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Abstract: With the development of economy, people have higher demand for soybean and higher quality, so it is urgent to
cultivate soybean varieties with high yield, multi-resistance and high quality. Due to ecological constraints, the high-quality
soybean germplasm resources are scarce and they have narrow genetic background. Furthermore the process of natural variation
in soybeans is tedious and lengthy, it becomes very difficult to obtain high-quality genetic material from spontaneous
mutations. Therefore, using mutagenesis technology to create new germplasm with high quality, high yield and multiple
resistance is one of the effective means to develop soybean production. Compared with conventional breeding, mutation
breeding technology can improve genetic variation frequency and expand the scope of the breeding selection, select high
throughput beneficial mutations, promote the advantages of excellent characters restructuring. Thus, the mutant with rich
characters can be obtained in a short time to solve the bottleneck problem of narrow genetic basis of germplasm resources, and
it is widely used in the breeding of new soybean varieties with good characters. This paper reviewed the application
mechanism, category and feature of chemical mutagenesis, physical mutagenesis, summary the common mutation methods
frequently used and technical advantages in soybean germplasm innovation at home and abroad, predict the application
prospect of the future application and development soybean mutagenesis breeding technology, and to provide reference for
production practice in soybean.

Keywords: Glycine max (L. ) Merr. ; breeding; mutagenesis breeding technology; application

KIG[ Glycine max (L. ) Merr. ] J& f 8 221 &R}
Ve Z —, 2 A0 Bt s Rk Tl OBk Y
BFLRAR . BEE TR RO R H 3R xR
PR P PR ESE MR T R R R
WAE A B AR b, B 1 A e BTt At
S P R A R R i R TR DR T 7l I il N2

s B #5:2022-10-12

KT RARA i T3 E R GG, ™ w iy
KBS, A 1996 4 )5 v E K G 2k 1 2 7 1
i, X AMEAT FE ik 85% , H: 32 2 5 PR & K G
PRIRRLE A A/, B R R A SRS O R, 8tE
FERBEAS SO RN W B ) R TS AR
MEZER DR W bE R, REE IR R R RT

E£T B iR TR LB E “ Bfm S e S A B 5 F i e vT A BHUFBE BT R L 45 #8351 B ( CZKYF2021-2-C018,
CZKYF2022-1-B013) ; BB VT 45 “ A T 5" TR H (2019ZX16B01 ) 3 2 M0 7145 4% b b 2 B 4 b B 4% A1) 397 15 bk T F % 15
(HNK2019CS01-10) 5 FRIEITAR 4 b Bl B 2020 4F B BB H (2019SJ002)

F—1EH . DT (1996—) , &, W-HAF5 A, FEMNFE KRG IMEEMII . E-mail : mxy7sw@ 163. com,

BWEE . T4 (1962—) , 55 184 50 01, FENE R GBREFFIFIT, E-mail ; gwl1962@ 126. com;

XIEZ(1974—) , B -+ WF5x i, FENFREBE TR, E-mail ; liuzhaojun7 @ aliyun. com,,



246 NI 2 34

S R ESINTEE S = Daa NN (T BU RS TR E P NTR ]
LT

FA IR B Fh 5 A AR E R 25 R F
FREZE RN TR M BLTMN, ALFM
S cRRe DNkl R o YRS ES 7 iR 7/ U
KM AR AR S, AT i A% AR Stk b B AR H
PRPEAR , e 215 1 T b b ol b S B IR A T . 6
ART FRALAR G T AR RALIR TR L, Ak
AR 7 S S B R EOR AT LA i 2 5 A ™
sty 7 R MDSCAR R0, a2 T B 4 Al Al 22 3
K,

N5 Pl BRI 80 R AR 1 b 5 5% 80 F 3e2
B R 20730, AR SO~ 7 728 A B 2 7Y
PUEE S HAE R ELH B AR AT 1 25, IR0
S TR AT B, LUSYI O 31 i K i AL B Rk R
SEMEAT B, AT Ae 13 [ R S RE4R Tt

1 HEFET

2EiE AR R AR A 250 S st W ik AR A
22N, FEOE R KA A8 SRR AR A A
Yok R BA MR PR, 205 P 5 A B A B AR
FB, AR TR0 RN A W Ak N st A% ) o R AR A i G
JE X DNA 54078 57 2 R BB R R AR, fh2eifs AR 58
AR RS )T R RS IR Y
PR AR AR 2K R E W k2257
R EZA AT i AR B E A S
PrAER HEHLRS, EREFMG, & WLk
AR A R OB (EMS) & A 4k
(NaN,) FFHEZR (PYM) .

1.1 BEBEBRZE(EMS)IFET

H LR TR .1 (EMS) 2 % 4k 551 v i 5 2075 42
R Z— AR ™= AR B BT, R B AS B
P R4S, EMS YEFT DNA BI04 N7 47 45, 7]
PLi% S DNA & A P RD st 28 S 2500, — P2 i s e
B i fie e i R A 5 REE A T X6 T B ) R AT AR, O
— i S IR 1Y) N-27 Bl e 76 AL 5 B T S W 24 5|
FE LR 1

EMS RS A& 7 A 1w 5 B2 (1) 22 9 A5 o7 R A 5%
g ORI ) EMS W] 80528 AR} A A [ A
(A8 S5 35 PR B OA [R] A 25 5 T EMLS 375 748 40 5% 1) K
NN ¥ 5% 3 O 7 N =1NE %3 & 0 d R NS i s
FERFOR, Al st L AR AR R R, EMS 5748 W] H
TR G GARER G ST, Sy K S Rl ek R B AL 35T 1Y
FRETGEUR , AT B F K S D Re B R AL oY, K

