HRVEW M 2026,46(8) :1041—1048
Journal of Triticeae Crops doi: 10.7606/j.issn.1009-1041.2026.08.05

%) £t hig B[] < 2026-06-29
[ 245 1 B AL < hetps: //link. enki. net/urlid/61. 1359, S. 20260629, 1142. 002
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(1. Wom R 2 R B 5T B A vt S i A eb ot . TR BN 4500005 2. #iVT K24 VE R =B 28 BF, #RITHCM 310058)

H ERHFANFADEZRABERAUNTZTFR CAAER ML ER ARARBRACHARS T
B B AFRRIRE KRR, KB A D Z XM A Fielder 941 IR A S MK, A AR T T E#  LBET &
R (acetosyringone, AS) R B | R AF B 4 4 Bt 18] | 3£ 4 B (phosphinothricin, PPT) #if & /& 5 vA & 91 R #% % (ab-
scisic acid, ABA s kinetin, KT) fit }b % 3P &5 45 4 R 09 i F o L R AL K F ey Fvm L 5H A A 3 & 20, % & 7698 4
K199 F BTG AR RBATABEAMIEN, EREAN.LE 12dWYEARERH LIRS
SR T 09 A5 AL R A AL RAK (4. 40 %0) 5 RAF 42 423k ODyop =0. 5.7 Am 200 pmol » L' AS 4Z 4540
K10 min . ABRAELGHARGEESLERFHGBL2%);;FFhoZRAEF S FIm0.5 mge L' ABA
Fel.5mge L' KT B JERBGHHERG B RS MK BELR I BEREG; PPTRAFRLEREA I0mg L',
FEZMAAR R T  Fielder 9 # L FEM 8. 16U R HFR &S E 14.83% . % 20, % & 7698 Ao AR 199 49 #4L 3
FE 5 R F 9.03%.7.32%F= 8. 70% , it £ £ A it Fielder EHRALT KT, AAFRFHAHKIALKEZIRS
T EBRHEHELRE, AL ARAREFTO D ERALAEIFHE AR, A DL ARG B o FF A

RABETHRR LK,
BRI ERAHBANAFE AL REAKARAZF, FAKEZ
hE 42K S.S512.1;S330 XERFRIRAD : A X EHS:1009-1041(2026)08-1041-08

Agrobacterium-Mediated Transformation Parameters for Wheat(Tiiticum aestivum L. )
Immature Embryos and Evaluation of Genotype Independence

Zheng Nannan', Fu Yujie', Lu Xiangqian', Zhao Junheng',

Sun Nannan', Zhang Guoping'’, Ye Lingzhen'’
(1. Center for Biological Design and Breeding, Zhongyuan Research Institute, Zhejiang University, Zhengzhou, Henan 450000,

China; 2. Institute of Crop Science, Zhejiang University, Hangzhou, Zhejiang 310058, China)

Abstract : Agrobacterium-mediated transformation is an important approach for genetic modification of
wheat, but it still suffers from several unresolved critical technical bottlenecks, including low trans-
formation efficiency, strong genotype dependence, severe browning of calli, and low regeneration effi-
ciency. In this study, immature embryos of the model cultivar Fielder were used as explants to sys-
tematically investigate the effects of embryo age, acetosyringone(AS) concentration and Agrobacterium
infection duration, phosphinothricin(PPT) selection pressure, and exogenous hormone(abscisic acid,
ABA; kinetin, KT) ratios on callus induction, regeneration and transformation efficiency. Using the
optimized protocol, applicability was evaluated in the cultivars Yangmai 20, Zhengmai 7698, and
Kenong 199. The results showed that embryos harvested 12 days after anthesis exhibited the lowest
browning rate(4. 40%) and were most suitable as recipients for transformation. When the Agrobacte-

rium suspension was adjusted to ODg, =0.5, supplementation with 200 pmol « L' AS and a 10 min

Y H 9 :2026-02-06 & 9] 5 ] :2026-04-20
BT WiiLA Ol & Fh ok 5 8 R BHE £ 351(2021C02064-3)
% —{E#& E-mail: 18838917038@163. com B Ali )
BiIF{EE E-mail:yelingzhen@zju. edu. en(H-¥%1)
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infection produced the highest induction rate of resistant green callus spots(34. 29%). Addition of
0.5 mg « L' ABA to the induction medium and 1.5 mg *« L' KT to the regeneration medium signifi-
cantly enhanced embryogenic callus formation and plant regeneration. The optimal PPT selection con-
centration was determined to be 10 mg * L', Under the optimized conditions, transformation effi-
ciency of Fielder increased significantly from 8. 16% before optimization to 14. 83% ; transformation
efficiencies of Yangmai 20, Zhengmai 7698, and Kenong 199 reached 9. 03%, 7.32% and 8. 70%, re-
spectively, approaching or exceeding the pre-optimization level of Fielder. In summary, the optimized
system established in this study improves wheat genetic transformation efficiency and is broadly appli-
cable across different genetic backgrounds, providing a technical platform for gene functional analysis and
molecular breeding in wheat.

