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Optimizing of Anther Culture System and Screening
Wheat Genotypes with Higher Regeneration Ability
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Abstract: The high rate of albino plants is an issue in wheat anther culture system. In this study, carbon
sources with different components were selected to optimize the anther culture system, followed by evaluating
the culture ability of 22 wheat varieties ( lines ) samples harvested at two consecutive years. The anthers cultured
in vitro with Sinopharm sucrose did not produce embryoids, whereas anthers succeeded in dedifferentiation
into embryoids and further regenerate plantlets when using maltose from Sigma and Phytotech. No significant
difference in the green plantlets per 100 anthers, but a significant difference in the albino plantlets per 100 anthers
between the two kinds of maltose were observed. The albino plantlets per 100 anthers using Sigma maltose was
significantly higher than that using Phytotech maltose. Moreover, the green/albino plantlets per 100 anthers was

significantly different among 22 varieties ( lines ). The genotypes showing high green plantlet regeneration ability
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were henong 6425 (33.97% ) , Luomai 28 (22.28% ) and Zhengmai 136 ( 15.63% ) , and the genotypes
showing high albino plantlet regeneration ability were Xiaoyan 22 (39.69% ) , Zhengmai 136 (33.99% ),

Luomai 28 (42.17% ) and Yunong 903 ( 28.59% ) , and the genotypes showing high plantlet regeneration
ability were Xiaoyan 22 (46.69% ) , Zhengmai 136 (49.62% ) , Luomai 28 ( 64.45% ) , Henong 6425 (41.47% )
and Yunong 903 (31.69% ). Through identifying the genotypes with high regeneration ability, this study

provided the genotypes suitable for haploid breeding, gene mapping and genetic transformation in common

wheat.

Key words: wheat; optimization of anther culture system; genotype; carbon source; plant regeneration
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A: Microspores at the late uninucleate stage, B: Microspores released from the liquid medium,

C, D: Embryos after 35 days of anther culture, E: Regenerated plantlets
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Fig.1 Dedifferentiation and redifferentiation of anther culture in vitro
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K1 FEREITEREG 58 F0A 4185 kB AERE S

Table 1 Effects of different carbon sources on plant regeneration of Bainongaikang 58 and Shi 4185

. LRITEL " BT (%) FIH 3 (% )
FEA A JiseH TE2HL . (B:CE .
Green seedling . Green plantlets Albino plantlets
Genotype Treatment Anther number Albino number
number per 100 anthers per 100 anthers
HARKEL 58 Sigma 7 ZF 4k 1314 179 684 13.62a 52.05a
Bainongaikang 58 Phytotech 22 24k 1418 168 256 11.85a 18.05b
Il 24 T 1287 0 0 0b 0c
f1 4185 Sigma 7 2 bk 1397 420 969 30.06a 69.36a
Shi 4185 Phytotech # f#¥ 1473 373 410 25.32a 27.83b
EESYRIl 1380 0 0 0b 0c

AN RER R AL BRI AR 3522 5 (R LSD %, P<0.05)

Means followed by different letters are significantly different among treatments according to LSD test ( P<0.05 )
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77 IR A7 T8 B A3 R 0~40.21% F10~33.29% , -1
R 3.90% F1 8.52%, H Avi £ M 1.01% F1 5.41%,
FEDI Y [ S 7R R 25 S 2 L 2020 AR 24K
FEPRIRI SR 7 A, SR 7 3/ N T 5% W R Y
H 184, i T WF 58 HE K AU (1) 81.82% , L% 111 1™ K 1
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Table 2 Anther culture ability of twenty-two wheat genotypes

F 7% WEEF A 3 A4S, Lrfiare 6425 1Lk =5
i (R 2 ). 2021 4E I &k f 77 /N T 5% 1Y
FERRIAT 9 A, i Tk o8 L A ALY 40.91%, A7 4 1
LR 288 7 R It 209%, LI 28 B Sk T
Riperm (2 2). LW EZ I ik 6425
(33.97% ). 1% % 28(22.28% ) K % 136 ( 15.63% )
BIAT TR = e %

