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FRE

FRA 8 *

TR E R, R E ZRE KR T 5 A BORTE ST, /1 310058)

WE G AAE LSRR T R AR EE B (R AL ) S s e P

JE) AR AT A A AL 6 20 4R

BE IO ETE R AT T IR AT, AIRGRRIL: MY E . ot

ERE—HHZERHSAEELNLL, L2, L3Z B2 mBER L H MR, [BAERBARET T4
BT ERR; LIARL2 BRI AL T4 L F; RERBL3EERE T mm; 2 TAFLOT R
TIACR TL2E, BAMARZRELIT VELIEREQ LS. BXARRAMEL L BT

0 i B ALRIRAET 7 ik

REEIR APV AR G TR bRD; M R

FE) 25 315 73 A2 4 23 (shoot apical meristem, SAM)
S A M JE RS R ER T
TERE - FEP) A3 J 3 58 i R v, SEHh B340 B HY
LI 22 B 4 B AR JE SAMAN WG B 1 7~ )12 K
I3 R H ) I SAMAS EAT B S 1) = )2 3 )= 45 1,
MAM AR CHLL, L2, L3)2. Hor, LIRIL2 240
i = EEREAT ] 2 2R, PR O IR A L3)E AL R
0 B D) R ] DR AT 3 J] 43 R W] DAEAT P J 4 2,
B R A

TESAMMH, A il R (A7 B SR E s A5
YN R AR, M A ORI KR L E R A
A A i ZR AR A A ik 5 4 (chimera), BISAMHH
PR B DL B AN [R] J A% 1 S A M B, I X
SO 3L R R B R S8 A R Mk S AR —
fe oy TR G AR 1 R R G AR R A ik R = Tl
HAL Horp, P RS RS SR A AR E B SR, EATTIY
SAM AN [] J2 1) 40 JH 3% 3R — F o KB T E I 21
R E . 20074, Zonneveld™ F] I £ M1 J& ik &
R GEHIBER T 5 AR () ZH 288 B 1 48 i )2
Uaio AHE, H A T30 i FE ) 1) 4 2338 B 1 40 i
JARBIEHE T AN R G50, P HAE A kLR 2
ST HA B F A i A R A bRl ik S R AR, R
ZAEFERRAE ) I AT A8 AR e A AE B R bR
id, X0 T RGe s A 234 B 140 i 2 i I v —
SE IR JR BT TRt T RS PR K A R R U, W) H g
b 2H S GURE A AT B AN LA, $ A 20 BR A Ok B

Mo BEAh, W% AT H O VIR EA Y 74
AAAE— € IR, 7T e AR 11 I R B R
DIk, BATE R R 8 A7 A H 2 T IS i
ABRCHIF FHR G A, FT PR R SAMAN i £ 5 3
AT ERS B fiyia 2 18] (1 5¢ R BAT 2 ™,

ASHIEFE A PRl () I B AT 3R AR AN 23
WA AR B P A S AR, T I 2R
o Wil XS AL I &5 5 L) T 285 2 b AR R T
8¢, PRVT T MESOATE H R 5 R LR 3% T I A
JJZ AU, O PR X1 A [ A AR A g
A P T VRS SR DR

1 MRERE
1.1 KPR e ES

ASIZES: Ft FI IR A4 Rk M5 (Brassica juncea
Coss. var. tumida Tsen et Lee). 28 H i (B.oleracea L.
var.capitata L.) 2 P R 2548 25 I 3RS B
S5 5T W T A S A TCCRITTC(L1-L2-L3, T=
PESE, C=T)!M PR ik & 44 L 2K BOA SN AR A
12MS+0.1 mg/L 6-BART IR AL FIHATY 5, FlCFF
T N2MSH FRE FAEK, UK 24, 5
A N1/2MS+0.1 mg/L NAAR; FE3E AR,

Wk FE: 2011-03-02 4232 1 11: 2011-04-19

[ 5 B 2R Bl JE 42 (N0.30971993) F1 3 11 45 K Bl 7 % 15 (No.
2008C12004-2) % B 10 H
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Fi R4 A 2542 °CL 12 L, 84 pmol/m™s i .
F20094F10 H K A= M 1) ik & O B NILE, Fh
H10 dJF @M T H IR IR R IR 4G 5. LISRAM
BIESE(TTT)FIE H W (CCOME R )

