B cpSSR FIMFT. SHUERIEESHIHEY
Table 2 Sequence, distribution and genetic diversity index of polymorphic cpSSR primers
B e slRorward primers (S—3) Mty AR Shamnon's PRI
Locus  gequence S 7] 5] #IReverse primers (5'—3')  Distribution Amplified region information index
CP1 (A)15 AACGGAAAGAGAGGGATTCG g 734 ~ 8 889 trnS-GCUREN JtrnS-GCU - trnG-GCC 0.29
ACGGGCTTTTTCAAGCATTA B PR AT DX
trnS-GCU gene and trnS-GCU - trnG-GCC
gene spacer region
CP2 ()12 TCGTATTCTCGAACCCCTTTT  15145~15387  atpH—atp LR [AIFEX 0.48
ATAAATTGCATGGCCGTACC atpH—atpl gene spacer region
CP3  (T)23 ATCTGGGAACGGGGATTAAG 33976 ~34203  trnE-UUC—trnT-GGUHEA/1]7IX 0.19
CAAGACCGACCCTAATGGAA trnE-UUC—trnT-GGU gene spacer region
CP4 (A)18 GCTATCCGCCAAGGTAAAGT 39749 ~39982  trnG-GCC—trnfM-CAUZE [ 8] [ [X. 0.30
TTGAGGTCACGGGTTCAAAT trnG-GCC—trnfM-CAU gene spacer region
CP5  (A)I3 TGATCCCACAAACAAAGGAA 47900 ~48 147  yef3—trnS-GGAFER A X 0.57
TTTGAGTCTGGGGAAAAGGA yef3—trnS-GGA gene spacer region
CP6 (A1l TCAAATGGGTTTGAGGTTGA 85112 ~ 85 309 rpl14FED]], rpll1 658, rpll4—rpll6 0.39
GGCGTCCAAAATGCCTATAA LRI rpll4 gene, rpll6 exon,
rpl14—rpll6 gene spacer region
CP10  (A)14 TTTCGTACCCTTCGCTCAAC 144 385 ~ 144 702 trnV-GAC—rps12-3endZE MR (IRafE (.16
AAACATCTGCGGATCCAATC HIFH))  trnV-GAC—rpsi2-3end gene
spacer region (IRa repeat sequence)
CPIl  (A)I0 GGGTTATCCTGCACTTGGAA 159 402 ~ 159 733 rpl2—rpsI19FEFAINGIX, rps19FEH 0.35
GCAAATGCTCCCTTCCATTA rpl2—rps19 gene spacer region, rps19 gene
CPI2  (ATT)6 GCAAAAAGCGAGAATTGAGG {624~ 1389 PsbA—truK-UUUME [ BG X 0.29
CGGGCAACCCATTCTTATTA PsbA—truK-UUU gene spacer region
CPI3 (T)l4 AAACATCTGCGGATCCAATC 102204 ~ 103 521 rpsI26b e, rpsi2-3end—trnV-GACHE (.16
TTTCGTACCCTTCGCTCAAC [51) b [X (IR b 7 52 /7 471
rps12 extron, rpsi2-3end—trnV-GAC gene
spacer region (IRb repeat sequence)
CP14  (A)13 CCGCAAAATTTGGGTTAGAA 6713 ~6925 rps16—truQ-UUGHE R A X 0.24
ATCTGGGCCCTTTTGTCTTT rps16—truQ-UUG gene spacer region
CP15  (A)ll ATGGAGGTCATCGATTCAGC 13286~13532  atpFWN&T 0.37
AGTCCAGACACAGCACGGTA atpF intron
CPl16 ()11 ACTCCCCCAACCATGACATA 24 181~24 347 rpoCIN T 0.29
GCTCAGACCGATGGGTGTAT rpoCl intron
CP17 ()10 TGGTCTAACTCGCCGAATCT 29463 ~29696  trnC-GCA—petNH:H ]l X 0.32
CGGTCAGTAGACCCTGCATT trnC-GCA—petN gene spacer region
CP18 (T)l4 ATCCAGTACCGGACCAATGA 57769 ~57997  atpBIED, atpB—rbeLIEDA ] fF X 0.42
ACGGTACCAACGAAATCGAG atpB gene, atpB—rbcL gene spacer region
CP19 (A)ll TGCTACACTCGGTTCAAGGA 64202 ~64442  yefd—cemAFER ] kFIX 0.18
AATGAGAGAGGGATCCACCA yofd—cemA gene spacer region
CP20  (A)I2 CTGCAATAGGCCTCCGATAG 74736 ~74976  clpPFH 0.35
ACGTCTAGCATTCCCTCACG clpP gene
CP21  (A)I3 CAACGAGTCGCACACTAAGC 86686 ~86913  rpll6—rps33ERIAIRGIX, rpll63EH, 0.36
TACGGGGTATTGGGAATCAA rps33EIK rpll6—rps3 gene spacer region ,
rpll6 gene, rps3 gene
CcP23 (Dl CGTGCTCGAAACTCGAAAAT 121907 ~122 120 ndhD—psaCHRARGIX, psaCHED 0.27
CCTGTCCAACGGATTTCTTG :
ndhD—psaC gene spacer region, psaC gene
CP24 (DI GACGGTTCGTGAATCATCTG 131272~ 131516 yefI(RANThEE 0.24
TTTTTGGGCTGGAAACTGAC yefI(unknown function)
V44 Average 0.32
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18 Xf EST-SSR BEALS #7240 A2 AN, PRI R 13.3 D285, FHEZEE
HE&E (PIC) 073, VFHWIBEIREE N 0.78 (£ 3). WA R e 25 56 K R AE 7T &
Hardy-Weinberg “Fi T H& N iHEH ARG L, 2 A RN IHEE A2 6 FE I A 8 IR A G
R SRR Z e, PRI G R, RO — SIS, a5 2 AR
*+'% (Frankhametal., 2002),

