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Breeding of Male-sterile and Male-fertile Lines of
Common wheat Having the Cytoplasm
Derived from T boeoticum

Shigeatsu MATSUBARA and Toshiro KinosHiTA
(Plant Breeding Institute, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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KED #3 Aegilops caudata D% -3 v 2 AFOKT
BT, BeMlaEOMEFRCET 5 —#oME:
EH TSR, = AFTEERROMRE OV TUEIER
SRR D e S, FIHD® 1k Aegilops X Tri-

Section
Sitopsis Einkorn Ae. squarrosa
(B)BB (A)AA (D)DD
Emmer
(B) AABB

Dinkel
(B)YAABBDD

Cytoplasm
(A) : Einkorn
(B) : Emmer &
Dinkel
(D) : Ae. squarrosa

Fig. 1. Evolutionary process of cytoplasm
in Tribe Tviticeae.

ticum TR BT BREC >\ COWFREER L, £
O TRCR 2 A F DR 2 & FAOMEAREE
B EUHALORMR (Fig. 1) AL ERTnD, T
b, B ¥/ 205 Th D 7+ 2 AF (Sitopsis
section) 25 SEMIKEN KR = 2 F~EE S h (
CCRR DI (BY LELT), EREEFR 2 AFA LA
ThTuv o,

FRARROMBIRER VT A Y Ak E TR
%o A% (T, boeoticum) HFEOMINE (A) R &F L3 A
¥ (Aegilops squarrosa) HEDHIIRAE (D) X - T (B)
HIEAE RS &, MRE LRtk EESETF oA
BE%EA 5 (D) AABBDD & (D) AABB+1D TRy
seq & feBh, (A)AABBDD 3 IOV (A) AABB Tik
AR A 75T 2 EDMEB TV B LEED,

AP T, A v 2T —hka o T. boco-
ticum 2B HIET HHRREOBROTA 2 5 it E
T, RERFEH IO BENC TR S o TR E AR
HEBRL, 51 A ¥/ anbRIEEERRET OE
AREH 5 TR RERER Y BRT 5 2 L &5t
L7, REED W HGET R & U amg 2 65
kD (boeoticum) AADD % v, JRLEHc X »C T,
aestivum cv. Chinese Spring ~i%A LT, HEEARFETR
BOR TR RT 2O v a AFRHEERT S
ZENRTEL,

1) deifEE kAR B B R E RN
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BHRUFHER

BERL B, AR 2 f5RD (boeoticrm)
AADD THb, Zhiz SEARS 1T & b 1954 LE HR &
h, BEBRFOKEEERIC X W 0EEZ T b0 TH
bo ¥ T. aestivum cv. Chinese Spring (L% C.S.
EMGED) VBRI R AR O R HLT
HBHo Thb DMy AV LB R BB
FHET BT S TR ER 1T o T2 1ok
MEHLIRE 35 L OIS THE S h, RbadkEiscr, B
BT Lo - A EREEERE LT, MY — I VBIRT
B L, BLOSUEIC L DERRER L THE L 7o,

& 3

1. ARE 2 BEOEE
BB AR 2 516 (bocoticum) AADD %3#A
EEmE LT, A va s F R EEET 2 EAT
DA, AEBTHIUL v AF (65 LofsEt:
DENNEL, 7 2BERPB VR ER LT85
ThAD EDOBIESNT B, 082 f# M, T.
boeoticum PRFDOHE LV A ¥/ A3 5
tEEEEE T (LA Rfbo EMEEE) 20 L 168 etk
5N RSN & SICIERTH - . ARE 2 1545
T T C. S OTEic L b EH L Ao & 5,
Fy T3 2n=34 % X U8 36 O hBaA 5 Fu BN
Bohi, Lichi-T, MR ofRET i@k
GEh TR EELLRD, 20 X5 BEERETC

DN T A a AF R ETILMBENT WA EZ AT
5o

2. FiBXURLZHENGHEK (SB), SBy)
(bocoticm) AADD MBI AV, C.S. ZHiH
ELTKRE LIS Fro 9B 3 bhie, F
ZERT 100% TH O, YefaAE0T 2n=34 23 1 fE{k, 2n
=35 23 3@k, 2n=36 2 {EAEKTH -7, e ffhtH
I, WER AR O AREAITE - T, TER RN R
0%, BIEERED 0% Thote, C.S. LOLFW X5
EFRE T Iobh blfifath i 4% Th -1, T HERE
2{&40 AADD <, Ff# - S8 &8I R
Hhvte (Table 1),

