%38 % A4 B R RBR K FZR A AR RO Vol. 38 No. 4
2010 44 H Journal of Northwest A&F University(Nat. Sci. Ed.) Apr. 2010

M R & Ogu-NWSUAF CMS 1 3E B 4 ¥ 2 45 (F
WEELHMERLCRER, EHEA

(PHALAIRBIH K2 a R 2B s b Al A2 e BRI A 712100)

[ E1  [H MY 50740805 PE A F il 3¢ Ogu- NWSUAF CMS 5 Ogu CMS il 38N & & 1 57 [6] , - i 358 H AR
Z &R %Y BT i 8 B3 Ogu-NWSUAF CMS Fil Ogu CMS il SEAE BB & 119 22 575 L Ogu-NW-
SUAF CMS Sy &L, LLUE P AF 130 33l 3 5 Fl (D R A0l i Ogu-NWSUAF CMS 5 Ogu CMS il 327 & R 1Y
ST 5 2R F A W U0 i DA LK SF- b B 5 A A 2 TR B T A R AE s AR 7 SRR S PCR 36 P 8 76 4y FKF B
25 . [45R] Ogu-NWSUAF CMS iS4 1E % IR K T B 4F SR WE BIIR . R AR 45 e vk o, H g 5 PR T
Ogu CMS jl13% ; Ogu-NWSUAF CMS 1 Ogu CMS Sl SE W15 % R R AL %2 T 2 4 Ogu-NWSUAF CMS i 321
WE F s Ogu-NWSUAF CMS WS Z K F A E e B 19 52 B, R 01k it 4 N IE R 4 /N7 W E T 0% 15 78
Ogu-NWSUAF CMS 3 3¢ RE [R5 9 54 11 Ogu 2 42 fl Nap 2 40 B4R 5 Be . (4518 Ogu-NWSUAF CMS 31 3% 52 Ik

T Ogu CMS 3 1 B fb e s 4 MEEE T IR, RAREE e M s 47, 5 Ogu CMS ¥l 3¢ (9 MR 08 56 RO [R] L — 35 7 40 g
Aoy FRV LB FEEER,

[RER] 3 ;0gu-NWSUAF CMS; Ogu CMS; PRI FR 5 4l i 7 5 43 TR AE

[hESES] S565.401 [XmktriZEB] A [xEHS] 1671-9387(2010)04-0071-08

Characteristics of an improved Ogu-NWSUAF
CMS in Brassica Napus L.
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(a College of Agronomy b College of Life Sciences Northwest A&F University ,Yangling , Shaanzi,712100,China)

Abstract: [Objective] This study was carried out to reveal the differences between the Ogu-NWSUAF
CMS line and the Ogu CMS line in Brassica napus L. ,and to screen out the restorers for Ogu-NWSUAF
CMS. [Method) We compared morphological differences between the Ogu-NWSUAF CMS line and the
Ogu CMS line in seedling, flowering and maturity stage. Restoring and maintaining relationship of the Ogu-
NWSUAF CMS line and the Ogu CMS line was tested by 130 rapeseed accessions. Anther abortion of both
lines was observed by paraffin section method. Molecular characteristics of both lines was revealed by site-
specific PCR method. [Result] The Ogu-NWSUAF CMS line restored etiolation of the Ogu CMS line, had
normal nectary,and its stamen still aborted thoroughly. The restoring and maintaining relationship of the
Ogu-NWSUAF CMS line and the Ogu CMS line was different, two restorers for the Ogu-NWSUAF CMS
line were identified. The Ogu-NWSUAF CMS line could form four microdiodanges. Pollen abortion of the
Ogu-NWSUAF CMS line belonged to the uninucleate abortion type. Molecular characteristics by gene-spe-
cific PCR showed that the Ogu-NWSUAF CMS line could amplify both Ogu CMS system specific gene-
orf138 product and Nap CMS system specific gene-orf 222 product. [Conclusion) The Ogu-NWSUAF CMS
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line restored etiolation of the Ogu CMS line, and its stamen still aborted thoroughly. The Ogu-NWSUAF
CMS line had different restoring and maintaining relationship with the Ogu CMS line. There existed some

differences between them at the cellular and molecular level.

