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Abstract: Sorghum (Sorghum bicolor) is a significant crop serving food, energy, feed, and
industrial raw materials, featuring extensive growth adaptability and diverse utility values.
Despite the achievements in sorghum breeding in the last decades, conventional breeding
methods still confront challenges such as lengthy breeding cycles, low efficiency, and complex
genetic backgrounds. With the rapid advancement of molecular biology, genetics, and
bioinformatics, molecular breeding has carved new pathways for enhancing sorghum yield and
quality. This article reviews the molecular basic research progress in the key agronomic and
adaptive traits of sorghum, including grain yield, grain quality, flowering time, plant height,
tillering, stress resistance, and male sterility, and discusses future research priorities, offering
novel insights and approaches for sorghum breeding.

Keywords: sorghum; agronomic traits; adaptive traits; molecular breeding; genes
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1% G2 & R i Bl B i S R A2 R T R 0 R A B, ASBFS0 00 3T AF e 76 5 i T B
ARHGEACH S T, R AT g o SRS T RS R BT, LU
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R E | R HORN 23 BE RO 52 e 7 1 1 31
FEREK., EEmEd, e B340 5
HAISERQTL 5 B qGWLIE 5 i Xof by AT
BEZm, AT IS RERN—1101 kbIX
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£1 ERIPRSBEEEROESE QTLER
Table 1

MaFiric I & B em e i & s
‘Rio’ 5 ¥ ki 55 3 ‘BTx623° 2+ 2 15 B Y 41 A
A2 Z (recombinant inbred line, RIL)FEAAMESY &
B, 7E1 418.71 cMAYst 1% i a3 LU
2SR E A K QTLIY, [, Boyles%!
TE A AN RILEE A R BT 55 e (kB —4
B TR EQTL, ZQTLAE— MR ffRE T
I 21% 0 RAAL . RE GWASTEL00 kbl
FE PN R B S 5 A7 o, L3 ok i 326 56 PR 9 42
MFRR S, FlRERTFHL PRI
1) & 2 AR R IR ) %5, S GWASSES Rt
THEUO AL, FE— M B3 SN REA Y R SR A
9 SRR BT R AR OC AL s U R, W
265 4874~ HZ AT R £ A5 (single nucleotide
polymorphism, SNP). H o, P4 ik it
Sb10g018720F1Sb06g033060%k i Y 2 11 5 ki 44
PERIAE DG, HSNPAS (AR FE ) 24 JE R g iy, 2F 11
AR BRI KB B, 837408 i S R
T 421453 91 52 i 25 DG HK B 5 (backeross nested
association mapping, BC-NAM)BEIA L B A K
HBLGWASAHHT T 814 SRLAR A G QTL T,

PR RO 5 37 i e L ) — B
F o FEXT R S B AR A ) A DG AR )
ZAVEIR A TGWASHY AR, 2L T 101/7>SNP
FOMHR P DA, TSR R

Major QTL/genes associated with grain yield in sorghum

QTL/Gene Gene ID Phenotype Encoding protein References
qGwW1 Sobic.001G038900  Grain weight Expressed protein [4]
Unknown Sb10g018720 Grain size Similar to putative fiber protein Fb34 [5]

KS3 Sb06 g028210 Seed number Ent-kaurene synthase [6]
Unknown Sb06g033060 Grain size Similar to HO801D08.10 protein [7]

MSD3 Sobic.001G407600  Grain number per panicle -3 fatty acid desaturase [8]

MSD2 Sobic.006G095600  Grain number per panicle  Lipoxygenase [9]
MSD1/SHTCP16  Sobic.007G135700  Grain number per panicle ~ TCP transcription factor [10]

