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£, 45 43 BE IF (Brassica juncea var. multiceps Tsen et
Lee) . 5¥ T It (Brassica juncea var. crassicaulis Chen
et Yang) . %A JF (Brassica juncea var. latipa 1.i) .25
i 7+ (Brassica juncea var. tumida Tsen et Lee) . K
It (Brassica juncea var. rugosa Bailey) . K3k 2% ( Bras-

sica juncea var. megarrhiza Tsen et Lee) | 45 BR IF¥
(Brassica juncea var. capitata Hort) "8I ( Brassica
Jjuncea var. strumata Tsen et Lee) , BBl E 8 T4
N I FEB S B AR R gyt T 2021 4F
B2 2023 AT AT .
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Table 1 34 inbred lines of mustard used for microspore culture

45 Code AR Variety types 45 Code AR Variety types
Al Brassica juncea var. multiceps Tsen et Lee Al18 Brassica juncea var. multiceps Tsen et Lee
A2 Brassica juncea var. multiceps Tsen et Lee A19 Brassica juncea var. multiceps Tsen et Lee
A3 Brassica juncea var. crassicaulis Chen et Yang A20 Brassica juncea var. multiceps Tsen et Lee
Ad Brassica juncea var. latipa Li A21 Brassica juncea var. strumata Tsen et Lee
A5 Brassica juncea var. tumida Tsen et Lee A22 Brassica juncea var. strumata Tsen et Lee
A6 Brassica juncea var. rugosa Bailey A23 Brassica juncea var. megarrhiza Tsen et Lee
A7 Brassica juncea var. rugosa Bailey A24 Brassica juncea var. megarrhiza Tsen et Lee
A8 Brassica juncea var. megarrhiza Tsen et Lee A25 Brassica juncea var. rugosa Bailey
A9 Brassica juncea var. megarrhiza Tsen et Lee A26 Brassica juncea var. rugosa Bailey
A10 Brassica juncea var. capitata Hort A27 Brassica juncea var. rugosa Bailey
All Brassica juncea var. megarrhiza Tsen et Lee A28 Brassica juncea var. capitata Hort
Al2 Brassica juncea var. capitata Hort A29 Brassica juncea var. multiceps Tsen et Lee
Al3 Brassica juncea var. latipa Li A30 Brassica juncea var. latipa 1i
Al4 Brassica juncea var. capitata Hort A3l Brassica juncea var. latipa 1.1
Al5 Brassica juncea var. megarrhiza Tsen et Lee A32 Brassica juncea var. rugosa Bailey
Al6 Brassica juncea var. megarrhiza Tsen et Lee A33 Brassica juncea var. tumida Tsen et Lee
Al7 Brassica juncea var. megarrhiza Tsen et Lee A34 Brassica juncea var. tumida Tsen et Lee
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Fig. 1 The process of microspore development
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Table 2 Microspore culture effect of different genotypes of mustard
2 A ERUBILININERAd M FEE IR A Eﬂﬂﬂﬁﬁiﬁ R/ (/%)
Code Variety types Cotyleéonous Defor}med Total embryoids Nurr‘lber of
embryoids No. embryoids No. No. embryoids per bud
A8 Brassica juncea var. megarrhiza Tsen et Lee 132.90+38.38a 10.20+2.74a 143.104-39.10a 23.8546.52a
A23  Brassica juncea var. megarrhiza Tsen et Lee 79.20£12.20b 5.90£1.37b 85.10413.16b 14.18£2.19b
A33  Brassica juncea var. tumida Tsen et Lee 12.50+£3.37cd 3.7041.49¢ 16.20+4.64c 2.7040.77¢
A25  Brassica juncea var. rugosa Bailey 14.00£0.42¢ 3.20£1.03¢ 17.20£3.71c 2.87£0.62¢
A6 Brassica juncea var. rugosa Bailey 0.2040.42d 0.0040.00e 0.2040.42d 0.03=£0.07d
A27  Brassica juncea var. rugosa Bailey 0.104-0.32d 0.004-0.00e 0.1040.32d 0.02£0.05d
A19  Brassica juncea var. multiceps Tsen et Lee 0.402£0.52d 0.20=0.42¢ 0.600.84d 0.10£0.14d
A28 Brassica juncea var. capitata Hort 1.7040.95d 1.4040.70de 3.1041.29d 0.5240.21d
Al4  Brassica juncea var. capitata Hort 0.304-0.48d 0.304-0.48de 0.60+0.97d 0.10£0.16d
A31  Brassica juncea var. latipa 1.1 1.604-1.35d 1.004-0.94de 2.60+1.35d 0.43-+0.22d
A22  Brassica juncea var. strumata Tsen et Lee 0.60=£0.70d 0.60£0.52de 1.2040.63d 0.20=£0.10d

1 RFING SERE R R R R A R} R) 22 573 .35 (P<<0.05) . Note: Different lowercase letters indicate significant differences between different
materials (P<<0.05).

