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Abstract: In order to screen for high callus induction rate wheat and improve the efficiency of wheat an-
ther culture in vitro, 22 wheat materials were selected for callus induction rate using W14mf medium.

Based on W14mf medium, different concentrations of 2,4-D(1.0, 1.5, 2.0, 2.5, and 3.0 mg + L™ '),
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6-BAC0, 1.0, 2.0, 3.0, and 4.0 mg + L™ '), ABA(0, 0.2, 0.3, and 0.4 mg * L.™'), and arabinoga-
lactan protein(0, 10.0, 50.0, 200.0, and 400.0 mg ¢« L™') were added to analyze the effects of hor-
mones and carbon sources on callus induction rate of different wheat genotypes(Jimai 262, Jimai 38,
and Jinuo 116). The results showed that five materials with callus induction rates over 50% (Jimai
221001, Yannong 1212, Shimai 366, Jimai 35, and Yannong 999) were screened using W14mf medi-
um, with callus induction rates of 132%, 87%, 84% ., 81% ., and 76 %, respectively. When only ad-
justing the concentration of 2,4-D, Jimai 262 had the highest callus induction rate in the tested materi-
als at 2.0 mg » L™', while Jimai 38 and Jinuo 116 had the highest callus induction rates at 1.0 mg
L 'and 1.5 mg *« L', respectively. When only adjusting the concentration of 6-BA, Jimai 262 had
', while Jimai 38 and Jinuo 116 had the highest callus

induction rates at 0 mg * L™ " and 2. 0 mg « L™, respectively. When only adjusting the concentration

the highest callus induction rate at 1.0 mg L

of ABA addition, the highest callus induction rate was observed for Jimai 4072 at 0.2 mg * L. ', and for
Jinan 17 at 0 mg » L7 addition. The results indicate that the addition levels of 2,4-D, 6-BA, and
ABA are greatly influenced by genotype, and the concentrations of addition vary among different vari-
eties. When only adjusting the concentration of arabinogalacto protein(AGP) addition, all tested ma-
terials showed the highest callus induction rate at 400. 0 mg « L. ', and compared to 0 mg * L' addi-
tion, the callus induction rate of Jimai 38 and Jimai 4075 were increased by 1.5 and 8. 0 times under
400.0 mg * L' AGP. The callus induction rate of Jimai 22 was 4. 5% under 400. 0 mg « L' AGP, achie-
ving a breakthrough of 0 callus induction rate in the original culture medium W14mf. In addition, the callus in-

duction rates of the four wheat materials tested were also improved. This result indicates that AGP can break the

genotype limitation and effectively improve the callus induction rate of wheat anther culture.