Keywords: Wheat ( Triticum aestivum 1.); Agrobacterium-mediated transformation; System optimi-

zation; Genotype difference; Regeneration system

) 35 A e A 4 R R A% S B AR S TR ) e
FAG RN RMEHT R IIGE A2 i E
RFRL R H AR Mok o R 0y s T B, & /D
7 LR 20 5 ) e i R A2 4 g B A 4 R A
R R, KA i 3% i N R T AR /N7 s AR T s
56 A e E i R o] R TR E Y R B
7 BT B PE AR BE A E A PR A AT
ML AR R SCHED T FE 2 R i A6 5 thak
B, R AT B (Agrobacterium tumefaciens) 97 % 1y
1A% e AL DR 3 DX A A5 DL 20D A A SRR
BAS AR B T B BAE S L3, CE 2 R EY
s 3E W, T T Triticun
aestivum L) SEIESRERAEY) , H 3 K41 P8 K H.
PG FRHARRE I RN 2 HAAOR K
I A 29/ 2 D) e 2 R 9 5 4+ & Fh Y
BRIz — ) R AR TE R AL TR R R
e J7 3K J G2 45 05 T AT — i U L HARAT A
18 /IN 22 388 12 it AR AT 3 3l A7 7 5% AL BOCR A 1 R e
PEAS R | 32 DR AR R ) A% ) T DR L ST R
I PR AR 1Y) 38t A% B A A R R S /N A2
HIIREMNT A & F I Z O AR, B EEW
B CH R HME.

INZE AT T A 5 AR 32 Z2 A 315 ) 52
M), A AR Y Sk U 5 AR DR S P A A 4L
SEAW I, b 4 I8 H L R IE B 5 T
PR 20 B 2B R PR L (B (W] VR 15 1 e 187 R A7
TEW W 25 5, s 2 e B 5 AL )
RIS ORFFER Y SRR R A H e T-
DNA RS 280% , i R WMk BE A= G B 1] L K s in
YO WET A (AS) Ve B S R L i 2s sUAR R e o
JE 5 AMEARAS 09 22 18] 6 7 5 , 34 10 52 e e v A4
LY SR AF R TR R SRR )

[) o 2 e B P o 45 3R 1 AR ) S R I &, DA
bar/PPT MR 3 i i 3% 4 & 78 52 b i H w1
e 7 35 1 1 5 P A BB 22 18] W BT - TR S R 5
Sk i 5 B P L R ok g U] ) A 45 2 2
B 55 o A A BRI BH R AR AR AR AR R 222 AL,
B S MR REESGBS Pk a 4
LUAERS b A AN F B B B mEAEA 2,
4-D(2,4- "X E LM .2, 4-dichlorophenoxyace-
tic acid) \ABA J 41/ 4 22 (n KT ZT) £ 4%
B B 1) o 24 5 e B R LE L S R I R AR R 4B Ak
KA ROR, B RS A A R LR A
SR EREEE A SR IR —
FEPE AR TE T 38 40 4 R A 55 AL RUR L (HN 2 AR T
R A T B A0 AR 2R A 2 AR AR R L PR 78 3 R 1 T T
T I 28 Pk K

A 5T LA /INZE S IR S AN AR L 136 Fielder /)
2 0 BB AR L B BE AT 1R A T 5 A0 G G i
N IR RS . o BN R IR X 8 1k 5
PR B2 O AS VR BE 5 A KT B (R G i 1R Y
WA W0 E bar/PPT 1A & 0y B AR L % 77,
WA ABA 5 KT S0 9 4= K 0 50 48 @ s
HLHE T 5 R E A P EEEN . it
Fml B B E 20 FRE 7698 B4 199 ZE AR TR] S
RIS UE LA R 22 A 38 I B e — R
Foue PR G | 22 35 DR AU 1Y) /N 28 R AT B A T st A%
ALK R /N LR D RE AT 5 4 & Rl 4RI
BRI,

1 M5

1.1 R
BB B R Fielder #%4 20 584 7698 Fl )
A2 199 55 4 AN/ M. RFFEE KD AGLL
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KRR A5 AT T AT 10 /0N 22 40y R 38 47 7 1 T A B DR B0 80 18 F + 1043 -

(F RN 1A% e A TR AR | 36 A o 1 o2 kr 2%
TN #5417 0 B B B Mk 3 B (bar) B9 X0 28 1k
pCAMBIA3301,
1.2 EFEmRA

Fielder JEREREFEIEA 2% Hayta SR,

DWiRR; 3 %5.4.3 g« L' MS, 10 g« L !
MES.10 g » L~ JEWE,

DB IR R 4.3 g L MS, 10 g« L!
MES.10 g « L "M 1. 25 mg « L' CuSO, -
5H,0.0.85 g« L' AgNO, .7 g« L 'BiIgHE,

DFEFH I 4.3 g L MS, 30 g« L
EHEWEL.0g LT THEKMY.0.1 g+ L'
MRt % .35 g« L' ILEE .69 g » L' il &(FR . 2. 2
mg+ L '#FH . 1.25 mg+ L' CuSO, «» 5H,0,
0.25 g+« L '"AAEWEN.0.25 g« L' L— K&K
f%.0.5 mg+ L' 2,4D.200 mg+ L "$E3ETT (Ti-
mentin) 5 mg+ L' PPT.3.5 g+ L "fHYIEEEE .