ARAEL ke #ET FIH EMS B2 AN K SRR 43
AT 12 SRE—S5 MRS RBIKRE,
Zhang %5 il 1 EMS AR M 8 T K G AR IR, ]
FHAFER A F2H] T 1 044 43 K 5 SRR R 5 Y
Eoe SR R S S S VAN B NN A I R A T
ISOYBEAN(WWW. ISOYBEAN. ORG) , {23 EMS %&
PR AE DR 0G0 ) R ] 3 A5 24 e R R

EMS B3R &  AEH/N S #A4E, HRTC #
JRZM T REGHHZEM TN it FHET 8
5 AES 5 BHE 3 SR M, EMS AR RS
AR RO B AR S O a0 o T REE TS M
S SR AT ) 8RR AR A RO s, T
FRGHE LT, Zhou 2 XF 103 £y K o Ff
FHAT T EMS 5748 Zb B HEF TR0 SRR SC P 708, M,
R R B 14 bR 58 A8 R B F2 e B9 8 1T T
JE RG22 B o0 2 PR IR, A el B R L RR T
YR 57 B8 52 FE R, Espina 210 ] K [7] e
FEHY EMS MK 5 £ JTN-5203 #17 Rk o A4 %
FETBE , BIFFE 4 BT M, ARHE AR 2 B AR S, P4 IR IR
TR — L FEAR R K G E AR
Hrn] R4 A EAA U SR g AR IR, DU R R
BT A RE R AE Sk T 9 v ) S A R
T2 , e e e 5 o ] LA ST ) R R v, (R
il N0 B R R . Zhou 261 DL EMS 1578
Y Forrest 1 PI88788 K & i Bl Ay i e A1 L, bF ¢ &
B TEs K16 P GmFATB 587 5 SUK B g B2 (%
5.6% ) MR (15 36.5% ) , & Bk K o i i g
FRERRE AR & B PR AR IEal k™™ FIH EMS
AR 17 R T 1 R —E M RR TR MK
THEE AR T AR 5053, K B A LR SR B A
e Ml P B S

5T & B EMS 175 722 70 HL A7 555 1 44 & M RN 3k
S X AR B el W 5% G AR B R A 1
SRR T ERAE 0 e R v N v R P, P G S
IR
1.2 &FRMM(NaN,)FE

E R (NaN,) JE TSR IEER], & —Fh
WP A RIS, 3 AR R 6y 252 ) DNA (19 1 5
AR, G ORI AR RS, B S RS B A
FoE A M 28 AR K, BLTE R ME 25 1F T 5 AR
T WREE & B NaN AR FH TR 4 1 b 2 e iR
A U R A AR R — Rl AL E#E H 2
TP RAR 2B

NaN, /] U2 S EP i 28 A8 0% HET 2 ) 2



2 14 L R R PANCA e S R 15 o NIDEU SR 247

T ZREY R EER e B LN D gE s E, 4
WA RJBAL T NaN, 5878 4 () %6 i i B 7%
SR AT ] T8 98 K S PPk 0 4 F LI, 288
G2 B NaN, o] DU(E K G M, 1848 & 1k 9 ;b il
(SOD) i E ALYy (POD) | i AL AU (CAT) 1
PESESR A R TR (A B B 38 7= R i 24 H
B ol M A Tt IR ARD A1 S A5 T LA v
BT S It NaN, 75 28 35 R 20 M ok 77 AR Pk i
S FHLEA R F K GBI R B2 98 . NaN, 578
SEVEY P R BT R A BGE AR , NaN, iT 30 241 55 1
RER AN, 255 P K T4 04T T NaN, 5748
AR 0 5 AR K R A ) A B AR AR AR A, R
TR UG Tk S AR R A SR ARIARI S
NaN, 525 Ab B A 44 K GRS T nlfSse A 1y
it H s M, A RIPE,

HEVERE RTE AR A Hs A WL, R NaN, A]
BRAEY = A AN T RAR R, ZERE AR
i NaN, B4R (I A& 864 AR SR IEIEARNF
RARPR NJS-1H , B 5E K B HEE AR B 152 1 X Btk
SR T, Rt — 2 i 5 B B S & e e 3
R8s HeAih . 28 NaN; 55728 (1 K APk 3L IE 1]
SR ] 1] B AL AR A

VAR e 2 B AR AR U0 i 2R KRR f 1k
A H AR A FEAR DL AR TR B A, AR gT R &
NaN, 75 248 Zb B K 5 A AR A 42 %22 A 58 7 1R
Jei , B AT R a AL (R B A PR [ I i 2 1 2R
FF SR AR AR 42 75 2.06% ), B E R &
BARA 37 RAK 42 5 FRAR 9207 FiZk 2 555 NaN,
ARG R R P B T AR AL R A, o el R e i AR
()RR FF 28 45 (R HK808 #4 i {0 B A4 M ARk 42 119
50% , 3K R K G BRAE R K A5 AT R AT R A 2
WFoE B AL BIE S

NaN, B2 % 5, M, A B/ EBE IR
AR — P i S R AL A AR R . NaNL AR B
I N R GRS R b AE 5848 1 T8 T 1) PR 1
T AR S AR REME R AE— e R L FR I T NaN,
VS B R s Bt I R A AR DB R T FE R
B R A R H AL $E 54 K AR SRS
DN E 7 S i A7 B b AR 1) A
1.3 FPEZR(PYM)FEL