Keywords: Wheat; Anther culture in vitro; Genotype screening; Hormones; Carbon source
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Table 1 Different types of test materials
Fo hw L5 i
n‘um{)er Material Breeding institution Source
1 P& 19 L AR 48 Aol B 2 B A M 5 B 4 13/ ¥ 5064
Jimai 19 Crop Research Institute, Shandong Academy of Agricultural Sciences Lumai 13/Linfen 5064
9 W 20 L2348 ROl B2 BE AR W F 5 T 4 884187/ % 14
Jimai 20 Crop Research Institute, Shandong Academy of Agricultural Sciences Lu 884187/Lumai 14
3 A 21 7R A8 ROL B2 Be AR W 0F 5 T 865168/ 114 K 84-1109/ /3% 84-5418
Jimai 21  Crop Research Institute, Shandong Academy of Agricultural Sciences 865168/Chuannongda 84-1109//Ji 84-5418
. w2 L2524 A M B 5 5 A 9 035024/935106
Jimai 22 Crop Research Institute,Shandong Academy of Agricultural Sciences
5 U 221001 L2348 AR OlL B2 BE AR W F 5 T 16403/16wp191
Jimai 22101 Crop Research Institute,Shandong Academy of Agricultural Sciences p
G U 26 LR 48 Al B2 B A 9 F 53 o Vi 22/484k 18
Jimai 26 Crop Research Institute, Shandong Academy of Agricultural Sciences Jimai 22/ Tainong 18
7 P 262 L AR A8 ol B 27 e A1 W 1 50 e 2 2 5 /M4 19
Jimai 262 Crop Researchlnstitute, Shandong Academy of Agricultural Sciences Linmai 2/Yannong 19
g £ 35 L7 A8 ARl B2 BEAF W BF 5 T 10 % 0435/3L0 02-1
Jimai 35  Crop Research Institute,Shandong Academy of Agricultural Sciences 10 Jian 0435/Jishi 02-1
9 W 37 AR 48 Aol B} 2 e A W 50 B W 22/ 18
Jimai 37 CropResearch Institute, Shandong Academy of Agricultural Sciences Jimai 22/ Tainong 18
o ks L5 40 A Ml B B B 5 ATHLET /#0941
Jimai 38 Crop Research Institute, Shandong Academy of Agricultural Sciences ATHLET/Gaocheng 9411
11 PEE 4072 L AR 48 ol ) 27 e A 4 1 50 e YT 9369/ 4% 229
Jimai 4072 Crop Research Institute, Shandong Academy of Agricultural Sciences Zhouyuan 9364/Jimai 229
1g  PFE 4075 LI AR 48 Al B2 Bt A 9 1F 5% i i 32/Ag073
Jimai 4075 Crop Research Institute, Shandong Academy of Agricultural Sciences Shannong 32/Ag073
13 P 44 L AR A8 el B 27 B A 4 1 5 e 954072/ 17
h Jimai 44  Crop Research Institute, Shandong Academy of Agricultural Sciences 954072/Jinan 17
14 T 60 LR A8 AROlb B2 B A H F 52 e T 037042/%F 4 20
Jimai 60  Crop Research Institute, Shandong Academy of Agricultural Sciences Ji 037042/Jimai 20
15 PFE 8040 L AR 48 ol B 27 e A W 1 5 e A< 18/R1L6040/ /%24 18
Jimai 8040 Crop Research Institute, Shandong Academy of Agricultural Sciences Tainong 18/1.6040//Tainong 18
16 VrEE 17 LR A8 Al B2 B A ) F 52 i I ¥y 5064 /62 13 5
Jinan 17 Crop Research Institute, Shandong Academy of Agricultural Sciences Linfen 5064 /Lumai 13
17 PRAE 116 LR 48 el B 27 B A 4 B9 50 e AR 200/ % 366
Jinuo 116  Crop Research Institute, Shandong Academy of Agricultural Sciences Jinuo 200/Zhengmai 366
18 B 199 rh ERR A B 8 5 kK T AW o 1 4185/Fk4k 9204
Kenong 199 Institute of Genetics and Developmental Biology,CAS Shi 4185/Kenong 9204
1g fi H083-336 A FEARM B B £ 03-4391/47 B03-5455
Shi H083-366 Shijiazhuang Academy of Agricultural Sciences Shi 03-4319/Shi B03-5455
o0 L MAC1212 0 & T AR Ak Bk B 5 B 5072/41 94-5300
Yannong 212 Yantai Academy of Agricultural Sciences Yan 5072/Shi 94-5300
k2 I Tl P2 B 9B Bk 220/% % 15
Yannong 24 Yantai Academy of Agricultural Sciences Shaan 229/Anmai 1
99 M4 999 A £ Al Bk S BF 5 B HAfLIEE 2 45 /il 9511/ /4 BLU14-15

