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G R AR I IEE XY SSR #RIC Tmik
giA, R, BRELE KXE? gl

P E AR RE SR, AR TRBR L, ER 400712 ) VEAMSBFFURT, T 79k 541004)

B OB UihiEsummn ‘*5%2586’ 55N W RV BIAR AT R, BEALIEEX F, AR
kL8O BE, JF RNz BUME R EeRh S . % AR, B i FAR B, s S R
FARGW AP, HH. *@%ﬂiﬁ%;ﬁ*il@%ﬁﬁ% W2 B IR 10 1. RIS DB T
£ BSA (Bulked Segregant Analysis), 4% SSR 73 Fhric AR, FikEl 1 A SR BN B 71
Fric CCR-110. A Fy AR5 B AMARI A N HUEA DS AR ic BEATRAE /04T, R I ZbR 1d R I LT 1 btk
MM Fy BEAAIOC TR, iZbmic SR BOR B A SR BN 0.79: R BOCBARVE TS 4L
O 9.38%+3.5%, i Kosambi RHCK HLIE i p I BE A7 (eMD, S8R ER 2504 9.11 oM T (RIS 2K |
M BB AR, DURMEHZE, HEBAK. FHAK. 50 RHIEM Z B0k B bR I .
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Screening of Molecular Marker Putatively Related with Citrus Canker
Resistance

PENG Zhu-chun', GONG Gui-zhi', CHEN Shan-chun', ZHANG Ge-bi*, and HONG Qi-bin""

('Citrus Research Institute, Chinese Academy of Agricultural Sciences, National Citrus Engineering Research Center,
Chonggqing 400712, China; *Guangxi Citrus Research Institute, Guilin, Guangxi 541004, China)

Abstract: Eighty plants from the F; population of Ichang Papeda 2586 (resistant genotype) x Lingnan
Shatian Pummelo (susceptible genotype) were inoculated with citrus canker [ Xanthomonas axonopodis pv.
citri (Xac)] for resistance evaluation in field. The results revealed that resistance segregation in the F;
progenies was significant, and the ratio of resistant and susceptible plants was close to 1 : 1. If immune
and highly resistant types were regarded as disease resistance and moderate resistance, moderate
susceptible and susceptible were regarded as susceptible types. A SSR molecular marker CCR-110
putatively related with resistance of citrus canker was obtained based on BSA (Bulked Segregant
Analysis) . Validation analysis of the marker was performed using F; segregation population tested and
resistant and susceptible genotypes generally known. Marker CCR-110 was found to show good resistance
relevancy. Co-segregation analysis showed that correlation coefficient between the marker and citrus
canker resistance was 0.79. The recombination frequency was calculated with maximum likelihood method

and transformed into centimorgans (cM) according to the Kosambi function. The recombination frequency

RS HHA: 2009 - 10 - 06: f&E HH#A: 2010 - 02 - 08

BEE&WB: EEXRB I IRITH (2008BAD92B05); EZK ‘8637 i1RIWiH (2006AA100108); KT ‘+—H MHHAEESIFE KL
T (2007—2010)
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is 9.38%+3.5% and genetic distance is 9.11 ¢cM. The marker was not found in susceptible genotypes
(sweet orange, pummelo and trifoliate orange), but it was observed in most resistant ones (Kumquat,
Ichang Papeda, Yuzu, and mandarin) .

Key words: Citrus; citrus canker; resistance test; molecular marker

R ARG 507 0 A — P B PR 2, P EEE A ARG PR = BRI 0L, e A AR TEITERR YR, i 5
30 2N KEH X B R E R F, AEREERN . TR E)TAR TP AERE  XAHRON  E,
A 1) 12 5 G

XM R PR O 2 4R0E, (HZ M ELE S A BTN FAMEEE R Bt & RS T
(R JI#F, 1993; Gottwald etal., 1993; BREH 45, 1997; skBE 55, 2004), 2 F-Frid AH GG
WFRIER >, B H AT L, A Xiang 25 (2005) 38 I8 52 R %L POwR LR R 81, RIS
W B R P 2 UIACH) €19h16 / Ddel” bricr il /FF @t Mg bt o s ek, U7 H R
ik, FH BSA ¥ (Michelmore et al., 1991) F1 SSR 73 FhridFiAR, Tk IFIUE T 555 m pui Ao
(17 FHride