DR FE R 4.3 g L MS,0.5 g+ Lt
MES.20 g+ L' [###.2.78 g« L' Na + Fe « ED-
TA.,0.05 g« L "MHfR.10 g« L 'WLEE.0.1 g *
L M % .0.05 g« L "Ehm ke i 1. 25
mg * L7 CuSO, *« 5H,0.200 mg « L™ "4%3&7T.5
mg+ L ' PPT.3.2 g+ L '"H¥EEIL,

AWK FHEIL(PPT 5 mge L '):4.3 g+
L' MS.30 g+ L' EHH 1.0 g L TEEEK
Y .0.1 g L' HMmMALE 35 ¢« L' ILEE.69
g+ L' &M, 1. 25 mg + L' CuSO, * 5H,0,
1.5mg+ L' ZT.200 mg + L "4F3E71.3.2 g
L' B .

1.3 INELHRIERSHALIE

R R RN R R DA ] AP R A
TGS G I AR OGR4 1 (22 °C 22 h LR,
18 °C.2 h BT, FAEJF 10.12.14.16 d R4
Fielder ¥4 (3 R AEW 2= T L) . KBRFISE . 78 i
TAES L 7520 BT 30 s, 2. 520 A
PR BN VA T 7 10 min, 25 OB 28K wik 6~7
W, TCHR 2T B3 4l I, A ) B 4 ot 3K
TR A S IR B N B Tl A R B 3R S (L
L2) B AE, A M oRHEBUCE BR T K A
Fielder IIEME.OE BT 4 CE.OMLH,12 000
remin ' B0 10 min, FE FIER, DL &R SR
FRR R YL b 3
1.4 RTENERLEHEES

PR AGLY WA T 10 mL LB ik

R 3,28 °C.200 r » min ' IR X EL
AR (28 b B 0 MR TR A, R TR
B 3ed g8 45 ODgoy & 0.5, FE1R YL+ 4 3
AN [8] ¥ B (0.50,100,150,200 pmol » L)
19 AS, BT ab B S B 4 IR AR B, 43 ) E
1710 1 20 min {24 4501 5, SR IE 40K 3%
T B B G IR S R T R SR R IR 3k, 25
TR 3 d,
1.5 AGELAFS. HiE. BESEE

B FR AW G UIBRER B IR 4 I 7% 2
BRI, 25 CRERFE 14 d J5 RS TE i
SRR 1 A4 . HiBE TP
P Y 53 5 e A or AR s 3R 3k, 25 COL B EE &
(16 h+d D14 d, EEEFRIEMLE ZE 3~4 cm
BF B ARG 3R 2 . A ARME S MRS K 85
B 10 d AR 2 B, KR B 5R WA T
J7:101 g« L' AHERHM 236 g« L' UK AHAR Y .
246 g« L7 LUKBIMREE 115 g« L B2 — &
BR1.85 g« L' #IAR.0.99 g« L' DUZK G Ab4E .
12.36 g« L' TU/KEHmR % 1. 15 g » L' LKHR
FREE.0.5 g« L ' Ti/AKGLIRS.84.2 g« L ' &
JiE VO 2 PR BR AN AR
1.6 HEEKRRKIE

FRAME R PCR KU, R 40 DNA #2 H¢
%% Huang %5 Kk, M5 %A Bar-F.5'-
ACCATCGTCAACCACTACATCG -3, BarR: 5'-
CTGCCAGAAACCCACGTCAT-3', PCR 1k %
o LR B AL /N F 240 DNA b [ 1 R L 5 4k
JoR Ay BH A X B T B K R S R R
1.7 BESITESH

2t R RN TR VIR AR 7oA e N o R I S L
£ R R ¥ Bl A

BHANE TR =5 H O EOGAS S8
FEFPAME R B B< 100 %%

3 255 b 3 = 7 1 4 2055 Ak e R R/
WS A A28 E0<100 %5

A5 80 b R = 1 412U Ak S R/ B D
AN R B EL X100 % 5

GAEFRE=FF RS AN a0 A8/
Tt AR LK X 100 % 5

15 1% 55 AL 0% = PCR 55 31F BH 1 A W 250/ 42
AN R BB <100% .

Bl R F IBM SPSS Statistics 26 #4745
587 . FIF Graphpad Prism 8 2K,
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2.1 AERE#IT/NERGHRBLHTIG

K AEAF B Fielder 4R, 43 #r BRI X6 1 4
HEMmIZ, 50 RY, 65 0.12.14 F 16
d R4 1 &) R A 05 4 2348 1k % 53 i Dl 9. 78 %0
4.40% 5. 78 % M 11.39% (W 1), Hd fE)5 12
d (1 4 R4 1b 2R S5 A, 2 BORE B[] BT B i 4k
Ji 12 d B 05 40 24 A0 1R B 3 A B i, S R
TR HA N E S5 E FHE. B,
FEAE ST 12 d 8 S 2l IR OB 19 B 35 B 40

157
a
S
E a
o
@%"
@5 b
< s b
2
&
0

10 12 14 16
JERE
Embryo age(days after flowering)/d

B AP BE L AR R (0 =3) 5 RRI/NG FREFRIRAE 0. 05
KFEFEE, TH.
Data are shown as the mean = SE(n = 3); Different letters
mean significant differences at 0. 05 level. The same in belows.
B 1 AR Fielder A{5ALRBHLE