Key words: Brassica napus L. ; Ogu-NWSUAF CMS; Ogu CMS; restoring and maintaining relation-

ship;cytology;molecular characteristic
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Ogu CMS jilizg 51 1 o [ A B2 B il R HE 9
W98 . Ogu-NWSUAF CMS #1 K2 % ¥ Ogu
CMS i3 5 H i A S gL M s2 240 80 5 5 KA
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130 f33i M4 Feh ¥ 2 38 n] 43 Ky« H i AL 3% (Brassi-
ca napus L.)119 5y AFBIWMSE (B, rapa L.)9 4y,
TSRS (B. juncea L)1 ) Y 224 L 5% (B.
caranita L)1 )y, ¥RIET] 43y E AR 70 4y,
FEM B 25 Oy FETA R 18 5 22 MR 7
TEE M2 Oy B SRR 1 0y I KA 7 £y DA
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1.2 HF &
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FKAL SR SRl O R WA AT I3, MEE FL &
Pk,
1.2.3 RHMAFW@EFIR RHAAWEY R H
AU % Ogu-NWSUAF CMS, Ogu CMS Kz Ho i #5
F TB0302 B AEZY kB it AT LS
1.2.4 DNA #9323 JlSEM kLR DNA (1) $2 R
H CTAB M,
1.2.5 AE@RmERFEFARI Doyt AR
PCR ¥ ¥ 2 % Scik [3,11-12]. 4% 3 % B Ogu
CMS, Nap CMS #l Pol CMS i &~ & M 3¢ ¥t
or f138.0r f222 .or {224 WFES 5191 (519 T 5 B A5
A3 D4 Ogu-NWSUAF CMS #l Ogu CMS
SEHEAT 4 A 5T 28 AL ) A A

PCR e W& &N 20 pL, Hp 45 10 mmol/L
Tris-HCI ( pH 8. 8.25 C),50 mmol/L KCI, 1.5
mmol/L MgCl,, 200 pmol/L 4 F# dNTP (Pro-
mega, USA), IE & [/ 5| ¥ 4% 0. 5 pmol/L, 1.0 U
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Table 1  Site-specific PCR primers used in the present investigation

N PR ;
L éiA =} L s g 2k
a4 39 (53" HEN B4 A AL (a5 K /bp ERIVE- g7 fH i J3 25 241 5% ik
. . o Gene location . Target Cytoplasm
Primer No. Primer Sequence (5'-3") - Size Reference
(No. in GenBank) gene type
expected
P51 GAAACGGGAAGTGACAATAC 987~1 006(gi:14385) [11]
A 465 Or f138 Ogu CMS
P52 GCATTATTTTCTCGGTCCAT 1451~1 432(gi:14385) [12]
P11 AGCTGTCTGGAGGGAATC 526~543(gi:257558)
) 1777 orf224/atp6  Pol CMS [3]
P22 ATAACACTACTCTCATCCCTCG 2 302~2 281(gi:257558)
P11 AGCTGTCTGGAGGGAATC 4 114~4 131(gi:1800190)
. 1093 or f222/nad5¢ Nap CMS [3]
P42 GCGGTCTCACGCACTAATC 5 206~5 188(gi:1800190)

PCR JE¥ 554 - B 58 94 C HAEPE 2 min; 4R
J5 94 CASPE 30 5,54 CiB & 50 5,72 CHEff 70 s,
I 35 MER s 5 72 CHEM 7 min, 4 CLRAE,
1.2.6 PCR ¥ 3 =4854m  PCR § 3 7= 4 H
12 g/L ByUIE B BE B i vk 73 &, EB 48 10 ~ 20
min, A} Pharmacia /3 & Image Master CDS % i i
16 Z G s JEAH

2 AR5

2.1 Ogu-NWSUAF CMS #1 Ogu CMS it 3£ #8 #
BT A 4
B, Ogu-NWSUAF CMS Jifi S A Ak it 7 42 1E
W aR A (B 1A) ,Ogu CMS i 3EAT R4 8 4k (H 2
R (E 1B,