Shl Sobic.001G152901  Seed shattering YABBY transcription factor [11]
SHWRKY Sobic.001G148000  Seed shattering WRKY transcription factor [12]
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and PCF)Z5#38 . J8 486 Il -3 2 ML FIAR T 2
Tt 19 AL 0 R S B SR TR, AR K I Y TR
(18:2) 554k I BE R (18:3)51% . MSD1H] A4S &
B B 55 SRk ORI 41 M SD 228 42 il
Fak . PSR msdl . msd2Fmsd33 i T
e R B AR N R T, IR SR A S,
AT b i T AR AR A, X33 R R
#J 2% (jasmonate, JA) & ¥ % 45 1Y) o B 2H Bl
gy, BT R R E MR EIA
WRREHEER, M TIAERTIHRE ™ &
i EEAER . ColasantiZE!" 2552 17— 2 41
5 HAbAE Y WU e £ BL X, 4niD1. GDD1
MAPOL, Efi1iZ5 T EAKIFAE . s
KHAKFEFRMAERET . 57—,

Zhou 5P 2 T 354 15 18 e 25 #4 R 56 1Y) 2 4
PR A G SNP (traits association SNP, TAS), DA
T K T K AR A 3 32 TR 18 91 v S R VR 470
7E 78 % (fixation index, Fst)F L & 76 45 2 43 #y
SEREHT, ISR TASSI Y (o (K X 35 nT RE 2 & #h
prirE e IS K 7N

*2 SRPEBEEIMERHEE QTL/EE

1o SR I 0 e X i O T, B
FE R A 1R 1) OG5 3 [H] 2 — J2 4 S YABBY #% 5%
IF 1 Shl, AN 5 i i i 5 b R4 A 3 Shif
PEELAS Y, S AR B T BT RN & T IX
3 AR S 5 | SR IR KRR . 46 4h -2
FIBTENAY2.2 kbIX Il 2K 3 Sl b, 1y
T AN GT R GGBY 207 1. 78 5+ 3 M 8 T4k
JM 5 AHRR L300 kb SOWRK Y2 b — w
FEB, BETERE 3 (Sorghum: propinguum) H 5 | 2
FERLIERE 5 H TR IR %A% 1 ATGZE H ATT,
SpWRK Y4 fith 114 2 11 Lt Be M SOWRKYZ T 444~
RIS . B H AR (H)TE1 360 4 24 T
i (Q) st , (H WRKY 45 #4) 5 ) 2 52 1R )5 %71 R
KA Sh1FI SOWRKYER F] g2 5 8 ¥ fh
A ERA B BB X, A X — ik ie
7 it — 2 BRI S R

o S 1Y 43 BERE I S L Y OC B e I
EZ—(32), K Sobic.001G1216001E N £ K
YAk I A thod 17 [R) P I R, sy T — A 1
SERTF, XA SR T A S 5 &R0 4
B I HHIE3h 2 #DEH KB (phytochrome
B, phyB)AGIE# 0, tbsh, EARERAS ST
RS2 A 3 B4 1 25 A4 4 B2 (H 5L A o 6 R
FERLENA Fr it — 2058 . PRHiE, tindn] LIEE
il E oK BER R4, HINBRTEA R S5 WVED)
PR RE AR B, H T R E S
(Sobic.002G036500) 7] BETE i 5 4> BEHH A 45 H
PR, AU i, 7ERFEMELT
W 30440 = R AR A ST R, FILHT9 7544