A~D: R AR & F 13 F2 Process of embryoid body development; E: #] {8 #% %% Primary culture under dark condition; F: Zk 18 1% 7% Green
transformation culture ; G: FH-#IJiR Cotyledonous embryoid ; H: A2 R 15 3% Rooting culture.
2 BREZEREHRBEERE
Fig. 2 Embryoid body development and plant regeneration processes
PHCAL BRI [R] X /N9 5 IR P e SCBEAE ), AR B e AR 357 52 I 8] Oy 1~2 d, i A 4 (] P 66 PR Y
Xf /LT B IR R Y o IT S/ ML T AR B TR
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Table 3 Microspore culture effect of different genotypes of mustard under different heat shock treatment times

ETRE Ab BRI ] /d MR R AR LIAIRINGN JEVIRINEN A R/ (R /%)
Code  Processing days  Cotyledonous embryoids No. Deformed embryoids No. Total embryoids No.  Number of embryoids per bud
0 0.00+0.00¢ 0.00=0.00¢ 0.00£0.00¢ 0.00£0.00¢
A8 1 139.00+3.61b 17.00+£2.00b 156.00+5.20b 26.0040.87b
2 167.00+6.56a 21.0041.00a 188.00+5.57a 31.3340.93a
3 0.00-£0.00¢ 0.00=£0.00c 0.00£0.00¢ 0.00=£0.00c
0 0.000.00¢ 0.00=£0.00b 0.00£0.00¢ 0.00£0.00¢
A33 1 14.00+£1.00a 2.00=£1.00a 16.00£1.00a 2.67£0.17a
2 11.33+£1.53b 0.67-0.58b 12.00£1.00a 2.00+£0.17b
3 0.002£0.00¢ 0.00=£0.00b 0.00£0.00¢ 0.00£0.00¢
0 0.00£0.00b 0.002£0.00b 0.00£0.00b 0.00=0.00b
A28 1 5.33+2.52a 0.67+£0.58a 6.00+3.00a 1.0040.50a
2 0.00£0.00b 0.00=£0.00b 0.00£0.00b 0.00£0.00b
3 0.00£0.00b 0.00=£0.00b 0.00£0.00b 0.00£0.00b
0 0.00£0.00b 0.00=0.00b 0.00=£0.00b 0.00=0.00b
A3l 1 6.33+1.53a 2.00+1.00a 8.33+1.15a 1.394-0.19a
2 0.67+0.58b 0.3320.58b 1.004-1.00b 0.17£0.17b
3 0.00£0.00b 0.00=£0.00b 0.00£0.00b 0.00£0.00b

H ANF/ING SRR R AN R AR B ) 22 57 8 35 (P<<0.05) , TRl Note: Different lowercase letters indicate significant difference between dif-
ferent treatments at 0.05 level (P<C0.05), the same as follows.

2.5 EMRITNAFEF 1 A 5 P SRS O 3 g/ L B SR iRy, 5390 O

VA 5 e B X /NI T B SRR G R AR RS s 27 22 8/ (311 IR/FE RN 2.28 iR/ | A TOCTR

RANF APR KK A8 LEERIT AR FITEAAIT A31  PEIRADFE . FEARJE T A33 i, 1 Mk I 1 d A Ak 38 ok
F4 TRAREBREFERGETAREEEFRNEFEFLR

Table 4 Microspore culture effect of different genotypes of mustard under different concentrations of activated carbon

s AbFRRTEREE/(g/L) TR EL WA T AR AR ISV [N N IR/ (/)
Code Concentration Cotyledonous embryoids No.  Deformed embryoids No. Total embryoids No.  Number of embryoids per bud
0 81.00--14.80b 6.33+0.58b 87.33+-14.22b 14.5642.37b
1 98.67411.02ab 10.67+1.53a 109.33-+11.68ab 18.22-1.94ab
A8 3 149.00443.09a 14.33+3.21a 163.33+46.31a 27.2247.72a
5 116.00421.79ab 12.67+1.53a 128.67+22.30ab 21.4543.72ab
7 8.0041.00¢ 2.334-0.58¢ 10.33+1.53¢ 1.7240.25¢
0 0.3340.58¢ 0.334-0.58b 0.6741.15b 0.114-0.19b
1 1.67+1.15¢ 0.334-0.58b 2.0041.00b 0.334-0.17b
A33 3 16.33-0.58b 2.6740.58a 19.0041.00a 3.1740.17a
5 18.67+2.08a 2.0041.00a 20.6742.89a 3.4540.48a
7 0.334-0.58¢ 0.004-0.00b 0.334-0.58b 0.004-0.00b
0 1.00+1.73b 0.33-0.58b 1.33+2.31b 0.22-0.39b
1 8.67+1.08a 6.00+1.00a 14.67+3.06a 2.44-+0.51a
AZ8 3 11.3343.06a 7.33+1.15a 18.67=3.06a 3.1140.51a
5 7.00+1.73a 7.0041.00a 14.00-2.65a 2.3340.44a
7 0.0040.00b 0.004-0.00b 0.004-0.00b 0.004-0.00b
0 1.00#1.00c 0.334-0.58b 1.33+1.53¢ 0.224-0.25¢
1 6.0041.73b 3.0041.00a 9.0042.65b 1.50+0.44b
A3l 3 9.67+1.53a 4.0041.00a 13.67+1.53a 2.284-0.25a
5 1.67+0.58¢ 0.674-0.58b 2.334-0.58¢ 0.3940.10¢
7 0.0040.00¢ 0.004-0.00b 0.004-0.00¢ 0.0040.00¢