Yannong 999

Yantai Academy of Agricultural Sciences

Yanhang Selection 2/Lin 9511//Yan BLU14-15
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ABA Fl AGP (3 3) , B4~ 4b B 554> B4 2 R 4
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2 FHEFHE Wldmf
Table 2 Induction medium W14mf
Component Name Concentration/(mg « L~ 1) Component Name Concentration/(mg * L™ 1)
P TETE KNO; 2 000 e BT MnSO, + 4H, 0 8
Makro K»S0, 700 Mikro ZnS0, + TH,0 3
NH, H, PO, 380 H;BO; 3
CaCl, » 2H,0 140 KI 0.5
MgSO, + 7H, 0 200 CuSOy * 5H,0 0.025
Bl kh FeSO, » 7H, O 27.8 CoCly + 6H,0 0.025
FerNa EDTA Na; EDTA 37. 3 Na;MoO, + 2H,0 0.005
Y1 2% Vitamin Bl 2 HAh Maltose 90 000
Vitamin Vitamin B6 0. 05 Other 2.4-D 2
CsHsNO; 0.05 Kinetin 0.5
Ficoll 400 100 000

®3 LWAAEIGH

Table 3 Experimental treatment design

75 wimy Wz
Serialnumber Additives Concentration/(mg « L™1)
1 2,4-D 1.1.5.2.2.5.3

2 6-BA 0.1.2.3.4
3 ABA 0.,0.2.,0.3.0.4
4 AGP 0,10.,50,200.,400

1.3 HiEAE
WS = 7 R A 2 S R/ R A A
258 <100 % .

ffi | Microsoft Excel 2019 X iz 4 £ 45 3¢ 17
P AN G Hr L R SPSS 19, 0 844 ik 47 8

eV
2 HR5aA

NERATRGESEERBNMIELER
i Wl4mf 375 T 55 97 B0 AN [F] /N 22 2 [H R

2.1

AL HEAT IG5, BRI /N 22 bR 0 0 5 5 28 0 [
h0~132% (& 4>, 4B b RL 0 1 455 15 5% 78
SRBNT 30% . B A R L T2 221001,
MHAR 1212 4142 366 . 2 35 FIMAA 999 By M fh
WS 0k 132% .87 %6 .84 % 81 % F1 76 %6, @
FrRmliis T RM R BF 2 262, 05 % 38 0% &
4072 FHA 199 MR 24 B9 @G35 TR AE 10%0 ~
A2% 22 180, T @ s S R A kL Ay 12 M
BEMMR A R2 MR, K@ik s 2/ T
1020, Ho3F & 19,02 26 .07 &% 22,074 37.%¢F
7 60,95 8040 FITFHR 116 ML E TR N 0,
2.2 2,4 DIREMNNEGMEERGHESEN
A

M AR A1 S R R S IO & 262, 0%
38 FIPEHE 116,78 Wldmf 5§ 5 35 5L vh gk 47
2,4-D W IR, S5 R BOR. 2, 4-D W XA [H
INZEFL B B s SR A 2R (R 5) . K
2,4-D YRR BE I, BF A 262 A R A
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Table 4 Anther callus induction rates for the 22 wheat genotypes
LRSS S RS WO T R
Material Induction rate of callus/ % Material Induction rate of callus/ %
P 19 Jimai 19 0 Y22 4075 Jimai 4075 1.5
P 20 Jimai 20 1.7 V2 44 Jimai 44 6.0
P 21 Jimai 21 0.9 W2 60 Jimai 60 0
P 22 Jimai 22 0 Y 8040 Jimai 8040 0
P& 221001 Jimai 22101 132.0 VM 17 Jinan 17 3.5
% 26 Jimai 26 0 Fek% 116 Jinuo 116 0
Br & 262 Jimai 262 34.5 FH4& 199 Kenong 199 42.0
P 35 Jimai 35 81.0 417 366 Shimai 366 84.0
BF& 37 Jimai 37 0 J{4 1212 Yannong 212 87.0
B3 38 Jimai 38 10.0 M4 24 Yannong 24 15.0
P F 4072 Jimai 4072 31.5 HHA 999 Yannong 999 76.0

x5 AEA24DREBTINEZRGAGFESERER
Table 5 Difference of callus induction rate of wheat

anthers under different 2,4-D treatments

. el Wi %

Genot Concentration/ Induction rate
enotype (mge+ L 1) of callus/ %
& 262 1.0 od
Jimai 262
1.5 26.0b
2. 0(CK) 34. 5a
2.5 28.5b
3.0 8. 0c
B 38 1.0 21. 0a
imai 38
Jimai 1.5 2.5d
2. 0(CK) 10. 0c
2.5 0. 5d
3.0 16. 0b
i 116 1.0 0
Jinuo 116
1.5 1.0
2. 0(CK) 0
2.5 0
3.0 0

