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Study on Agrobacterium—Mediated Transgenic Methods for

in Vitro Germination of Pollen Maize
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Abstract: The main methods for maize transgenesis are the Agrobacterium—mediated method and gene gun
method. However, both methods require tissue culture, which is demanding and time-consuming, and they are limit-
ed by the genotypes of transgenic recipients. In this paper, the promotional hybrid Suyul9 was randomly selected as
the material and the introduction of exogenous genes into maize pollen through Agrobacterium infestation of the ger-
minating pollen was explored. Then, the female cob was pollinated with the Agrobacterium—infested pollen to obtain
transgenic maize. By optimizing the medium formulation, incubation temperature, germination time, Agrobacterium
infiltration time, and other technical factors, a new method of Agrobacterium—mediated introduction of exogenous
genes into isolated germinating pollen for maize transgenesis has been established. The conversion rate can reach up
to 7.27%, and the results of Southern hybridization test showed that the exogenous genes were integrated into the
maize genome. The method is exogenous gene introduction has the advantages of simple operation, low cost, and rap-
id breeding of new high—yield varieties, providing technical support for maize transgenesis.
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Table 1 ~ Formulation of different pollen culture mediums

Higrdt BB Ca(NO).-4H.0 CaCl,-2H.0  H.BO,  MgSO,-7H.0  KNO,  #iEmR  HER Tris DMSO
Culture (%) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L)  (mg/L) (%)
medium Fructose Lysine Glutamate

1 5 300 100 200 100

2 10 300 100 200 100

3 20 200 100 375 0.05

4 15 300 100 200 100 100 2
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Note: A, Uncultured mature pollen; B, Germination pollen; C, Germination of pollen in medium 1; D, Germination of pollen in medium 2; E, Germination

of pollen in medium 3; F, Germination of pollen in medium 4.
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Fig.1 Pollen germination in different culture media
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Table 2 Effects of temperature on maize pollen germination rate %
AN [Fl L i 3
SR IR) Germination rate at different temperatures b A
Incubation time Average
27°C 30C

0.5 54.59 40.63 47.61

1.0 30.55 27.92 29.24

1.5 41.87 40.56 41.22

2.0 21.22 17.87 19.55

B I(ER 37.06 31.75 34.40
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A TR o FEAEMMARSNRG 720 2 i Fee At ] 0 ~
30 min PN, LASR A5G 1 (GFP) R e i S R A6 A
HEAT ODeoo 1 0.6 FYARFT TR Y , 12 YL (R B[R] 73 391 K
30.25.20.15.10.5 min(/% 2).
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Note: l:l Separate pollen culture; ///////////// Agrobacterium and pollen were co—cultured;
Agrobacterium and pollen, Agrobacterium was removed and then cultured.
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Fig.2 Schematic diagram of the experimental design for Agrobacterium infection of in vitro cultured maize pollen

After co—cultivation of

TE:A ~ FAMIAHEMTEIR R a ~ (P IOSEIL . TR IR

Note: A-F is the transformation of pollen in system a—f. The same below.

B3 WHEME TRITEEHA1052LEMH GFPESW 2

Fig.3  Observation of GFP signals in pollen infiltrated by Agrobacterium EHA 105 under fluorescence microscope

B4 WHRERETRITEGV3101REEMI GFPESUE

Fig.4  Observation of GFP signals in pollen infiltrated by Agrobacterium GV3101 under fluorescence microscope
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Fig.5 Observation of GFP signals in pollen infiltrated by Agrobacterium LBA4404 under fluorescence microscope
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Table 3 GFP transformation rate of maize in vitro cultured pollen with different Agrobacterium infiltration treatments %
PRATF IR R YL AL 2 PN TR LR ;
Treatment of Aerobacterium Transformation rate of strain Y fH
. . ° Average
infection EHA105 GV3101 LBA4404
AEF TR 30 min(a) 7.75 10.24 8.14 8.71
ALY 25 min(b) 9.95 10.72 9.22 9.96
AEHHZ YL 20 min(c) 15.25 11.16 10.12 12.18
AEHNR YL 15 min(d) 17.22 14.83 11.97 14.67
AL IZ YL 10 min(e) 20.07 14.75 14.12 16.31
AEHHZ YL 5 min(f) 7.07 5.54 10.74 7.78
¥ 12.89 11.21 10.72 11.60

