AL - 5 i . pr 1 e
RS EMEN TP E R (MERRR), 2012 4F, 25 10 &, 55 1526-1534 5
® 9@ Fenzi Zhiwu Yuzhong (Online), 2012, Vol.10, 1526-1534 /4
http://mpb.5th.sophiapublisher.com

MR E
Research Report

XBRRMRILEERERAEE RETMH

PRI, S, = S AR s
PEBIAM R A2 ] 227 158, T, 110866
WWIEH: zypiao@syau.educn B fEH
SYFREYIE R, 2012 4F, 55 1045, 55 725 doi: 10.5376/mpb.cn.2012.10.0072
BRI H W 2012 4E 12 A 17 H
B HI: 201246 12 H 19 H
REHM: 2012412 21 H
AR WERRAE (O FRIE R (2012 E55 10 526 6 11 722-730 10) 1o BUKHEHAUITE NIV MY, R Creative Commons Attribution
License PISURHREATIRAL, MR RSMALIE. N EEAR AR5, BBUTA N VIR R =T B4 546 5
G 0):
TRIESE, 2012, W4 0% M SEREAI IR VIR FRAEAE S5 R AR BRI e, 4> FAEY) & P (online) Vol.10 No.72 pp.1526-1534 (doi: 10.5376/mpb.cn.
2012.10.0072)
G EE0):
Zhang et al., 2012, Development of Near Isogenic Lines for Clubroot Resistance in Chinese Cabbage and Their Assessment, Fenzi Zhiwu Yuzhong (online)
(Molecular Plant Breeding) Vol.10 No.72 pp.1526-1534 (doi: 10.5376/mpb.cn.2012.10.0072)

B E AW EAHEME R CRb (FK1I3% ‘CR Shinki DH” RAMMASEA, KEKEAKLZR 91-12B° MiglIEA,
B RIAZF 4 AN BE AR BIE RS, IEFH 7 M5 CRb FERI PR I T 45 3L R &R . @I CRb JE FTAE K F3% A3
AR 5> FARICR I R BRI . R4l AN B A I g (R 7 B 3 AMIESSJE R R B1S1. B2S2
F1B3S1. RIAGHTRWIX 3 MEEILF RN ER G RIEATLEEZ S, MHERET 91-12B” MlcH 1. ik
BTSRRI RN H T A MLk, 0 ol 8 s 40 0 HriF 5 s o Hom L ER SR 48 T A0kl .

KB KA MWMHE; CRo &R /A FhiiciiBhigss; TSR RNR; RIEEAIER Y

Development of Near Isogenic Lines for Clubroot Resistance in Chinese Cabbage
and Their Assessment
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Abstract The clubroot resistance gene CRb from donor parent ‘CR Shinki DH line’ was introgressed into Chinese cabbage inbred
line “91-12B’ as recurrent parent by advanced backcross program and four-stage of marker-assisted selection. Totally, 7 near isogenic
lines (NILs) carrying the CRb gene were selected. Analysis of the 7 NILs with additional molecular markers distributed on A3 of
Chinese cabbage chromosome, where CRb was located, and clubroot resistant assay, we found that 3 NILs, including B1S1, B2S2
and B3S1, contained the minimum genetic composition of donor parent, and showed resistance to clubroot disease. Phenotypic
analysis of heading related traits indicated that there were no significant difference between these NILs and ‘91-12B” , but the comb-
ining ability was remained. These NILs might be useful for developing clubroot reistant cultivars in breeding program as well as for
being a material to study the mechanism of the CRb gene though transcriptome analysis.

Keywords Chinese cabbage; Clubroot disease; CRb gene; Marker-assisted selection; Near isogenic line; Recurrent parent genomet

K3 (Brassica rapa ssp. pekinensis)/t 254 g  Z55RIAC P VAR AERE ], DRt 14— Bz 3G 4y
EEEFR T RIG S — . EAR, MR AT B, AN PRI R R 25 5 JE VE ) (Voorrips,
i H ai R SRR SR i i ™ B TR 1995) 55 & PUAR I3 5t oA B v AR s 1) e ok A 2K
5 A b1 25 22 R P % (Plasmodiophora brassicae I — o ARG E Mo AT s s
Woron.)5 | FE 2B BAEY S E R . o BRI, 2B AR # 15 m .