#* 3 18 3% EST-SSR SIH1F%I. R ELE K iRfE % HiEig

Table 3 Sequence and genetic diversity index of EST-SSR primer pairs and corresponding gene

ZEFEEE

Wi 1
A7 55 1E M5 ¥ Forward primers (5'—3") E- ISPyl Polymorphic ;Eiﬂz;e:ll E
Locus JZ 5 #IReverse primers (5'—3'") Function information hetiroz osity(F)
content (PIC) yeositylHe

P2 AACCCACCAACGCATTATTC Tt e B S 1 £ (1 A R 0.73 0.78
GATGCGACTTCAATGGTCCT Tyrosine specific protein phosphatase family protein

P5 CAGCGTCGCTTATCACAAAG ebs-bah-phd 45 F sl 8 0.66 0.82
CCACAATGCACAATGAGGAG ebs-bah-phd domain-containing protein

P9 GAATCAATCTCCAAATCATACCC HR A A BT RAL SRR R 4 0.92 0.93
TTTTCATTGCGGATCTTTGC Fasciclin-like arabinogalactan protein 4

P12 AAGAAGAGGAGCCCCCATTA [ Y, ZF-HDZ 0.60 0.67
CTGGCAACGACAACATCAAC Homeobox domain, ZF-HD class

P13 AAAGGGACTGGAATCAAAATGA Pl 0.80 0.83
GGGCGGTAATAATGATAATGG Unknown

P15 GAAGGAGGAGGTAAAGAGAGCA MR G HEA 0.65 0.69
ACCAATCCCAGGCCTTAAAC Nucleic acid binding protein

P17 GCATTACGAGCTGCAGTTGA FADERAAAIE A 1 0.66 0.71
ATGAACAAAGCATCCCATCG FAD-linked oxidoreductase 1

P18 CAGCGACAACAAAAGCAAGA WIERHE 1 B RERIAE O 0.76 0.79
CTTGGATCGAGACATCAGCA Myosin heavy chain-related

P20 TGGGCTTCAATCAACTTTCC IR o e e K A 0.73 0.76
AGCAGGCGGATTACATCAGT Adenosylhomocysteinase

PF17 GATACAAATTAGCATTTGATTGAAT B -[i R &L & pii 0.78 0.82
GGAATCGGGACTCGCATTAGGGT Beta-ketoacyl synthase

P36 CCACAAACAAAATTCCCTCAA NS A2 ) 1A 1] PDXL 0.84 0.86
CCAATCGATCCGACTGAACT Pyridoxal biosynthesis protein PDX1

P38 CTTGCCACAAGTGCAACAAC AP2 4GSR AT 0.56 0.65
AGGCACTGAGCTTTCTCCAA AP2 domain-containing transcription factor

P44 ATTTGTCCCAATGACTGCTG L9 5 5 R £ ok ity 0.66 0.72
TGAGCTGAGTTTCCAGCTTT Acetylornithine deacetylase

P45 GGAAGACACCAACAGGAGGA ISR s S| 0.63 0.71
GCACGTCCATCACTGCTTAAT Stress-induced hydrophobic peptide

P48 TTGGTCATTGATGTGGCCTA SRR 0.73 0.78
AGTGTGCAGAGGGCAAGATT Guanylyl cyclase

P61 CCGCTAATCGCTACGTCTTC BHRH I (C3HC4-type RING finger) Kk 0.76 0.79
CCACGATGATGGTGATCAAA Zinc finger (C3HC4-type RING finger)

family protein

P62 TCCTTTCATTGTCTGCCTCTC SR 0.74 0.77
AGCACGAATTGTACCCAACC Transcription factor

P72 GTGAGGCAAAACGGAAAGAG e o 2 B i 0.87 0.89
GGGCCCATACAACGTAGAAG Neutral ceramidase

T 0.73 0.78

Average
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1 9M10 50 M

500 bp

250 bp

B 1 cpSSR 3|4 CP21 X 50 ARy R

M: Marker.
Fig.1 The amplifed band of 50 accessions of Citrus and its relatives with cpSSR CP21 primer
M: Marker.