Table 2 Major QTL/genes associated with tillering in sorghum

QTL/Gene Gene ID Phenotype Encoding protein References
tbl Sobic.001G121600 Tillering Transcription factor [22]
tinl Sobic.002G036500 Tillering C2H2 zinc finger protein [23]
DRM1 Sobic.001G191200 Tillering Dormant-associated protein 1 [24]
NAB1 Sobic.006G170300 Tillering Carotenoid cleavage dioxygenase 7 [25]
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2450 E B AR TN (Tillering Number) 47 T
KK E 5, L1358 107QTNs 5 & 3 4 BE
O OG o JE R e 2 B2 34 PR i N SR 2 43
RIRAH = H 1 (dormancy associated protein 1,
DRM 1) JE [R]85 8 72 by I 9 i 3 o0 B AR R 10 56
SEDR ¥, DRMIZEARIR AR i 43 BE 27 2 1] &
A —E 2R, LT R R EEQTLN, X —
RIHE 7R T DRMITE i 5 43 BEA K v 1Y) 8 224
AP Ry, AEKIRIEZE 1 (non-dormant
axillary Bud 1, NABD)JE R X BERXCHEE, ©
SR P R, NABLERAS IS |~ Z
fi# AU4E 7 (carotenoids cleave dioxygenase 7,
CCD7) 5 7K i #1404 w5 57 vb 1 [m] 95 58 PR 2L A A
LIk, nab1 A5 (A2 B0 H 38 N A% 43 BE RN 4L 1)
MR B, XS R RNABLE N A KRB
WA EAE, 7RSSR A6 BURR Y 43 BE
HORIEVER, DL R B R  5R k RHRA
THEMNMER S FRRL.

*3 BRFE@FAXMERKNEE QTL/ER

1.2 FFRLA R

1o SRR BT Je 24 SCBEVEIR , A 46 R
T L R A SRR AL A | R
PUE RN SR T m A, MR &
2R R E A Tl A B A S, L5
B0 2 A R SRR B e R P B T — 2
HEJE, EEIG G BT AR A AR . AR s AR
Pel, EGH RSB RCRA R, Bk, FIHS
TEMEAR, R A EREHAR,
SRy 0 e S AT R T O R TR AR . S A R
FEAR Ay v R T R AR T RS A L Ak
P53, AT IE N D1 B8 B VR A Hb T i I
PR TS J5 10815 SERE R T HLE], AH SR
FEQTL/AEN L3,

e S PR i Rk Y S ks = BT I
TER URLIE B8 2% W o, b e SR R AR
FTER AL o - B-. y-FIIS-T I 28 11 2 v
FEIRE AN, o-FEE A RS S Y
& E— 20 S Gl ey, Hoh (s
5 R B S S AR B R TR R AR T AT
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Table 3 Major QTL/genes associated with grain quality in sorghum

QTL/Gene  Gene ID Phenotype Encoding protein References

DGAT1 Sobic.010G170000 Crude fat Diacylglyceroal [15]
O-acyltransferase 1

Unknown Sobic.005G193000 Seed protein a-Kafirin protein [29]

Unknown Sobic.009G001600  Seed protein B-Kafirin protein [30]

Unknown Sobic.002G211700  Seed protein y-Kafirin protein [31]

Unknown Sb10g013050 Seed protein 4-Kafirin protein [32]

Wx Sobic.010G022600 Endosperm texture Granule-bound ADP-glucose-glucosyl  [33-34]
transferase

AMY3 Sb02g023790 Fat and protein content Alpha-amylase debranching enzyme [35]

yl Sobic.001G398100 Pericarp color MYB-domain protein [36]

Tanninl/B1 Sobic.004G172900 Pericarp color Flavone 3',5'-hydroxylase [37]

B2 Sobic.002G076600 Pericarp color Flavone 3'-hydroxylase [37]

Z Sobic.002G062500 Pericarp thickness bHLH gene family protein [37]

P Sobic.006G153800 Stems, leaves, ears and glume color  Anthocyanin synthetase [37]
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BB A E AR, GuindoZE P77 A 3
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JCH)B2FIBLEE [N | Fifil 47 & & R AP 45
AN, Ayalew 54252 L 21 4861 (near-infrared
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1.3 FriHrs

FRIFAER XS TR B AR KR R F L
HEE . A R DR B L A E A R
Mg R S, AHOCHEIRAY =28 QTLAE R WL 4,

1o S %) I A6 B[] R0 ' J 30 SR vk 22 R AR
K, Mal 3| Ma6 iX 6 >FE[A 7 57 fE ] A1
L1 E5 0 N S - 7S ) N R Y v S B £
B FRBHRFFAE . Gelli 5@ QTL Efi% T
1Sk F i Ma3 il 6 5 Y fA |11 Mal FE[F]
SAEWIADC . R H RETF LAY 3 2 X 1
Mal Zwfidfi e 158 37 (pseudo-response
regulatory protein 37, PRR37), SOPRR37 {5 ik
2R TR A A R B, HO S AN
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Table 4 Major QTL/genes associated with maturity in sorghum