FRHEER (PYM) & — A R AHAE R, PYM
55 EMS F1 NaN, #H Fb , e (0 A B A5 (9 4505 0 iy, HL5
A5 A DNA S5 A nl kg M . PYM F 235
QYo BUR AR AS | i T AR Bt B AT ] AN

PUINZR IAFAE A i 5872 AR, 2R B4 45 0 ol
PIas O Be g A A 5 1R A 38 A AR B AL A
BR B2 REIEAR, A Z A =

PYM 2 R JH T KA /NAE A5 S5 A AR ) 7 o
Hr, BARAS TR AR ROR . PYM TE K
A MR RBE D AN FERE R PYM AR BEE 5
25 MK 20 5 K 4 SOREL AR, KB M, B
MR Bk i AR SGA 2E S BEAve , PYM 572 HE EMS
S A U R NS N A NI 7 S = e SR U O
PYM 850 HAT — S BP0

2 YIBiFET

YR AR py ML 32 2% B B R Y
Re LB 2y HAR DNA, BEIR AWK N IE & B9 &
B, 8 DNA 43F 52 BI04 ) 205 728 28 70 i bk
fase, HACRMA T, 25 M AR fR 2 g ™)
YIHAAE 27 A R bE 28 AR AR MRTE FARASRE
Rk, ZHE AT Eos ok, BT DLRG e g%,
TE F AT IRAT R (08 it A5 PR b Al bR > L 9
PREAR MR F AR AR R TR =K, K
WALAR SR IFRIN T ARAH R AR S BT DA
VEPECE R s st A Pk & A AR R W A AR
f R E A B R A A B P AOAAE O
AR 23 AR AR AE Y
2.1 HBEREHHET

HLUE R ST A B R eE i, B s il
SR LA X - BEERR y - B R
NIRRT e S R G i/ )il e b G AR AL o
AN R K AT LY BT & A SR A B i s 6
M PB R L AR A B R S
AR K A3 177 i AR AR 5 AR BRI o ol
(4 1 Fp ol PR AR I Hl o S 28 AR Ry T
B E R L0

B2 48 A7 B AR HLEL S MLR BIF IS TR A 48
SHAAE H AR TEAEY AR F A AR 8] Tz N,
W T AR A A,y — TR N TR &
R T AR H® Co — y BRI % R 2 , 6140
RBESEPIHHC Co -y SFL M EMS X R 864
FEEA 9-16 FATHE GRS MR T G728 i KT %
ARPRPE | I DA R S 5 O 2 ) 22 A R 3 AR 1 28 7
TR, A B s A R R AE AR IR BRI R
SRS S Y y - PRI AR T R R LR
AR LR =F & B, Bhuiyan AT R[] 3 A
y - B BARI -5 SEAGEATEEAS , 4041 M, 1L



248 NI 2 34

12 DGEARR R o RCRORN E 4, 0 Hh AL )
FNG AR S REE 2 AR R SBM-18 B UE T HAE ZF
T By i R B — o e ok P R W
S35 MY y — BTRTEE P SR AR L (7 i
PRIR, itk R C TR FE

HL R AT O SRR Z AR R AR 1
KEGRAR, AL F T T R0 G, ok K G4
5 A4 BB 5E 2952 T Ak, Rani %0 R
F%Co —y H14E 500Gy X8 [F Seoritae K & 1 ik
P78 [ Rl NRC37 & 2R L 1 55— i
P A 1S97-52 HHEA NRC37 #H47458, /0 T2
R ET FEHAEYRE b Bk A ik 5248 . KER
SHRRA R R S RO R EE TR, X 4 4
KOG Tl B A 48 DA 84 Lk 52 R4 42 HEAT
“Co — yHRSS, FEH J5 BOIL R & (AR S04
BRSO T Y 98 AR R At 2 R ik Sk
DRAE A5 1 8 S AR AR | R 8 R K
RS 7R S NITE 8 = NS K UK =R T
A Xy - FREAS S B R ST R AN, X
TR AR HEIA AR Ab BE A K A AR 2R R | B TE
e &R TNy NI AL W I R 6 N S =
JoT =R et i R, POD 5 SOD 6 PR |
VAR AEARTE T 538 4540 P 8 (MDA) ¥ B2 %
%, RATLEREFI TR K G A2 17 y - AR 4
BT DL K R R DY Be Ak, Alikamanoglu
STV R R TR By — Sk BR A ml il ok B
FE bR e B - 3 i o A S R B s BRI, T AT
E S E MDA & & SOD POD Ji A Mt &
W B PR TR S 2 B0 S R R

YRR SHA A W B O 5 2%, WER ST
YR B A RO G B B2 T 4 BB W B AR
Uy N R AU N7/ BUR I TR IR A
HYIERKER ABAIEIR o F IR A
[ 3 1 A 5 A XA A s B T 22 . B
I 8 S8 B R Y 32 S0 o8 4 R FE R AR IR AR Ak
RIS HTA AL B AR AL R AR I | 58 AR R AR 53 1 43
FHLHIA it — DT,
2.2 BFRFEL

B RS AR 2 R A 0 g A e R T
B AR B A A AN F - F A T IR T B H O
aNER B REEE R, R R A RE i
ek JBTRTORR | A far rh A S840 45 O SO A= A AR
VER e SR 0K DNA A NG F & e A e

