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Preliminary Study on Colchicine Doubling Haploid
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Abstract: Using maize haploid embryogenic callus as genetic transformation receptor and combining with
chemical doubling method, homozygous individuals whenever hosting a transgenic element might be obtained
in a short time. This study attempted to obtain haploid callus from maize using diploid embryogenic callus
induction method, followed by analyzing the detection rate of haploid callus, browning rate and mortality after
different subculture times, as well as diploid callus and haploid callus growth rate and other important indicators.
The haploid callus was treated with 0.005%-0.03% colchicine, and the mortality rate of haploid callus, powder
dispersal rate after adult, ratio of large anther ( strong pollen vigor ), seed setting rate and plant ratio of more than
5 seeds were analyzed. The results showed that induction of haploid embryogenic callus was applicable using the
improved method of diploid callus induction. The detection rate of haploid callus is 4.2%, similar to the induction
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rate of 18-599 (red ) by MT-1 lines. The browning rate and mortality of haploid callus were different with diploid
callus of the same time of subculture, and both the browning rate and mortality rate of haploid callus reached the
highest level after three inductions. With callus diameter as reference, the growth rate of haploid callus was lower
than diploid, which could be used as an key reference indicator to distinguishhaploid and diploid callus in the
early growth period. After being treated with colchicine of different concentrationsfor different period of time, the
pollinating rate, rate of large anther, seed setting rate and ratio of plants with more than 5 seeds of haploid callus
increased as the concentration increases and the time prolongs, and survival rate and small anther ( of poor or no
viability ) , on the other hand, drops as the concentration increases and the time prolongs.. The results showed that
colchicine treatment could enhance the pollinating rate and seed setting rate of maize callus in adult plants where
higher seed setting rate was dependent on higher rate of large anther.. Collectively, this paper includes analysis of

multiple factors in the process of callus induction and doubling of maize haploid. And screened out 0.01% colchicine

treatment for 12 h and 0.02% colchicine treatment for 3 h as better modesfor doubling of maize haploid callus.
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Fig.1 Cytogenetic identification of maize haploid callus
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Table 1 Mortality and browning rate between haploid and diploid callus in different subculture times
ALK (% ) Browning rate

ARARIREL BET-% (% ) Mortality

Transgenerational number FAfEIK Haploid (K Diploid FLf%{K Haploid A%k Diploid
1 3.98 +0.23b 2.79 + 0.24ab 57.32 +2.0b 62.14 +2.28¢
2 4.06 + 0.20b 2.61 +0.23b 61.15 + 1.86a 66.75 +2.89b
3 4.72 +0.36a 2.83 +0.14a 62.47 +3.15a 69.41 +2.37a

[FIBIAIE /NG 5 R P<0.05 225K F

Different lowercase letters in the same column represent the level of significant difference ( P<0.05 )

b5y > — 5 Ky Y 5 Ky —

A S 09 —atpfisth —e— —fiilk B 09| —e— i —— —fiffh CBO9| e ipfith —— —filh
g 08l Haploid Diploid, £ 08 Haploid Diploid £ 0sl Haploid Diploid
g 0 £0. S0
2 07} 307 207}
= = =
© 06} 0.6 So6f
g ; g g
E os} Eos Eost
ﬁ 0.4t ﬁ 0.4 ﬁ 0.4
?.é 03F E‘é 0.3 E‘é 0.3
& 0.2F % 0.2 0.2
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K#r (d) Days K (d) Days

A 2[4{1% 1 77\, B: g[&’ft 2 W\; C: 2%1% 3 75(
A': Transgenerational 1, B: Transgenerational 2, C: Transgenerational 3
B2 ARSRXHTEFEESZEERGARNERES
Fig.2 Thegrowth trend of haploid and diploid callus under different subculture times
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Table 2  Effects of colchicine treatment concentration and time on survival rate of haploid callus with different subculture times

AL PR E] (h) YRARIEL AbFRHCE (9% ) Treatment concentration

Processing time Subculture times 0.005 0.01 0.02 0.03

3 1 0.84 £ 0.03aA 0.76 £ 0.02aB 0.56 + 0.04aC 0.35 +0.03aD
Il 0.82 + 0.04aA 0.71 £ 0.02bB 0.59 £0.01aC 0.33 £0.02aD
1] 0.87 £ 0.03aA 0.77 £ 0.03aB 0.54 +0.08aC 0.32 £ 0.02aD