RERR AR S0 L IR, 5 SRR K 43 S 73 40 Wi 2 1T 45 HE K 2 (near isogenic line, NIL) &1 i £ X

BH, BETERARZEES . v R, A EY KR, W] AZ FIERE T & IR sE 1 5o, HAREERIAS

PRI (Dixon, 2009). H MR AENS LLRIRSAL  [FIf—241 5 R (Young et al., 1988). NILAMY ] LLRY

FAE T AE R A, o BAH R R T ERSEE, mH Iz N TR 2 A AT
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FIBRIE D 23 B9 L Bk RDRS 4l 2 A0 F1 e B S5 00F 50 (R
AR, 2004; TKEREE, 2006). 4> T bR ic Gl Bk R
(markerassisted selection, MAS) & ILAR 7> T 44
ST o i SR R D W DR B e o A TRe Y i |
V) kB AT AT B30 MDNA 43 1 K P b 34T 3% $¢
(Tanksley et al., 1989), HLEEA SR B ¥ 50 H AT H
PR DI IR 0k, A S H AR R DR S i el 2 4L )
BIORR I ARG TR SO R, R0 2k e
PR F 7 76 A L R 1) 3 AR d AT 1 S0k,
M 3R 22 M4 (Frischa et al., 1999). 1% 7 7AH A
W%, ROR %R 15 (Melchinger, 1990). [KH:, MAS
FR O Z N TR AN R S (& A, 2007;
Tk 245, 2010; Kim et al., 2008) 25/ E )T 25 5L K & 1)
Fapgdt o K SR o3 55 Rl CROK AR i gy 2R BN
2. 4FISEILH WD (Piao et al., 2002). Piao%%
(2004)F HF,.3 53 B #EAAKF CROE PR 22 A7 T-2.9 eMIX
By, FCE00 0 FR i 43 5 TCROTAITCRO9.
CRb A K 1 5% 3% B ¥ A3 119 — %ii (Suwabe et al.,
2006). Piao%s (2007)@E—PUF5E T CRb1EBIFRIC
5 R ESGUR I PR ey BEAH G o AT K 5
SSRFR it 1 K & IT & Fl %€ £7. (Suwabe et al., 2006;
Choi et al., 2007; Kim et al., 2009; Li et al., 2010; Ge
et al., 2011; Ramchiary et al., 2011), {45 K2 1 5¢
EFEN AT RE

Fhsh 2 24:(2010) 1 F CRD 4 15 A 00 38 A 13 ik
SAMHACH AT SR BRI Sk $E, wH HPUREE
HRBPENILs o AH AR5 5 RO AT VR W MAS
BORIEH HINILsRE 7 N H] T2 ff— AR A2, Bk
TIXLENILs IR P LR B . AW FEAELE FNILs
28 7 o B N 71 7K o 1 e ks 8 6 = e
ATVFY . TS CROIE R Y S TS 5ok, EIRE
BOAAIIK AEMASHR R FR, & F o] T
B PSR S BURR NILs o

18R 5517
L1E A (B 2 & MEpR g 6%
CRb I 4 1) 2 4™ fll] # 4% i TCRO1 A TCRO9 7E:
‘CR Shinki DH’ Z 1 ‘91-12B’° [AJ474E £ &1,
RN IX bR d 0] T & BIAS AR AT Stk $
TE AT K SR 104 BB 1120 SSRs xR id
t, HSINRIMH Z &M, ZEMEEN49.2%. br
AR R ESEEBRE G oL F . AT 61~SSRs
Frid, A TA2004G44, A3 134, A4, A5,
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A6, A7. ABHIALIOMI &S5, AIMIA 6/ SSRshx
0o X8 BT 2 AR (K SSRSFRIC A 76 1 1 A4 BE 25 Ay
872.4 cM, “FIIAIRE }16.4 cMo 592 Attbrid
HIERES3AM S AT TR B SRR AL K 4 TR i,

WBCF AR T 2 N A 5. KD T
A3[16SSRH Tt — 22 73 B NILs ¥ e A4 15 5t

1. 2% HARCRbERF H AT sUE BRI A B R AL Sk &
1.2.1 BCF, [k

fES2HRBC FACEE M b, 0 35 31 49 324k (o=
2.327, y005=3.84) AT TCRO1FTR AT Y (IR, 278k
(=0.019 2, x0.05°=3.84) HATTCROOFUW H A KAk . 4
A TCROVFITCROOH L4 R, ik A A TCRO1
FITCROHLI 77 AL IR MR 250K (1 1) o AN IX 284
PR, IERELOBEBC FARMA SRR A ©91-12B”
[F122, #4FIBC,F 4L,

200 bp

101 bp

B

B #5yBCFANMARITCROL (A)FITCRO9 (B)fi 5 [R #4

VA:: M: DL1500 marker; R: ‘CR Shinki DH’ &; S: ‘91-12B’;
* AR BTk TR N5 CRb SRR BT T A

Figure 1 Genotypes of TCRO1 (A) and TCR09 (B) in part of
BC5F individuals.

