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TR o AT A ¥ % e FT RFLP #3% ~ cox | 2 rpoC2 & %]
ﬁ”iﬂU&Q?mufhﬁmWF@MQﬁ&aﬂwéw%ﬁﬁmjﬁv
orf107 A B E A3 CMS cnp B AL 7] o 3 FRM ORI %;g_;g

VLA N ERMN N0~STCREARF FARET L 0 F R
Wéﬁﬁlﬁukﬁﬁﬂ’“%‘Wm&ﬁ%4ﬁ%ow4ﬁ%iﬁx
BB EORPE AR T EAY T AR 2R B RpEk
MR R G B K G M o B e B ehRE R A F 5 RFLRf5
FARIR G T av AT "X £ 4 & 7| (Pentatricopeptide repeat, PPR) » i & F A
* SSR ikt (7 Al 4224 4% 2 'S0 rfl AF e e iEfE > 25 T &
e A jﬁﬁr‘r’,ﬁ m—’ge J °

AL D R R g REER ARG A T

—!i_fi

)

% I (Sorghum bicolor L. Moench) (2n=20) &t Z& *t 257+ » fi% (55 » 3§ & £ 3230040 L
BEKK 20 ARARET AL RS FS O WA ) F S RfRE L E o
k- g0 AFE P RIS s R ITLHPAPERY > PR R AL F UM
Fle A& * i o it A 8 F R34 = bicolor ~ guinea ~ caudatum ~ kafir % durra

5 1 A & | fé(basic race) > # ¥ 12 bicolor & i ik ¥ hiRF RV A X 4 AP
B ¢ g ERIFL ”@lf}ﬁﬁ?ﬁ'm Sweet sorghums (sorgo) ~ #l ¥4 F * & Broom

corn ~ ¥ 4 AL * o Grass sorghums > 12 2 &7 ¥ % & * 7 Grain sorghums

EXPPH 110 £ 67
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(OGTR, 2017) > 23k % E4 32 ff & 2019 # 5 4007 § 27 > A £iE 5780 § =
w7 (FAO, 2021) -

$$~ﬁg%—wﬁaﬁ@owﬂwﬁﬁ%$?@Iﬁ%ﬁiéiiﬁg%@
f3 S RE ~“*%¢ mho T S RS 2 L ¥ e H(FAO) K3t o
1960 # iié:igFJaH‘_sﬂ’ EHRAFE R &G 2R3 RHE o FAERD
40%~50% (Reddy etal.,2005) - #x @ # & F| SfapF > & Jf L 4 f—% AL B ERS
ko M A4 pRBFIRE LR EHRFREEF 2259 18% (Barnaud
etal.,2008) > 5 FI48 7/ ~epaele 7o A 12 227 B R+ 4 & ha Ao E >
FLFRETRAECP e B 2 AR B e P T A
(cytoplasmic-genetic male sterility, CGMS & CMS) & %t 3 2 > H£iE T 5 < & 2
&) f%-g kb e O BE I enfa 1 4R A F(fertility restoration gene, Rf)5f 4¢ 1ok %
?F'?mef.—fﬂf‘l’ﬁ RREY R FI PV AATRERLY c A FHEFE CMS 230
TR BRI R T2 LT EN - RRER FREE TERPE we 2 §
1%#Kﬁéﬂ~ariﬁ%@ﬁ*$ Mmoo PR TLRNBETETT
Yo ERARAIFRSBLT S -

3 F e T T (e A R g

Stephens £ Holland ** 1954 & 7 =t 4 4 8 % A (milo)3] 2% 4& » # 7 A& &
Double Dwarf Yellow Sooner Milo (durra race) (9)#? Texas Blackhull kafir (3)3% 2
Fot! ¢ IR 25%E 287 8 izze 7 At ML B kafir e s 2 % 5227 44
e 2 milo f& 2 ehfs % > L Z2F 44 0 7 ¥ 1148 %7 Double Dwarf Yellow Sooner Milo
17k 14 & S/RIRf > Texas Blackhull kafir & N/rfrf o d 3t iwbe 227 o045 8L 5 R
p# k2 e B @ F)pt milo x kafir #732 % 0 Fy {8 % (S/Rfrf) 'y ¢ %”ﬁ 4+ A milo
fnrz B e Bl @45 B > Stephens &7 Holland (1954) 4 ¢ Fy 5 # & w % kafir» £ 4
272 LNBCI RS/ v -GET Bw L8 AT ERZET RE (A-hne)’
# é £ 5 Combine kafir A (CK 60A) (S/rfrf) » H 4t % 4% % (B-line) 2 CK 60B
(N/rfrf) » % iF5 3 % CMS# 1 iﬁﬂ‘i °

