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Comparison of Chloroplast DNA and RuBP Carboxylase (rubisco)
Activity with K, V, T-type Cytoplasmic Male-sterile Wheat Lines
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Abstract: Cytoplasmic male-sterile (CMS) lines, especially K (Aegilops kotchyi), V (Aegilops ventrico-
sa), and T (Triticum timopheevii) types of cytoplasm, are of high value in heterosis utilization in wheat
(Triticum aestivum 1..). The aim of this study was to discuss the relationship between CMS and chloro-
plast and to reveal the mechanism of CMS by investigating chloroplast DNA and RuBP carboxylase (rubi-
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sco) activity in CMS male-sterile lines. The experiment was conducted with cultivars of the K, V, T-type
CMS lines, the common maintainer ‘Tai 911289 and “Ji 5418”, the F, hybrids and the cytoplasmic donors
under field conditions. The major results are as follows: (1) the polymorphism between male sterile lines
and maintainer lines in cpDNA, and specific fragment in the different cytoplasm type male sterile lines pro-
vides evidence of three types of cytoplasm male sterile lines from different sources, and found 5 specific
primers and 7 specific primers respectively to identify V and T type sterile lines. (2) There is no difference
in cpDNA between the male sterile lines and their cytoplasm donors, except K¢ji5418”, and because of its
nature of maternal inheritance also showed no polymorphism in cpSSR amplified fragment between the
male sterile lines and its fertility restoration in the F; generation. (3) RuBP carboxylase activity of two
sets of male sterile lines was significantly higher than that of maintainer lines. In the F, generation, with
the recovery of fertility restorer, its RuBP carboxylase activity is higher than that of maintainer lines, but
lower than the respective male sterile lines in standing and flowering period. However, there is no differ-
ence between them in jointing stage.

Key words: cytoplasmic male sterility; cpSSR; chloroplast; cpDNA; ribulose-1,5-bisphosphate carboxyl-

ase

2 i 5 HE P AN B & (cytoplasmic male sterility,
CMS) & i T 4 3518 1k, fE By W ST EA 7 45 I
PR 3 i ) T 5 A RE IE R 5 8 T E S 2 B AE R Y B
%. A 1951 4F Kihara' " 3543 4% B 4E (1) 2 4R 1L 2
¥ (Aegilops caudata) 0 B HEYEAS B & LK,
CMS Tl /N ZE A P AL S A i 22 a4t . R
K # (Aegilops kotschyi) .V # (Aegilops ventri-
cos) M T B (Triticum timopheevii ) CMS J& 438 /N
22 Wb v JU R A B A T 2 R PR s KLV
T BURE R BIBFFEN /N2 e F e SR B AT B2
B R TR SN L B E ON FL B X AN ] 2 A
NG M B RN, BE AT T R R F ST, OF A0 B AR )
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PR EN Y Hernould %5 78 28 k7 1 DNA
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SR 5E FEEEE ALK L, SRR A Y BT
FEA B A0 M4 B MR IR — B A B RS
AN o5 — K fe R, KTtk 5 CMS
MG FR AE T 4 0 s A IR I 3 X i £ 4K DNA (epD-
NAD AN 1,5 Z W2 A% B B 4R 1k B (RuBP 3R 1k i) Xf