QTL/Gene Gene ID Phenotype Encoding protein References
Mal/ShPRR37 Sb06g014570 Maturity Pseudoresponse regu-lator protein 37 [43]
Ma3 Sobic.001G394400 Maturity Phytochrome B [44]
Ma6/Ghd7 Sb06g000570 Maturity CCT-domain protein [45]
SHSUC9 Sb06g000520 Maturity Sugar transporter [46]
SHMED12 Sb012050280 Maturity Flowering regulator [46]
LD Sb03g045030 Maturity Flowering-time protein [46]
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N Sk Sy 1 I S s [ ST A i 7 R
RV R IE B AP Dw3. R 1M, dw3-sdl
S R R DWW 114 58] (2 HE 177 5 350 1 A b 2 A A
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Table 5 Major QTL/genes associated with plant height in sorghum

QTL/Gene Gene ID Phenotype Encoding protein References
Dw1l/SbHT9.1 Sobic.009G229800 Plant height Membrane protein [48]
Dw2 Sobic.006G067700 Plant height Protein kinase [49]
Dw3 Sobic.007G163800 Plant height Auxin efflux transporter [50]
RAP2-7 Sobic.009G024600 Plant height Ethylene responsive transcription factor [51]
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5 A5 22 R g U Rl e R A e 2 % e
R T A RE N R i, BRI T —A> S eER
IR P AR ) R OG Y S R A AR TS 8 4 1
(alkaline tolerance 1, AT1), ¥& LA vl JE 1y
ATISEA BRI I T s 3 . &1 KA K
AT P T AT DAL B U 1 e R
T RAEAN T K AR Bl o AT L0 A% — bl i
RIGHE My WAL, ERemKEE BRI, N
11138 9 3 AL R (H0) Iy 23 A, BEiHATLIR IR
DAL 1) 5 DA ok B 20 4% HL K AR TG I g A 7 Ak
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Table 6 Major QTL/genes associated with stress resistance in sorghum

QTL/Gene Gene ID Phenotype Encoding protein References
SODREB2A Sobic.003G058200 Salt resistance AP2-domain proteins. [54]
SODREB2B Sobic.009G101400 Cadmium resistance AP2-domain proteins [54]
AltSB Sobic.003G403000 Aluminum tolerance and Multidrug and toxic compound [55]
P deficiency extrusion (MATE) transporter
SOMATE Sb03g043890 Aluminum resistance Multidrug and toxic compound [56]
extrusion (MATE) transporter
LHT1 Sb03g006190 Low nitrogen tolerance Lysine-histidine transporter 1 [57]
Unknown Sobic.05G172300 Anthracnose resistance F-box domain [58]
ARG1 XM 002443813.3 Anthrax resistance NLR immune receptors. [59]
ARG2 Sobic.005G047700 Anthrax resistance NLR immune receptors. [60]
YELLOW SEEDL1 (Y1) Sobic.001G398100 Grain mould resistance Putative R2R3 MYB transcription [61]
factor
YELLOW SEED3 (Y3) Sobic.001G397900 Grain mould resistance Putative R2R3 MYB transcription [61]
factor
glossy 15 Sb10g025053 Shoot fly resistance Similar to Glossy15 [62]
NBS-LRR Sb10g025283 Shoot fly resistance NBS-LRR protein [62]
NAC1 Sb10g027100 Shoot fly resistance NAC domain protein NAC1 [62]
LGSL Sobic.005G213600 Striga Sulphotransferase [63]
ARSL Sobic.008G036800 Sorgoleone Alkylresorcinol synthases [64]
ARS2 Sobic.005G164200 Sorgoleone Alkylresorcinol synthases [64]
SHOMT3 Sobic.006G007900 Sorgoleone O-methyltransferase [65]
blmc Sobic.010G001900 Waxy bloom Long chain acyl CoA oxidase [66]