Note: M: DL1500 marker; R: ‘CR Shinki DH’ line; S: ‘91-12B’;
Note: *: Recombinants; The markers linked to the CRb gene are
shown by arrows

1.2.2 BC,F, [Fi% £

N T IUFRHA R NGB OCR, 00 IR
F 108k BC,F /M K BC,F B4 P Bl AL 3% $:5~20
FRIEAT CRORT SIE (R 1) &5 FL 3R WIAE [R] 28 A4
e, BENLIE £ 7 BE R AE 97 126 2 B e 2 TCRO1 A
TCROYGU 7 BRI . 7E1T4RRBCF A,
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i e H H A TCROVPU iy L (R AR R SO kK, M H i
L HTCROHU 7 L [P A AR 43R (K 1)

1 AN BCF AN IEFE 5L TCROT A1 TCRO9
P L AR
Table 1 The number of selected plants with resistant banding
pattern of TCRO1 and TCRO09 from different backcross popula-
tion size of BC,F,

BC,F, G FR AR AL
No. of BC,F, plants

LU TR LR 1)
No. of plants with marker genotype

10 6 (T1, T2)
20 7 (T3, T4)
10 4 (T5)

15 7 (T6, T7)
15 7 (T8, T9)
20 8 (T10~T12)
7 2

5 0

5 0

7 2

1.2.3 BCsF, Mk #¢

FRIEFEAZCR R NSRRI CR, M 12
NG5 A T1~T12) BCoF, B~ —AREIACHH A& B AL
EEX 10 Bk, L 120 BRAE R BCF, ARIIHR AR T
BT EERE. MR FIH TCRO1 A TCRO9 %52 120 kk
BCF) MARIZER AL 2), 43wl HAa Bor il
(IR 68 B (*=1.875, y0.05-=3.84)F1 55 F(;’=0.675,
Yo.05-=3.84) o 4k Bt ] 13 FRAMALE TCRO1 FI TCR-
09 ZIA) KA T H4. HeH TCRO1 A1 TCRO9 Hijpiati i
(] 55 ANMEAERY FHT-91-12B° ISR 21 15 Sk %
O1-12B° L R A1 1S Seie Bl T2k . 1 cit
274 SSRARIC % 58 NIE ) SSERBCSF A AL IR R (=
2). HEEE, 10MIERLL S &5 91-12B— 2, 12
KRB AL, 2B, SHAA3AS, ZRG AL
AR TANIAT 268k . VAVKIX26FK A A7 15 22 (RN,
Ty 26N SSRERIE AT 29 ANMAREA 715 HLik £ ik
SR A R B B 0] S A <91-12B PR 41 I 26K (4 5 A
BIAIB2)/MA, f48K( G5 A C1~C4)fFE1 1> SSR A%
H AL (RPG=98.1%), 4¥E(% "5 A DI~DAEE2N %
L FU(RPG=96.3%), THEIIRPG T 8 4194.3%, 1X29
MRAERE I RPG 5 &84 IF5K94.6%. C1. C2RIC4
TrH MR FI A A A7 s enu_m327,  H CRbJE K BT 7E Y
AR,
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BIFIB2. CIAD4JETTI0/RIAZ )51, C2. D1
FID3YE T T4 RIAZ 548, C3. CARID2YEFTI2M)
FIZZJEfR(F ). T4 T10FIT124351 /& M20FEBC | F,
TR I AMAGR D), BEWTIE 49 KBCF, it
Bl. B2LLKCI~C4H1T HAL, 14EIBCFAAR.