I MRS T

1.1 RIearsl

B R BUrE o B REAAR . 2005 AF T B AR MERE A7 e RS B 58 0 SR F Pii 0 1K B R 2586

(Citrus ichangensis) FUBUR WS F V> M (C.grandis) BCHIZAZH A, RIFLAE Fi 48, 2006—2007

TENESE AR RE Y 80 13 Fy AUKRME) P AT It FH TR Pe kit RIAAET S, A 2 4 Fi AR
MRV E R, GRS 78 4 FiARMP R S E 45 R .

FFAREIEAM R Bz BT AT S8 (Fortunella) 6 1y, B E#ER (C. ichangensis) 9
1y, TP (Cjunos) 8 1y« Bz BURMEIGFHEE (Cosinensis) 18 4y, #hi2& (C.grandis) 8 43,
WIBMEL (Poncirus trifoliata) 74« Btz PR 70 E A B9 ARG (Coreticulata) 15 45 K
BASMRLLLIKERE (C. hongheensis) FUKFHE (C.marcrosperma) % 1 43

AHIH T H R A A R B b [ AR PR A7 8 MRS A BT ] SRR el 5 9% 9052 ]
1.2 S s E E s

TR P R A 2 sk RESE (2004) (75T o 98T 43 B DRAT [P35 02098 TR IR AE
e R 72 h ), JHTEKUE RS, BHI 4 X 10° cfu - mL™" 40 B I IRIGH RIS — 54
RN b, AEER B 1~ 2 om B P40 B BRI 25 Bk . B 2 e R L BT
GETH i BRI RIS, tEEOR IS FaE. DURISFREC SEaE, HIARS BT R 80k 0 Pusdte ol 5 M55
BIfass (D, AXPLEERECH 1, St (HRD, FXHERRECY 0.80 ~ 0.99; H1Hi (MR), AHXLPE
FRECA N 0.49 ~0.79; FIEK (MS), FHXTHUIEFRECH 0.20 ~0.39; w /& (S), M HitEFREUN T 0.20,

FHXT B SR B=1— ARG FR 280 AT 75 45 K= 5 St oo 155 415 K50 0k B s 175 41 2

1.3 DNARREUR B E Fith #9251

Z MR EE 255 (2008) IHEHUT 2, H CTAB VESEHGR S A KL DNA, $2HUH DNA FHTH #8025 K
VMR, N RNA B ELUKRY 20 ng - mL™', 37 CHEIE/KH 24 h 22 RNA, Biorad 2843 60 8 T 45
A BRI DNA WREERITS . BRI Brik e s s 8 MNMMALLE YU FE R, P
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XHHUPESR R AR 8 ML IE D . SRR 5 %M A DNA.

1.4 SSRHO T

SSR GIMER KT O A IF K 2 /I SCHR (Chen et al., 2006 Jiang et al., 2006; 7K 25, 2006),
> MR GenBank ¥ EST J¥4I FAT I UE, Wil /772l Jiang 45 (20060 W /7%, 1 LigESEiR 44
THREN B

SSR F iR 20 pL [ WA FR, #4153 B ER : 25 ~ 50 ng ff%ﬁ)’z DNA, 1xbuffer, 1.5 mmol - L™
MgCly, 0.2 mmol - L™ dNTP, _Eif5 IR Rl 5 44 0.2 pmol - L', TagDNA % &7 1U.