5 5% [N ¥~ (transcription factors, TFs) & & Kl
Fik RO TEEE R, EATTRT DA AR R
b &) A VAN R R S E == R
TEm R, —dLUE B T2 448k IH -+,
WAL $E 134 WRKYZE (Bl | 1807 NACHE [ |
1451MYBEA | 1721 ERFE [ . 1661bZIP
FETI, Kadier R 5 H, HAEE A
AH 5% 19 7~ NAC 3 [H (SONAC6 . SbNAC17 .
SHNAC26. SHNAC46., SHNAC56. SbNACS8FH
SONACTI)TEAS A i3 (Fh B2 . IR . ABAFJB
AV 1 F B KRl R A8k . FE = S,
MY B#% 5 K] 7 ) % < A= 4 F0 A2 9 38 T
KAFEH TR I, &3 = A4 3- A
T 2 Y B 2 R G FL R )5 (Col letotrichum
sublineolum) (¥ {228 , T iX Fi A ¥ 55 2 I A=W &
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WA E AR 1 (yellow seed 1, Y1) MYB%#
SR A Y E B E TR R R 2 2k
FIMY B3 AL W& B FIFSE o Scully %5
i 5E 35 Y, SOMYBGORY i 2k i G 1 it 52 sy 32
AR R AW A R FEER I A R IR F &
SERL Rk M 2 W, SoDREB2AFI SoDREB2B
Feik B A, 7E SODREB2IE A A HE [X 34 K
M E] T miRNAs, X HmiRNAsTE % 5% )5 V8 1%
o R HE T AEFIRY, 1 35k S DREB21 5 SL A
IR FEAE PR 2 B0 X B K A TR 32 ¢, 5 B AR AU
P, B ELDRUK R 7= B TR e Y R SR
A SOWRK YL HI ShZNF 1 7] DL 45 & AltSBIS 3l 1
FIMITESE & 75k M5 H3RiE , HEE MR
5 52 I 1 SOWRK YT SbZNF 1L & AltSBI)
IR %, SOWRKYLFISOZNF IR AP 25 6 30
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R E A 2%, SOWRKYLFI ShZNF 17E i 45 %
Hh ) ik KO i TR U R DY R I s A
AR R R R v R v B A W T A A
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Tl A2 L ) 0 L TP 1 22 K O3 - ) B A
W, EREYAERKT LTSRS, WEEY
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SBI-05F1SBI-09 I ¥ il 1R 2 & & 138t 15 1 1. 5
T X BE LR Y T A AT REE Bh TR B ek
R ST A A

ROt m R EEN IR, MEmRERK, ™
VR S BUER A D M s e ZEAR AR B
T, g 2 R A A R s AR L(LHTL) Y 25 7
72 ik KKl (differentially expressed genes, DEGs)
B SRR S R0 2Z AL A 22 RIR b
HRERE, MRBFFIR A EA . R
- TFILCHN 4 it 22 0 245 1 A O 88 11 -9 [R1 R 4 1)
W% Ak 2 [ (DW2) () DEG #% 53 4% 7E CK 60 3% 7
A REFECT, E AL o b KB, AR
TR L PR AL b RUBE IS0 T 5 BB SO (B4
STk W 38 AR 30O A 5C Y DEGHE SA ) E
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IR R N R Z 5 TR AL R, 5
150 A U i R b 4% 48 R (NRT2.2 . NRT2.3,
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http://journals.im.ac.cn/cjben