2n=34 O F, Ak~ C.S. 2Tt s L T RLAH# L
feb 2 H 4B RDMESR, TOFURMBFEFLC, i
FERETRHEL0on 2 fkzbhic, 2@ EFE05 S
17 B4k i3 2n =37 ~57 T RS 5 E{EH - 7= (Table
2)e FERET IR BTHAITH - T, 2n=41 @ No. 55-4
AR & B &, 171 +71, 1ITT+1711+41, 1V 41411 48],
2111+ 1411 +71, 1111 +1411+101 7¢ % 45 M AN g &
Nz, LRI 0% ~44% DHIFCH » 1, Table 2
i, BHBREORM IR U SEA DT OKRESY
LA U7, AR OEED % 20 o 1oy, H e
B3 2L WAL Lz, L LAFASEHRI T 0%
TH o7,

SB, ¢ 2n=41 %7} L1 No. 55-4 {fk~ C.S. 2715k
Ple L CRURMERTTIR » o kAR D SBy AT, 145
PORARIE UL, Qe kB Table 3 wiRdan<,

Table 1. Characteristics of Iy plants of (bocoticum) AADDXC.S.
nIL)llnirl;E:r gg;i)gré?s&r:)e Pollen fert. Anther* Open seed set  Spike length

(%) (%) {cm)

1 36 0 1 0 135

2 35 0 1 0 13.0

3 35 0 1 0 12.5

4 35 0 1 0 13.0

5 35 0 1 0 12.5

6 34 0 1 0 12.5

7 36 0 1 0 13.0

8 35 0 1 0 13.0

9 e 0 1 0 12.0
Mean — 0 1 0 12.8
C.S. 42 98.0 3 98 8.1

* J-indehiscent, 2-partial dehiscent, 3-complete dehiscent.
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Table 2.

Characteristics of SB; plants of (boeoticum) AADDXC. S.

nlt)llnirl;ter igig&?s&ﬁf Pollen fert. Anther Open seed set  Spike length
(%) (%) (cm)
53-1 44 20 1 0 125
53-3 37 8 1 0 11.0
53-5 45 8 1 0 115
55-4 41 2 1 0 10.0
55-6 42 23 2 0 13.0
55-7 9 21 1 0 9.5
56-1 56 44 2 0 13.0
57-2 56 3 2 0 95

Others 38-57 0 1-2 0 6.5-14.5
Mean — 6.5 14 0 10.8
C.S. 42 95 3 100 9.0
Table 3. Characteristics of SBy plants of (boeoticum) AADDXC. S.

nlslr?;réir gﬁigggs&r&e Pollen fert. Anther Open seed set  Spike length
- (%) (%) (em)
2-2-2 39 50 17 8.0
2-2-6 42 64 18 9.0
2-2-9 41 45 2 7.0

Others 39-42 0 1-3 0-6.5 5.5-11.0

Mean — 13.4 15 3.8 7.9
C.S. 42 98 3 100 7.8

2n=39~42 OFFNC B - 1o, TEHFRMETIL, 0% 234
fEEC, 2D SMEFR TR F N 50%, 64%, 46% TH -
Too FIDOZHBAM L Z oM/ &, No. 2-2-2 F{ED
m<, EFRHFAED, WD THFERD 2, BRI
BEo C.S. LRBE % CoEEL .,

3. RHEEERKEOBR

SB; ¢ 2n=39 %75k L7 No. 2-2-2 {HkD B B R0
LoTHELRITRANLIT 4RARIFL o, Qrfafk
BAPRETEROT 20=41 D L HEDORT H ol £
Wetkiz, BELHT X - T, 84.3% %7k L EHFEER
Y 90% LU ETH -1,

SBy Fy 3 C 2n=41 %58 U#z No. 2-2-2-1 {[BEnH 8
FEERAET 22 B2 18 C, 2KI03F3E L (Table 4), By
R DTSR 20 =40~43 Th o fze NRE LTI,
2n=40 73 1 {Efk, 2n=41 736 {F{k, 2n=42 19 {Hk
2n=43 2 2 HET, MR 4 EED - fo, Yufafhnf
HRETEL, 2n=42 Dk T 2011+ 2] R THE &,

2UL IR T354 0% 0, R—ofhcmiBlryiRET 5%
BHbABRT, 2011421 OXEEIT— Mg A oER
BRI LD EEZLBND, TENF T, BRSO,
0% DB ThZh, 17Tl L 5[k 25 %h, 3:1
DA UL (12=0.061, P=0.80~0.90), 37/ b 1
HOBHERBETC X5 WHEEAZLZ RS, LrL
REHBED DIk R A BRI S v, No. 2-
121 AR TR EFEB RO F 5 7o A B hT, ML B
FTH ot P bBORER &, TEhet: - BIEER
oy, BHEBERIIAD A o T,

SBy F, @ No. 2-1-7 {13 2n=42 ¢, 2111 % L
L, TEXfel: 99.2%, FHHIEE 100% 7o b Mm% iR L,
BRI TN TC 2n=42 i o fe, ZOMR B HHE
F-BR-AHERNRIIESTIET L, 1. boeoticum
BROMIGE L A »/ rRRORUERBE T 26T
LRMEIEBHENER I NI &2 B,
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Table 4. Characteristics of SBy F;, plants
of (boeoticum) AADDXC.S.