PCR #"#4 Jx N.AE Biometra 24 7 T1 Thermocycler PCR {X_F#47. KA Touch-down PCR ¥~ Hif#
FPREATY WY 94 CHIARTE 4 min; 94 C 45 s, EIHIBKIRE 60 ~56 C 455, 72 C 45, B
W 0.5 °C, 10 MEFR; 94 'C 455, 56~52 C 45s, 72°C 45s, 24 MEH; 72 CHEH 5 min;
4 CORAF. B ERIEAHICT P Tm {HEAT 4

P I8 =) 8% 58 A M I e 6 S HL K 70 124

15 HMHEXRRREEERNITE

PUHEAH S MK SPSS 70 M 4] CORREL bR #1154
R B (1984) fe KAURIETHFRE AR, 14 Kosambi (1944) pR%L, W HEA LN
1wif5 [ E cM (CentiMorgan) . 7N Z L FHE (19800 17753 T

2R 50

2.1 HEMEE

Z PTG, BOmR PSR B AR 8. 78 MR AAMETR RIS h s (D 5 ¥, midt
(HR) 37 #&, #H1 (MR) 31 ¥k, HE (MS) 31%!1% (S) 2 #k.

h T 5 FhRC B g REE G 0T, WU ST T itk RIS Fl i B A
i, bt TOBFEE S OA BT, ) 42 BN BT, 36 MR, BUR RS LLslh 1.17 ¢
1.00, x7=0.16, /N F x%05=3.84, KWIBLEAE FIZPERAFA 101 (0B Lb), a5 Ll it R
HI AR T HE— 2D 2 b7

2.2 SSR3| 40 i%k B MRS IE

21t 285 %F SSR 5 | WAE P v AN R b )
ke, A5 41 X5lRIH 2 &0, 2 &R N

110bp —e '
14.4%. ”
X 0 106 R TI 22 AV IR 5 1D EA T LBt A 1) ’

SR, R CORI4 (B
A BU A {ESIELE REEA

HA 110 bp 1557 1 B, Mt S SCA I R Il 1 CCRI4 EHBERGRFAH MR
WIBEA e B (B 15 AEHURB MRS UE T, Fiits M: 4IRS 1R R K 2586; 2: Humi kit 3: 00T
N . =) R St A YAl 4B .

! @Ké nlz:}ria Hj 110 bp CI:T#H‘E% ’ ﬁﬁ‘u ﬁi/ﬂj I 'fZIK Fig. 1 Marker verification of CCR14 using bulks and parents
éﬁ‘lz /&ﬁﬂ:[:}:ll‘ EX_L ( 2), M: DNA marker; 1: Ichang papeda2586; 2: Resistant pool; 3:Lingnan

Shatian pummelo; 4: Susceptible pool.
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

110bp —a

89 bp —=

2 CCRI14 fEHBE B it A s B R 3E
M: Zr TR 1~8: PURILEIEAE: 9~16: AR,
Fig.2. Marker verification of CCR14 using individuals of bulks
M: DNA marker; 1 - 8: Individuals of resistant pool; 9 - 16: Individuals of susceptible pool.

2.3 FRIBTEF, MRS K A3 HIE

X8 T AL 4 (1) B R 2586 X I ma b FHAN ) Fy AR A3 78 NANMAREAT T4 14, sikgi R
DL 3. 514 CCR14 F 34~ Wyrh fgse (D 5 BREA 110 bp F B midt (HRD 37 #5F 34 #RHH L 110
bp B, L (MR) 31 8K 6 #RHIL 110 bp B, WU ( MS) 3 BRAIEE (S) 2 BRARBAT I
B

12 3 4 56 7 8 910111213 14 1516 17 18 19 20 21 22 23 24 2526 2728 29 30 31 32 33 34 353637 38 39
M HRHRHRMRHRHRHR HRHRHRHRHRHRHRMR I I HRHRMRHRMRHRMRHRHRMRHRMRMRI I

89 bp —=

40 41 4243 44 45 46 47 48 49 50 51 52 53 54 55 5657 58 59 60 61 62 63 64 65 66 67 68 6970 71 727374 75 76 7778
MHRMRHRMRHRHRMRMRHRMRMRMRHRMRHRHRHRHRHRHRHRHRHRHRMRMRMSMSMSMRMRMRS SMRMRMRMRMR