TH P A7 A 3 g 5
2.2 EHpha

TR AY 2544 T , B EL 7 (Colletotrichum
sublineola) & | 2 i i JH 5 A2 4= 3R 15 58 1Y 32 229K
FHo B A 2B AH OCHE INB-ARCHE REE
IRl (SOCNL1F1 ShCNL2) 1 2 4™ # f fiz Jof A o A
[ (SONPRLFI SOWRKY40), E 78 A [A] By #F 5%
AL G A T8 BS80S g A A o OV v R
o S DO DT R R A B, A% —
MATRRES G E AR E S Z AR NARGL; ARG
D7 F— M KSR e L SR AR (natural  antisense
transcript, NAT) N, X > NAT# X iy ARG1HY
CARRIER (CARG); %/ Fl2x3 ik CARGHI
PR ARGLAY R A0 B s A, LIk A il
CARGH 53 e S 5 43 85 52 5% P oo AR o VE
ARGLI Rk, W THEWK) IS, 5
— K ARG % H IR 45 A st A PR H AT
(nucleotide-binding leucine-rich repeat, NLR)
1, XFHECsR PR BN AR S PiE . ARG2H
KM T BHA R ECsHMP Mm% &R
SC328C, FEAIA] R RILH A, ARG2ELA A7
FELE R FIHE DUEU 2R o 328 Rk I IR A B A
SR B BUR LT o1 B R A EEAE,

TEZEJER IR ZE T, B0 2k AL 35 25 /R IR
M _H W4 . ROP GTPHE . AP24: %K 1
S = IRERE AN E AT, EEA SR
S, DU S 3 AR A R e durrally B
o, X —RRIE S SR R OCHK, TR T
i 52 1k 5 25 T R Bk =2 ) A 5 R, e
i) 22 B HLE [, GirmaZE PR T 174
TSNP, Wit XF1 42541 JEM H IV = e b
R HE R IR, Pi1R2R3 MYB%#%
T, YELLOW SEED1 (Y1)HYELLOW SEED3
(YTEA Y E b il 5 2 e mE MR,
ZEBESE N I D A T RO S EL A PR 1)
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FRZ —, EFEENEESR, RATH
PR REARSY . WFT R, ik 3L A glossy15,
NBS-LRRYi 7 5 [H F1NACL 5 72 3 25 i b 7k 2%
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TEARNFRE I , ¥ A= 2% B B 4 02 1 29 1
SRR OB 2R o R 4 A Ak A P
Bk e 3 B Y R, X R A R fih kAR 2E )
. BFST R B LGSLEL R g i 4 B 5 % i
NG, B R 3 W4 Hh %) A 4 PN R AR A
20 JED 4 W R 1) S5-I AR — A A Ry ST AR 5 R A
YA I, I 3 AN A 4 8 s BRI,
7Elgsl-1. lgsl-2F1lgsl-358 48 b, LGSLAEL A
SEARBRR, WA TG PR ; 1gs1-4F11gsl-5% 7%
A, B BR T 58 —4b B FH r9421 bp Ml
18 bpX I 10 bplFAl, X G 3
PHERI BB AL AR R, = e B MR K n] DI iZ
RN Fhnid, B HESARA SR
o, DU AR R A 4 o

o e 7 A I R e T R A L LR T X B
2 TR B AR BRI o A A R ST T A )
B B AR A JC I TR TH C e U T R E R
SbDES2F1 SODES3AJ LA A 1k i i 45 182 i iy Tt Ak
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Mo, SOOMT3RE % i Ak 5- 1 i file — s ik ] 2%
B Y RS- R A () R -3 O
P450 BRI 4Bl AT RE AL S-+ FbR =0 LR
13 -3- F 5 Ak oy AR ST e, A e SR T
AIIE AT AR A0 PR TR = SE i, (HP45058
T AR T 0 35 IR ol SR T O, kb, SR AT LA
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F M R AR 5T,