WSS R, 0.5 h N, (BB FEHE GFP LA
IR AT R X BB IR e, e AL R B 5 R AT 1=
Yt [R] S AR A TSR] . DO R AR AT B 1A 20k
B BRPRCREA RRFT R EHAL05, Y5k %
H12.89% , F A A 0 i R B 5 e ARAEL =2 [ iR B A8 4k
R, BDAHT B EHA105 3215 Y i) [B] 48 A6 11 52 1) i
O, PR, 78 AR FF 1 EHA 105 33 4% K B A48 By il
— B BB IE IR YL A AT B LBA4404 12
Qe SR 02 PR EE R 10.72% , A S
BARMEAHZEARIR K . RAFE GV3101 A THEZ
] o AN [R5 SR (B R, 3 i A6 K 7 Bl AR A1 i
REZRT , e R SR H 5645597 20 min, FRAERM K
PRI EIR YA K ERTIZ YL 5 min, 2 J5 k5%

B KT TS T RE AT 25, HE TR AL HERE IR 5 min
I HEAT RSN AL PSR T IR B d s

M FE N Kb 5 L Bar 55 R 45 SE 9, 7E
GFP it BE A BRI B P AR AT TR e B AR A
FAL R BERN b, X FOKRBEAT AR RSNG4 . TEAE
K K& i & BB 1] 0.5 h I, AR B 1% 9% 5L 0 5%
20 min, ARFFEIZ YL S min, Fi R R ERFE 5 min B
THRANE AR, AT DLRSIE FOK B R TE AR SN AL 1Y
IEH T,
2.3 ETEE

UL Bar 5 R Rt BE DR A R AT B S oK B 4
FERY S FREAR G AT T B A L OD AN 2535 551 A A [1]
AT T 18 R FRAH 5 (R 4).
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Table 4  Different treatment combinations for Agrobacterium transformation

pLEd iR S 157 oD
Treatment combination Strain Stain remover OD value
T EHA105 Tween20 0.4
T, 0.6
Ts 0.8
T, Silwet-L77 0.4
Ts 0.6
Ts 0.8
T, GV3101 Tween20 0.4
Ty 0.6
Ty 0.8
T Silwet-L177 0.4
Tu 0.6
T 0.8
Tis LBA4404 Tween20 0.4
T 0.6
Tis 0.8
Tis Silwet-L77 0.4
T 0.6
Tis 0.8

AR S 45 e HH B AR AT TR 8 R L OD (B AN 2575 51 1Y
ANIE), FEAT AT, 2 Tl 18 FhA[R) (R AL B, I Fic il 18
FPATR) B AT T AT, FH DA SR Ak T KA AR, R T 4 s
SO AT SEME SRR R, R A A4 104
G-I

Xif i 3 [ T AR Fh 7 7E 3 ~ 4 3% FH 35000 ok B
0.1% W R AT Iy i — JE ik , AR B o 1 oK

FPR, 50T e — i Jm 2R BUE ; B4 Y
FRAERER , R A BEAEASEIE (A 6).

R BRI S 5 1K, — T To U KAB R
TG B B R BT, Ot 3 ~ 5 dJR A i A
B ER IS OEASE. — e, R T,
IREKRAEMRIATGET, PIWTHTR T B TR A bR
B(FS).

TE: A BRI ERTIAE MR ; C D A THBEES | KRR R B F A EH 3 RIHE bR ; G H AT BEER 5 R IAE bR
Note: A and B, plants before screening; C and D, screened the plants on day 1; E and F, screened the plants on day 3; G and H, Screened plants on day 5.