A T AR 3R ()X R Q)F TR RG-S Q) E
PEH BT T G LG B e J1* 22 B-line £ $x4k % (R-line)3# % (test cross)

=gl
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s R ARM R0 T MR B Rl A S A (milo)  Ax s A~ Ag s As > Ag
% 9E % 7 #4f A (Reddy and Stenhouse, 1994; Schertz, 1994) » ¥ ¢t 5 % % i§ KS
4] ~ maldandi ~ VZM %2 G; % 7 Ip i CMS w2 % ;’E‘I(Reddy et al., 2005; Sandeep
and Biradar, 2020) 1345 <k % 7 2 L EAYL > T A2 S A5 (1) FEA > ¢ 3
Ai~Ar~AsE Ago Fllae+ A Bpgf 4 91V % ;’:11;'22'_ FERTE Q) TTE
T2 BH e 7 A3~A42 9E> ¥ i F F AL 1o4 (Schertzetal., 1989) (Bl - ) - #
TAR AL AR MR SRERA A FIRE RS EF > &AL Al > A2 > Ad4> A3
(Senthiletal., 1998) » # % 2. » Al 3]z % £ &% % i DIif & O R-line> » F|t Al
A2 A5 P 2R R LDF R CMS & i (Reddy etal., 2005) °

Bl- ~ B F23 & TEAR - *EES 'I(A3T><398) /| =% 4] (Chen
etal., 1995) -

Fig. 1. Photograph of anthers in sorghum CMS lines. Left, large-anthered type (A3T X
398) and right, small-anthered type (Chen et al., 1995).

BRERLIRWEFLALZ LT EY

pPodibEm ﬁ T4 ¢ chlwre [T2e 3 48 0hd R AR AR FITE A 0§ R
AFIHE A £ ephoiem 74 2 A ehim e 227 44 (Schnable and Wise, 1998) -
Xu % (1995)r2 > 5188 DNA + 7 RFLP 257 1 % A Az~ Ay~ 9 22 H &8 #54) chze
PR F L G Ay :}ﬂ It A4/9E Al s cox | & F1 5 7 3 >t milo %] (Bailey-Serres

etal., 1986a, b; Prlngetal 1995) - Chenetal. (1993, 1995) &% ¥ -] 7= & A](A) ~ Az~
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AsE Aq)i2H Fhin%e §7 3 % 4 5 rpoC2 A F1 5 7] 1 45 41 165 bp 4k 4 (deletion) »
FI* 3% 5 AN TR 2 A FHRET AP TEAE S TEA(As As 2 OE)Z 7 R
&k B R4 B I hB-line &2 R-line (B =)o AFIM® ¥ it & 3o TS DR 7 H 5
open reading frame (ORF) » & ¥ A; 3w F 48 + oo 0rfl07 # iv #2287 fa
GERATF 2 EEAR BN T2 N Asle g Fepatpd AF4pig > @ C
= B 22 -k 4% Chinsurah Boro II (Bo)d|2& 7 44 im ¥ 7 orf79 A 7| 4p 02 (Tang et al.,
1996, 1999; Schnable and Wise, 1998; Pring et al., 1998) (B1=) - 2 %(2019) =~ Al
A imee e d 48k Tx623A % 3 4% 4 Tx623B e sh 4 FIRY 548 £ s A 47
e IR - B 5T kb £ ﬂ’%ﬂ % B % = (translocation) °

(B) i Y CE &g

88 88 g8 89

-« w W wu - = - =

(A) > = M = Lol ¢ LT ]

=k = == =

o e Cax o

-~ S ~ -~~~ ~ ~

nomgm mg D@ O o
(=]

93 388388883 8882y

....—»—.-.‘..’:.‘.‘L‘p’:ig._"‘:sf,_"ﬁ

—gﬂvh«_wmuh - M ow =

< d a Dg< <« <« I << < <

- 443 bp
—278bp — 443 bp

— 278 bp

Bl= ~rpoC2AA F1 A F 282 T AL T8 % (A)B ¥~ #3227 4 % (A3TX398~
A4TX398 2 9E) &2 22 7 f& & & BT X398 ¥ 3 t§ 5 £.443 bp ; /| i~ % 7|
(AITX398 ~ A2T X398 ~ ASTX398% A6TX398)%]5 165 bpeidt £ » PCRA
P4 ) 5278 bp o (B) B I M4k & (RTX430 2 RTX432) £ A3TX398 -
A4TX398j474 2. F1 5 3443 bpiks ¥ » @ A1T X398 ~ A2TX398H jiw4 F &
7278 bpiE & (Chen et al., 1995) -