Fig.1 Browning rate of Fielder calli with different embryo age

2.2 ASHKESEXAFREMAGARFSHEM

TEHE B E ODgy N 0.5 BIEME T, TR
Wb 4y B A 0,50,100, 150, 200 pmol « L'
AS, %} Fielder #£J5 12 d 2R #E4T 10 88 20 min
ARG A 3, G5 3t 4% Ab PR A0 2% SR S R, 4
(R DERBEE AS W B4R & Prik @i 8
ek i TR R BB TE 200 pmol » L
IF X 3 % 25 (¢ 10 min 9 34. 29%) . 7E 0~
150 pmol « L1 AS ¥ i i [ N 4= Y4 Ab #E 20 min
M ak i R R TR Y 10 min #9403 (H 1E
200 pmol « L™" AS B, {2 4L 43 10 5 20 min Z
] 22 R 1 35 . o JE B HE K A= Y B ) W R i 41
TR 25 G B AR ROR 5 #AE AT A7 1, B 200
pmol « L "AS {244 10 min Jy bt P M1 1 41 405
SRR

F1 TR ASRKRESELEFBET Fielder
NERGHRAGRFESE
Table 1 Green spot induction rate of wheat Fielder under

different AS concentration and infection duration

ASTRIE  mopnti MRRE RAHSE
concent;ation/ Infection Number of Green spot
(pmol » (I I time/min embryos  induction rate/ %

0 10 210 15.71b
20 210 20.95a
50 10 210 22.38b
20 210 25.71a
100 10 210 26.67b
20 210 29.52a
150 10 210 28.10b
20 210 30. 95a
200 10 210 34. 29a
20 210 33.33a

ANEVNEG TR IR R — AS ¥R BE T AN R 4k B[R] 7E 0. 05 K
Different letters indicate significant differences among different

treatments time under the same AS concentrations at 0. 05 level.

2.3 PPTREREMBGARERKNZN

PL Fielder f6J5 12 d % IR h MK, #E 200
pmol « L™" AS Z&F MR 4% 10 min, HHi5E 3 d 5
e NASTR) e B8 R I (PP A T 2B 15 2 36 . PPT
W BE RN 5.10.15.20 mg « L', A 2H R0 4 IR
350 N 43l E T 5 NSRRI, 3 WA E R,
Gt ALRCR MR A H A A KB, 4
(£ 2O)FW,E5M 10 mg+ L' PPT AT, i
S AT A 2180305 4 14, 80,317 +15. 59) K A b
HAVMEE (14259, 17,150 13, 23) R 5
KV P 2Z () TG b 2 25 5 . XN % A 1 4 2L
#4351k (5. 6140, 44) % FI (8. 28 +1.02) % ,
Hd 10 mg « L' PPT &b HiIEALRE E R T 5
mg e« L' PPT 4b¥, 15 1 20 mg « L™ PPT 4t
P @05 A ™ L A 4SBT R N (61 +
9.54,153+12.53) . 0tk B8 71 i & TR (75 +
10. 00,32 +10. 58), AL K EEAML. T KM, 5
mg « L°' PPT B AT @ A= 4, (H 0 2% I 7
G304 oK B Ak A 05 20 20 3k 3 L BE ME SRR [ 15
mg « L' KDL bk B2 8 R g ok 5ig ™ 0 ]
P¥G B AR AE . 2R G B O A KOR T 4 T AR
JE R BHPESR B 10 mg « L' PPT AR R
T AR 18 VR 32, W 8 A A0 ) A BA 1 0[] e £
B e Y FEALROR



KRR 20F < A AT T A0 5 19 /1N 22 IR 388 47 e Al T Al 8 R AR 1 7417 + 1045 -

R2 ARREEZBEX Fielder /N E A7 H A& KB F2 T

Table 2 Effect of PPT concentration to callus growing in wheat Fielder

e Wk vk i T A 4 K £ AV 7l 3R
PPT concentration/ . . Number of Transformation
o Number of calli Number of dead calli . L 0
(mg+ LD regenerated calli efficiency/ %
5 305+ 14. 80a 23%£6. 24c 142+9.17a 5.61+0.44b
10 317415.59a 254+5.00c 150+13. 23a 8.28+1.02a
15 290412, 12ab 61+9.54b 75+10. 00b 3.87+0. 56¢
20 262417, 44b 153+12.53a 32+10.58¢ 0

RF/NG FREFRIRTE 0. 05 K FE2EFBE, K3,

Different letters indicate significant differences at 0. 05 level. The same in table 3.

2.4 MEEKFAFFNAGESESULNIME

PLIRIS 12 d (9 Fielder 41k b SN AR BE 17 8t
TG AL, S AR5 15 55 2 43 S A [R) v B (0,0, 5.
1.0.1.5.2.0 mg « L ') ABA J5 ., fr i 41 410 5
SRR (56, 6341.20) % . (64, 2941, 64) % .
(53.3842.66) % .,(26.7742.93) % F(16. 11+
2.43) %, HIMEE R (B 2A) 0] LS R FR LR
WM o0.5 mg L' ABA SIS ABA
WE>1.0mg« L' B, 5 FRAR TR, X£
ED%TZIK%E\AULEE’M%FYEF%"IW 0.5 mg =« L'
ABA A By T WEPE A5 T2 B i A8 s e B ) 5 A B
A .