2.2 cpSSRER KSR

FIH] cpSSR BHi M 17 H KW, TEBEEE B 0.48 I, WK 50 Ak b 8 28 (8 2); #5128
VE AN RBERWE F 8 166 562 T, bootstrap (HIAF] 79%. K KM =BT Motk ESa4emkei. B
FERFRE R o ST A RN B RAS o« STV EAR . R, 28 VIREIRLm RS A, FIRS.
FRRs . Gt FREREA LR Sl BRI, BHEER N8, bootstrap {H N 80%; [FIHETHEH
o, M5 E0 2635 MRESFIMISE IR S8 R AR . R RahsE 4 H R RTE— (bootstrap N
100%), cpSSR ity SIS MBI 225, WFEHH T R ARG RS Sl M REACH TR ;s AR 3%
IRk A B RAE i, AR 52%I1 bootstrap {iH, & H . #ALIL I wim
bootstrap {H4 100%, BEHIABAIRISRG K RAER I, TREEAAHFREA; SRIET S JE 1 Fh i
FRIRIL G A, S SRR RERE, (AR MG E BT BBV SR PR E R, /)
T RIS A . B8 VIS S ™ 3 [ R B AR PR A B e L PG . O . BB AR . SRV 2
H 08 AT R PR e, B0 FE ARG . B RG . BRAG . IR NN, R, B WEK 3 T
BURM, 20826 WaR 3 5 598 ARG RTE ke, JF HA BB 50K 3 5 It AL 15 st AR s 1 AR B,
P, e %6 A (1) bootstrap LA E 59%, HE—PUEW] T IX B0 FPTC R 2Pl i, HBF R AR
A 08 B ARG I M. 2% o AELAS— 42 10 AR N [F) 3L N 3 M2 1) bootstrap {H H1iE 95%, 75 JLA 514 5 A
A RRRER M AT A 2, X AR MR i B PR AN ] S AR R R 4

2.3 EST-SSRERE N1

A EST-SSR 2548, RH UPGMA AT IR/ HT, (EtAEEE B 0.46 I, 1K 44 4 b st
MR A 72 (B 3D 55 T AN RAE R S AR . AR A% R0, 5 cpSSR ZEZEMAN IR 11
&, REAARRE., EEARSEUR MR, bootstrap IAF 86%. I REFEME. T, B
PSS . SBIERERE . BB, MR35, a8, BME. FRitwdkrg, £uef]
PISRGR R, FIVIM. LOWKRRS. S, SHSM AR MG R T 7 BTk, BV K
HEH B B VIR B . OGS VISR HE 56 S ARG e . iR . 2 2635 FRAs . 1
TEIRARER D 0.33 &b, EEVISEIE W] LAF- 23 O i ARG ARG . 56 2635 BRAF R3S, 5 cpSSR ANF],
FITRE . 506 2635 BRAE AR 20 tHoR ok — 5, WTEK 43 5 536 2635 IRIE 1) bootstrap A 51%, A
ARIT (AR DG AR s 98 MR e T B U R R B LU S %, (H— S8 R4 OC R WA X b T R 8 2R e — g,
EE i WS, J5 0L < REMT S REHT .
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3
4
86
6 43

L L L L L L L
0.70.6 0504 03 0.20.1 0.6 0.5 04030.2 0.1
1% 1% BB & Distance 1% 1% BB & Distance

B2 ETH3IXERS00:R bootstrap I BERET S B3 &EF43EH 500 3 bootstrap WK I BEE EHLL
cpSSR HURHEEA) 50 IR R HIES B UPGMA B3 EST-SSR $iEHZ Y 44 MR R ILIEEREHH UPGMA FEHEH
Fig.2 A UPGMA tree of 50 accessions of Citrus and related Fig.3 A UPGMA tree of 44 accessions of Citrus and related
genera derived from bootstrap analysis genera derived from bootstrap analysis
(500 replications) of cpSSR (500 replications) of EST-SSR