El6 HERFRETHEAMEHXBRFE

Fig.6  Field screening for glufosinate resistance in transgenic maize
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Table 5

®5 ARRTEELLEREGH TROENET Bt R
Results of screening for glufosinate resistance in Ty generation seedlings obtained from

different Agrobacterium infestation treatments

IbFRL A PUPEAE IR (HR) AR (BF) EREL ) JE R (%)
Treatment combination Resistant plant Sensitive plant Total number of plants Survival rate
T, 127 1463 1590 8.00
T, 58 1541 1599 3.60
Ts 58 15 73 79.50
T, 164 1396 1560 10.50
Ts 61 3 64 95.30
Te 117 570 687 17.00
T, 175 2260 2435 7.20
Ts 94 608 702 13.40
Ty 59 605 664 8.90
Tho 188 2975 3163 5.90
T 63 885 948 6.70
Ty 133 1783 1916 6.90
T 50 872 922 5.40
T 125 613 738 16.90
Tis 153 2490 2643 5.80
Ty 51 702 753 6.80
Ty 140 1942 2082 6.70
Tis 127 1463 1590 8.00
MO 1943 22 186 24 129 8.05

H T B 18 Yt B AR AL B 3 e e AL AR5 i s B
DR R R 28 26 T RGN, 76 24 129 BRFFRG I AR L 75
2| 1 943 RER O ARIE T AEIE , 22 186 MiAHZE BFET 4
PR, WAL AL R 8.05%  FH T HEMR AR BHME: i, B
i BORT B LA /D | S B 20 6 3 Y T 2R 1T R

o ODew A 0.6 B AT B EHA105 il 2575 7 Sil-
wet—L77 FE A0 1) FORFEAR 5T BP0 5o, s R
KR WEAEL, 4 95.3% ; FLURJZ: 1 ODeo 47 0.8 FUAAT I
EHA105 1112275 5] Tween20 #4018 F KA RE , B0 %
H79.5% , RIS EE 4T DNA (A .

< Bar
1328bp

51504948474645 P

Bar
1328bp

(] -
I j=

44 4342 414039383736353433323130 2928 M

"
P

|-

252423 222120 191817161514 1312 11

———— —-—

—

N P

10 9 8 76 5 4 3

-
T

-
|7

27262524232221201918171615 14 13 1211P

1

) N P M

BE7 ETREHUEEN BarEE K PCRY =¥ # R ik B &

Fig.7 Map of agarose gel electrophoresis of PCR products of Bar gene in glufosinate resistant maize plants
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NARE LN TR TR 19, NS 405 B, BHAE X
WA ok, pCAMBIA3301, 93 0 Bl A&ty . EL 54K
DI FoRAE R RS 14 2] 5 SRk FEAR [R] i B 251
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Table 6 PCR Inspection of the Bar gene in glufosinate—resistent maize plants

SR AE IR, R T BRI L 1) FOK—
A3 R FE R OK AT S R 2L DNA R RS
14 HH 2 & pCAMBIA3301 | 1Y Bar 5K Bt . BfifL

T A0%AAT IR R Y B A A BB RE T

B BR) T RABLIR , 0 P AT BV 7 ) e A R Bl 2

&R 6).

PR P R (k)

Number of positive seedlings

AL (%)

Conversion rate

VISLIE RS AR (bk)
Treatment combination Number of detections
T, 636
T, 640
Ts 29
T, 624
Ts 26
Ts 275
T, 974
Ts 281
Ty 266
Tio 1265
T 379
T, 766
Ty 369
Ty 295
Tis 1027
Tis 301
T, 833
Tis 636
AT 9 622

11
11
1
11
0
20
23
7

15
11
13
1
18
17
0
20
31
214

1.73
1.72
3.45
1.76
0.00
7.27
2.36
2.49
1.50
1.19
2.90
1.70
0.27
6.10
1.66
0.00
2.40
4.87
222

3.00% «
2.50% -
2.00% -
150%
1.00%
0.50% +~
0.00% +

R &f%‘ oo"$>

@

BRERSMA

m Tween20
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EEHA105
mGV3101
ELBA4404
m04