TEAT A RS 5 FE IR IS [/ B (0,0, 5.1, 0,
1.5.2.0 mg * L™ OKT J5 . @i 41 28148 55 5 e sk
RO (49, 6240, 41) % L (51. 96 0. 94) %,
(55.9241.47) % . (58. 4541. 48) % Fl1 (48. 43+
1.36) % . 53 (K 2B) £ KT LT 1.5

- L Hfréy\ﬂ:%rmiiﬂw“ﬁﬂ?fu 2.0 mg

! Hn‘éﬂtﬁi?ﬁk FW 1.5 mg - S AR 5K
%ummhﬂﬁﬂmﬁﬁﬂ B tah] KT/MZO

LEL L HEE R S BRI 0.5 mg + L7}

ABAL LB BN 1.5 mg « L' KT &AL

EZHE.
A go
a
—E
gof b b
—E—
A
40}

BHARBETE

Rate of callus induction/%

WA

0 05 10 15
ABA ¥ ABA concentratlon/(mg LY

2.5 RMUGBRNBEUERIE
PLIRHE 12 d By Fielder & IRy 40 A 44 | 76 Hiy
WAL R FR T HEATARAT R B SMIEEE R bar 1Y
WAL, FIH PCR AR T, AR A A AR 21T H
M (E 3A~KE 3E) ., 455 (K 3P W, k)5 i {4
F A Fielder FHPERE (3 DX REZH Y 8. 16 0 $2 7+ 2
14. 83 %6 , Ui W i 1A 28 BA vy 1 1t A% G AL 0% .
2.6 AENEZEREBIMANLERERETEN
PL Fielder it B, ¥ FH 4% & 20, B % 7698

B 199 %iﬂiﬁﬂcﬁ@iﬁ%%ﬂcﬁl&%fﬂﬁld #
st o1 R (1Y) 3 S50 (3R 3) R FE M By 5%

T, Flelder\%i 20, F8 2 7698 FIE} A& 199

B A 5 5 R 5 0 o (77,4 £ 9. 48) %
(53.3245.50) % ,(43. 8145, 16) % Fl (49. 66 +
5.0 Yo, MAGAL 3 ALH N (18. 72£1. 47 % .
(17.06=£1.84) % .(16.8142.33) % .(17. 67+
2.14) Y it AR AL RICR 43 51 2 (14. 8340, 12) %%
(9.0340.02)%.(7.3240.19) % M (8. 70+
0.03) %, it Fbie & B, Fielder /N3 (4 1 15 41
BUF TR 5 AR B E S T HAD 3 A A,
W 20 B THAE 7698 MABLK 199, XL
AN RIS S /N2 MR S A AR R B Ly
Y 3 PC 1

w
)
(=

(=)
=]
o
<

o iR A R S
Rate of callus differentiation/%
™ N
S S

(=]

0 05 10 15 20
KT ¥R KT concentration/(mg * L)

B 2 HEYEIKETF I Fielder /N3 8145 4H 87 B F i

Fig. 2 Impact of plant growth regulators on callus formation in wheat variety Fielder
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AR B LS C A Sk D BRI E To AR AEREKR bar 25 PCR KM (1~9. To AR A MM 10 R
B ARXE IR 11 BRI B 51245 (X M2 2 000 bp DNA ladder) s F. 5 {0 A0%

A: Immature embryos inoculation; B: Callus induction; C: Callus differentiation; D: Regeneration plant; E: PCR analysis of Ty

generation regeneration wheat plants by bar gene primers(1—9. TO generation regeneration plants; 10: Non transgenic plant; 11: Plas-

mid; 12: Blank control; M: 2 000 bp DNA Ladder). F: The transformation ratio before and after optimization.
B 3 Fielder /NEHEFHL

Fig.3 Transformation of wheat Fielder

®3 FEMNERMEGBELHE

Table 3 Transformation ratio of immature embryos of different wheat varieties

sty A R4 WMOHLFE TR WMOA LR LR ES
Variety Number of embryo cultured Callus induction rate/ %  Callus differentiation rate/ % Transformation ratio/ %
Fielder 310 77.4+9.48a 18.72+1.47a 14.83+0.12a
# 7 20 Yangmai 20 310 53.32+5.50b 17.06+1. 84a 9.03£0.02b
FRAZ 7698 Zhengmai 7698 310 43.814+5. 16b 16.81+2.33a 7.32+0.19d
B4 199 Kenong 199 310 49.66+5.09b 17.67+2. 14a 8.70+0.03c

3 it

IINFE AR T AR R A AN M A BOIR AS R AT
A2 e 25 A L 3R I L O 3 1 T A5 22 P D 2R AL )
il Zhyteserered ORISR G AR AR b AR G B R
WL T — B R R 0 S A
RAF A AR R L /)N 22 388 1% e AR =X i
Fielder % 1250 % WAL T A9 8. 1626 42 1 &
14.83% .3 AR IF M R4 &2 20 FBZZ 7698 FIRHA
199 43 H3RA3 T (9. 0340. 02) %, (7. 32£0.19) %
(8. 70 0. 03) Yo MY FE AL A%, e SOl o T
Fielder #£ %1k 1 Z A4k 1 09 K -, g 22 20
T LR AZ 7698 FBLA 199 T 5 (19 4% 1k i
P XS5 0N G S R SE T T i PR R AL T =