VLAER A F I 2% 1) Tk % i, T B TR AE

kTl T R DR LA B R R
(LET) FIAE¥)°#3400 (RBE ) ARBOEA | 2748 4
TR RAE TG IF AT A 3 L S i SR AR )Tz N

HTEYE Fh RO IE N A D) e o5 T A, 2k
M, A 5 BB TR AE K S F A b i 0 & HA
BN MBI AT R Mg, £55
K 100,120 A1 140 Gy 3 AN AS [ 71 B 5k B 1 SR 4
MR A: 28 K& B AR Ak e AER I ST,
KRR RN BUBER DL K™ i 55 7 T 4 5 A8 5, IR A
FRKF A BIKEF53 F K R T 8k 2 R
WEK G BB 0N , W i 56 R AT A9 e S 1 K o B
JEMARZRASAR rlspl PEFT o FAILEIEHT , R0 Stk
S DR R L i

BT AUEAR A AT LSRAS B IR A R, T L
RARPEIR B B0 i aT s v B R A g — b
BV AR H R O 7z N TR R, AR AT
RN AR i RAEE) T TR MEY g
2T RS TS E R B M, R
75 58 IR Z A NaN, (EMS &5 73R40 31115
AR PR G SRR 13 (RN A M, AR, N B TR
RASRAT I R AZ AR A 10. 0% , I %2158 10 1y
REfe e AL A SR AERRAT L IO SR TS BN R Y
N BT onl DA 8k R G R 2R, | K e ™
i,%ﬁﬁgﬂgﬂﬁ%ﬁiuﬂ o Mikuriya Splaa) s s
TR G IR TSR R B G 3R M, AR B ALE
KB R ER E RS, IS T
GEFE B AE A RE L A RIHLE, RSN, Kim 25 R
T RGBS R R S 0 o R R 8 R
3R (GO) Mk RZ NS5 T & A FAR
SUN S TR 7 e SR e e o R i = SN

B TR AR AL 2%, AS R 2S5
P B 7 AN R 075 AR RO, 175 78 AU R ) e 37 2
PRI, PRI, R 4R AN () i R 7R B 36 348 179 o 5
+ SR B A R AR R B O, (R I Bt U
FEREAR B Sl & i R SR A e s 4l R A R 42
LGP H AR & TR ARA PGS 7T RIRA
WFoE T B 4R S5 A 19 7T ML, iE— 2 ) B o
TR SR LR AR HE B R S8 f i B8 1A AR
R ERAEY B R 22 & R, S 38 g R
e L L PR A R SRR,
2.3 BOLiET

WOGIEAR & Fh AT A R PO IR 3 5 =0
AT SR IR 38 R A O IR R LA sl L
Fopht 2 = AR A I R R, BR SR LA /N 5 2 LR 5k



2 14 L R R PANCA e S R 15 o NIDEU SR 249

SpE A RN OGS E FORAEEOE S B
Je 1 BERLTT 3 AAEF 7 SE AR T A 4k % A
ARG S FTR O AT DNA R4 — e R
AR

PO 6 %08 K 3838 e R H 25 7 i,
FOCER ST LI A EYI IR N DNA 19 & &, o AR i TG
1, BRI F 7R B R IRCR S, 2 10 & A R e AR
PHALEAL RN B N RO AR B g Y 35 [
B, R A HOCE X e 5 /N e A
FhF AT AR Ab B | Ff 7 e 28 3 S 4l i s A —
ERE AR IR AR CO,Ht4s
SO R ZEAE AT AR S A S I A A B S R
SO0 kRS LUIRFEFIE Y CO, Ot K [
— AN [ (] X6 K W 7 A TS AR A B BF ST
S5 HLFHH A [R] Ty 5 9% B O A B R G R T DR
RN R R Ui B SRR O i VE A W T, N ]
B (] S0 8 AR 75 78 7 3 ‘B A0 IR [R) S Rl PN Rl DA 2
MR,

SEIGIE B ) AS [ 52 5 8 R 6 X6 b - 2
A7 RES AL AT DAA 350 A 1 K W B3 O e
SR SR ] LU 350 32 R e e HL SR R i
T RN 7o G MRS QIR ST o v ()| & = o ke
BOCHE G F 7k MR A &M, H
o R 2 SRS A E R R R R H S
s MBI B, PR R M 2R U A
FEARA A P s e Tz e
2.4 FTHEEHIFE

ZHNAAR AR K2 B MRIEAS, T4 25 [0
TR 1 S A P A A A A 2L G e R AR A
/INAEELH R A AR AR, S A P R AR PR A AT R R
AR K as BB PG B R T, K T R
DNA 2544 e A= o0 A% | (A Py G o fk & A AR b, 2
5y SRR SR RRAR Y [R) T & 4215 578 55+l DNA
AR A (A7 AR R A A AR HE K A A Y
U e s e BV [ S A E R TIN i N A

WLREA BRI IA T 1987 4F | 544501 1 155
EMAEL, BURE R A R SR AR SRR
H#AR2 Roetm SR, Nmggssa s
7e LR R 2P R, BT RO R E B AE
AW Bes 2 528 & AP RUAR SHA B RS &,
R R IR GG ARAE R R R A = | 5 B PRk
HBHI T AR T B AR 61 Bk 65 B
2010 — 239 FIA i 2010 — 181 25 5 Rl (5 )5
TV AR B 2 B 5 11 43 Be 1) FH 25 18] 375 A8 R 16

AR A TE PRI 1 S, Oy R
e RN A4 A AR BRAE A T HIS SRR S
TS A K TR RO L R 4 U SS
FoaA el sl 15 HATHON RIE LA R E E
XERA PRARDE K dh A