1o S TE IR BT Al M T A SRR T B
WOPER N5 R AR B 4> FALE . e
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FRARAE 7437 T H, DL & BB A g 0 0 %
o0 BT P B
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FEBARAED & Rhrh, = R A T RO
FHA RPN EEMGRT) BN LIS
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(cytoplasmic male sterility, CMS) & 4t 1) & F1
AR HE T F122 58 Fh 7 (0 KBRS AR 7= o Rl
Hi, A2 CMSHEIA K & XT AT CMSHELE A R
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PEWR S R 7, RE6YE T = S AL A2 40 ff 5T | 1)
R B YEIRE RE S1 5 X T REEF (WIRFL, RE2F
RI6) 1 5o A FI LI RE A A, $248E T AER B IR E HL
A3 FRORA A T Ak 35 PR 2 A 1) 28 11 B
] 38 1 2 R ACHE [7] 1 271 FTPPR AL A 3 A 5 o
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T REE T SRS - EAT
HEPE P (Male-sterile 9, ms9), %% K 4 i
PHD-finger¥%, A F, XM A T EXREE,
mMSOZE AR MATE Z IR FRE R T, £

D<: cjb@im.ac.cn



3386 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

*®7 SREUHEXIMEROEE QTL/EE

Table 7 Major QTL/genes associated with fertility in sorghum

QTL/Gene Gene ID Phenotype Encoding protein References
Rf6 Sobic.004G004100 Fertility Pentatricopeptide repeat protein [92]
Rf2 Sobic.002G057050 Fertility Pentatricopeptide repeat protein [93]
Rf1/SbPPR13 Sb08g019750 Fertility Pentatricopeptide repeat protein [94]
Ms9 Sobic.002G172800 Fertility PHD-finger transcription factors. [95]

RUNIEH F 55 /ANR AL 2] HICAER o 1%
BEME B RsmsO/ M Frh A E R, F30UR
R Bk, Choe %5 Vi 1o i [ g 5 i AN
CMS-SIHSEHE M AR FE R L% L, %08 T X5
CMSZE Ay InDelbric, IF#ALHERTE, A
CMS-SFICMS-N 4t Jifd J5t 1) 43 26 K Fo 5 40 3
(S. propinquum) il 75 £ & (Sorghum sudanense)
B3R5 6 R AR T 40 PR o X SRR A )
PEAR BR8P 5 A Z R PR At T 5 5 T
H. Btz 4, ElkoninZ:PIHFSE & I FRES 5514
JEHIE Ay e X E AR T B B MR 1
FR s WEITIE K BK O3 Z5 A RR A R A e 1 1
PRI FE R B8, I3 o H SRR 1% 2 28 Pk
R E T 5 HEHA T AHCHDNAF 34k 22 57
T3 — W S AE S S AR B R R T —
i FARRE R, FET BIEWEEAST
(male sterility, MS)JE[H L AL ; 5 SK-723 R 74
A DL GERF S I s, it [ S0 1%
RWHEYEAT R OI584EHN, EHRIEMEA T
WAL AW S — A B R M Mste, FFE &)
PO 25 T RE ISR A 12 B R B M A s 3 it 3R
R T M AE A % T R £ 528 1 v] REMEDS

FEN 20, RN F R T T4
T B A AN, A RS R A3 o AN
B PO RS 0 S R A A AR T AL,
M35 B HA PR A 1R = 3 e S A 1%
W58 38 ok A Ak T o e A A R g o
B, XEASTE B A S SR A U A i
1577 Hei . WhoR sl IEse, & ik se g e AN
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5553 o SR KT H BRSO D[R] AR, 45 e R 1 K
PR AN BE ST 09 4 RS 8, AT & i SR
(8 PR A LT 2% 5 il 1) 3 B 4R LR} 2 Ak A 7
HEEPEAS T A A0 BIF 52 e 3R A R P —
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WX CMSHZA T RGER AT, FFEARE
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4 EHERBETRFNHRI

FE = SR 4> T 3L RET 5T 4035, CRISPR/Cas9
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o IXIREA T 48 I AE 55 e RE 5 R i A1 il
DL K AE R ) TR 25 AP MR i o R B HRUAS T
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e R G 48 T ELAG AR 5 17, MengZel')
TR B e 5 S A T AR R A e T I ]
FiEMICRISPR/Cas9F [F 4, X —1& R TEAH
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Wy e S5 i AR AL T — AN AR A P 1) I
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R, HALESRMNE N IEREKNRE
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