89 bp —=

B3 CCR14 EHEH 2586 x U EE HHMN F FRKIE
M: FTibpids 1~78: FifQ: It %%: HR: @&fi; MR: 950 MS: F: S: mk.
Fig.3 Marker verification of CCR14 with F; progenies of Ichang papeda and Shatian Pummelo

M: DNA marker; 1 - 78: F progenies; I: Immune; HR: Highly resistant; MR: Moderately resistant;
MS: Moderately susceptible: S: Susceptible

2.4 FURAHAEZEEY BOAGI 36 IE

KA N PURHIAE R BT 519 CCR14 35K, AT R ILE 4. A Bomeay, wifhes
B CEIMAF . R RRRETAS R d FI RS S AN R AR b, 41 ~ 58 UKIE)D, 2R (59 ~ 66 ¥kiE, K
YO SRR . XS RZ M AR SRR, MRk, E SR, YD HERL. FEEREMD DR
JEAEL (67 ~ 73 Jki&, MKIKA C35 B, HAM., REAERRS. EHBL R BEE KD,
B A HIL 110 bp JrBebrid: PRI —2 o, S8 (1 ~ 6 BRI &, Bad
M ettt PRt WS, KESHD SimBltiad, BEEBE (7~ 153kiE, KKk
2.3 EHEM. 6-3 HEM. 4 SHEM, WLEEB. RMNEERE. =0, S 2586, &1
ERE . APME) B 6-3 BB AR R B ECE MhRE, eIk IE; AR (18 ~ 25 JkiE,
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WA Z IR HAFR. ZUUE. [LILER. B, 18, BHEE. 5 9 KEER) REHE
PEBAT MEARICA, AR HILEFRIC . 56 RIS (26 ~ 40 ki, WRUCHSLAERG . EDREETAG . 2% LAY
Wi TEELEPRG . RANG. ZVLLNG . FRREZAG . BAG. TG KRR, O N Z A AR
PR ENG . RIS R A AL 1) RILARRZE 7, ek TEELBPRG . R4MG . =iTais. +A
i RN . AR R R AR LR ID, S T8 B R tH BLZARIC, (EARBLT S g 2R
BRSBTS AL o0 A EDRE BTG L T8 K 110 bp MR B, A H I s 1R B RS R R S AR —
BUR R, IR FEREZIRE . R EHREHT . B8 R AN oe L T I BLEL 110 bp B /NIRRT B
B B B AN R Ay 2 o RS AD R 20 R 3RS (17 38D 3t BZARd, iy KA
(16 kIED W HBLZARIC .

M123456M78 9101112131415 M16171819 2021222324 25M2627 28293031323334353637383940M

110 bp —a
89bp —=

M 414243 44 45 46 47 48 49 50 51 52 5354 55 56 57 58 M 59 60 6162 63 64 65 66M 67 686970 7172 73 M

110bp —a

E 4 CCR14 HEEEHRELFDREIE
M: S Fibrids 1~6: &M 7~15: HEBS; 16: KPR 17: 40WR8M; 18 ~25: HFRE;
26 ~40: TERANIESS; 41 ~58: RS 59~66: M 67~73: AR,

Fig. 4 MarKer verification of CCR14 with generally recognized resistant and susceptible varieties

M: DNA marker; 1 - 6: Fortunella; 7 - 15: C. ichangensis; 16: C.marcrosperma; 17: C. hongheensis; 18 - 25: C. junos;
26 - 40: C. reticulata; 41 - 58: C. sinensis; 59 - 66: C.grandis; 67 - 73: P. trifoliata.

2.5 ESIRBERES

X F AP MRAFIARIC W45 R G428, BPihiZR A “17 baon, BORRIHA “0” brow,
srFRRid L 110 bp FBEIH “17 Aron, WA HILA “0” Fran; FIH CORREL % AH
KRE, MKRECH 0.7927, R IARIC AT HEER AT 5 98 A G o

R BTS2 1 78 Bk Fy Ja AR, SO B i B S s 1K1 8 39 #K, TGRSl I 3 ks
SR SIS R 30 KK, VBRI R 6 Bk o 25 DU R TR S 10 3 FRREO R 28 Y Hy
PUEE A 6 RRALN FEA2RAY, WPEZ AN (1984) He KURVEIHE R AN 9.38%+3.5%, i
BRAL PR (Kosambi, 1944) 4 9.11 cM.