23 AL AR B A AT U3 A A 1y o Joi 9 0L ) 28
TEFNBE A i 28 S R, Al AARAG 7 | 3 Bt
TP B AR ™ fh T2 )75 A8 PR 45 T4 2 11 B
PR T RO B g 23 OBk A 25 ) /AT 4 F
T ATRAE SRR BRI , 25 [A] 5728 BB AN BE )32 B
MAEEM TR, HAT, 2 EPA ZIEE B IRER
TR R AL S B R AR R T A MR R Y ELOE
7 S P A AT o 1Y g T R e S A )
HORPRE BT A RIS e A DA O R
JEr 7 TR, SCELROL AR A 57 A SRR A T 4
FEGF LA

3 RE

V2 P B 2 3l i N T B A AR AR A
E ) O 2 X! S e SR < N N T <9 v e N
P 2 WA 7 il m] bR gt A 72 S R 4 7 o
FRRFIE] SR AL 5 B AR A7 A Bl - 28 A8 J1 4%
5 RARTT ) AN n] 5, S Jim 2 U O e 45 5y ) B gt
Ui 75788 e J3E 15 o T Ak B gl /DR T 25
1M, 7 25 R R Ao 5 B O I o R, A BT R H
m AR PR OL T, & BEGE £ R V52 B M7 Ik,
O 4= 5 A SR BERL , TR R 3 R EA S
FELRFZ AR T, T 8 5 DR 28 R, A7 2000 T 5 A
G AT BT E M, 05 SRR A R T
PR SRR S A

Al AL B SR Al 2 AP B <
IR [ 50 b I 25 1A B 32 ™ AR
SR PRI = A XERST , 7™ B 24 1 R R R B T R A
Ji& o AEMTE AL 7 A Y S AL R TN E L Ay 5E
G AW AL | D Ak 5 T RE O AL 1Y R A 0 A
B AR T 22 B P 2 6 56 Y B AE A, b 7
R NG, (AR YVE AR T A A v R S
HEBIRRAHAR AT o L4 S B A E] A R BT R
0Py 2 DR 2 = il B 46 ) 8 DR R 3 s o
fRLAl, FATC B T RCA SRR R N AL R
TAEMAR S 2R B I A PR P RIL i P9 g A RR R
BOWTHR T REOR , A BT A U e P A AR B
R, N E 1] 5 R B R 3 B ROR S H% & BRAR S 5
WA SiFA TR T M 7 g eE T



250

K TR ¥

2 34

MERAE F A, SCBURT HE > 7 B i A, B A
P il TR I i e B DR 7 R I IR DR T MK
R SR G S i

(1]

[10]

[11]

LEE S,VAN K,SUNG M, et al. Genome-wide association study of
seed protein, oil and amino acid contents in soybean from maturity
groups I to IV9[ J]. Theoretical and Applied Genetics,2019, 132
(6):12
ST
2015(12)

SHMBEARERGTEMPERIALI].
2425.

o E Al
(LI Y. Application of mutation breeding
technology in soybean breeding [ J].
(12); 2425.)

B, R VAR, A, EMS BAR R ARTE/NE R
[J]. BOLEY4R ,2019,28(5) ; 394404. (CAOY P,WU Y
Y,FAN S Q, et al. Application of induction technology with EMS
in wheat[ J]. Journal of Laser Biology,2019,28(5) ; 394404. )
BRM. NEFEEARGIR[T]. LR EARSGEE,2020(4)
145-146. (LENG J Y. Analysis of wheat mutagenesis technology
[J]. 2020 (4):
145-146. )

JKICE, BOEE. A TEEEMORBART]. AR
J&, 2013 ,3(4) : 243-247. (ZHANG W X, ZHAO J F. Research

Agricultural Press, 2015

Agricultural Technology & Equipment,

situatian of mutagenesis breeding in millet [ J].

2013,3(4) . 243-247. )

Biotechnology ,

TS, B IR, 2. KT EMS 845 fA B #y 7 S H: M AR
EER RPN T]. RERME,2016,35(1) :64-69. (MENG

Y J, CHRN F, SHUAI H W, et al. Construction of soybean EMS
mutant bank and evaluation of important agronomic characters of
M1 generation[ J]. Soybean Science, 2016,35(1) ; 64-69. )

K&, Y, BER, % ©COo-y Al EMS 8« K —
AR AR SEARAE IR 2 A HE ()] KEFRF, 2019, 38(4) .
517-524. (ZHANG X, SUT, GU Y Y, et al. Preliminary analysis

Elw,—\—-

on variation characteristics of mutant library of “Tianlong No. 17
induced by ®Co-y and EMS[J]. Soybean Science, 2019, 38
(4):517-524.)

ZHANG M, ZHANG X, JIANG X, et al. iSoybean: A database
for the mutational fingerprints of soybean[ J]. Plant Biotechnology
Journal ,2022 ,20; 1435-1437.

ZHOU Z, LAKHSSASSI N, CULLEN M A, et al. Assessment of
phenotypic variations and correlation among seed composition traits
in mutagenized soybean populations [ J ]. 2019, 10

(12): 975.
ESPINA M J,

Genes,
AHMED C M S, BERNARDINI A et al.
Development and phenotypic screening of an ethyl methane
sulfonate mutant population in soybean[ J]. Front Plant Science,
2018,9: 394.