B 1 Ogu-NWSUAF CMS 5 Ogu CMS 38K 25 HR1F 1 H 5%
A, E 1 Ogu-NWSUAF CMS i 3¢5 B. #8] Ogu CMS 3138 : C. 83K D. 168 E. 8 F. 4550
1.4 Z MK 7B0302;2,4. Ogu-NWSUAF CMS i3 : 3. Ogu CMS #1345 L =5 mm
Fig. 1 Comparison between the Ogu-NWSUAF CMS line and the Ogu CMS line
A. Ogu-NWSUAF CMS seedling; B. Ogu CMS seedling; C. Petal; D. Pollen; E. Nectary; F. Seed-setting
1. Maintainer 7B0302;2,4. Ogu-NWSUAF CMS;3. Ogu CMS; Bar=5 mm
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2R AR R (B 1 D4) (0 6 K 25 198 /0 #
BEEME TR, RO A AR R E
BB S HAR R 2 AR (B 1 E2) 5 Ogu CMS 31 3
e /IN S AR FE R B 2200 A 4k gr il i (18] 1
C3) ., M 35 5 5 B K, DU a8 B 45 00 76 22 B fL A8 B T
R AEZG 0 A A AENY . 55 IS I AL L AP AE L A
208 /N BRI AR (B 1 D3), R
LA B 5 AR R RAFAE 2 5 B AR (R
1 E3),

B, Ogu-NWSUAF CMS i 3 K 4R 45 52 %
B (E 1 F2), 0 Ogu CMS Il 345 (& 1 F3) .,

2 | TR, Ogu-NWSUAF CMS 5 Ogu CMS
MEARIES LB ESR.
2.2 Ogu-NWSUAF CMS #1 Ogu CMS i 3£ &9

REFR

2006 % 2008 4%, #E 22 3 AE M T 130 4 41 ok
% Ogu-NWSUAF CMS Fl Ogu CMS 31 3% (4 9% 15
K, BHFEW,Ogu-NWSUAF CMS 3% 5 Hrp
128 {3 AR I 22 S ARHEPE AN B . 2 3 A1 RS Ogu-
NWSUAF CMS i 3¢ i I 22 5 AC B vk & (E 2)
X2 ARk Mg K G| i A1 R 04H998 J5 AR
B EN; Ogu CMS 35 130 b R I 22 J5
RITHEEART

FREE R FEH, Ogu NWSUAF CMS 5 Ogu
CMS i 3 B AR O R AR

Kl 2 Ogu-NWSUAF CMS. ¥k & 7BO1F-1 e H F (5 MR M
A FEF ;B 46 Pr K& & TBO1F-1 Py, Ogu-NWSUAF CMS;Fi. Py 5 P, 4 Fh
Fig. 2 Fertility expression of the identified restorer for Ogu-NWSUAF CMS and their F, progeny
A. Inflorscence; B. Flower; Py. The restorer 7BO1F-1;P;. Ogu-NWSUAF CMS; F,. Hybrid between Py and P,

2.3 Ogu-NWSUAF CMS #1 Ogu CMS ¥ %2
T B4 B T R

FH A ) F . % Ogu-NWSUAF CMS, Ogu
CMS 3% Jr HA £ 2 7B0302 (424 R 7 i Fe k4T
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N A T8 REA AR [ o 42 455 A6 A 1 20 i 0 s oy
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BEUIE Y 4 AL A G ERE .
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550 AR R R AR 25 A ] W AN T) (18] BA~F) 5 i
A BAZHA DL o R T 2000 2 200 B v A R B v AR 1)
AR ol /)N T 200 0 4 5 1 vk A B — 1AL B N R 2
200 JH0 V9 200 L BT 320 A A, DN 6L 40 R ER TR R OR

B 1E # & B I 50V 40 J5 0 24 1683 4 B o A, 3 T 4
JEL 45 Ky 5k B8 W 9 AR O 25 i (T 3G~

Ogu CMS il A5 ) i R A 2 A A A
E LB (F1A~C), TE/NMLFEAIE ], Ogu
CMS TS A 1 ff 8 10 46 245 % K 8 A 1Y A B ) 1] .0
KRR E (B 4G), Ogu CMS 24 912 %
B /N T R R B DU A AR B D a3 O 2
ATEH S Ao G S5 R (R PRI 5 52 1] < (]
ADE) . HEA BRI /N 161 20 M 5T 78 L A
BRI R A3 S A (IR AF) 5 800 J2 40 B e A 31 2k
B 25 s SR I U T (B AL D, R 38
W 5% 1) — L6 8 24 £y [ A1 JE) 240 M AL P9 4 A A T
A 22554 il K (T AHD 5 I Ah 3 77 7 I 35
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WA R Ogu-NWSUAF CMS il 3¢ 4 4 49 2% 43 10F 75

