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DL Ry A2 27 5 35 7 (chemical emasculation) 42029 o

W e [ET FEHY = R B B A SR IR Y AR RN I B FRFC AT IR IR R Y 22 52 - A
0-50%1yRERFEACEEZR 2 o s e i T E AR (15T THRAE 25 MRS T A A A &
BUfdE > HF TR S R N BEEE - A e e AR A XS DR E - ABE
B 2 (R BRGSO R E YIRS « Rofi s F LA S - RS R RS EE L
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] B Ry ELPRRRE - dndh By SBRS3 B SHRACMT Bk R AR ERL LB -
BETHRGRET of107 HIEHIEE - LEMIKE I F R T2 S 805 A B S

(6,34,47,48)

T AN E L E R TS RS (CMS) Z RS E R IR ZE AR
Table 1. Characterized Rf genes of CMS lines in sorghum (Sorghum bicolor L. Moench).

Rf Chromosome | Genome location Gene locus tag CMS | Mitochondrial Ref
gene type | target
58099298... SORBI_ 202122)
SbR/T | Chr8 58102691 Reverse | 3008G147400 | 1 | Unknown
5546272... SORBI_ (16,20,21,29)
SbR/2 | Chr2 5550044 Forward | 3002G057050 | 1 | Unknown
ShRf3 | Unknown Unknown Unknown A; | orfl07 (6:34,46.48)
ShRf4 | Unknown Unknown Unknown A; | orfl07 (6:20,34,46,4%)
Estimated position : A~ (17.21)
SbRf5 | Chr5 2433620, ..2573735 Unknown A, Unknown
354966 . SORBI_ A1 > (33)
SbR/6 | Chrd 357858 Forward 3004G004100 | A, | Urknown

v (b Z2ZE | IZFR AU (chemical emasculation)

bR T ARG EE AN SSALE SRR SRR EEE » SO S A DR 1%
IEFE o R EEE R B LB AT B (chemical-hybridizing agents)sl A L T%(male gametocide) °
BT B EBRAC AR P METE A T A Raes] DUSEM NIRRT T35  SaiHshae e+
EIEH BRI L& TURTRAE © Be5e RRIFIERRME: - R BHETMR RS ~ R B RRAE R
ER - BTHERENZPE FRETRESHEY - (L2 SRR OB E =52
SEEITEIEL > B T B L ER R > DS SE T Ty shRE Y

HRCABREMEEALERTH N SZFEERRE > ZHEIARKENEL S
trifluoromethanesulfonamide (TFMSA) -~ ethrel ~ ethyl 4-fluorooxanilate (E4FO) » FE45E 4 S [ EL
W E SRR > DA FRE % < #5% Hodnett F1 Rooney(2018):{ER4% 88 T< » TFMSA
FEERYEHEE 40 mg FIERFIMESRRMEARTTE T - RoHlFIE TR - Bt s
TE BT KRR ] /R BT = 5 RITEH BRI 1 By 2 N R R y RV B
BEsES o DRI RIBER HHER - ATPE By N T-RITRR i A RS o S S S I MEF S - TFMSA ]
RE 2 ek D ACEE R AR BE (proline) & & - MEMITHEN S8 5 » BRI K EDIREIEM eSS S
BITORAMEARFRIE - B TFMSA (8% F e s S Se st LER g WG SR Hh
W TR o 4 U/ N B TEMSA FESIIEE HERAT 2 51 6 KN FH - (LR ah B i BTx623°
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HERS » SHRAS R IR BTX623'(2 me) BT LAESS M BTx Arg-1"(30 me) DBl - (FAEAESIHER
RERFR IR » BRIt HE P A M RS 825 S DA AT 225 o (LR (B AR
P RS TIES » AHZAY » AR ATS AR MR AR R Y « 55— B S TR
RAEK S EIA SRR Ethrel 51 E4FO M0 » ILHIZEIS AR EMBIAGE — a2
AISEIFHEHAY 10 mI SEFIHNEE L - (EFISEMIFFRMIES © Bthrel %547 3 mU/L > EAFO A 2 mg/L. -
B RS P S5 1 RS Rt B0 - RS TR0y R A SUP
o ROVEFEUE U AR - FIICBIL T FS TR RIS 5 - 5 Bt
FEMEATRERY - GREHE PR FEIR AR B R FTAIREL R A TS » 1 BEREIR ST S R R
R - A Hodnett 711 Rooney(2018)st S5 ST  ADFERISEELAT 30 FAe(T B BIE I
30 mg LIIIREAE T4 5 » SR HE RIS BAOP TR T e 2 -
Y

AGIRERE BRI TS  OA T THRELIE - SR FR R SR R
S - R ERTRE T REMIBATE > e Rt - RTIAE BRI TE /N » IR RS F R
T2 BT LR THRMF BRI - 3 RS RS Bt R TR EL LTS NS -
(TR S AR SIS - RSN N TS « 287 » MIPETEATRSME I S0 T
KB A TR RIS IRRIEAESE » ARSI RTRIE A S G050 » ARt e
8 BETEM 1S S N TR T e S 500 - WSS R PR T He R i
B A ETE B BRRRERCTE TR - DUBRBSSHITEERE » (LI HRITE AR R R A TR
B SRR RADEA R FRRITR A - RS R R OB A R AT
S » MR RAETHE TAF - (ERMTREIES - BARERERE 2 ITHTCH IS - 2
DA RIS OHESCEIER 53 AR SRS 0153 TARC ST IR A - FUBCR EEsR A -