ZHOU 7, LAKHSSASSI N, KNIZIA D, et al. Genome-wide
identification and analysis of soybean acyl-ACP thioesterase gene
family reveals the role of GmFAT to improve fatty acid composition
2021, 134

in soybean seed [ J ]. Theoretical Applied Genetics,

—
—_
S}

[

[13]

[14]

[15] #&

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(11) ; 3611-3623.
TR, KT HENE AR T SRR 5053 By E AL R Rl (B T4
[D]. Wk, WK%, 2020. (ZHANG X. Genetic location and
breeding value assessment of soybean male sterlitity mutant 5053
[D].
1 G BRSO, 5F . S AL EE M AU
PRI T]. EFHB2EHR,2022,30(3) ; 587-593. (LIN D D,
ZHAO G Q, CHAI J K, et al.

Liaocheng: Liaocheng Unversity, 2020. )

Analysis of main characters of oat
M1 generation induced by sodium azide[ J .
2022,30(3) : 587-593.)

sE I, 2B, W EOR AR AR R BT IR R A B
[J]. 4FFHEW & fh, 2017,15(12) : 5189-5196. (ZHANG R
C, LI W, PAN S ], et al. Application of chemical mutagenesis in

Acta Agrestia Sinica,

the improvement of germplasm resources [ J]. Molecular Plant
Breeding,2017,15(12) : 5189-5196. )

H, XEEEE R, 5. SR SR 4K
B RON [T]. PR E B2, 2017,45 (12) : 1933-1936.
(WENRY,LIU J X,SONG Y J,et al. Mutagenic effect of sodium
azide on the growth of mung bean seeds and seedlings[ J]. Journal
of Shanxi Agricultural Sciences,2017,45(12) ; 1933-1936. )

HH 2, A He 2l S AN I8 o AN [ K 5 5 MG IR 22
PERIREM[T]. AREALOl 24, 2020,35(7) : 699-708. ( TIAN
X,ZHONG C, LI X W. Effects of sodium azide mutation on low
temperature tolerance of different soybean germplasm[ J]. Fujian
Journal of Agricultural Sciences,2020,35(7) . 699-708. )
SRR, A5 4, TR0 8, 45, N2 s 7R e R e e A TR R =L
RAKRRII]. KERH£,2009,28 (5) : 938-940. (ZHANG L
L,GU W,LEI B J,et al. Screening of glyphosate resistant soybean
mutant lines by chemical mutagenesis [ J ].
2009,28(5) : 938-940. )

ZRMEt RS A, KT AR NIS-1H MR B M
ML ST [ )], RER#, 2010,29(2) : 181-185.
(LI S G, ZHAO T J, GAIl J Y. Cytological and genetial

Soybean Science,

characterization of a nuclear male-sterille of soybean mutant NJS-
1H[J]. Soybean Science, 2010,29(2) : 181-185. )

e T e | SO 2 NS A N W RS e ol e
BRI T]. ARk, 2007 (6) ; 562-566. ( CANG J,LI
M X, ZHANG D, et al. Preliminary analysis of physiological
characteristics of leaves and pods of dwarf soybean mutants[ J].
Journal of Nuclear Agricultural Sciences,2007(6) : 562-566. )
BTV FBEF, X, 4. & BN (NaN, ) R 7EAE YR
RePRIRIHIL) ], ZRURLRL,2017,45(35) £ 136-138, 141.
(QIAN Y Y, HAN X, LIU Y, et al. Application of sodium azide
(NaN; ) mutation in crop character improvement[ J]. Journal of
Anhui Agricultural Sciences,2017,45(35) ; 136-138,141. )
gk, Bt s BIEE, . PR EEY & b g
[J]. RE M5 ,2013,30(8): 900. (HAN Y L,LIS Y,LU Z
Y, et al. Application of Pingyangmycin in crop breeding [ J].
Agricultural Technical Services,2013,30(8) : 900. )

XSO, IR, IhE, 5. P FHEE R X/ N MRS 522 ROR
WRFFE (1], Bl R 2%, 2021 (1) 15, (LIU W L,
ZHANG H J, SUN Y, et al

Study on mutagenic effect of



2 4

L R R PANCA e S R 15 o NIDEU SR

251

[23]

[24]

[25]

[28

[

[29]

[30]

[31]

[32]

[33]

Pingyangmycin on male and female gametes of wheat [ J].
Heilongjiang Agricultural Sciences,2021(1): 1-5.)
SR, 1 HE4S. F-BHAR R (Pingyangmycin ) X K 5 AR RN 1)
WFE(T]. YEY2FIR, 1993 (1) 7-16,97. (YUAN Y P,XU Y
K. Study on mutagenic effect of Pingyangmycin on soybean[]].
Acta Agronomica Sinica,1993(1) : 7-16,97. )

ELHR SRR V2L S WO RHAEF A R
WroT il R [J]. ¥4 % 4R, 2020,29 (1) 1117, 33.
(WANG A B,GONG D Y, XU Y, et al. Physical mutagenesis
technology and its research progress in banana breeding [ J].
Journal of Laser Biology,2020,29(1) . 11-17,33.)

SHAH SN M,GONG Z H,ARIS M H, et al. Effect of ethyl methyl
sulfonate concentration and different treatment conditions on
germination and seedling growth of the cucumber cultivar Chinese
long (9930) [ J]. Genetics and Molecular Research: GMR 2015,
14(1) :2440-2449.