Plant gl}(l);?)-me I(Tl)hrvo- Pfo]]en (s?(?ee;
number number osome ert. set
(2n) PATRE (%) (%)
2-1-1 42 200 +27 97.7 91
-2 9 ? 96.1 100
-3 41 2077 +1/ 98.2 91
-4 42 207142/ 89.7 91
-5 ? ? 99.2 95
-6 42 207142/ 93.7 94
-7 42 2177 99.2 100
-8 41 2077 +1/ 61.5 100
-9 42 2077 4-27 93.3 95
-10 41 207"+ 1/ 97.0 99
~-11 ? ? 61.4 0
-12 42 207 42/ 97.9 85
-13 9 ? 96.8 80
-14 42 207 42/ 97.6 96
-15 43 2177 +1 86.5 95
-16 41 20741/ 80.2 98
-17 43 217 4t/ 89.4 86
-18 41 20741/ 0.0 93
-19 40 1977427 0.0 64
-20 41 200417 0.0 97
-21 42 200742/ 0.0 85
-22 42 20742/ 0.0 94
C.S. 42 217 95.0 95

4. HERRREOER

SB; ®» No. 2-2-2 A~ C.S. 2 RLAHLIc L 2 %
THiD SB; F 2B TNHLD S BLRIFEL O
EOBTH »Tee B C.S. X D RLERMRIT -1
R, 2150 SBET S EL N, #IF L6 kit ~T
FFELt, ORI O L4 T T
DT, 2n=41 OFREHE~C.S. # 25 BLAHL
720 SBs BETUR 15K TXTHAREL, Rfhir e
T 10EED 5 Bicid 2n=41 L 2236 H{h B X O
AEETOEER T, & O TR~
MaERL, EBFHLRRE - T T, HEIIWIL AR
Rlce SBe T3 2n=41 & 42 pNBZE LA, HEM:AE I
SoTh b, SLREL T\, ok, ELSM LS
EREIEH T, MRS Th b, TR
FHEDBR I,

z =3

—hF 2 & FEN D OMRELE T 5 RR o AFR
Ava AFTE, WK, B OHCHETRE ERT
ZERHBLRTVASY, KR T —RkzaF T.
bocoticum HFED B EL LT A 7/ 206 OFM
EEGHRIET 2B T 5 & B 2 1548 (boeoticum) AADD
A HRE R 53 & L, —5 Chinese Spring ##8 & L
CHBER LA L T » 720 SBs Triet: Rfath & 42
U, &£FNSHIL LI, LaL, SBydho BiffsseET
DERI DOV THIEY TERICHE SB, Fs @B\ C, &
WRIEHE C AFHIEERREREREEYE L, —
AR Ly Bl &, REDEEEET 4T
NBART B RIET (Vig $fRT SRR O W 1%
HEIE oY, FRMETRANRRA LT, £BDBET
THEELZBR TS, L L Vig Ml hDRKN T
P> TWABHF AT EET LRV, K&
EEBRD SBs iz bt C.S. () L h Rk EDS
SEEICDO LS/ VigBEREEZ 2 bhb, SB F,
WistT B 2n =42 %R U B OREMA T 4TIz & A
ER2DHEH LT EnD, DA ¥/ adgid-g
YALEDA S A ETHEENERYETH L AR D
—AREEIR T &B2BR5, JOPPA and MAAN
(1982) v X ~uvE, T. durum selection 56-1 () T.
boeoticum Boiss (8) #2ZEL LT Fo i s\~ T % 1311421
I BRAMPTREN, — OB REBEDTLETSH
ERHIBR TS, EHIAHBARENS & 1311+ X1+
4Bl e o3 AEMEGHR DB b, &0 XHEAT- vz A
F D 4B guEfk FGHE B R B b e h s 44, 4B, 4D ©
VR E S RE L &S TR —R% = A F ROk
ThHEHFEI L T 5B, T, BEO I, 7.
durum & T. boeoticum DORITZHE F1 (AAB) oGufa ik
ST, E— FH6II+9] e, —fikaaFol
OED—AKD, ZRFH2 AFD A 7/ sBufifk &R %
HGe&lrotee UEDTHOMENBLHEELT, SB Fy
FOTF YL BRI KR = & F I HRE LT B ) he:
NnEZ bR,

SB; Fo TiIERFet S IEW el 2 4 Ui, Xbic
SB Iy CitStefoticEE L Tkl b, # - HERED
Ava AFOEEEIRT I ORIt sT, 2w T boeo-
ticum HFEOHIAEXH L, ULrSRERERD. v
LAFREPFDTER SR L LB, I DE?2
ko A v AR B REEEBEET (RfPo) 11,
FULAZ, ARBERTCNDEEZ LRGN LR
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BFMBLE F14% Ha%