Fig. 2. The electrophoresis of the molecular marker, rpoC2. (A). A 443 bp fragment is
present in A3T X398, A4T X398, 9E (large anthered CMS lines), and BT X398 (a
fertile sorghum line), and a 278 bp fragment is present in A1T X398, A2T X398,
AS5T3X398, and A6T X398 (small-anthered sorghum CMS lines). (B). RT X430
and RT X432 (restorer lines), and the F, hybrid lines derived from A3T X398 and
A4T X398 display a 443 bp fragment, whereas A1T x 398, A2T X398, and the F;
hybrid lines derived from A1T X398 and A2T X398 display a 278 bp fragment
(Chen et al., 1995).
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coxl/

Rice (Bo) —| B-atp6

5'-atp9 l
Sorghum bicolor (A3) — of

Bl= -~ 3 ¥R aCMSA 77 ﬁ,\g,\ £ %177 & Bl(Schnable and Wise, 1998) -
Fig. 3. Chimeric cytoplasmic male sterility (CMS)-associated regions in the
mitochondrial genomes of sorghum (Schnable and Wise, 1998).

BRHR FRELES

FA A EEART RS I I F R A A A R AR

P ARRIFETN S F G £enRline~ 27 R EESROPEL AL
PEFETFET R FETN Aline §F A THRTRE I AE AT AR F
CI Y TR E T RS S R S B - S P
BEE O PAUAL RSN AR e LT R BN PR § £ TR
RBE B R R RN EEOR PR B G B R i 10C
ZEE %?F P » mAEARE IR L E PIEAE AT 23 RS 6

FiEA R Ak VR PR A AR BER T B

% As>A>> A4 (Reddy and Stenhouse, 1994) - Tarumoto et al. (2008)2 7 g & % i

T I BAIALIRAZR FRNASAZLEZEAIDEERITHR V-2
: ,__%,?mrg PREARF EF R NERE REN95FRERLFERT KA

T+-

=N

L HEISCHTAEHE ARG LEEP TR B 0 IR T F i
% 10%’§12z«¢;cfpnif§_+4z o Bt v iE m%grﬁé‘f“:ﬁﬁmi% m)ii«’%?42°CB$’
TR ARDETN A R EE FORE

¥ g IR o

% gz LA R [ )= 4
Singh % Hadley (1961)BL% % £ 527 2 5 CK 60A 8207 44 4 chic 4 5 7 iB
A FRA EF DT F RSR ﬁt/’:\ %] (meiosis) A = v 4 48 (tetrad) » 7= |+
A i =
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(microspore) » A m & T KT IR A B 1 - L b EEA G T
@A RFE R R R D A AT A RT3 S g B {73 354 2 (mitosis)
A% = F fn 7 (tube cell)fr@‘ 78 'm ¥z (generative cell) » & = #8422 2 48 4 /| 72 + rig
# 5 47 (uninucleate) ; = 3 227 AP AL R pek ATk A e TR S R RA B P
€ Fae X fE o 2e R 4Rk hpl R dme 2 ETIE T PN 3 354 4 (endomitosis) > ) =
SRR TR A EFIFT AR DR T EE A AT RE TS
o CE BN K iR gk (tapetum) fn F2 ;ﬁ d &~ e 42 B 145 = (Programmed cell
death, PCD) » #-%& & 8 11235 = 1545 “F BE(exine) » {ois *F BEE_ 1O 5 M anhf 4 > 7]t
FRPR HPCDHAS B Ak RERTEFTREIR A LM% A
(Wu and Cheung, 2000; Ku et al., 2003) - Warmke ¥ Overman (1972)R] 8% 3 ¥ 22
7 Ak il 7 e B 4 B (cytokinesis) P > % 34 BT (callose) d1 IR AR 1L X R 5 A
Fow AEEL Y AR A EA S P o

BOEHERRET R ARER w2

FRALFER A2 Y2 RS (< I0C)FanRpe BEFRET T T
BOEFEFCRO)FNRPEREFT AR IAMF AL TRTE E 3 A2
4)42% 4807 48 Z(Devi and Murthy, 1993) = % % (2000):7 45°C # i AJL % ¥ 227
A 3197TA 2 ok * w1 0 G AR LRV A ] R AR
NI RAFASE G By dp i 2ok Bt 2 323 i ¥ o SR A
R-dpwmrednd) 32 208 REATCRBTEEA RPN BEY AL Tt
] CMS AF v i L5 BT FRAMOT 2 X # 5 > ih ERITH peT (pollen
abortlon) (Warmke and Lee, 1977, 1978) - 2 % (2000)12 45 B F L (& chz2 7 §4 %
3197A AN AEITH LG G F LI pEE e d B F M EER AT JLRlR R B
i (heat shock protein) ¥ it T2+ 7 % & Fov FiBdp & & ¥ 43 > & Firet R L v
FREI AWM - FEIE > BETRAER R RS LR Y S ¥R