PEASRA i RPERA B

Donor parent resistant Recurrent parent resistant

- X

t |
- O] -—| ™
=

528k(25)
52 plants (25)
Wi
Foreground selection
1145k(43)
B 114 plants (43)
e
& —
Foreground selection !
- 1208£(55)
30l 59
HSE S T RLESE
Foreground, background |—=
selection 1
1304k
e 130 plants
GBSO 7 9rE
Foreground, background |—=
selection 1

[BISI, BI1S2, B1S3, B2S1, B252, C1S1, C2S1 ]

[ 91-12BIL A K R J

91-12B near isogenic line

(CPAPNE PSR S bl e S EN b e A g

T $5T B AR ARG I SRR 5 2 H AR £
Figure 2 Schematic diagram of construction clubroot resistant
near isogenic lines of Chinese cabbage

Note: The numeral in the bracket stand for the number of
selected plants through the foreground selection

1.2.4 BCF, ik £

MB1HIB2M A A A il #6258k, C1~C4
()& FE200k, FL 13081 ABCFAR I Sl A4 ik
ATHT S £ 2). TCROIHIFT Sk 45 5, MBI
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() A AR RIS TCRO A 551 41 A FI 3 RE N A (G
B1S1,B1S2HIB1S3), HI2ANILs; MB2( HAZ G4
W, 3RTH2/MNILs (%5 HB2S1MIB2S2); M C1~C4
(1) AL JE AR R IR H 1S PR Al ANk

EINEN
H 2L

%% 2 BC3F, AR 55 BRAMAI 5 A0

AL SSRAL IS Y 91-12B° — B 2%
FEHFR, XCI~C41) B A JFAR I SHRAMARE AT 36 R 41
B 5Mr. Mg B HAA2AMEKE T ‘91-12B7

ﬁ/‘?{
LR (K1), BI2ANNILs (445 HC2S1RIC3S1).

EFELL K BCF, AUAR BRI E 3

Table 2 Background selection of the foreground-selected 55 BC;F; and their BC3F, plants

BC3F ARAMA R 25— Stk % BCF AUMAREE I Sik e #6010 BCsFy BCsF, (71 Stk £ LI Hh I 45
First background selection of BC5F,; Second background selection of /MA K &
individuals BC;F, individuals Selected BC; F; Selection of BC5F, and selected NILs
LER7S¢ RMPEAZERA Mk MR AR individual ER72 4 T R R 25 R D R
Number (%) Number T E(%) Number Selected NILs
of plants RPG content (%) of plants RPG content (%) of plants
10 100 2 100 Bl 25 B1S1, B1S2,B1S3
12 96.3 4 98.1 B2 25 B2S1, B2S2
2 92.6 4 96.3 Cl 20
5 85.2 7 943 C2 20 C2S1
26° <74.1 12° <924 C3 20 C3S1

1 94.6 c4 20

Average

TR ar VIKAIFEAREL RPG: A8 RIS AL 2

Note: a: The number of the discarded plants; RPG: Recurrent parent genome

1.3EFHE R RN
N T 0 3 H ORI 1R B LI A B R AR 0 e
R TANILs AU PE . 20 TR, EER 2

RBAT T %5 .
1.3.15 1 vEr
BT H TR ST SUE R T A3 YL EARTI9

ARACBAAE, 5 3 CROIE K BT e A3 B (0 A4 1y 64
SSRAFICHEAT T 1B AL 52 /0 i (K13) . IXLEhRicE o
TA3GLOARIN135.4 M. ST R W T NIL/ECRbJE
IR BT X 3345 A “CR Shinki DH’ & [1£76.9~
7.4 cMKJE, 1E4h, BIS2FIBIS3i4% 4 “CR Shinki
DH’ F[fjsau nm235. Pk, SR HFRIEER Xk
/D IB1ST. B2S2FNC3STHEAT T P00 AR 2%
SEBRAH AR I 22 o
13290 M5 E

TEM N BRI FE D6 J I, R 05 2 9 15 O
BER258E 91-12A7 FiI ‘91-12B° I 340
J95, ‘CR Shinki DH’ Z258KIEI AH . BISI.
B,S,MIC;S M i “91-12A7 Be IR Ze A8 40 & b4

BRPUR, RRAG B %485 RAUE WX LENILs P 4
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AN HIPUR I FE K CROIAE 2] T 44 . KMk, 5CRb
(R0 3 ARIC TCROTMITCRO9AEMS 71 Fif 51k £ ok 4%
R H = R EH
133 R EMREE

LL ‘91-12B° F1 ‘91-12BX91-12A" KX, Xt
FEAZMRATESE, FREKH: BISI. B2S2H!
3S191-12B’, A& A& 91-12BX91-2A7
Z IR FEREERAR MR 25 AN 3 (R 3) . BT
MAS 5 {EIE B INILsAMUK R T 5 RIS A91-12B
MFER MR, W HEATHE SRS 91-1-
2BX91-12A° IR w5 75 5+
2118