%, R IZR R RO T 0 412U e R
BH 1 2% e 455 DL ) R,

AR 0 38 B 5 A FIUDR 2 2t 5 % Ak i 2h 5
EY NS L R R VTR R ] TR AN s
AL TR I BB, A B 5T & B0, IR i o /N
5 2 WUAAR 405 3 DL 375 5 0405 4 20, R % 2o R 1)
T AR IR i 20, A 3 R IR S A RE
P = A 2 R S AR ROR . AR
)5 12 d Ry Bk B E] L 5 Richardson %55
B BIIESG 12~16 d(14 d Fefk) 3k 7 500 15
HEAESE 12~15 d L& Wang %65 43 A9 76 )5
10~15 d G5 R HA — 5, R WIZ I LE T IR 1 I
IV 5 0 Ak . 1 ) R A

ERFFR AN T AL B, QBT & (AS)
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VE R B8 M X3k 3% S50, X4 & T-DNA B 3
KA CHAE D . RIS R BN, SR
ODsoo A 0.5 2cFTF L8 200 pmol « L' AS 3
B4 10 min (Y03, ] G @A AL 205 5 %
KE) 34.29% . SEKME YA, 10 min
14 4 31 BE BE ORI 78 70 1 R AT TR BT 5 T-DNA #%
B8 o SOAT kA D] ao B v 5 B 20 BUK AL IR AL
A Bl 4 AR A R DR AR v A AL AIUR

W) AT T R AR B 5 5 G5 S
PR b B p B AR R DT AR
LI ZUE S B TE 2.2 mg » L' B S5+
0.5 mg =+ L' 2,4-D A AN 0.5 mg = L'
ABA ] i 2 g IR PE A O H R IE A 15 3 R A
(64.2941.64) % ,iX 5 ABA F B F & 40 il ir %
A R DG A — B, Y ABA W E i R (1.0
mg « L™ OB, g0 A KBl iF 2 R TR, 1
AN E BT B, A 53 R (KT X T 4% i Fl
LRZENIE N EL AT G R L RIS &, B
& KT e BB I, @ 45 41 2005 Ak 3 2 3 T ) %
HEGTE 1.5 mg » L IR . AR 5 BH
0.5mge+L '2,4D+0.5mg+ L ' ABAGES)+
1.5 mg+ L' KT b 41 & 2 /N 22 w5 501
A ) S AR T

T R A8 T TR AR R R A B R PR R ) OC
i, AR OAE TP M i 8 e S A LR R e
AW E T 10 mg » L' PPT Sy 5544 07 16 v i
A 5 R A A A A 2 S5 B b A < B A 4t L 7
AR

JINFZ 38 AT T AR RSO i A R DR AR
O Z TR W A8 AR AT R A 2 00 /N 22 8t 45 7%
btk & W, GRF4-GIF1 ,BBM . WUS |, TaWOX5
R DY (5 PN iR i N 73 S B
ABE ST IE i RGN G S5 R T L AE W
TN AR A S8 AL T AR ROR AR BE R A
6 S T L, B T S BT A AR AR A R AR B,
AR RBAE R 2 R AME T SR
UiiBr AT QU & S S Y S =)
v b B — 2 AN A

S E 30k

[1]Chen Z L, Debernardi ] M, Dubcovsky J, et al. Recent ad-
vances in crop transformation technologies [ J]. Nature
Plants ,2022,8(12) :1343.

(2203, i R 5. AT W) 5 T8 A 4 8 S AT A R o T 5 i
[J]. #1%.2015.37(10) : 953.
Shan Q W,Gao C X. Research progress of genome editing and

derivative technologies in plants [ J]. Hereditas, 2015, 37
(10):953.

[3]JAwan M J A,Pervaiz K,Rasheed A,et al. Genome edited wheat-
current advances for the second green revolution [ J]. Biotech-
nology Advances,2022,60:108006.

[4]Zhou X M, Zhao Y D, Ni P,er al. CRISPR-mediated acceleration
of wheat improvement: Advances and perspectives [J]. Jour-
nal of Genetics and Genomics,2023,50(11) :815.

[5]Li SN, Lin D X, Zhang Y W,et al. Genome-edited powdery
mildew resistance in wheat without growth penalties [J]. Na-
ture ,2022,602(7897) :455.

[6]Maharajan T, Ajeesh Krishna T P, Rakkammal K, et al. Ap-
plication of CRISPR/Cas system in cereal improvement for biotic
and abiotic stress tolerance [J]. Planta ,2022,256(6) :106.

[71Zhang R,LiuJ X,Chai Z Z,et al. Generation of herbicide tolerance
traits and a new selectable marker in wheat using base editing
[J]. Nature Plants,2019,5(5) :480.

(818 Y, PRI , RIESE, 55 R AR AT T A 5 A B 55 B R AR 3t
e Atk R LT, 244, 2025.60(3) : 425.

Zeng W D, Yan H B, Wu Z D.et al. Agrobacterium rhizo-
genes-mediated transformation system of Pueraria lobata
hairy roots [J]. Bulletin of Botany,2025,60(3) :425.