1.2 7%

12.1 HHFHARLE  SFHBEERKR R &
ORI B FZEITE A PSR S H R
HEAT SR L 04T

1.2.2 DNA#) 42 BB JE 4 B 45 X R (PCR) 1
K FH SDSTEFEHCT ik & 7 e PR AR B3 B AL
ZUWDNA, G gk, ik, 225 AEiEE
FEA ). Bk, R JEWE. 6L e, &
2., fedy. ek VS b, e rliE S
W AZizZE I T . ARSEES THPCR AP AT Tl S i) A
A atpA—ATPase alpha subunit gene (GenBank acce-
ssion No. AY211266), BT 544: 5°-GCT GCT TAC
AGG AGT TAG CC-3"F15>-GTC CAA TCG CTA CAT
AGA CA-3’, 7EME 3 F# H i 1% RDNAT, atpd
IPCRY 14 =Wy it Jy BEA BEAN AL, 4303041 050 bp Al
1500 bp!™, PRIk, apAn] LUHRAE Jyttk 5 PR AN R 3%
AN Fhsid. PCRYHGEAFA: 94 °C A2 min,
94 °C ZZ 1 min, 50 °C iE k1 min, 72 °C %E#2 min,
30AMIEFF 572 °C ZEf110 min. PCR4T-1.0% [
PR A gk A T F AR -

123 ®@EEH L N 82 S0 T35 S gk
1T, HWSRAREAT AL (WK S AR AE 8 73 il B H TCC
MTTC B —ZfeOF e AT PR ELR) . Frfh 1
Joi, BEAT A SR M AL . AR A A ES
3k, Al HISPSSHE i 73 A1 #AF:£,(SPSS Inc, Chicago,
USA)XH 48 AT 7 57 43 ST (ANOVA) LI 25 M 7% 57
73 HT(LSD).

A B B BHIE; C iRGATCC; D: iRGATTC,
A: tuber mustard; B: red cabbage; C: chimera TCC; D: chimera TTC.

2 #R
2.1 SREKRBEYDRSEFERE

SRR 7 BB, W Ragfa; i H %
S B, R oA R €, XS] IR TE SRR IR A
PO B R R bRl TR R 2 8 R I
PR % A A o AR L A LA AR 22 s FLAS 2 1)
RV F R AE (D). TCCRITTCHZH 2 88 5 1 B A4
TEA 15— A R, B0 eI A SR
KA R B 58 SR AL 24 407 K
Ry JEL R i 2 MR TR SR AR 2 1], G
FRePE, AR, IR R SR ISR (R D).
2.2 BREMNELFEERMRERIRES T

T B BRI A RS AM T Bl O AS 1 2 41 Mo AE
FAALEH/R TR E B, BORA STl
BT T AR . EPCR“HHIKE 1, 1 050 bplt)
Zom AR MESIE &, 1 500 bpfRFR & 5 H i i
F. W0 A TCCRITTCH A R 41 27 2% BT DNA
() FEL K 2% 7 BEAT LU IR 20 BT Ja P LA He e K 2 B 21

F1 BRAEKRSHFABMSFRHELR
Table 1 Comparison of morphological characteristics
between chimeras and their parents

AL M3 TCC TTC S
Characteristics ~ Tuber mustard TCC TTC Red cabbage
Stem color Light green Prunosus  Light green Purple
Stem pattern Tubercular Breviate  Breviate  Breviate
Leaf vein White Prunosus  Pink Purple
Leaf surface Spiny hair Spiny hair ~ Spiny hair Wax
Leaf shape Lanceolate Ovate Ovate Ovate
Leaf margin Split Undulate  Undulate  Entire
Leaf margin color Light green Dark green Light green Purple
Mid. leaf Light green Dark green Green Purple
Leaf thickness Thin Thick Thick Thick

Bl AMMEZERRGRSHERERAR

Fig.1 Two types of Brassica periclinal chimeras and their parents
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AN AR R I3 88 T A SRAS T R (0 2%y, =
oA o J2 TR PR (B2 B 3); B 3 2R 25l 1 58 FE A7 AE
Zegt, W = AR EANFRA LS. &5 T sk
HEAA

Ik & A TCCRITTCRIAE MR 1t 75 H
W AR AR, AR WIEANTIASE IO SR 0 AR 40
RE TR, IR AN E AR L3S Y. TCCHY
ek 2 H SR, TTCHIN A MRS &R, 7873 Ui ]
TR R LR K F MR, FEHR G ATCCH, 3
- DNA K58 7 ) 7] I BAT AR AR IR 2y, i