St g Mok G bumm R, Bt
JEB bR IC B AN AT DU G 158 16 B B AR
ArREME, ] DAFEREA AR KR BT AT i BT 3
Peo ATTCUER N TR MANAAES, an/Kk o el
pH. WLEEE, S 52 AR s e P 1 %8 22 (Hamilton
and Crete, 1978). ANRIGAEBA LR TS T, FIH
CRO¥ AN bR 10 7E 17 IR #5 AR EAT T 1 5o ik
Peo G5 LA Tk T AONTL s 2 2 B0 0 0 A b g A 3
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A3 BIS1 BIS2 BIS3 B2S1 B2S2 (C2S1 (C3Sl
19.30 ——— nia m077 ~ ------- [-}---- [-]----- [-]----- [-]----f-]---- --}---- [-]----
37.5 sau_um030"  ------- --f---- ------ F-4----- F-4----1-4----1 --f---- t-4----
52.5 cnuml73  ------- —efpee-- “fee--- f-od----- s EEEES EF CSEPEE o S -q----
59.5 sau_um041°  ------- -ef---- - F-A----- e Bk e e L-q----
73.5 enu_ml0l  ------- S oo e R oh -ofpee--
79.9 cnu_m327  ------- - -l Feed----- Tk bt BE EEEEE --f---- F-q----
95.7 sau_um235" ------- e bl ADE]  LLIIL it kbt B LEREL ~=f---- f-1-~--
107.2\_/ sau_uml46”  ------- S N R - - g e
110.4\ /cnu_m3]6 ------- ----S----- - -- ---- - --------
111.8\_/ TCRO1  ==----- - - ----
112.9 cnu_m413"  ------- ----S----- - -- ---- - ---- ----g----
114.1 TCRO9  ------- S-S SREit e EEEEE --------
114.6 sau_um343"  ------- St B SRR o EEREE Sibt B EEEEE el oo EEEE
1313~ _|—cnu m241  ------- BRihd Bk EEEER EE EEREE SRl b CEEED SRl B Rl
135.40 cnu mdl6  ------- SR R AN S PN R—

g

W oA Gt ik

Donor parent chromosomes

L] #eMBiA g ik

Recurrent paent chromosomes

F3 7ANE AR DR AR TR I SRAS G A (R TR 3 A% 2 1k

e EE ISR N ARG, TR S AT ISSRERG, BLHE (cM): M = E A3 (Ramchiary et al., 2011)
Figure 3 Genetic composition of 7 near isogenic lines on chromosome A3 of Chinese cabbage

Note: *: SSR markers used for genetic background analysis after near isogenic lines were selected; Genetic distances (cM): based on
the A3 linkage group of Brassica rapa (Ramchiary et al., 2011)

%3 AP R SRR L

Table 3 Comparison of the heading related traits among the near isogenic linest

LN SRR AN P WERFTE Rk HER LA E N E N
(kg) (kg) (cm) (cm) (cm) (cm)

Population Total weight No. of outer No. of inner Heading we- Heating heig- Heading diam- Stem height Stem diamet-
tested of plant (kg) leaves leaves ight (kg) ht (cm) eter (cm) (cm) er (cm)
91-12B 3.4740.28A 16+0.72A  44+0.92A  1.59+0.07A 27.19+0.39A 18.16+0.30A 5.73+0.11A 3.47+0.08A
BIS1 3.50+£0.67A  15+1.12A  45+0.98A  1.60+0.15A 24.11+£1.27A 18.70£0.56A 6.38+0.17A 3.50+0.19A
B2S2 3.43£0.32A  14+1.17A  42+1.01A  1.1740.10A 23.35+1.22A 16.91+0.62A 5.70+0.24A 3.43+£0.08A
C3S1 3.68£0.42A 16+0.76A  43+1.02A  1.65£0.16A 27.00£0.76A 19.68+0.69A 6.42+0.36A 3.68+0.12A
91-12Ax91-12B 4.05£0.36A  15+0.45A  44+0.92A 2.88+0.28A 36.28+0.94A 19.10+0.62A 4.62+0.17A 4.44+0.18A
91-12AxB1S1 4.21+0.28A  14+0.51A 45+1.23A  3.01£0.22A 35.20+0.54A 19.67+0.63A 4.64+0.14A 4.98+0.17A
91-12AxB2S1  3.59+£0.32A  14+0.59A 46+1.28A 2.44+0.24A 34.21+0.81A 19.56+0.65A 4.43+021A 4.69+0.16A
91-12AxC3S1 3.78+0.84A 14+0.60A  46+0.37A  2.64+0.17A 33.15+0.85A 17.40+0.45A 4.33£0.15A 4.65+0.18A
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ANFRATR BT RIS, JE A I R S B ORAE
T VEAT2A AL