VR, kY] ARIE. (EFEEFMUIERLT]. SOt
2#1%,2016,5(4) : 302-308. ( YANG Z,PENG X M, PENG W
Z. Research progress of crop mutation breeding[ J]. Acta Laser
Biology Sinica,2016,5(4) : 302-308. )

KUMAR A,CHAURASIA A K,YADAV P K. Mutagenic effect of
gamma radiation on macro mutation spectrums, effectiveness and
efficiency under M3 generation in pea ( Pisum sativum L. ) [J].
Journal of Applied Life Sciences International, 2020,23 (4):
45-51.

YASMEEN S, KHAN M T, KHAN I A. Revisiting the physical
mutagenesis for sugarcane improvement: A stomatal prospective
[J]. Scientific Reports, 2020,10(1) :16003.

PEREZ-JIMENEZ M, TLALON C I, PEREZ-TORNERO O.
Inducing mutations in Citrus spp. : Sensitivity of different sources
of plant material to gamma radiation[ J]. Applied Radiation and
Isotopes,2020,157 ;:109030.

Qe BV BT, . BUREEE BT R ERELT]. hE
PR (AR BEA ) , 2020,50(6) : 19-32. (LIANG
Y, YAN Y Y, LAl Q X, et al. Research progress on mutation
breeding of microalgae [ J]. Periodical of Ocean University of
China,2020,50(6) : 19-32.)

BERKEN C, TURGUT Y, MERAL I, et al. Studies on mutation
breeding in citrus: Improving seedless types of ‘ Kozan’ common
orange by gamma irradiation [ J]. Scientia Horticulturae, 2021,
278 :109857.

FAEEE A, B, A K AR R A AR 8 R U
E[J]. P AR R4 ,2022,45 (1) : 11-17. (WU Z Y,
HUANG Y,HUANG F et al. Identification of low sulfur tolerance
and resource screening of soybean mutant library [ J ].
Agricultural University,2022,45(1); 11-17.)
BHUIYAN M S H,MALEK M A,EMON R M, et al. Increased

Nanjing

yield performance of mutation induced soybean genotypes at varied
agro-ecological conditions[ J]. Brazilian Journal of Biology,2022,
84 €255235.

RANI A,KUMAR V,SHUKLA S, et al. Molecular characterization

of a novel mutation in the EI flowering gene induced by gamma

[35]

[36]

[37

[

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

irradiation in soybean[ J]. Genome, 2021,64(10) ; 915-925.
BV B, R 847, R T, 45, ARAL AR R VCo-y $R4T AT EMS
BRI ARG []]. KEFRE,2020,39(2) ; 174-182.
(XUE Y G,LIU X L,TANG X F,et al. Northeast spring soybean
®Co-y analysis of mutation characteristics of radiation and EMS
mutation[ J]. Soybean Science,2020,39(2): 174-182. )
MOUSSA H. Low dose of gamma irradiation enhanced drought
tolerance in soybean[J]. Acta Agronomica Hungarica,2011,59
(1):5-7.
ALIKAMANOGLU S, YAYCILI O, SEN A. Effect of gamma
radiation on growth factors, biochemical parameters, and
accumulation of trace elements in soybean plants ( Glycine max L.
Merrill) [ J].
(1-3) :283-293.
XA, FAR RS0, 5. B TR IR B R A
Yz st e (). fEM AR, 2016 (3) : 12-16. (LIU J

G,WANG Y Q,ZHAO G Y, et al. Research progress of heavy ion

Biological Trace Element Research, 2011, 141

irradiation mutation breeding and its biological effects[ J]. Journal
of Crops,2016(3) : 12-16.)

EI B TR KGRI ERNI [ D], K& P EBER
A (rp [ BR 2 BE AR AL e BRSOl AR ZS BT 5T R ) |, 2021,
(WANG X. Mutation effect of carbon ion beam irradiation in
soybean[ D ]. Changchun: Chinese Academy of Science ( Northeast
Institute of Geography and Agroecology) ,2021. )
Wrohi , BE ARIEN. B TR R EAE A R P R ],
TEAMAHE,2020,61(2) : 11-13. (CHEN G H,WEI X, XU
Y H. Application of ion beam mutagenesis in crop breeding[ J].
Ningxia Agriculture and Forestry Science and Technology ,2020,61
(2):11-13.)

LA, BEI, XA, 5. o I AR R E DT B de S B AL
RBEMFFERERLT]. b E BRSO BE 4R i, 2019 (1)
67. (KONG F Q,SUI L,LIU J C, et al. Overview of radiation
breeding technology and research in China Academy of atomic
energy[ J]. Annual Report of China Institute of Atomic Energy,
2019(1) . 67.)

SRR BERUE, AR, REL BTET 137 SRR vk K R
ARPRIE R L [ )], R EREEE, 2013,32 (1) 3337, 42.
(ZHANG L W,FAN Y L, NIU T F, et al. Screening of mutants
and construction of mutant population for soybean cultivar “ Jihuang
13”[J]. Soybean Science,2013,32(1) : 33-37,42.)

Wk, R, EE T I A RS 60 (& 5 X K G AR
REBFFERTR ()], ZRAR A RL,2009,37 (14) : 6399-6402.
(PENG L,JI L. Preliminary study on biological effects of soybean
by nitrogen ion beam implantation and ® Co-y radiation [ J].
Journal of Anhui Agricultural Sciences, 2009, 37 ( 14 ).
6399-6402. )

MIKURIYA S, KASAI M, NAKASHIMA K, et al. Frequent
generation of mutants with coincidental changes in multiple traits
via ion-beam irradiation in soybean[ J ]. Genes & Genetic Systems,
2018,92(3) ; 153-161.