6 1 0.69 + 0.03bA 0.56 +0.02cB 0.36 + 0.04bC 0.14 £ 0.03cD
I 0.72 £ 0.04bA 0.58 £ 0.02cB 0.40 £ 0.01bC 0.17 £ 0.02bD
] 0.67 £ 0.03bA 0.53 £0.03¢cB 0.31 £0.08¢cC 0.21 £ 0.02bD

12 1 0.59 £ 0.03cA 0.5 +0.02cB 0.35 +0.04bC 0.13 £0.03¢cD
I 0.62 + 0.04bcA 0.59 £ 0.02cB 0.42 £0.01bC 0.16 £ 0.02bD
I 0.61 £ 0.03cA 0.53 +£0.03¢cB 0.31 +£0.08cC 0.18 £ 0.02bD

a b c JrBIAERAEA AL B A ) AN R AR R EUR B H BV IG A0 2258 355 AL B C Fll D 3B FIR 7] — AR AR R B A b BRI (] R A
(IR RN 2R b R 8 1) T 2H P TG 58 22 S

a, b and c represent respectively significant difference of callus survival rate of different subculture times under same treatment concentration and

time, A. B, C and D respectively indicated the extremely significant difference of callus survival rate under different colchicine concentrations at the

same subculture times and treatment time
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Table 3 Effect of different colchicine concentration and time on the doubling effect of haploid callus

[L8E 7R " /NMEZ . 4592 >5 H0
b RAEZiHRS , LEIHRB i
sl SFREC No.of Atk _ ditt AL ditt _ At EL 7R ditt
No. of with . No.with X
Treatment  Total pollen  Percentage Percentage  No.with  Percentage Percentage  No. with  Percentage
big anther seeds
plant small anther Smore seeds
A3 121 37 0.31 11 0.09 26 0.21 16 0.13 4 0.25
A6 105 42 0.40 16 0.15 26 0.25 17 0.16 6 0.35
Al2 112 40 0.36 17 0.15 23 0.21 20 0.18 8 0.40
B3 88 27 0.31 16 0.18 11 0.13 18 0.20 9 0.50
B6 92 34 0.37 21 0.23 13 0.14 24 0.26 13 0.54
BI12 103 45 0.44 27 0.26 18 0.17 30 0.29 16 0.53
C3 72 28 0.39 16 0.22 12 0.17 22 0.31 9 0.41
C6 78 26 0.33 18 0.23 8 0.10 23 0.29 8 0.35
C12 84 32 0.38 23 0.27 9 0.11 26 0.31 14 0.54
D3 58 32 0.55 20 0.34 12 0.21 23 0.40 13 0.57
D6 63 34 0.54 21 0.33 13 0.21 26 0.41 14 0.54
D12 52 28 0.54 20 0.38 8 0.15 22 0.42 15 0.68

SREC S A R AEAR B I ROK AL ZR AR BRS A B ZLE M, A (B C F1 D 23l URBOK AR AL PR EE 0.005% .0.019% .0.02% 1 0.03%,
15U 3.6 A1 12 2 HILERALIRE 3h. 6 h #1112 h

In the treatment column, the total plants means the sum of callus survived by colchicine treatment after different subculture times, A, B, C and
D represent 0.005%, 0.01%, 0.02% and 0.03% of colchicine treatment concentration, respectively. 3, 6 and 12 in the first column represent the

processing time of 3 h, 6 h and 12 h respectively
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Az BATRAEL IR s B: 584/ MEZSHIRE ; C: JAELSAERIRL (SR EORIILERIE 11 1R ); DL E: /MELRYAERYRIATC LR KL
A': Plants with large anthers, B: Complete floret plant, C: Large anther pollen grain ( black indicates normal pollen vitality ),

D, E: Small pollen grains and no pollen grains
B3 BEESGARMKEEMNERLRERE NN

Fig.3 Determination of pollen activity after haploid callus formation

A B.CHMMt£ 3 h. 6 h, 12 h 4bFLS
A, B and C respectively represent the results after 3 hours, 6 hours and 12 hours of processing

B4 0.03% BKIZFELE 2 REKRERGALREEELERL

Fig.4 Fruiting condition of callus after secondary subculture treated with 0.03% colchicine
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