AT HYe Gk E OEICE BRI AL T, L
et BEDRE LT B A va AL bhb,

] E

—fiF o A FOMIRE & A ¥/ ok OFvEEE T
BTE v a aFORFENECHSH Chinese Spring ~
AT B &R U AREEROFEE LT &
N 2 54K (boeoticum) AADD % b Bliz, Cl
Spring &AW, SRR LAEME Tt Ty
T3, 2n=34~36 D{EGIHBLL, ZORE A EIE
FERBAITH -1, F MR 4% B TH D,
SERMEMEAEE TH - oo SBy Tid, 20=37~57 &7 D,
ROABKI AL BBD TREETH - T2, ML ERIKH
B L7723, HEMERERME % 7R L7z, SBy Tl 2n=38~42
T, BBtk 50% Ntk ¥ ci kL, #o CHMRHE
AES I, SB,F) T3, 2n=40~43 Th -7, 2n=
4217 3817 B YA A Lk 211 A LA TR DT
T 201421 %R Uiz, 2D &b, 2ARD—{figutalk
BRI R YR T &5 2 bhie, TRk
T ROty 3: 1ok s ML, SB: I
T, 2n=42 ¢, 2111 (closed bivalents) % 7%-3{f {&
B Y, TEMFE - BRERIZ L bR & o0, L
Fohs 5T T boeoticum: OFRNE %451 A BHEERSL
NEWRTE A, —F, SBe O feth @k~ R L2E
Hr T otcb 25, SBs KFE - CELHMARERF A
i, ZOBREOMIFESBEL TV TARHUM TH
D, £FNLLRSL -0 WEER C.S. L HhTH 1L
AR &7 -,

AR BT, MBI R (A R 2T
X4, Chinese Spring (3% DHEFR#H (BHRH) L LT
FRTES, Fi, FRERERS (R HBH) AN
ERDT, ThbD3FRFHEAVBHLIE, ¥k, #
Bz aFOERSFIATE S,

hinese
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Summary

In the alloplasmic series of 7. aestivum cv. Chi-
nese Spring which was developed by TSUNEWAKI
et al. (1976), only a male sterile line having a T.
boeoticum cytoplasm was obtained, while the pro-
duction of male fertile counterpart was unsucces-
sful.

This study was aimed to develop three lines
including a fertility restorer line which are neces-
sary for the use of male sterility.

In the initial cross of our study, amphidiploid
of (bocoticum) AADD was used as female parent
for crossing to Chinese Spring. In F; generation,
eight plants had the somatic chromosome number
of 2n=34 to 36 and their chromosome pairings in
PMCs were considerably irregular. As a result,
the plants showed about 4% female fertility and
complete male sterility. Seventeen plants in SB;
generation had the somatic chromosome number
of 2n=37 to 57 with very unstable chromosome
pairings in PMCs. Anthers of the plants were
rarely dehiscent and the plants were complete male
sterile. Nine plants had the somatic chromosome
numbers of 2n=39 to 42 in SB, generation. Three
of these plants had about 50% pollen fertility and
a few seeds were obtained by selfing. In SByI;
generation, one plant with the somatic chromosome
number of 2n=41 had pollen fertility and seed

setting of 84.3% and more than 90% respectively.
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Variation of the chromosome number in SByF,
generation was small (2n=40 to 43). As regards
the plants with the somatic chromosome number
of 2n=42, one plant had the pairing configuration
of 2111 while the others had 201T+21 in PMCs.
Therefore, it was considered that a univalent chro-
mosome probably derived from the initial amphi-
diploid was structually different from its possible
partner of Chinese Spring. In addition, a segre-
gating ratio shown between male fertile and sterile
plants fitted the 3:1 ratio probably due to a single
fertility restoring gene. In SB,F; generation, nor-
mal plants with a regular somatic chromosome
number of 2n=42 with chromosome pairing of 2111
(closed bivalents) in PMCs were successfully ob-
tained. Their pollen fertility and selfed seed sett-

ing were normal under the cytoplasm derived from
T. boeoticum. A complete male sterile line was
also bred true in the progenies of successive back-
crossings to Chinese Spring in SB; generation.
The plants had completely degenerated pollens
and indehiscent anthers, while plant vigor was
depressed and the heading date was delayed by
eleven days in comparison with Chinese Spring.
This male sterile line (A line) is maintained by
the crossing to Chinese Spring as B line. The
development of the three lines such as male sterile
(A line), maintainer (B line) and male fertile (R line)
of T. aestivum cv. Chinese Spring possessing the
cytoplasm derived from 7T. boeoticum are important
for their utility in the seed production of hybrid

wheat.