o5 2 1A

fiff TP 550 ISR IR R @A AR R R ik 149

JER 5 g/L, ik 3 3.45 W/, 3 T Jo G M i b
B [v) BSF AN S 003G 1 e 0 A B AP Al BT IR 1R
T DA 1 25 SR B 0 M % /N 15 5% 1 A
SR AT I AP BB VR B A TG M e (3~5 g/ L) Al i
FR R /MO ISR e BT R EE (7 g/L) i
N IR SRR, O TR — B K G R
FLE T WSS T TSR S 7 o/ LIS PR Ak
(1% 4% 75 e vh LR 2 19 M i AT B /NP 2
W B TE 05 1 e, DT /I 2 B P R AN I

M F 5L TN 5 I R 0.5X10° A4S /mL B, /N
FHCE /D B 5 ML rp o DR AR ™= A= 5 RSk 38 A8
FRIE ST A33 R SE AR IF A31 il & A /ML 1% B H
1.5X10° 4~/mL, 1. 43 1 15 5 45 45 150.67 . 15.00,
12.00 AR AR . FESSERIT A28 FEF A b | /N T4
RN 2.0X10° 4 /mL, £ L% § 3R 45 13.33 MR
PR DL S5 IR RO, 35 IR 0] (/N4 B 25 5%
e /N 7 RARAR 7 A 3 5 e s /B T 5 R B /B
TN 1.5X10°~2.0X10° 4> /mL , {H 24 1% 32 S rp

26 NMNEFEENNEFEFHIN AN B TR m N, R IR IR 0 A R S EUIR
AN B IRRCR s i 25 R SR 5 s, IRIRECRRE
*5 AEMEBFEETARERBTFRNEFIEFHLR
Table 5 Microspore culture effect of different genotypes of mustard under different microspore density

i B/ (4~/mL) T R RAR AR KL LI IRINTN A SRR AL

Code Concentration Cotyledonous embryoids No. Deformed embryoids No. Total embryoids No.
0.5X10° 0.00=£0.00¢ 0.0020.00b 0.00£0.00¢
1.0X10° 85.33+7.02b 13.3342.31a 98.67+5.03b
1.5X10° 135.00+14.53a 15.67+1.53a 150.67+16.01a

A 2.0%10° 134.33+11.02a 13.00+1.00a 147.33+11.50a
3.0X10° 0.67+0.58¢ 0.67+0.58b 1.33+1.15¢
4.0X10° 0.00=£0.00¢ 0.00+0.00b 0.00£0.00¢
0.5%10° 0.00+0.00d 0.00+0.00d 0.00+0.00c
1.0Xx10° 5.004+1.73¢ 1.00-0.00c 6.004+1.73b

A33 1.5%10° 12.67+1.15a 2.33+0.58b 15.0041.00a
2.0<10° 10.0042.65b 3.33+0.58a 13.33+3.21a
3.0X10° 1.33+1.15d 0.67+0.58cd 2.004+1.73c
4.0X10° 0.00+0.00d 0.00+0.00d 0.00+0.00c
0.5X10° 0.00=+0.00¢ 0.00+0.00¢ 0.00+0.00¢
1.0X10° 3.33+1.53b 3.33+1.53b 6.67+0.58b

A28 1.5X10° 6.00+1.00a 4.67+1.15ab 10.6741.53a
2.0X10° 6.67+1.15a 6.67+2.31a 13.3343.06a
3.0X10° 6.00+1.00a 5.56+1.53ah 11.67+2.08a
4.0X10° 0.00+0.00c 0.00+0.00c 0.00+0.58¢
0.5%10° 0.00+0.00c 0.00+0.00c 0.00+0.00c
1.0X10° 3.33+0.58b 4.67+0.58b 8.00+1.00b