CMS By e B idie . 2R i T2 2 (chloroplast
simple sequence repeat, cpSSR) & —F & &L ) 4> T
PRicEeAR i FEA M T AR iC 3L B4 & 2 8.
O3 ]TZ A AR A SO B B - g A4 L ] 2H 45 A TR
B AR ORAY R B SRR A BT )2 T
Y REAR IS AL 43 BT b 5 G2 & R A0 L 5352 4% 43 A 45 OF
e ARWESEAIHILL K 9112897 Fl #5418 4 fifg
R 9 5 2 BRI BUNEANT R
B AEREME R LW F ek R I &
cpSSR G W1%F LA 44 BE cpDNA 347 230 Hr s 5 3
CMS 5t 2pfk DNA (56 R . 1,5 B FA% B B 2
L (RuBP R AL 295 Cy AW R 7 N B AT
PR AW 50% Ry A ik S /R EE
A M. RuBP 3RALHEh 8 AN RAEEEFN 8 A/ Ak
LB, FE i I I K DNA 2 £, 2 7E i 44K
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‘K 9112897 A/758461-4,V K 9112897 A/758461-
A, T “A 9112897 A/758461-4, K *# 5418 A/
7584614,V ‘3% 54187 A/758461-4 F1 T ‘3 54187
A/758461-4, 3 A~ L BT ok W KGR I GE B (Ae.
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Kotschyi) i ™ 1l 26 55 (Ae. wventricosa) Fl 2 % JE
He/NFZ (T. timopheevii) , FAE T 10 AR A K2z
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1.2 RWHE
1.2.1 DNA B#RE R = AL Iy ik
PRI 28K DNA,
1.2.2 Rubp BUEARINEFEME RuBP &
PR ) 8 B A2 6 V3 B2 A5 I O Tk ik AT . BUINEE AR
25 0.25 g(ff &) & T R M, inA 2 mL
A i 100 mmol/L Tris-HCI 2% #hil (o= 10% H
MW.w=1% PVP.1 mmol/LL EDTA.1 mmol/L %§
BB pH 7.8, ki P, 5% )5 T4 CF
15 000 g &0 20 min, ] EIE W FFI . RuBP %1k
il 0% P 2 PR A 2 W A 1 3 Y e B R AT A
1.2.3 cpSSR 3| ¥ Ryi&it ik T 69 XF cpSSR
51, T Ll TN G 20E 2 ERE R
R AR F F G F A B 0 5T 5 4 2 A 22 [R] Y i &%
&k DNA HE47 793, Hobh 24 XF 5 Ishii 5550 £t
R N 22 B i AR S R A I A T Y B T AR
Yy, Ho4y 45 %212 H SSRhunter #4454 NCBI %%
W PE QAT B 5 i gk ik DNA 123751, H
A 16 XAETEZ M.
1.2.4 PCR ¥ PCR ¥ nwiE TaKaRa PCR
L fr . 94 CTHAEME 5 min; SR G HE1T 35 M ER
Y1 A E S 94 CAEPE 2 min, 55 CiR k1
min,72 CHEAf 7 min; 72 CZEfH 10 min; P 45 )
JE o MA 2.5 pL R, & T 4 CRAARERI .
1.3 BESITSHH

K Excel 2003 fil SAS V8. 0 4% RuBP &
ATl 1) 3% PR AT Gt
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M SSR §HE Y R L ALH 16 XS Wi kg
IR Z MR D IR 9112897 - FE &
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AB027572. 1-1 (& 1, A) ,AB027572. 1-3 (& 1,C)
AB027572. 1-5 (& 1, D)., AB042240-2 (K 1, E),
Wet-3(E 1,]) Wet-5(& 1,L) \Wet-10([& 1, M) Fl
Wet-13 (1, OO fEH S KK 911289 AF &R by
B L A 8 X B AB027572. 1-1 (& 1, A),
AB027572.1-3(/F 1,C),AB027572. 1-5 (& 1,D),
AB042240-5(& 1, H) \Wet-2(J& 1,1 \Wet-3(& 1,
D Wet-10(& 1, M) F1 Wet-15(K 1.PYEEH S V

CORO911289 Z Al ¥ ¥ 2 A ks 9 XSl W
AB027572.1-2 (& 1,B), AB027572. 1-3([& 1,C),
AB027572. 1-5 (& 1. D). AB042240-2 (& 1, E).
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PLOE 54187 HRFE R 3 FIAE R Y14 45
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M. JLh 5 X517 K 3L 5418 R Ik 2 A5 M,
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AB042240-2,AB042240-4 Fl Wet-15, LA |45 R %
B, B V#5418 F1 T3 54187 LA Ay 41 i 5 1)
AF, ANEH HR cpDNA 5+ & cpDNA f B
ER.

AT RN 2 EFERTRAT & . B
ANTF ML BT B &R AE cpDNA BT 77 78 19 AR 57 22 5+
SFML T AN E R cpDNA fF7EB B 22 5%, 51 W)
AB027572. 1-1 f1 Wet-3 B9 545 B F . 3 Al i i
MY 18 R B s AAH A X N or FACE Rt TR E
F O IEAS R A TR L 5 248 & APV XEZ 3 R
H RN DNA B RELP 4345 R — 2, fhttnl
DHEATFMEBE AT RMWEE EXNERLT.V
TR T BB A 5 XA 7 X513 A0 R 4%
40 5 ) R S R B R DL T R AT T 2 R Y
EGEE D, KA FEGHSENEAEENESAT &
TR R SR B BOb .