SR (% ) 7% (%) HOBR LA (% )
FERPAEZ % Green plantlets per Albino plantlets per Plantlets regeneration per

LR A Ay Number of 100 anthers 100 anthers 100 anthers
Genotype Year 1n;):t1}111:rt:d i T/[Ji {nﬁ pa— T/Ili{nﬁ P T/Ili{nﬁ

Annual value value Annual value value Annual value valus
/ME 22 2020 294 1.36 Bb 6.80 26.78 ABChc 39.69 28.14 ABCDbcde 46.69
Xiaoyan 22 2021 818 12.24* BCDc 52.59 Aa 64.84 Aab
% 136 2020 639 0.77 Bb 0.51 2.44 Def 4.80 3.21Df 531
Heng 136 2021 834 0.25 Dd 7.16 CDEfg 7.40 DEFgh
Ak 22 2020 321 0.95 Bb 1.88 4.91 DEef 593 5.86 Def 7.81
Jimai 22 2021 423 2.80 Ded 6.95 CDEfg 9.75 DEFfgh
5 502 2020 801 3.35Bb 6.81 19.38 BCDEbcde 2234 22.73 BCDcdef 29.14
Luyuan 502 2021 1341 10.26 BCDcd 25.29 BCDbed 35.55 BCDed
Wid 26 2020 834 3.02Bb 4.22 20.70 BCDbed 24.23 23.72 BCDedef 28.45
Xinmai 26 2021 525 5.42 Ded 27.75 BCbe 33.17 CDcde
JEZ 18 2020 609 0.58 Bb 1.59 4.48 DEef 7.54 5.06 Def 9.13
Zhoumai 18 2021 1002 2.60 Ded 10.60 CDEdefg 13.20* DEFefgh
JiZ 36 2020 534 0Bb 0 0 Ef 0 0 Df 0
Zhoumai 36 2021 621 0 Dd 0 Eg 0 Fh
B 136 2020 1281 7.80 Bb 15.63 30.04 ABb 33.99 37.84 ABCabc 49.62
Zhengmai 136 2021 846 23.46* ABab 37.93 ABb 61.39 ABab
22 198 Lk 2020 468 131 Bb 3.35 17.95 BCDEbcde 21,53 19.26 BCDcdef 24.88
Lankao 198 zaoshu 7031 1089 5.39* Ded 25.11 BCDbed 30.50 CDEcdef
%3 28 2020 351 11.27 Bb 2228 4454 Aa 4217 5581 Aa 64.45
Luomai 28 2021 516 33.29% Aa 39.79 ABab 73.08 Aa
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F2(4)
SRR (% ) HH% (%) TR AR (%)
FERh AR 2580 Green plantlets per Albino plantlets per Plantlets regeneration per
A Ay Number of 100 anthers 100 anthers 100 anthers
Genotype Year inoculated NS SEE] S SO
"’ anthers A :lli/l:a{nH fFECAH :’;/lii{f AFECAH :l'i/li{f
Annual value value Annual value . Annual value .