MMBE R RITERRAET A @ AR -

F FRIEE A FIRA)Z Tix

E A G AP PENES > BT A ES FRART IR AT AL W
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HT i % 0 AL A2 A RE S F R § 4 % i8] %R (Klein etal., 2001, 2005)
¢ Rf2 éhi= % (Jordanetal., 2010; Madugulaetal.,2018) » 7 2 ¥ | pFik4p Al 3| %
A2 A1 eRf5 (Jordan et al., 2011)2 Rf6 A F]i=% (Praveen et al., 2015) > A3 3
A3 Rf3 (Pring etal., 1998; Tang et al., 1999; Tang and Pring, 2003) % Rf4 (Tanget al.,
2007)c H ¢ B3 EORIAL AFI T2 % 8L M » TAHARL VT LT 5EH
% 7| (Pentatricopeptide repeat, PPR) }-v #2% 77 PPR13 £ F](Klein et al., 2005) - PPR
I A AOEALSHENRNA RS By o (T 30 ime e B bldoR M2 %
%“'(Barkan and Small, 2014) - p # H fﬁ;ﬁ' ¢ Fren Rf 3% 78 (cloned) £k F] & 1% 3% 2L 7]
= PPR 7k F)(Dahan and Mireau,2013) > & 7 -kf& & § A ¥ %3222 AR
> Gaoetal. (2013)41]* £ & 3 &4+ rfl Ekﬂj&é 2. SSR - 34(Xtxpl8)it 7 A +
ﬂ;t#m%*fé,.i%xﬁ% ﬁlﬁ%?‘*bﬁﬁnxd | FES E 95.1% o Rf2 A Fli=t 5
2 % ¢ &8 » fine mapping A 45 % % 45 F| 2% & F](Sobic.002G057050)7 >+ PPR &
F] 7% (Madugula et al., 2018) ; Rf5 2 Rf6 giit izt 4 54 4 F > 2 7
> PPR £ F](Jordan et al., 2011; Praveen et al., 2015) »

*7‘#”

e

#
Al WHAEERPARARETT S FRFET B CMS AR R
v TR RBELEALRE T P ORRE AT o AR E HE S
Feagubt 74 LB pRBER RSB FAGE R AL A A5
iAo ERFOAEIFTRFLAGHFFATESALEEFA RS Flt ) B
ﬁzAzyﬁz%@ﬁg?%@Aly’féuaﬂééﬁfkuﬁmgﬁ+%ﬂ
MEFAR wd 2 A2 R AP R R AL F] Y > 2 B T8 g ze
FROTCEFES 0 LT gl (Reddy et al., 2005) - © fr%fr_fs‘ii@ﬁ B
"2 /¥ = (apoptosis) et A @R o =T PR A AR gL R e iR 15 = (PCD)
PR atsd o x m T Mo #4245 0 PETI-CMS & p 5 st e
PCD 7 #& % ehak % > & PCD endF (b4 @ w2 R 2 w72 DNA ¥ Ei)d
Foan > R ¢ v"LT% iz ¢ % ¢ (cytochrome c) 1 W pehy c%z 7% % (cytocol) ¥
(Balk and Leaver, 2001) - CMS E,.kﬂ SAILL B A RSAMATINY o 3R AR
8o orfl07 & %175 5 H ¢ — (Schnable and Wise, 1998) ; ¥ 7 # 7 4&R8 & %
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B kil > WEALEFRT R AL - BT RS AA -
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Summary: Male sterility is exploited for hybrid seed production in
sorghum breeding programs worldwide. A1 (milo) cytoplasm is the primary

cytoplasmic-genetic male sterile (CMS) system among different types of

male sterile cytoplasm for commercial varieties because of its better stability
and more restorer candidates. Cytoplasmic RFLP markers and markers
derived from sequence differences of cox | and rpoC2 can be used to
distinguish some CMS sources. Mitochondrial open reading frame orf107 is
considered to be associated with A3 male sterile type. The stability of
sorghum male sterility and fertility is mainly affected by temperature. When
the temperature is lower than 10~15°C, male sterile would be induced in
some fertile lines, and heat treatment could restore the fertility of some CMS
lines and change the amount of mitochondria. Since the tapetum of male

sterile sorghum maintained intact during pollen development, so the

abnormal programmed cell death of tapetum might play a key role for male
sterility. Sorghum fertility restorer genes, Rf1~Rf5, have been identified and
suggested to encode pentatricopeptide repeats (PPR) protein gene family.
Marker assisted selection (MAS) by SSR for recessive rfl gene correlating

with A1 cytoplasm has been reported.
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