NILsAHE R AR BISEA A0 R AR, H 72
TREAREEEAR N T Z 005k Rk, EEefe bl
SRAFER ZH (recurrent parent genome, RPG) 7 2 1 [
AMARJEPEEINILIE & T R UE . R 8 &[]
A AR B A B DA T 15 55 23 M TR b i 2
EHRPGIIEFHEAEH VISR . Frischa®:(1999)
I MAS LR T 5 & BN SR DA N R 3 R0k £ 0705
RIFERE AN AR AT A B B I B A s (D)IEHE S
A H bR MR R SOERR)s Q)IEREMF brid {7
RAE M (3)EHE H bR PR P e s (44 1 o Ath
P SR PEEAR— SN A & R RIER): (4)IEF
LA e (AR (P bR T A 52 B dpe K 2l 1AM (Y 53¢
LR FAN IR, BB E R FE Ll B
Fi4), SRANBIERERE). Q)F(4). BITLs
A, 140 AR A 1 it DA S M ik ¢
IREL,  nl kb 11 sk B bsic £, i Hax
[AI2Z BT AT fRPG & 55 £197.8%

MU I A 5 i P12 HARBCF ) AT (144
BrBog£E, B ATk B S R R 4 1 534 SSRAR
i, 72K NSSERBCF AN b 3R A4S T 28k 56 42 1k
O91-12B FE AL I AMA, I ABCF i 8 HiS A
NILs. 255 %HRMEHEASEA CR Shinki’ 5% A6
A91-12B° [A] I bR ic 22 A 1 LU ] 15175 49.2%, it
MAS R 0] fEBCsF, % & H A7 & H b 1R 30 55 55
%o AW 45 B Y Tanksley 25 (1989) F1 Hospital 25
(1992)[1 453835 Tanksley”%(1989)I\ Al il MAS
ATAERIAZ 3R A 72 0 K RPG )M« Hospital 2
(1992) 1A 2 Wk F s A [ AT AR (1 18 sk %, 1B H
i — AR AT B ARG S AR S )
[IAZ G M, FEANFK S h) i 5 A S
PR 22 /b 75 LS YR B 6 Uk A [RIAS A REIE & i T e 11
NIL (FERI%%, 2005). Frischa?5(1999)iA ky REAMH:
A2 DT 1 15~200% A R AR A5 45 717 H A5 55 R 1Bk
A& TIAHETEEE RRW], (EBCF AU A ik 457
PREIAT 97 3% HH 2 AN TR A o (HGE I 1 S R 20
PRIPIAZ FEAAH SRTFRPG 75 2 1 [FINILsHLHR B Ry o 1X
Al fit 5 K K(Frischa et al., 1999)F1°K 355 K20 K
N R

FMeh 2 45 (2010) WBCLF AR R F 44N B B 1)
ERE T 1ET T CROZEF M BT . 45 KW,
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BCF #EARIRPG -3 & AN N 77.5%, AR T RIAL
2R I EEE(87.5%); EENRPG T # 091.7% 1) 14k
[HI%E 5, BCFIIIRPG Y& #893.3%, (HARRAG
SERIRAE IAMA; H 4 MBC3F33843 T 9N I
[FINILs. AHFFTIRIFER A T 440 Be ik 8 0514,
EXBCF HHT T 5UER . KIMRPG & &N
94.6%, fm T HACH A (93.8%), FHIRTE T4
K ERPGIIANMA . Rk, 7EARIAS AR HEA T AT 5%
EPERIEEAE b, IS Y KBCF NI S, 1EFE
I 1A 22 AR HE AT RPG ) 15 5 23 # EL 4E BCLF,
AT ST AEE T AL BN, EEde s
MASHIZE

T TANNILs st A5 15 50 A 0, X EENIL
13 B3 45 A A AL 1) CRO 3 IR T 8 A3 42 (0 44 1)
SSRAV Ao IX P Il G 02 o 3% 8 58 50 51 & 1 .
Tanksley flINelson (1996)1A 3% i S8 55 I % v] Ji ik
I FH B Ay 5585 S B bR AT R K B A ) K
FFLASE M. T X 3N NTLs 25 BRAH & MR AN E & )
WE KDL, Frik & NILAMUAE K AR B ER ST
R ESRPEEAT RE 2SS, mHAHIW A5
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