Kl 3 Ogu-NWSUAF CMS il AEZ5 K & [ 1)y g
A JRIEAR M 3 5 B w0 A AT I 5 CL AR S S DL ZER BEAN I E R TS FL Do R 5 G B
H SR L 25 EIME ). A E R R2WH /3R =0.02 mm
Fig. 3 Anther development of the Ogu-NWSUAF CMS line

A. Archesporial cell stage;B. Primary sporogenous cell stage;C. Secondary sporogenous cell stage; D. Pollen mother

cell stage; E. Metaphase [ ;F. Tetrad stage;G. Uninucleate stage; H. Late uninucleate stage; 1. Abortion of anther

chamber;]J. Thoroughly abortion of anther chamber;Bar=0. 02 mm

B 4 Ogu CMS MEAEZ K F MY W5%
A AT Z0 MBS 39T 5 B 3 6 40 M B 395 C. AR A BE QMBS 0] 5 D, JS 1 1T E. DY AR F LG sz dh] s HL 7B 254k
LIHE ;. 2N E ;#3R=0.02 mm
Fig. 4 Anther development of the Ogu CMS line

A. Archesporial cell stage;B. Sporogenous cell stage;C. Pollen mother cell stage; D. Anaphase II;E. Tetrad stage;

F.G. Uninucleate stage; H. Pistilliod-stamen;1. Abortion of anther chamber;]J. Thoroughly abortion of anther chamber;Bar=0. 02 mm.

B2, 0gu-NWSUAF CMS MiZEE 4 kK& 2R
A R S R B AE 2 RE Skt 4 A AER L /N1
TMCHE T A% ], el G0 2 20 AR ) A K BT BT S
M Ogu CMS SR AL 25 & & Z A & A K 15 i K
RO ORI S ERF AL,
2.4 OguNWSUAF CMS 1 Ogu CMS i 3 40 fin

BREBHSFEE

TS A0 L A PN S R b A E 0 B A
FKikAH XM, X TF Ogu CMS, Pol CMS F1 Nap
CMS %5 4 g 57 26 Y 19 AN 75 AH OC 56 I S H R S 51 )
T 1 AHI T A IRGE Y 3 4 2
RN F R O 3 R A S5 1 . 03 S Ogu-NW-

SUAF CMS Fl Ogu CMS 3y 32 4 i iz 25 BV k47 3+
FROESE AR WLE 5, K S ATRVE, FIHT Ogu
CMS ISR A A B A LB or /138 K¢ 514,
1t Ogu-NWSUAF CMS fil Ogu CMS g h 3~
B /N Sy 470 bp 1Y ¥ (8 SA JKIE 1 F 2) 5
I AE F A A4 L b X R 37 15 s 7= 9 (& 5A JKIE 3~
7). FIHI Pol CMS # L% A 09 A B A ¢ 5 K
orf224 5 HARAR I arp6 FEHI S5 W, W)
or f224 /atp6 B[R 5514 76 40 BT Ry bR 2A
Fl Pol CMS By#4 KL 32 974 1 24 1 800 bp 1y A Bt
(5B JKIE 4 F16) 5 1078 H AW AT EL 25 JE e 47 14 7
Y (FE 5Bk 1~3.5.7). FIH Nap CMS #1 #H45
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AWARBHXEER orf222 5HAF IR nadSe Jy
I B B or £222/nad5e F 519 . 78
Ogu-NWSUAF CMS FI Nap 1 ¥ g " 54 4 25
1100 bpiy H iy 5 BL (Bl 5C JkiE 1.7) 5 1M 78 I A b4
B R Y HG t H 7 0T3S 24 500 bp
(9 A Bt (8 5C 3k i 2~6), DL g5 %, H Ogu
CMS F¢A7 HE I or 138 B HE 75149 . 7 Ogu CMS i
Ogu-NWSUAF CMS il o 59 34 7 Hoal A (1)
470 bp FFAE H By %4 5 A1 Nap 40 Jifg 5T 5§ 5 3 A
or f222/nad5c WRE 551 W BR7E Nap 41 M 57 25 54 3l