3 g

3.1 KRTFH#E RN AR 4 R e E L o4

T ARG N R AR B A, A R IS, AR WA A X 505
PURPER IR 22, (2 ARG N I PURIESZ 22 U5 DR 2R (R, s i RO AN A7 A I 38
AR P RS 8 B B R A R RS M BE, B B AR A IO UL B AR A R XU R A7 AE 5% Jla 4RI
(Graham et al., 2004), 2/3 J&m 2256 4 Ji& 31 e 75 5 % B0 1R KA 28, Jsdrt F ) B AT B0 1
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PUBYLRE ST, 1 R e A D0 PER R o Ry 1 HE R G A Al 4 T X vt 02 8 TR ok
ZE5r, O T 2R 8 7%, i H A 25 ekl CoR 3G BE 45, 2004) . &1 il (Hiroshi et al., 2008)
Z A (Gottwald et al., 1993) . J& JJWPf#eFr (Florencia et al., 2006) &5, XESHELZEEHT
5 RS B S R LR — S S5 R, (BAAPAE B EAR VA — S g mm o ) W i ),
FER I o R, 25 3 BT AR B B0 I 4 (Brunings & Gabriel, 2003) o A
BIF 5 P L il e 0 ()RR R el A B B, SR P8 v A P55 ) T 3R A T (R 25 b e, A BT 2004
R s e g7, ORI RE BSR4 R BTk, AR S5 R T M R G pitE, TRl
AT 2 > AR ic R LR A P DS 2 AR .

T Fhaid ARG mT LUEE & —FUiE Mk, FricA JonT CLUTafa oA T, 1 3RS 1F T itk
Y AR B AR, ol AR R, MR BT S A A R W A b, T
Iy FhRic 5 IR OGRS AT I DA 0 R (R M . ASBIFSE SR Bk 45 R AT AL, SRl R
P ITERAT 00 G, TR A R T 5 IR — B dn. I, St iR b4
PEREMERFTE 1 01 123 B A, v RARE R SR E PR s il (R MR, k45 2R 55 Matsumoto 1 Okudai(1990)
P — A BRI 22 AT o SRR E— 20 X AR, i 3 2 A R st A% o 2 24
SE TS5 AR TSGR RE R MR A BRI RIS, N2 A BT REARIR NG, AT R0 T8 AR B B LA S AR
KM —E .
3.2 SFIRESMHIRRREES T

ARG R FH AL P B VR AR SRS BT I AN BTSRRI 3 iy =, AT T A
R G AT . BT IR (19 7 B R A% PE B RAR DG AR W, 7R (B4R 1 55
T AR S IR DU AR LU R OGS, MR BAE] 9.11 oM, MK RECH 0.79. EAIAM
PUBRBLNA T, MR G468 22 SRR, 5 TR IS R @A, BEW B3z IR ARES i,
WALFEA DR A B AR, B3R bR C S B R U EAELE AR DG, (R 34 S 7 v 1 P 0 5 A
PEAFAE LB R R4k, BIAFAE 2 AN N, Shric B BN (0 A S B R B — 2 i Pk
HAT, FATTC5 22 ORI BOdAT T e BT 204, W10, FRid e 3 S AMUAEAE
SSR EE MM ZS, WA AN, A0 — P,
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AFWAR HA LU AN 22 AR SGEA 5 WL ROR TR RIAEY . BB SR, A AR AR
55800 7k REFAEMIAIRATRL, DL JE=FPSC TR, S T30 REBPHES . 3R BT 9830 A M R 5] .

AT MR PRy IABEIRY A AR B . RHIRIAL . RS RSN D DUREY) TRE S R s
PSR B R R SRR RN BT, R 2 SR PR M 2 TR A5 et 185 Jo (4
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