[9]Frame B R,Shou H X,Chikwamba R K, et al. Agrobacterium tu-
mefaciens-mediated transformation of maize embryos using a
standard binary vector system [ J]. Plant Physiology ,2002,129
(1):13.

CTOJVEMEA: B = I, JH = 5 45, A AL R AR AT T8 % e 1k 3R i

SERAERRPEARLT ], AR B2, 2025, 58(8) 1 1479.

Wang W M, Wei Y X, Tang Y N,et al. Establishment and
rooting optimization of Agrobacterium rhizogenes transfor-
mation system in cotton [ ] . Scientia Agricultura Sinica ,2025,
58(8):1479.

LIRS W22, 242 5, 5. R AR AR AT T A 5 19 5 et 1% 5 Ak

TRAMALT]. R4, 2026,43(1) : 196,
Zhu'Y X, Yao M J, Li B, et al. Establishment of genetic
transformation system mediated by Agrobacterium rhizo-
genes in strawberry [ J]. Journal of Fruit Science ,2026,43
(1):196.

(12732 WAl AR OA 4 A 2k, 45, RAT B A 5 19 /0 22 1 38 I st 1
AR R AT, R4, 2017,37(4) 1458,
Peng Y B, Tian B M, Cui M Z, et al. Factors influencing
Agrobacterium mediated transformation in mature embryo
of wheat (Triticum astivum 1..) [J]. Journal of Triticeae
Crops+2017,37(4) :458.

[13]Hayta S,Smedley M A,Demir S U, et al. An efficient and re-
producible Agrobacterium-mediated transformation method
for hexaploid wheat ( Triticum aestivum 1..) []]. Plant
Methods,2019,15(1) :121.

[14]Li J R.Ye X G,An B Y, et al. Genetic transformation of
wheat: Current status and future prospects [ J]. Plant Bio-
technology Reports ,2012,6(3) :183.

[15]Wang K, Riaz B, Ye X G. Wheat genome editing expedited by
efficient transformation techniques: Progress and perspec-
tives [J]. The Crop Journal ,2018,6(1):22.

L1685k 5, FORE B . 5. R ER 4> /N 22 F Rl A0 L5 55 1
A RESIIEM )] W74 . 2018, 44(2) - 208,

Zhang W,Yin M Q,Zhao P,et al. Regeneration capacity evalua-
tion of some largely popularized wheat varieties in China [ J].
Acta Agronomica Sinica ,2018,44(2) :208.

(17U, Bk AL I 8, 46, /N2 Kb 4 IR P 2B M R el ik i

PP BFEACLT]. AL R4, 2011,44(2) 1225,



+ 1048 -

I (7]

EE %46 &

ShiZ Y, Yin G X, Du L P, et al. Plant regeneration and
Agrobacterium-mediated transformation using large imma-
ture embryos of wheat [ ]]. Scientia Agricultura Sinica .
2011,44(2):225.

CISTEIG AN, F %l , s G0 , 55 /N 22 38 AL e Ak Dy ¥k R 5 i e [T .

AR R 24 22 4 CH AR 24 KD . 2008, 29(6) : 52.
Wang S L, Wang K, Han X F,et al. Progress in studies on
the genetic transformation methods in wheat( Triticun aesti-
vum 1.) [J]. Journal of Capital Normal University (Nat-
ural Sciences Edition) ,2008,29(6) :52.

L1908k Z& G, ka4 KA AN T/ 2 8L fe b r i 1y

Pl 5 R HILT . 0 e Al 4 2441, 2017,51(6) : 781.
Zhang L.,Li G L,Zhang J Z.et al. Improvement and applica-
tion of Agrobacterium mediated genetic transformation of
wheat [J]. Journal of Henan Agricultural University .
2017,51(6) . 781.

[20]Cheng M,Fry ] E,Pang S Z.et al. Genetic transformation of
wheat mediated by Agrobacterium tumefaciens [J]. Plant
Physiology »1997,115(3) :971.

L2155 . AR AT A /N 22 A IR A 0 2 A i E B T
LY. A=W HAR 2008, 18(2) :58.

Bi R M. Optimization of major factors for Agrobacterium-
mediated genetic transformation of callus of wheat mature
embryo [J]. Biotechnology ,2008,18(2) :58.

[22]7 B,k 3. 00 28 L % sbk Ml sck WA T AL 55 56 R K A5
1 RS SE LT i K R 2.2011,25(6) :599.

Li C,Zhang Q J,Liu S K,et al. Breeding and identification of
insect-resistant rice with two insecticidal genes,sbk and sck
[J]. Chinese Journal of Rice Science ,2011,25(6) :599.

[23]Wang K, Liu H Y.Du L P,et al. Generation of marker-free
transgenic hexaploid wheat via an Agrobacterium-mediated co-
transformation strategy in commercial Chinese wheat varieties
[J]. Plant Biotechnology Journal +2017,15(5) :614.

[24]Hensel G,Kastner C,Oleszczuk S,et al. Agrobacterium-me-
diated gene transfer to cereal crop plants: Current protocols
for barley, wheat, Triticale , and maize [ J]. International

Journal of Plant Genomics ,2009,2009(1) :835608.