m06

L LR

B8 XiFH KITEERRRITEKES BarERENL RN

Fig.8 The effects of different decontaminants, Agrobacterium strains and Agrobacterium concentrations on Bar gene transformation rate
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X T BEHLIHE 40% AT 1R = G B IR ALKy 15 57
PARBIM LT R  FERFR I 9 622 BRAF Ao I
FERREH, 28 PCR IR, 75351 214 Bk FHPERIVE , Fe b %
H2.22% Horfr, B4R e = 12 FH ODeoo 4 0.8 1Y
LA EHAL0S, Hoim 295 71 Silwet-L77 $5 L 15,
B A K 7.27% 5 HUR & ODew 4 0.8 F9 R FT 18
LBA4404 112275 7] Silwet-L77 AL TS, Ak R
4.87% . TRk, T ALBORIL, ODw i 0.4
(AR FT R LBA4404 2757 Silwet—L77 ZbBSR 1)
TR Tof R 3 AR i 1 1 e A o T B 1)
R B A B SRR T K sE e A e AL i I
FOr R R (1E] 8). 25 FE T AR (M E i B, 3 F
AT I 2 EHA105.GV3101 H1 LBA4404 (1955 4k5%
R T —5, X R W 3 Fh i R XHEM LR Y
M ARSER K . 25757 Silwet—1.77 Zb B A HI IR
By Ak 1 2275 7] Tween20 Ab 35 14 Ak - 25 4k %
1o, X 2 B 2 R IS 5 A R I s, 2595 ) Silwet—

1

L77 (AL RRAE T Tween20, H 25 FE T 2 W 1Y
ST, AT B 7 2 1Y ODa 4 0.8 I, AEKSE- 1% 4k,
R 55 T 0D 9 0.6 F10.4 1, 3X F B AT B ODeoo
b 0.8 B AR S i o ARSI ST T 38 A AL By
TRINER SR AL AR AR R AT 1RR G B AR AL
Wy FRIEARE] 214 BRBA M FE LR N 2.22%
2.4 Southern %3z

X PCR SN 31 i) BH 1 5 K AR AR E4T Southern 4%
A2 PEHL—AHE PCR FHPE BT #E4T Southern 4222, DA it
i pCAMBIA3301 K FHAE XS IR, 95 £ 19 R A 7% JE
1) E R AR BT R (181 9).

5% pCAMBIA3301 5 A £ K 3 K 41 ] Bar 3
() SR 3 18 = VERREL , 28 Hind LT A E V)T AL 1) &
K DNAFEERI 2258 o 255 o, BHME R 9 T AL =
A B —Fxgat I, BV ARAARAT 145 DL Bar JE
FSEG DN

TE: 1R FRATEX IR, BORE peambia3301 52 A BITPEXS IR, R BEATH LR 95 K 19 £ K153 24 PCRATIN & A Bar JE R AR B -

Note: 1 was the positive control, plasmid pcambia3301; 2 was the negative control, Suyul9 maize seedling without transgenic; 3 is PCR detection of

plants containing Bar gene.

9 Southern Z£Z%Eitt

Fig.9 The map of Southern blot analysis

BT LA LA E AR, nT LUE I, RAT IR
YRS AL IR e — Tk R A AT I A B ALK
PRIV T A SMIREE N R B AR AT 1R
Ti FORE A HED AR, LT RAE R J AR, 765 A4
VA TR S e s T SIS TR B A AT TR e A
oy, BETSE TR EE AL . K5 SN DNA S A S FE )
o, BEAT R L A B ARG £ A 9K R T AR A ik A
b, AT ] A SR R 7

3 shiEiie

FRIER B R SE TR AR, 20 R AE R i
FTARZH IR TR L D A, 75 B3 1 5 AL A AR AR

A KR I H A, BRFE 300 mg/L Ca(NOs), » 4H,0 |
100 mg/L. H,BO;. 200 mg/L. MgSO4 - 7H,0 . 100 mg/L
KNOs [ 85353 27°CTFH:3% 0.5 h, A RUFIEE K
BIARIETEIR S R W R AR . AR DX
FE RS2 M AR A, A5 38 1A 7 A IsF T v 2857 Ak 1
P ARSI HENT AR RN AR R TEAE R R A
W& 19°0.5 h N, FHAC RS 15 97 3685 5% 20 min, AT I
1ZY% 5 min, BEFRIEFE IR 5 min BFUEF RSN AL, 7T
DURIE F K B AL PRI M AL IE 7 E T o AHT
PRI G B R AE M) 15 97 1 48 0 T I A PCR i 1B 5601
5 3 214 b 5% DK BH AR bR, % 4k 2 m A
2.22% . % Southern K , % Ak A Bk 1Y 2 K1 2H DNA
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