WA 6425 2020 804 4021 Aa 33.97 6.48 DEdef 751 46.69 ABab 41.47
Henong 6425 2021 690 27.72 Aab 8.53 CDEefg 36.25 BCDcd
A 19 2020 357 0Bb 433 0.30 Ef 5.46 0.30 Df 9.79
Yannong 19 2021 459 8.66* CDcd 10.62** CDEdefg 19.28% CDEFdefgh
174 5% 2020 411 0 Bb 1.34 0.57 Def 4.12 0.57 Df 5.46
Cunmai 5 hao 2021 591 2.68 Ded 7.67 CDEfg 10.34 DEFfgh
PE4< 20 2020 330 2.86 Bb 12.59 2.88 Def 13.70 5.73 Def 26.28
Xinong 20 2021 576 22.31* ABCb 24.51* BCDbede 46.82*% ABCbc
e 44 2020 664 2.60 Bb 4.09 14.27 BCDEcdef 1239 16.86 BCDcdef 16.47
Jimai 44 2021 948 5.58 Ded 10.50 CDEdefg 16.08 DEFdefgh
%3 52 2020 324 0Bb 2.63 0.62 DEf 3.07 0.62 Df 5.70
Jimai 52 2021 1104 5.26** Ded 5.51* DEfg 10.77%* DEFfgh
itk 20 2020 1089 0Bb 3.77 0.09 Ef 9.70 0.09 Df 13.46
Shiyou 20 2021 1334 7.53* Ded 19.30** BCDEcdef 26.83** CDEFcdefg
TS 2020 786 0.50 Bb 0.32 8.15 CDEdef 5.78 8.65 CDdef 6.10
Ningmai 9 hao 2021 711 0.14 Dd 3.41 DEfg 3.55 EFh
#4903 2020 537 0.49 Bb 3.10 32.05 ABab 2859  32.54 ABCDbcd 31.69
Yunong 903 2021 840 5.70 Ded 25.13 BCDbed 30.83 CDEcdef
#4< 905 2020 543 0Bb 0 0.17 Ef 1.28 0.17 Df 1.28
Yunong 905 2021 579 0Dd 239 Eg 2.39 EFh
¥ 7698 2020 564 1.07 Bb 1.30 20.22 BCDEbcd 1458  21.29 BCDcdef 15.88
Zhengmai 7698 2021 660 1.53 Ded 8.94 CDEdefg 10.47 DEFfgh
11 99-6123 2020 886 6.30 Bb 5.42 9.78 CDEdef 10.16  16.07 BCDcdef 15.57
Shi 99-6123 2021 924 4.53 Ded 10.54 CDEdefg 15.06 DEFdefgh

ORI Gy ) 36 R ) — i R TRAS [ 4R 453 [F] 775 .35 (P<0.05 ) M B 35 ( P<0.01) 22 5%, K /NG FHBE43 51 38 () — 479y 56 R Y ) 7 A6 A 1 3

(P<0.01). 5.3 ( P<0.05 ) 225 (R LSD #:)

* and ** indicated significant ( P<0.05 ) and extremely significant ( P<0.01 ) differences between the same genotypes in different years, respectively.

Capital and small letters denote extremely significant ( P<0.01 ) and significant ( P<0.05 ) different respectively among genotypes in the same year

according to LSD test
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0~55.81% F1 0~73.08% , F-3%H 16.09% F1 25.34%,
N 12.36% 1 17.68%. 4L WAF 1A B 2 150 g%
A7 28 BEIAAY AR AR AR AR 105 i, JR] 22 36 JERI ALY
REAEA R, /IME 22(46.69% ). K 4 136(49.62% ).
1% 72 28(64.45% ). {1 4% 6425(41.47% ) F1l ¥ 4% 903
(31.69% ) Y345 TSR RRERE R4, i, 2020 45
R PR A RN T 10% YRR ALA 114, 5 Fr
5T LRI 50.00%, =T 40% HIFEFRLA 2 4~ (3%
7 28 Ak 6425 ), HOZ/IME 22 Ak 903 FIEESZZ 136
SEPR Y (R AR P AR R 5 T 28% (3R 2 ), 2021 4R
B FRAR AR A2 RN T 109% LR 5 AN, 5 FrF
FEIERIRIAY 22.73%, 55 T 60% BIFERIUAT 3 4~ (2
136 /M 22 757 28 ), HJZ AR 6425 FIPHAR 20 Kk
DAY REAR AR S T 36% (£ 2 ),