A3l 1.5X10° 6.00+1.00a 6.00+1.00a 12.00+1.73a
2.0X10° 6.00+1.73a 4.67+0.58b 10.67+0.58a
3.0x10° 0.337+0.58¢ 0.33+0.58¢ 0.67+0.58¢
4.0X10° 0.00=+0.00¢ 0.00+0.00c 0.0040.00¢

27 HEYBRNEFREESRIINE

AU AR IR AR SRy ot B, A AR AR A T 15 0, &%
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S R AR R ) — 2 (B 3A VB o H4 4B AR P A
TR ST P AR SR R R R B, AR AR AR SIS

R (B 3C) o X SRR IR A A6 46 B 1A T WL 45¢
R AL T RUBS R AL 28 B, A5 AL TS T/, HLAE
FEAEHT AL TS S A v L R 2 AR Tk IR T
FE(E 3D EF) o I TTC X XU F A5 A (1 164
HEAT Y02 IR, S5 A AR AR TE K3 2K 8 45905 A6 DU 431k
I, AE R JCTE ) (81 3G \H) .
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A BUE A %5 78 MR 4[] Peak map of diploid identified plants; B : BLA% 1A %8 78 4 i 04 18] Peak map of haploid identified plants ; C : B {4l
B RHEMRIE S Diploid and haploid plant morphology ; D : XU K 5 BAAE AR AL 4% B Y L ¢ Comparison between diploid and haploid floral or-
gans; E: SUFAIERF B Diploid floral organs; F : L5 AIERR B Haploid floral organs; G : SURS AL N} 71 Pollen viability of diploid pollen; H:

PARERAERYTE J1 Pollen viability of haploid pollen.
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Fig. 3 Ploidy identification and pollen viability observation
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Table 6 Chromosome doubling effect of colchicine treatment

ORI ik e % BRR/ %
B2 T R \ ) W@ s AR/ %
W/ (g/L) AL 1E]/ PR Chromosomal ploidy level e R/ 0 Efficiency of chromosome doubling
Concentration of Treatment Number ~ i N Mixed-ploidy i i
. ) 'l duration of plants AR XA LSRR rate CERIEN WA
colchicine Haploid ~ Diploid  Mixed-ploidy Haploid Diploid
1 12 7 3 2 16.67 58.33 25.00
0.5 2 12 6 3 3 25.00 50.00 25.00
4 12 6 4 2 16.67 50.00 33.33
1 12 3 8 1 8.33 25.00 66.67
1.0 2 12 2 8 2 16.67 16.67 66.67
4 12 0 7 5 41.67 0.00 58.33
1 12 1 8 3 25.00 8.33 66.67
2.0 2 12 1 7 4 33.33 8.33 58.33
4 12 0 5 7 58.33 0.00 41.67
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Optimization of microspore culture system and
chromosome doubling technology in mustard

CHU Yufan',CHEN Ye',FU Wenyuan'?, YAO Peijie', ZHANG Zhiqi',
LLAN Kai', YU Changchun', WAN Zhengjie'

1.National Key Laboratory for Germplasm Innovation & Utilization of Horticultural Crops ,
College of Horticulture and Forestry Sciences , Huazhong Agricultural University, Wuhan 430070, China;
2.Institute of Horticulture, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China

Abstract The effects of genotypes and culture conditions on the microspore culture in mustard ( Bras-
sica juncea) were studied to establish an optimal system of the microspore culture and chromosome dou-
bling in mustard.34 inbred lines of 8 different varieties of mustard were used to conduct the microspore cul-
ture. The effects of heat shock times, concentrations of activated carbon, and densities of microspore on the
rate of microspore embryogenesis were analyzed. The results showed that genotypes had a significant impact
on the success of microspore culture in mustard , with 11 out of 34 inbred lines successfully producing em-
bryoids. There were significant differences in rates of producing embryo among different inbred lines , among
which Brassica juncea var. megarrhiza Tsen et Lee had the highest rate of producing embryo, reaching
23.85 embryos/anther. The optimal conditions for producing microspores in mustard were 32 °C heat shock
for 1-2 days, culture medium containing 3-5 g/L activated carbon, and the density being 1.5X10° to 2.0 X
10” microspores/mL. The results of chromosome doubling experiment showed that immersing the stem tips
in 1 g/L colchicine solution for 1 hour had a high efficiency of chromosome doubling and low chimerism,
which could be used to double the chromosomes in mustard. The results of chromosome doubling test
showed that 1 g/L colchicine solution soaked in stem tip for 1 hour had high doubling efficiency and less
mixed-ploidy formation, which could be used to double the chromosomes in mustard.

Keywords mustard ; microspore culture; doubled haploid ; microspore embryogenesis; chromosome

doubling

(Tt B E)