RS T BT - (5 T AR R SEAH L (M RSCRERS - I
HESC BT R A TR » ELA SR PRSBSOS A S T RS T -
SFREREST L o FIF Ay OMS BURS » BV ARIDTZE T HRALASS SUUHE Tt B
ABfE(open reading frame) » H1E 3 EFHER HE N (AL BRI T BB AS PRI TE (L (QTL mapping) » T
W] SBRY ~ SRF2 + SHRSS Fe SRfS SHLHrp (0212250 » iy SEgedt i m AL 55— (BIES 3
Rt 2 O minon BN IS » 505 R IERT MR TTAE B ERE TR L T AR 251 dek
FERTETHICHE (o R RSB R 020 24T > R A S S - FE T 4208 LT AE A
BBIBA LR - WA R SRR b RIS S ORI R M R 0 2L
ST - SHRYT ~ SHRF2 - SRSS e SRS HIHRES A CMS B RUHRE NI » Bf5OAAC
BT B A R AR B TR R SR B -

EIRT2 SRR A1 CMS ST o R RS T4 TAFCY AR (B 50 -
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PAFR Bf] » 1950 FEARME B2 —SZ R K B AR AEFEACHE /Y CMS-T (Texas) 2347 » ffr A TERR
JIHERE > TSR T AR A MR R - B 1970 FARTE SRR K ERESEH CMS-T 247
Fok— (AR - kg B (southern corn leaf blight)FsE EC>) s T BEH PR i A AeR R /)
By e AR B AR AT Sl - BT R B (RS9 1 (genetic vulnerability) &y 1 0 B (FAG I MEAY
S (IFERMEST B S SRR [E] CMS RUEFTHTSE  DIEAREH#E A CMS BU DLYMA ETF] % A STE -

BRI {EEEn g » E3F G trifluoromethanesulfonamide (TFMSA) ~ ethrel J% ethyl 4-
fluorooxanilate (E4FO)RAEZ AT - BERIFREL AR S R MR EIRI 2 5 » Al REAE A R5E 5
BEERFRAIERSEYY i SR BRI EIR I TR - A REHE RS R R TRIER BRI - R
PURARTI & Rt ERE M - DL TEMSA Ryfill » BERIpR IR REFELE Rl TE LU B AT 30 KA T— it
30 mg » DA G 755 B MR AU AR (proline) & » METMFHECR) 8 & e (Y

NSRS T A AR b AT ER A LR F R L SRR 2 F T E R e N & B 4Chs
HIHRIEE » (LEREERI R P B PSRRI 3 5 IR AR =& E - KRN
(AL E S EIS A I ARSI R R AR B AR FE A A e (E TR AR
TEANBZERERE - S5 H A HER e BT R &R — SRS T -

7 Em
WIREF SO F K IR A A (HRE A AR (B8 (heterosis) AREET T A A BB BN 2 M

B SRR AE LR L 5 58 TR T 15-50%F 8" i FI s fe ] Y - BRAR e B Aa M (It 45
AR REECY - GRS TE LT A IR RS B M - /RS R R A 2 TR
THRE LMY LR EERR T > T TR R IR B BRI HR S - (LB SR R AT HERE PR
MBI R AH MR T34 5 - AR ERE A - NI RIERHEE AR S I F R P Fo 2 A
TR & > AR AR A S A HACEY  ERGRIREAB LR  SHFEAM
[ (ERE IS A A — MR RERE 1~ - HRBGITI AR > PRI = SRRSO R A RRASE P 2 PR (T
EIES A DREER R -
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Introduction to Emasculation Methods of
Sorghum'

Yu-An Shih 2

ABSTRACT

As a hermaphrodite plant, Sorghum bicolor mainly self-fertilizes. Therefore, the reliable emasculation
procedure is essential for the precise hybridization. Overall, there are three types of emasculation methods,
including mechanical emasculation, genetic male sterility system, and chemical emasculation. The
mechanical method includes hand emasculation removing anthers in physical manner, plastic bag
emasculation inhibiting the release of pollen with artificial humid microclimate, and hot water treatment
killing pollen grains by heat. For the genetic method, cytoplasmic genic male sterility system (CMS) has
been highly applied in the sorghum hybridization. The available CMS types are A, A,, A;, A4 and 9E, and
the A type plays the major role in commercial hybrid seed production. Notably, chemical emasculation is
a novel method interfering the anther development to induce male sterility. For sorghum, there are three
effective chemicals including trifluoromethanesulfonamide (TFMSA), ethrel and ethyl 4-fluorooxanilate
(E4FO). Until now, limited papers reviewed the technique of sorghum male sterility. Those mainly focus
on the method of mechanical emasculation and classical methods to identify different types of CMS. In
this review, the characterization of fertility restorer genes (Rf genes) in molecular level, and the effective

chemicals to induce male sterility for sorghum are both summarized.

Key words: Sorghum bicolor, emasculation, cytoplasmic genic male sterility system (CMS),

chemical emasculation
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