3 itig

IR/ NE L BRI B AR RIS
ST IR, 22 2E05 SIENRAR L, 22 2P0E A /N A AL
BRI AR A, DA SRR E IR A 1 R 3
L BUF T m T A PR R Be A P A B R 3 L
e REMRE SR AL ARWFFE eI 3 FRRRIA ( Sigma 2
ZEBE | Phytotech 22 2F B | [E 25 e ) AbH A9 5 772 3E
XA /N7 5 R R BT 58 Filfa 4185 HUAEZY
AT B RKG 37, G5 R R WL, A JE R R A 4 1 - 3
7E Sigma 22 ZF 1 Al Phytotech 22 2P0 (] A b 35 2=
5 fHE A Phytotech 22 PRS- AL 0 R T A
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3.1

73, ST LA E 2528 R R R IR T B A
FRIAEZY AT oAb AR, 55 i ABIFIT 45 SR — 3K
B RBFSERIAE R W], Phytotech & ZEHIB/L T
FIB AR AR N RS/ N2 R 7R 5
B, JE S A 1A T 22 ) L R R A T 36
3.2 HEHRBEEREANERBREE

FEPR RIS E R BR T N AR SR BRIz
MMEERNEZ —, AR AHARR/NZ 1255
TR R LL AR XT 22 A4S /NFE FE R 7Y [ A P T g
FIAT T S, S SRR R [R) ik R AU (R 2 1 %
Hi R R A R 22 S B, ST AR 45 R
— 0 X AR B BT I S PR R AT ) 6
Tt 0 L AT, & B 22 003 PR R4 JE [ 25 SR AR —
e, HAEAR 19,754 20 5% 4 52 AL 20 55 9 Ak
DRI RUAE i ] 22 S B 3 (36 2), 40 WA ml g2 IR 9
RN RRC LR RIS A TR, BURE I 0] 25 S 2 3

i I 5 R AHE ST 4 R B B AT T
PRI /MIE 22 FE B 2020 4F 19 2% 1 4y 1k R 45 5
(1.36% ) I T SCHk th B A9 25 2R (1.68% ) A1, /IME
22(2021 4 ), A 42 7698, TF % 22 & J5 502, ] 4
6425 FE R Y [y S v 43 Ak 3R 1 T Sk rh R A
AR UL AT R AR 2 B 2R R HAT 3
U RCR s (R RIS 28R, bR JEL 22 18 b, ABiff 5T H )
Tedz 22 A5 502 AR 6425 BB R W E T
SCHR A 1Y, D8 B AR IR 50 R FH 1 76 25 1 7R ik R 7
PR SR AR E RSN T s (R 3 ).

Table 3 Comparison of results of genotypic differentiation between the present study and reference

AR (%) FIR4 (% )

FLp Green plantlets per 100 anthers Albino plantlets per 100 anthers SR T R R
Genotype ENTY E= DU ENTY E= DTN Reference medium

The experiment References The experiment References
*H 7698 1.07 0.81-% 20.22 - PSRRI 5 R 1 CHB-1
Zhengmai 7698 1.53 8.94 Fl CHB-0 $5 72403
/IME 22 136 168" 26.78 - W S5 3 MAME B 35240 5% A C17 A
Xiaoyan 22 12.24 52.59 MS Hi7a 5t %)
P 22 0.95 0 4.91 0 PP AT 350 3R H C17 A
Jimai 22 2.80 6.95 MS Fizagt )
5 502 3.35 0 19.38 0
Luyuan 502 10.26 25.29
T4 6425 40.21 0.72" 6.48 1710
Henong 6425 27.72 8.53
JA% 18 0.58 0.33'% 4.48 2,110 PG RT3 B T W14
Zhoumai 18 2.60 - 10.60 3124770 12MS BigRaE T

- FRTCER . RERI RO A9BSR SRS — T2 2020 4R, 55 AT 2021 AR
The representative of — is nothing. In this study, the first row of genotypes is the data from 2020, and the second row is the data from 2021
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