KIM W J,RYU J,LM J,et al. Molecular characterization of proton
using  genotyping-by-

beam-induced mutations in  soybean



252

K TR ¥

2 34

[46]

[47]

[48]

[49]

[50]

[52]

sequencing [ J ]. Molecular Genetics and Genomics, 2018, 293
(5): 1169-1180.

ket EIMFAR TR EFRETIE D], MR RILRl R
2%,2017. (ZHANG J. Study on the specificity of Penicillium
induced by UV[D].
2017.)
XURLE , . WOCEARTEAEY TR AP RR [ J]. BUURA
BH4%,2010(13) : 53-54. (LIU X Y, LU P. Application of laser

Harbin: Northeast Agricultural University,

technology in crop breeding[ J]. Modern Agricultural Sciences and
Technology ,2010(13) ; 53-54. )

REME. BOCHARAEAO A A B R[], AL
9%, 2009,31(4) ; 222-225. (ZHU J J. Application and prospect
of laser technology in agriculture [ J]. Journal of Agricultural
Mechanization Research, 2009,31(4) . 222-225.)
SO, G R, SF. WO AR BORTE A W E R A 3
[J]. BOt5 72 gk, 2007 (5) : 56-61. (FENG G W,
CHENG H,XU H,et al. Application of laser mutation technology
in biological breeding[ J]. Laser and Optoelectronics Progress,
2007(5) : 56-61. )

PRENES AL 2, 905, 55, BB FEOARTER S F R i)
L), KERk,2008,27(5) : 874-878. (CHEN L X,DU |
D,FEI H Z,et al. Application of mutation breeding technology in
soybean breeding[ J]. Soybean Science,2008,27(5) ; 874-878. )
KA BRI, EhRE. CO, Ot b BEXT R &R 185 & M A=
PRAGZNALT]. PEALAYIAER, 2004(2) : 221225, (ZHANG ]
D,CHEN Y P, WANG X L. Effects of CO, laser treatment on
soybean seed germination and physiology [ J]. Acta Botanica
Boreali-Occidentalia Sinica,2004 (2) ; 221-225.)
BN, EOA L RN REBOLTH A TR A EaEI ()],
KRR, 2008,27(3) : 532-535. (HAN Y P,CAO Y,CHEN

B C. Study on the development trend of soybean laser mutation

[54]

[55]

[56]

[57]

[58]

breeding[ J]. Soybean Science,2008,27(3) ; 532-535. )

WA, BT 4, 2k 5 R4 AR AR R 1) RAPD 4 #r
[J]. B4, 2014,28(5) : 772-776. (ZHAO X, WANG G
J,LI T, et al. RAPD analysis of soybean space mutation mutants
[J]. Journal of Nuclear Agricultural Sciences,2014,28(5) ; 772-
776.)

KRN W T B, R, 4. K F R i B R B AR (1 g
[J]. AR 525 ,2020,45(6) : 122-123. (ZHANG D H,
YANG Q C, GENG Z, et al. Application of mutation breeding
[J7.
Technology and Economy,2020,45(6) ; 122-123. )

H R X/NE, TN, . REARE 3 55828 R R £ 1
SSR P TFARIC [ 1. E Al EHE Y 244, 2016,38 (2) :159-
166. (HUANG Y A,DENG X J,WAN H B, et al. Construction of

technology in soybean breeding Grain  Science and

soybean Huaxia 3 mutant library and SSR molecular markers[ J].
Chinese Journal of Oil Crop Sciences,2016,38(2) : 159-166. )
IBF AR, 0%, 4. 2 R 7 A B K B A BT A AIF 5 .
[J] W EFmI, 2015(6) : 16-18. (ZHENG W,ZHU F L,GUO
T,et al. Research progress of innovative soybean germplasm by
space mutation[ J]. China Seed Industry,2015(6) : 16-18.)

[ /PR O o L L SR TR 7 2 7 St N L
el 1 ST, BAER, 2013,27(9) ; 1241-1246. (ZHANG
Y,YANG X Y, DONG Q Z, et al. Breeding of a new soybean
variety Keshan 1 by space mutagenesis [ J]. Journal of Nuclear
Agricultural Sciences,2013,27(9) : 1241-1246. )

BRPB. P IR AL Ge Al BT B AR - TR i B AR R
FHE BT [ T]. AR 457 ,2012(11) : 96-98. (SHAO P Z.
A new path to transform and enhance China’ s traditional
agriculture-from the perspective of aerospace high-tech utilization

[J]. Rural Economy,2012(11) : 96-98. )

M T 5] 2023 FE( KB RIE)

(REREY ST BT AR R B R F A0 K G Ll M2 AR R, 98 P 4 22 5 2 808 R i
FEROIAT, FETEA R TG EM AR A A BRI YR SRR AR
A BRI 25 A RE K Tl 38 55 T A9 25 AR S0 BHIF IR A B9 R4 [ P9 AN 9T A DF | 2RI Bl R
HRH SRR 255
(REREY A P16 FEA HNIMA T EAT ., B 2 :40. 00 JT, 424F 240. 00 7T, HE & A8
14 -95, EAMEAE M :40. 00 SETT(SHEE) , 424F 240. 00 57T, EAMIE &AL S . 05587, 4 [ 4% b i J= 147 7]
T,

o Hb: PE/RETTAAIL XA =% 800 &
Hp %% 150023

B 1&: 0451 -51522862

5] it : http://ddkx. haasep. cn

E — mail: soybeanscience@ vip. 163. com