2.2 REHEBRH#Z BB cpDNA 4 #7

TER S P ERNT R ZIE, BT 400562
AHTR] 9 o BT LA [R) B 5 44 8E 9 cpDNA 2 8] #38 F oK
o 25 R R R IA 12 X 51917 K
CHE 54187 (A5 Kk 9112897 (A) Z [y il £ 4
L 4 Bk Bl 4 AB027572. 1-1 (& 1, A),
AB027572. 1-2(J& 1,B), AB027572. 1-3 (& 1,0),
AB042240-4 (& 1,.F) ,AB042240-17 (& 1,G) . Wet-
3C(E 1.]) Wet-4 (& 1,K) \Wet-5(& 1,1L) ,Wet-10
(B 1, M), Wet-11 (& 1, N), Wet-13 (& 1, O) il
Wet-15(& 1,P) , [ Af X e 5| P 7E K3 54187 5
M o R ORGSR 1L S B 2 R R I 2 A . T
EVRETRMEZHZEREARZE8ERN. BT K
CFL 54187 LIS, HRAR LF M AR B T4 1A M BT RN .
LK RE A B AT B B T KB ST A R SR A
DNA REGE , fEAR [ 41 AT 50 T & R AR AR 5]
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Table 1 Specific primers of different cytoplasmic male sterile lines
Ry Fragment e of mele el lnes/bp Fragment ase of oroplasm donors/bp

AB027572. 1-1 185 185
AB042240-5 330 330
VYE%C Wet-2 153 153
Wet-3 190 190
Wet-15 220 220
AB027572.1-2 235 235
AB027572.1-3 193 193
AB042240-4 427 427
TTt:{%)e AB042240-17 180 180
Wet-4 228 228
Wet-11 180 180
Wet-15 215 215

MEHE M AT RS H FAUH cpDNA T8 HERR/DNEA BF 2R T HEDNAT R L F K

S A AR IR 52 BE R E T2 W T cpDNA B Tl T PR FC A0 I 0 A T R AR A A O O

FasE il , HE R AR K3 5418 5H F
R B B 22 S M. SRR O U6 B Lk 5 5
KA X AE RI cpDNA 7= A 52 117

2.3 RuBP B EFEMEMNDH

RuBP R AL B i 8 A~ KA1 8 A~/ JE 41
s G RO R g% iR DNA S B, 2 76 44K
70S BB A R 5 /NI 3 R 8% DNA BT 4 i, 2
TEANIGE 80S M A E &, RE RS HMRFERW
Mg fk DNA A 22 %, RuBP 2 b il K5 A A, 25
S 45 F A AT R IR 2 TR TEHTI K
911289 AN FH & 1Y RuBP R AL 1% PE AL 0 2 & T
HARFFR 0.103 4~0. 310 pmol * mg ' * min ' (F
=437.69), ‘3L 5418 QM AE A B R W ABK B E =
FHAAFF R 0. 126 4~0. 163 0 ymol » mg ' -

n "(F=153.51), [\ FAH R ZMH cpDNA
AT, M s A 25, AIRERH R KK
9112897 > Tk 911289’ >V kK 911289,V ‘%
5418 >K* % 5418 >T* % 5418”,

MF ARE R B A, K 9112897 4 i 4% 15
AU 3 T HAAR FF R 0. 025~0. 082 pmol
“ e min ' (F=1437. 69) . 1} & &% T H A
ANE RTS8 AL 5t F ARk T 32 F,
ANER I 1 F HAR 4 & 0. 085 7~0. 109 pmol » mg

min '(F=153.51),

R AT RGRFERZE AT RZN,
WA F REARE R MR R R ZH RuBP & 1k #§ 1%

omg

VA X Bl M AR S

HEFFAE, Ak 911289 4B A% A & & 1) RuBP
FRACEG TG ME AR W T REE R 0,136 7 ~
0.383 7 ymol * mg ' » min ' (F=2 058.51), ‘3%
5418”4 AN E & (1 RuBP #2 fk il 1 4 #0 itk 3%
T HARFF R 0.090 6~0.290 0 pmol » mg ' -
min~ ' (F = 275.24), 1 B R & & Z [6] B 3 H
HER,FTIH KA 9112897 >T Ak 911289 >V
‘K 9112897, K 3 54187 >V “ 3 54187 >T ‘3%
54187,

MF ARE R B A, K 9112897 4 i 4% 15 5
M AU B T H AR R 0,036 7~0.084 7
Yo min '(F=2 058.51) A i K T
BEARE R 3L 5418 A% 35 5019 Fu 0% K
L F, A T HAR R & 0. 035 6~0. 058 00 pmol

pmol « mg

mg ' » min ' (F=275.24), H B #F MK T4~
30 o’
Y H BT EPE AR B R HAE S BN AR IR

NS (NI s R R M 3 NN A S G 2
- It S PR -2 AR = 2 R AR B ST ORI R LB

U TR R G R A T =
PR AR AR IE TR IERERET. ARili—
EUUMA BT 0 AR A B 1 AR R = [8] IR Y AR
B s, FBAEMIME ™ . REEF RN
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Table 2 A comparison on the RuBP carboxylase activity of

male sterile (A), maintainers(B) and F, in different stage

fit} 75 P Enzymatic activity

/(pmol « mg™! « min~!)