2.3 6-BA REX/NERMEIERGESENEMW

7E Wl4mf 75 5 8% 37 3 v 38 i A [ R BE A9 6-
BA, JFWLEE 3 AN ) /N2 5 IR AL A 1175 5 R 1 AR
fb. G5 F TR [H] 5 R RS ) 055 5 5 6-BA
WS NN TR] (K 6) . B 6-BA ¥ B2 38N, F 2
262 FIPERE 116 W55 S R R BT R,
AL 1.0 F1 2.0 mg « L' 9 6-BA &b 38 5
6-BA Ve FEXT Y 22 38 A1 5 2% 52 A (9 AL PR A
W em WTE SR E N Omg - L HEH
b B 25 5 2L BB AR I 6-BA X ¥ 2 38 AN
B U5 A Ml .

6 FEGGBARETRNELBAGESELER

Table 6 Difference of callus induction rate of wheat
anthers under different 6-BA treatments

WA T R BE B9 /NS T8 378 A R W ] 78 0. 05 7K F
EESREE, TERA.

Lowercase letters after the callus induction rate values indi-

cate significant differences among different concentration levels at
0.05 level. The same in tables 6—8.
. 2. 4-DWREER 2.0 mg » L' W@ Hhifs & R i
5 DT A 38 MAIIE T AR 2,4-D MR N ik = AL
APEELL L0 mg » L2, 4-DWRENEHGIAER
FRIR 32, 4-D WX B kG 116 @ i i 5 R T0 W
R S R R B AU 106 B B R 2
2,4-D¥EN 1.5 mg« L1,

F
G%n,fltj:c Concentration/ Induction rate
M (mg+L 1 of callus/ %
T 262 0 (CK) 34.5b
Jimai 262
1.0 75.0a
2.0 10. Oc
3.0 9. 0cd
4.0 3.5d
U 38 0(CK) 10. 0a
Timai 38 o
1.0 3. 5¢
2.0 1.0d
3.0 7.5b
4.0 3. 0cd
ke 116 0(CK) 0b
Jinuo 116 _
1.0 0.5b
2.0 10. 0a
3.0 0.5b
4.0 1.5b




#1z2

XIS T A « /1N 22 46 1% e 780 005 175 20 5 IR 280 9 o % 3% 7 S 4 Ak . 1625 -

2.4 ABAREN/NERMEEDGIESEAHIE

PIPF# 4072 R 17 FIERE 116 M AH L, 72
Wil4mf #5385 352 B P IR AN IR ok B2 1Y) ABA, 45
HR AN ] IR R 1Y) 3 15 5 R 2 ABA MR B
SUWORE (36 7). B ABA VR R9HE E L B 4072
AR 2T GG T 17 ahis
SRR TR RS A TR 80515 5 2R 500
0.2 A1 0 mg « L™ "ABA kb ¥ &% 5y . H 5 H A kb 2
LR E WU ABA TR #E T 4072 A1
Bi I R BT BE RS 17 (4 A 1 41 8008 i
HVEH] s 3 ABA X35 RE 116 @045 20 2108 ik
A 5

£7 AEABARETNEZRARGEESENER
Table 7 Difference of callus induction rate of wheat

anthers under different ABA treatments

#*8 AEAGPLAETNERHAGHFSENER
Table 8 Difference of callus induction rate of wheat

anthers under different AGP treatments

e R BHFESH
) yi0
G% g:) Concentration/ Induction rate
enotype (mg+ L1 of callus/ %
Br A 4072 0 (CK) 31.5b
Jimai 4072 i
0.2 36. 0a
0.3 15. 5¢
0.4 5.0d
W17 0 (CK) 3. 5a
inan 17
Jinan 0.2 1.0b
0.3 0.5b
0.4 0.5b
BrkG 116 0 (CK) 0
Jinuo 116
0.2 0
0.3 0
0.4 0