W] I i IR AT SR AR A A A 5 T T AR
Js MAEIR G ARTTCH, JLH-ZDNAY 88 ) A7
— ARSI R I A, BB I 2 A HESGE R
(Ao AR LA B BATTRT LUHERT e 2t L1
AML2IE RSP o
23 BARKFERFEIRMESHELE S
AR H IR AR T o as, AR
ARSI, AL, Dy TR PR R E AR ey
(V04 M 2 A Y, FRATT iR 15 A S LR AR BEAT T #k
S, PR AL AR IR E5 SR MR BT 7R o R 1A

M: DNA marker; 1: % Fr; 20 S H WM A5 3-17: TCCIMAN R ZH AR AR 170 3: F s 40 A 50 hfiik; 6: H2%; 7: 255 8: 20 9: Z22K; 10: ANl

11: fehl; 12: F62; 13: f6il; 14: f622; 15: 16245 16: 4vky; 17: ekt

M: DNA marker; 1: tuber mustard leaf (control); 2: red cabbage leaf (control); 3-17: different tissues or organs of TCC: 3: leaf; 4: petiole; 5: leaf vein; 6:

leaf margin; 7: stem; 8: bolting leaf; 9: bolting stem; 10: adventitious root; 11: pedicel; 12: sepal; 13: petal; 14: filament; 15: anther; 16: pollens; 17: style.
E2 #ARTCCHYALR K HRE HapAHIPCRI 1T
Fig.2 PCR analysis of atpA gene in tissues and organs of TCC chimera

M: DNA marker; 1: #E5EMF; 20 5 H S F; 3-17: TTCHIAS AL BN AR T 3: iF s 40 R 52 ibJiik; 6: 2% 7: 25; 80 B2 9: 322K, 10: ANEM,

11: FE0A; 12: 6735, 13: TE0; 14: 1842 15: 7625 16: feky; 17: 1ok,

M: DNA marker; 1: tuber mustard leaf (control); 2: red cabbage leaf (control); 3-17: different tissues or organs of TTC: 3: leaf; 4: petiole; 5: leaf vein; 6: leaf

margin; 7: stem; 8: bolting leaf; 9: bolting stem; 10: adventitious root; 11: pedicel; 12: sepal; 13: petal; 14: filament; 15: anther; 16: pollens; 17: style.
E3 #EARTTCHIALA N 5 E BapARIPCRA 1
Fig.3 PCR analysis of atpA gene in tissues and organs of TTC chimera

R2 FEIRMASHETFKESHR

Table 2 Seed-setting rate analysis of different pollination combination

TGS X & BAETE ) SRR SRAFRN T HLChL) DY SHCEED)
Pollinated combination No. of pollenated No. of silique No. of seed obtained Seed-setting rate

£ X flowers obtained (grain) (grain/silique)

TTT x TTT 50 46 527 11.49+0.47*

CCC x ccC 58 50 554 11.10+0.37°

CCC x TCC 54 46 188 4.18+0.73"

TTT x TCC 59 58 3 0.05+0.00°

CCC xTTC 65 64 0 0.00+0.00°

TTT x TTC 63 62 246 3.96+0.24°

FEA ST =K, AR RAUR S 2 A 25+ . P=0.05,

Three replicates were tested for each sample, and letters indicate significance groups, using LSD and P=0.05.
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TCCHIAEMI X B H WA L, 855923935 Hy4.18
FL/ 1 SR AN0.05KE/ £ 2R, T TTC S SR A E S I A ) 45 5%
HN396KIHR, HRAR H N AL 5

3 itig

NI i €8 35 52 AR ik B M T8 o T 245 2 I 4%
S ) R R W 7B K2 AT R, 2K
M, B R L, L2, L3I = AN i 2 SE R &
B EHEGOY, LURE S R B 7 L2
KBRS LR FIHZ, i A s 4148,
MERERC 12U L3N & A ) N A 21,
EHL . M RN A AN,

HE, fE—SeRp Bk R AL, B RE
HATEAMAMZNZSE . AUFEN, M
M4 HLUZ R, (Hh gyt &5
2 kg FERATI IR, G ATCCH
TTCH) M ZxDNAFPCREE; 3K W, 2552 J& M4 (1) i
SGoe MLINL2JZ LM S 5k ik i) AR
PEMEE o kG R TCCRIM 2 A iR Gk, i TTCI
I SRR AR gk (0, X 5 PCRATIY
g3,