(2515 ks, X AR ) k. ME 22 B B (9 4 23 0% 57 T AE bk 75 A=
LT Hilb el K224 ,2012,47(5) :60.

Luo Z N,Zhao G Q,Liu H. Tissue culture and plant regeneration
from mature embryos of oat [J]. Journal of Gansu Agricultur-
al University +2012,47(5) :60.

[26]Huang ] C,Ge X J, Sun M. Modified CTAB protocol using
a silica matrix for isolation of plant genomic DNA []J]. Bio-
Techniques ,2000,28(3) :432.

[27]Sparks C A, Doherty A,Jones H D. Genetic transformation
of wheat via Agrobacterium-mediated DNA delivery [M]//Ce-
real Genomics. Totowa, NJ: Humana Press,2013:235.

[28 ]Kumar R, Mamrutha H M, Kaur A, et al. Optimization of
Agrobacterium-mediated transformation in spring bread wheat
using mature and immature embryos [ ]J]. Molecular Biology
Reports +2019,46(2) :1845.

[29]He Y, Jones H D, Chen S, et al. Agrobacterium-mediated
transformation of durum wheat( Triticum turgidum L. var.
durum cv Stewart) with improved efficiency [J]. Journal of
Experimental Botany ,2010,61(6) :1567.

[30] Richardson T, Thistleton J, Higgins T J, et al. Efficient
Agrobacterium transformation of elite wheat germplasm

without selection [J]. Plant Cell, Tissue and Organ Cul-
ture ,2014,119(3) :647.

(3109 AW BEEA . 88 W5, 55, RAT A T 1/ 2 7 Ak & 1 4k

LT, AR Al R 22441, 2012, 31(1) : 23,
Zhang Y T, Liao Y C, Huang T, et al. Optimization of genetic
transformation of wheat cultivars mediated by Agrobacterium
tume faciens [J]. Journal of Huazhong Agricultural Universi-
ty.2012,31(1):23.

[32]Wang G P,Yu X D,Sun Y W,ez al. Generation of marker-and/
or backbone-free transgenic wheat plants via Agrobacterium-
mediated transformation [ J]. Frontiers in Plant Science .
2016,7:1324.

[33]Hiei Y, Ishida Y, Komari T. Progress of cereal transforma-
tion technology mediated by Agrobacterium tumefaciens
[J]. Frontiers in Plant Science ,2014,5:628.

[34]Sun Y W,Zhang X,Wu C Y,et al. Engineering herbicide-resistant
rice plants through CRISPR/Cas9-mediated homologous re-
combination of acetolactate synthase [ ]J]. Molecular Plant .
2016,9(4) :628.

[35]Wu H,Sparks C, Amoah B, et al. Factors influencing successful
Agrobacterium-mediated genetic transformation of wheat
[J]. Plant Cell Reports,2003,21(7):659.

[36]Hensel G, Marthe C, Kumlehn J. Agrobacterium-mediated
transformation of wheat using immature embryos [ J].
Methods in Molecular Biology,2017,1679:129.

[37]Sidik N J,Agha H M, Alkamil A A,et al. A mini review of
plant tissue culture: The role of media optimization, growth
regulators in modern agriculture, callus induction and the ap-
plications [J]. AUIQ Com plementary Biological System ,
2024,1(2):96.

[38]JAhmad Dar S, Ahmad Nawchoo 1. Tyub S, et al. Effect of
plant growth regulators on in wvitro induction and mainte-
nance of callus from leaf and root explants of Atropa acumi-
nata Royal ex Lind 1 [J]. Biotechnology Reports,2021,32:
e00688.

[39]Lowe K,Wu E,Wang N,et al. Morphogenic regulators baby
boom and wuschel improve monocot transformation [J]. The
Plant Cell ,2016,28(9) :1998.

[40]Vasil V.Brown S M,Re D E,et al. Stably transformed callus
lines from microprojectile bombardment of cell suspension
cultures of wheat [J]. Bio/Technology »1991,9(8) ;743.

CAVTHE SO AR 25 A 22, A5 35 R0 0 A {4 X6 /N 22 85 4 3% 3%
Wz (], 4 TR E I ,2012,10(3) 1 290.

Du W P.Yu G R,Song J.et al. Effects of genotypes and ex-
plants on in witro culture of wheat [J]. Molecular Plant
Breeding ,2012,10(3) :290.

Ca2 X0 R, ) 4%, 903506, 55 . /N2 AN [R) S A 88 A 8 55 5 1 A
WFFELT]. 22212241, 2008, 28(4) : 568.

Liu X L,Liu J,Guo A G,et al. Study on the tissue culture
and plant regeneration of different explant from wheat [J].
Journal of Triticeae Crops.2008,28(4) :568.

[43]Liu X M,Bie X M, Lin X L,et al. Uncovering the transcriptional
regulatory network involved in boosting wheat regeneration and
transformation [J]. Nature Plants,2023,9(6) :908.

[44]Wang K, Shi L, Liang X N, et al. The gene TaWOX5 over-
comes genotype dependency in wheat genetic transformation
[J]. Nature Plants,2022,8(2):110.

[45]Debernardi ] M, Tricoli D M, Ercoli M F,et al. A GRF-GIF
chimeric protein improves the regeneration efficiency of
transgenic plants [ J]. Nature Biotechnology,2020,38(11):
1274.