# Bl Material ﬁa‘,ﬁ;ﬁ %ﬁﬁv"ﬁﬁ —_—

Seedling Jointing Florescence
stage stage
K & KT911289 0.4153aA 0.1123aA 0.6750aA
V & VTai911289 0.2087¢C 0.0917aA 0.4280cC
T & TTai911289 0.2773bB 0.0933aA 0.4563bB
K 911289(B) 0. 1053(E 0.1163aA  0.2913¢G
Tai911289(B)

K & FKTF, 0.1303eD 0.0997aA 0.3760dD
V & Fi VTF, 0.1873dC 0.1057aA 0. 3280fF
T K Fi TTF, 0.1860dC 0.0990aA 0.3430¢E
KJ5418 0.3696bAB 0.1150aA 0. 6760aA
VJ5418 0.3863aA 0.0923aA 0.5063bB
TJ5418 0. 3497¢BC 0.0833aA 0.4766cC
J5418(B) 0. 2233fE 0.1103aA 0. 3860fF
KJF, 0.3323dC 0.0940aA  0.4110eEF
VJF, 0.3090eD 0.1167aA 0. 4440dD
TJF, 0. 2340fE 0.0790aA  0.4216eED

T B R AR KNG F RIS HORE 2 (P=0. 05) 8 i) 2
FHIKFE(P=0.0D)

Notes: Values followed by a different normal or capital letter are
significantly different between materials at 0. 05 and 0. 01 probability

level, respectively
LRAFEAAMAEREH S CMS X RIEFH
PI. 1 CMS 5 cpDNA 2 HA K AR Z Tl
R PR Ry I A R DRI AR R AR SE . L SRV R
Tk /N F S A BB cpDNA BT CMS [ 56 &
HEAT T WF5E, & B cpDNA 92048 5 3% 3 Fh7E 9 11
CMS A X, x| —A& & 5@ i 0Fox & 3. =% CMS
Z 5 HAR S 2 cpDNA Z [ 7E7E ] B 1 2% 5, A
I cpDNA 78K 0] 3 4k 3o 72 v, A H R 7 471
R T R R X MR S T BE A IR TR A A [
AV, T T30 CMS B L. A5, % 3 Ff
MM AT R A 2 SRR R A 5K DNA #E4T
T SSR 4. KMAE RERFFR DA 2B,
Hitt TAMBEN AT RZ MW 2R,
AT K.V T3 #E R AT &R 249 L
CK 9112897 13 54187 R M LA, £ 5k 10 R LU
ERELRIAZEF MR, K.V.T AT R KRR
F A% 35 A% 8 S5O [) T 5 > AN [ 4 RHAE & 1

AR Y 22 L N TR T A L BT B PR A% T
TER SR . SSR AT &5 R m A F R B cp-
DNA 55 H AR R 5 RAFE W] 22 5, T A& A A
[w] . B B A 1) i o R

He. S P a5 £ W, K5 CMS Ji f 2ok i
DNA(mtDNA) | 19 % 5 ¥ 3] pus (phaseolus vul-
garis sterility) JRE (1. M 7E A Fy A, i TR
AL GIA L pos FFFN B NI E PEIKEE . Fh =
BEVC R RAPD i RAE G R AT R 5
FER mtDNA Z R 22 5% AT RS RFFRT
LSBT 5 R N [A] f  H A K AR 22 1Y 25 5 R B
HIEYS CMS A 2 5 b Bog WHERy . A5 &
WOAE RS REE R b T BORIE A H e
cpDNA WA EHF . HEAFTRSHEEMKEDN F
FRENEA AR RS e K5 A& B BAE & 1
R I AN JE cpDNA K A g A8 M= AR i 45 2R . X
Bl cpDNA 5 CMS &1 HHEM LR,

113X AN g 18 W] it S AR 1y oA 7 1T 5 CMS
KR AP KOV T B AR T ZF £,
KOV B0 0T e 0l 3 3 507 A A [F) 72 2 19
o N, JEPL KT BRI E W 1 VAL R4
REFARE . R RAML, FEE b5
R GHEFRML K.V T B4 EN AT R2A A

R 5 St SO B Y & B KLV T AL 40 i 5 X

ANERZBCEIREA A B ML BT RO (B 250K 2 &
WA G KOV T BUZ0 M o0 6 22 Fl By 090 & A B AR
PEARHA AN RRON . H ZAF T LG BRI,
S LA X I A H B 2 A I BT 5T e B KT A A
PEARF RSB H D TIRFF AR T VAL S R %
HERFFRM Y, 3 FAE R GRS LR E
IS H B W5 A R B RN s Pk AR R PR AN A K R
K\WV.T RATRE M, Hag i H k451 8
MRS IEH

R Sy i 2 A BE TR 20 189 7= 0 400 L BB eV AR 7 &R
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