R e i
Gj" tj") Concentration/ Induction rate
enotype (mg-+ L1 of callus/ %
Tk 38 0(CK) 10. Obc
Jimai 38
10.0 12. 0ab
50.0 7.5¢
200. 0 7.0c
400. 0 24. 5a
B 4075 0(CK) 1.5b
Jimai 4075 )
10. 0 0.5b
50.0 1.5b
200. 0 0.5b
400. 0 13. 5a
WAz 22 0(CK) 0
Jimai 22
10. 0 0
50.0 0
200. 0 0
400. 0 4.5

2.5 AGP REMHEAGIHFSE/NEZRMELE
RGESENEI

16 Wldmf o5 5 55 5% B b IR A (6] v B 1Y
AGP J& . /AN [a] 5 B R i 43 175 5 25 S I AS ] (3R
8), =ANHENBIILE AGP W JE k5] 400. 0 mg
L' A, Hp EIRE T .05 & 38 ALY
VP RIRF] 24. 5% 88 CKR® T 1.5 15 % &
4075 MAMEFHREH 13.5% . B CKIES T
8.0 ;¥ % 22 W@ hifs k% 4. 5% , H H Al
W R R A g, N T — B EE 2
W GEUT TR A 262,08 4 4072 BHA 199 FIAR
AR 24 VU AF A S R R AT S L ZE TR N
400.0 mg * L' 9 AGP J& (0 81315 5 3R 45 ) #
EE] 62.1%.68.5%.59. 8% Fl 71. 2% . i B # hn
AGP FH T /NE I A H

3 it
3.1 BEMNNZZRBHAGESEHEZM
FE/NZEAERG T, K 2R 2SR 43 4 3K 2K
VMR RELE CHEER., Kb, EREXHREC
5 NAATAA . 2.4-D 25 i /- R E R M E 0
KT.6-BA.ZT &, 3% P20 2R A8 55 5% i A oA
Sl K S [ 4 sl 76 24 19 0 405 4 801 BRI AE B 7
Az R R R X S TR A L nT LA
A0 Ml 42 T A oy 4 R F) O 43 1 RN R o3 Ak R T
PR WS T R AR R 0 B R BER R 2,
A-DFEH SR FR I P IS B E N 0. 5~2.0 mg »
o 2, 4D WL 2.0 mg « L' BFIRHESE
PP B AR 1O BE 3 R, A K R EWRE
ST 0.5 mg « L' J5 A 2 B G 45 4 1 5
F L AR AE Wldmf 55 55 SR L o)
BIAE 2,4-D Ml 6-BA W . R BT # 262 AY AL
itk E R 1.0 mg » L' 9 6-BA A0 FE F B,
2 6-BA MMk B 4k 22 LTI, @ 0 4120 00 B0 D
AT, 33X 5B A 2255 B IE A5 R A —EL
ZESCRLAE S0 25 B W OR  fE SR AR B R 3k CL17
AR 6-BA A1 2,4-D 1l L3R5 A 40 4 4L = i
S%,H 2,4D 5 6-BA LI 2: 1 (AR ILERE K
SERS5ORMF I B A 262 MHAF. RITAIE ST T,
WM 6-BA X UF Z 38 By A s S A W e .
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XYL 2.4-D 5 6-BA B Jin ik B 37 3 PR AU 52
BER TR It 39 438 05 3 11 93 3R e I AR 4l A ek T R

EA IR NS R R T, LA IRAE Ky
AME R EF, 2.0 mg « L7'2,4D 5 0. 3 mg -
L 'ABA W3 3 414 vl A3 80 i 4h I B8z 0 &
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