FEACIRAIAE 25 IR Y5 L, Dermen52U5t i Ff
AN [ 200 27 T 25 1 A0 0 135 2 ) R PRI B A ik 15 AR 1A T
THESY, T YA E H R0 B AZ N B R A HT
IWAHLIAZ 5T . 20034E, Plaschil &)
DU AR % 75 AR 40 0 1R, T I AR 8 A B S A
H eI U B R IR T 2R A LU e o )2
S, BILIRIL2. {H2, FEBRATTIBE T RN, L3)2
W25 T MRIE 2 R s (E3). L, 23 Fhsid
EESORIE/ I RAYSE =AU S N iy L IS
fiff, BRI iy HAG T S R 1

DLAE FIAIE 50N A R4 A K — M R I T L2
JEBPL AR AT D HUE S FLIBL3 R & 2 56k 1
JE 1024250, A Sz o (I PCRAM M 2 B P AB I 45 14
(IAERT AR A L2005 JR 40 M R & M. ARIMEAS G
IR, TCCHIARH BEATME S A SZ R 45 55 IR 15 24
B MR ARIRE . X T X P B (iR, A5 0T
FOINA: MBI 2R o AR A S e Ak fe o AR AL
S, 2RI G M 27 X 2 AR B RSORA, BE—4i 2 X
BT RSB o — A0 2 I A0 AR N, R ZE AR 11 4y
JZEERTEALE . 12 NG fivis S 3T A B A
STk, TSI i R C 0. 1 H, AT

S NAZ — M2 A0 2 40 i ) N 2 B AR P 7R
BATHIWE T, 8 A 1 2% A8 S 5 R Ik & AR TCC
HAPAELLRE R IAEH, MAETTCH HIB A K TL3
RN, X5 AR — 2 Rtk FRATIE,
TCCHLLZ il F KU (146 B A& H /> 2L 12 il g 7
ARG HL P RANBILZE SR &
T HDNAKPEPCRA A I H 1 S P, FRATTIA A iX
IR AT BE A T B AETCCHe R P BT o5 1 BR Ak Z
1.43%) F 301 SR, X TR0 4 B iR AP IE /5
B — D I HAE, K2 BT 90 N A A 4 e
[F)3% 22 Rl AH I, 2 A mT AR B P,

KT R A AR P I, AR 22 W 50 3 il
AR AR R AT RIS AbAT TR B K25
TP A E MR HL3JZ R B kP, KTy 2560
X — ik A AR R R EAT T A R P e 5
G, AT T Af A SR AT, T M T AN e
L3I . FHLLZ N, ARSI AR R AL MBI
RS Ay AT R D o

StewartZEPA SHLL, L2, L3ELCFEDH 1355
PIATFIAZ., a8 F stk E A A . FRATAE AR
RIN, LEHR A RS AN R sl 7 ok B AN S A
AR INIDNAZA SEEARA A BbAk, 7Rk G ATCC
bk, 25, 2R BN, e S4180h, B H R
i RMDNASZ W BRI B G L, XY
Ingram®*[F 0L s & — B0, Al L 1% 5 40 fa 7 i
FOR I E  aA cnmt Fy AEIRE) R sk R L
TEFRIRAS A =25 WK AERISE) ), 102
FHAN R 40 2430 RAE AR AL 2R 25 B 10 s AR R P )
A0 M DTk AN ) S 2

gr BTk, BA e 30 R b d ik A Ao Tk
FOEIR G R EEMME. Fik, N TER R
BRSO HR JBE). A Ly 74
W (IREE . 9OARIC A5 R bR AP LR
B BUR A, T LU AR & SR R s
AR R, i AL R A0 /K EAR R A ISAMAP R
[Fi) 4 )22 (1) 40 i i B B AR e AR k.
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Studies on the Origins of Plant Tissues and Organs by Brassica Chimeras

Wang Yan, Li Junxing, Chen Liping*
(Department of Horticulture, Zhejiang University, Key Laboratory of Horticultural Plants Growth, Development and Biotechnology,
Agricultural Ministry of China, Hangzhou 310058, China)

Abstract Two Brassica interspecific periclinal chimeras between tuber mustard and red cabbage which
had both phenotypical and molecular markers were applied to systematically study the cell-layer origins of plant
tissue and organs. The results showed that L1, L2 and L3 of SAM engaged in the formation and development of
almost plant organs together, but their contributions varied in different organs. Both L1 and L2 participated the for-
mation of leaf margin, while the adventitious root was derived from L3 only. PCR analysis suggested L2 gave rise
to plant pollens, but sexual pollination trials also displayed the existence of L1-derived pollens. In conclusion, the
well-marked periclinal chimeras are excellent materials for study the ontogenesis of plant tissues and organs.

Key words tissue and organ; origin; periclinal chimera; lineage marker; tuber mustard; red cabbage
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