WG 2 T4, SEEHME T st T2 AT Thric f B0 S A A 2 i Ak 1
AR, BT 22 XA A e T RS T SRR A SE PR AL L5 4R 18 X kA% EST-SSR BEALS 144, %I
PRATT 1 SR B 05 8] 1) 53 4 M A7 S FLl 5 S Pl I o AT 1 84 15 e 45 SR 38 B 22 % cpSSR
Fi SRS T AR B 6.64 NG 4F, 18 X EST-SSR BEHLG 1 HPEHIR £ 13.3 A2 k41,
cpSSR 5|4tk EST-SSR 51K B 47 ¥ o AT ABFSERIE, SSR FI cpSSR A7 1545 57 243 53l
H2.5%x10°~1x 107 (Weber & Wong, 1993) F13.2x10°~7.9 x 10° (Provanetal., 1999), X
T TSI 4% i BORH 2 0K 19 s DR A i e P A DRI AL 58 S SRAIG, ARDG SR UE B sy, I HL
IS R JE DRI 4Lk B UL

FH cpSSR HI EST-SSR iX P4 i 7 VAR 45 nl LA G-t 0] 24 Rl (R SR AR IR o AR cpSSR £l
RIS SEE R, UFBILREAH SER RIS AR ARk A TR A BURS BR O R SR
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JEAR, JOESFRE S, BRI R X, RIWATCH Bk, m R BRETE . H 4k, cpSSR 4y
MTUE IS R AR —F, EMOTOE R P RS SE R B N, X5 OB SR IEAH &, R,
1 cpSSR FEREIrh, KRN 5 56 ARG SR AR ik, AR AR S N B A& . AT TSR
B, 75 5% cpSSR 514, HURMNIIAPIAIEWIR 4, Hh— & Sia s, 5—40r iR
INEA LS, X ULIBUEN & PR SRR TE AL, SRS WIVRREATF & . WZE 43 SRk 3 5
A2 T DR K A 0 B MR I o R AT BB AR T SR AR . 2K 43 S I R, WE R 2,
Tee K/AMURRE , R RFE S, WREITER, A5 S5 AL B RRIE & 75 RIS, AR X 8T A RFAE
LR A A A 5 FRAE T AR 2% Fh . cpSSR IES Rt 24 43 558 A SR E—ld; 4RI EST-SSR 4
R, 55K 2635 RSN —25. FTCART LUACH K 43 5 I REAR T REG MR M. Wk 3 51F
WA T B AR R A, R, FEIRECH 9 I, RN, WARIR, ARPIEAE
(XU, Oy BRI f — e S R, TSR IE L, HORAWT RE S EURMEE 9%, cpSSR Kl £ 1,
MR 3 SRR IRAE il EST-SSR #¥i oRmik 3 5. L8 M. BAel ) wi R fE—itg,
ELPSe S XSl

Swingle %4t (Swingle & Reece, 1967) LB/ Sy S A8 s SRR, 08 5
PV R BFESE (Papeda). cpSSR AU B/ B 5 R 5 1L e R 3R SR Or Yt /AR K BFE . Eok p K
FASA SO, S TE IR ORGSR O R EBT o AR T D 1] S SRR Tl 5 0 YRR A (81 %) e
SRR AN A, B EEAERE R AV 2, FEAE KRR 900 ~ 1 800 m B IV (1 PR B
o, R IR, BRAEIE, 162227 ~29 4%, B S5~ 8, VHIRERHIE, Bk, 54, 5EE
P RAT— 2 BRI ZE L RS 0 R AT SR T SRR, M BCR T B A W A A s ot /s
ME, 162228 4%, %9 ~ 10, F2HCa B8, HARESRARRIE IR, FHK
BAA, ITHREREBAR, 20, 50RO, nTREETE BRI — AR, Hont
AR TER G ERE, A /NmE, A8, T80 8 ~ 10 I, VIR RERIE. M Ferhamsrs i, 253
KA (1993) MHBERAM A KA T3 SR TR 845 23 i 55 7 TN A, 38 LLEF A v R B B R
16 5 S G AL AL P 28 . — SRSy L cpDNA FAN 0 HTIESE, B 5 RS S0 25 K BRAE 1T SR A
T G2y 32 KL (Nicolosi et al., 2000; Bayeretal., 2009), AFLP Ciffil-4r 4%, 2008) %%
Pt S s B B R R 2 L AR (1 544 B B T o 2555 DA BESY, TEIR R MRUR T TE A VT BE 45 RURAE,
RN ThRd BE, R LGS B BRI A IR FRE KR .

4 4k

AHHE TR I A H IR AE A 24 SSR ST I% 2L R4 EST-SSR #nid A& &, B T —HEORAF
T 1 SRR 0% U5 IR PR ol B B YA 1 S, WD R B BN R A A RE R 1Y cpSSR 514 il ST
R BPAEMEZE LB . oS B B NESFAE, 20 TAail i, #RR I IREGC
REGE . XTI AT SANE A KL, cpSSR. EST-SSR Aric Al &S A2 — AT R % ) J7 i
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