M 1 2

2000 bp

1000 bp
750 bp

500bp

250 bp

2000 bp

1000 bp
750 bp

500 bp

250 bp

2000 bp

1000 bp
750 bp

500 bp

SRS 1R /NZY 1100 bp BAFAEAT Ab I8 7E Ogu-
NWSUAF CMS jii 2 4 38 th 7 [\ A K B 09 4 AE
e N T WIEA orf138 BYKE ST 51 ¥ 7E Ogu CMS
Ogu-NWSUAF CMS s ¥ #4 i 25 470 bp H bz
F B, VA B or f222/nad5¢ W R 51 ¥ 4E Ogu-NW-
SUAF CMS il Nap 4t §fi Jiz 25 & 3 32 v 4 34 19 29
1100 bp H A% i BL S8, %5 Bk 2 X547 8 7= 9 43
SEAT Y 45 R RV Y 5 56 24 R, H 5 Gen-
bank % 1 Y 5 51l — 5 (gi: 14385, gi:1800190) ,

[ 5 Ogu-NWSUAF CMS Fl Ogu CMS i1 3% 4i g 5 25 50 i 23 7 46 I
A.orf138 %5 5 W;B. orf224/atp6 ¥ 5514 ;C. or £222/nad5¢ ¥ 53514 s M. Mark; 1. 7B0021(Ogu-NWSUAF CMS) ;2. 7B0060(Ogu CMS) ;
3,5. 7E0133(Bronowski, Cam 4 Jii) ;4. 7C0027 (& 2A) ;6. 7C0046 (Pol CMS) ;7. 7TE0148(Westar, Nap 4 Jifl i)
Fig.5 Molecular identification of cytoplasmic type of the Ogu-NWSUAF CMS line
A. Electrophoresis pattern of PCR products amplified with the specific primer for orf138;B. With the specific primer for
orf224/atp6;C. With the specific primer for orf222/nad5c; M. Mark; 1. 7B0021(Ogu-NWSUAF CMS) ;2. 7B0060(Ogu CMS) ;
3,5. 7E0133(Bronowski,Cam) ; 4. TC0027(Shaan 2A) ;6. TC0046(Pol CMS) ;7. 7TE0148(Westar, Nap)

B2, Ogu-NWSUAF CMS BE4 Ogu CMS i
SRAFA Y or (138 FFAEHT . LA Nap 4 i 5 7 A #Y

or 222 FRAE A, 3] Ogu-NWSUAF CMS 5 Ogu
CMS 375 53 F KF E (mtDNA) fAFE 2 7
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BAR 0 R L8y, BRI T AR S 24t &
TR . X Ogu CMS i bR EAT 20 K DL K i
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(B 2A) R H5 R AR 52 3R W Nap CMS () f #5 & &
BHERAE £ Shaan-GMS WK E 2%, BA T 121
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A 4 AR EE N TR T EAAZ L AR
240 0 A% ) R T

ERAR T ESEREREGAY T, o DL
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T LAF 7 Sy 7 i 0 3 L B S O B e IR
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P R A DR RS B SR B A AR IR SR R R
WHE B TR RE OguINRA CMS & &2, 4R 1
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WEZ . AW 130 (R A8 A, Sl T 2
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E T A
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TS 20 0 A S B (CMS) 5 28 ki i | 4
FER B F 3B AT L TR AE or 138 5 i 2% A
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F L orf222 58 Nap CMS AEF™, A58 45 %
75, Ogu-NWSUAF CMS i 5% A Ogu CMS 4
A1 or f138 FER [ 3 18 277, AT Nap 4i i i ¢
A orf222 FEH PB4 . BB Ogu-NWSUAF
CMS 5 Ogu CMS iz 7E 53 F KV B EES .

4zt ®

ENTEWNIEL Y SIS Y (A€ /TS E DI 1K 1B
F K X Ogu-NWSUAF CMS 5 Ogu CMS i
AT T R . 45 R EK W . Ogu-NWSUAF CMS
ANEHMERRE A R LB s 5, RIR &5 50
I s HR R O RS Ogu CMS AN[E], N 130 £330 228 5%
A B E T 2 £y Ogu-NWSUAF CMS 122 (9 1k
5 % ;0gu-NWSUAF CMS 25 R o0 fk i 4 A
Wk /M INE TR, 3228 5 D 2 o )2 4
Ja A2 1) K 855 T 30 Ogu-NWSUAF CMS 5 Ogu
CMS JM R AE AR LA 2SR

AW PR AR K 2 Bl 22 e bl 22 B 5T B g T
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