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Efficiency of microspore embryogenesis in Brassica rapa using
different genotypes and culture conditions
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Abstract Total of fifty accessions of Brassica rapa with
various morphological characteristics were used for production
of double haploid plants though microspore culture in
Brassica rapa. Among them, only 30 accessions induced
embryos from microspores. The highest efficiency of embryo
induction of 1.194 per bud was obtained from IT135449 of
turnip type, while 3 accessions of sarson (winter oil) type did
not generate embryo. The effect of heat shock periods for
embryogenesis was also investigated with 4 accessions
(IT135449; Turnip type, IT199710; Chinese cabbage type,
1T212886; Pak choi type, IT218043; Summer oil type). The
high productions of embryos were observed in 1T135449,
IT199710 and IT212886 when microspores were pre-cultured
to 32°C for 2 days. In IT218043, high embryogenesis was
observed at the 3 days of heat shock treatment. The optimal
condition of shoot regeneration for IT199710 was observed
in MS medium supplemented with NAA 0.5 mg-L" and
BAP 1 mg'L". In contrast, the IT135449 and IT212886 were
observed high regeneration frequency in MS medium without
plant growth regulators. All the plantlets regenerated from
microspore-derived embryos have been successfully transplanted
to soil, and bud self-pollinated seeds were produced from
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doubled haploid plants. This indicated that double-haploid
genotype was likely generated naturally during embryogenesis
process.

Keywords Brassica rapa, Microspore, Embryogenesis,
Heat shock period, Regeneration

Qo

gt e SAS 7 Wi fAAbe ] &2
F& TT LAATY £ 2 mEHQ] 2xAp 2
242 F-A717] Sl 50%9) v A o
o8 L3R ke AASt 30Fof A KA o] AT
of FQlE et AZAF v WAYEL 5P ¢ IT1354499]
A 7P =9k A8 A2k g (winter oil) o A= wff
Aol WHHA ke 2xA M gE T3 g v

FAGLY v B 5&0 FTHE flsto] A 4%
(IT135449, 1T199710, 1T212886, IT218043) tjAlo &2 11
248 7|7bo| M2 Az} uf A 58-S SR A,
3Zo A= 32°Co| A 2U7F AT T H$ u) HAYE
o] 7}A4 =9k summer o0ild 1T2180439)| Al = 34 7F A 7]
o A 7MY w2 ) dAEe] BHEEAY B3 A2}
uj o] AEA AEste] GFS A= AE G EA Y
FLE AR A3, AuiSgQl 1T1997100] A= NAA
0.5mg:L" 3} BAP ImgL'S H7Het A2l oA 7H4 5o
AEehgo] JAEGOU =5l IT1354499 A F A
g IT2128860 A= AR EA FAEFANA 7H =2
Aeetgo] HEET. AxA ) f2 Y13 A=A
5 QA= uied A5 S HAR 23 A5 34

HE AEo| AAu7HE Fe ofufA A EYo] &9

f

o



J Plant Biotechnol (2014) 41:116-122

Holeh. B A AT chapst MiE SAAUL AE
A R g FAE I ol 88 4 S B okhet I5
3 1A ABL oF 3 83 D FAH% /)% AT
a2 289 5 9L Aot

vl 3=(Brassica rapa) A Q] & =T Wang et al. 2011)
HEo] AHAI A7 D EANGS) 7]so] W stHA
EE SUA RS viEoz 94 A% g S
M B 9 o)E B3 5 ¥4 Bl $2149 B o
B B4 A% Q7o A A8 ol lrkBlanca
et al. 2012; Zou et al. 2013). A7}1E2351gHAd o] 738t v =1
Az v A 94 {AA 7s AFE HeiA FE
o] 1A% 3HAY(Diversity Fixed Foundation Set, DFFS)
spu st AR olor sk AAYCR ofE g AT}
k3] XY QITh(Pink et al. 2008; Zhao et al. 2010).

EFAIA A0l W2l 2 WHjSES Ealo] ZEo
S/4%7] ol Fdo] 1FH AT S95k=d B2
AZEa =go] &g Hr) o]&F T2 FAIHS s A5}y
flste] v S0 A= WAl E o] &5t FH AEAE
dFo® G718t = A7F AL o8 o|Foj A gt
(Cao et al. 1994; Jo et al. 2012). A A}3}} A 559 AxA}

Rl

vl k& A (Brassica napus)ol| A A0 &2 3} 0] 3.0
5 2 H2EeE 23R toktt AEEolA WA
S 9 AFo] HiE il Qlh(Lichter R 1982; Ferrie et al.
1995; Na et al. 2011). | Zo|= w39} Fo &7+ w32
ol v A2t M 2E 9 Aol XA} vjoko] o]
£ 5 Ao7 B FH uf Qlth(Lee et al. 2011).

a2 HjokS S3 v ol BAE Y] AR ol
U AS 27 B ujp A o] Aol Hlo B 5 of
2] 7HA] 2Rl59 o8l JFS e AR A ot
(Takahata et al. 1991; Lee et al. 2000; Dias JCD 2001; Gu et
il 2004). 53 WAEO] $ANFE ABAE B W
A A agol 24 e vA = AR HiE
Sl th(Ferrie et al. 1995; Kim et al. 1997). v} 9] H$-, =&
of ujeh 2T Woke o uraA e SE 8o o
| 2R ok ol gato] chap
|-s= /45t o7

HHAA LA E oA H
el Sl et A

3 (turnip), 7 31 (pak choi),

o
2 oxo
N
=)
il
2

>

s

L2 g rlo
1-)14 :10
1o
=
oL
ol

%0 rfn o 4o
o ™ =
01011
o i
Hi
s

fr 2
i
ot off

oft Kl
= 5
N g
4
2
B
(o
flo

M
-d

(chinese cabbage),
F=3(oll) S22
7hdl chopat f 7%
AALY 2EA

N
-
Shs
1 of
°
off
e
2
|o
fr
Jo
o
S
ofl

o > dv o
d

ﬁd
(fo
o

<l

o

ok
1
2
%o,
N
B
M
=2,
o

==

(¢}

0,
o
oft

< o

O @ Ho = o mo rob HE
Jo

1
2
Y

O
o
st
2
o
e
)
2
)
=
=

[¢]
oF o] FfAo] A QG ¢l= A olth(Baillie et
al. 1992; Cao et al. 1994).
2 oA =, =d HE A S0E5E dide R
T WA LS VLI o FEE AT R
AEsto] o[ ThaFet M3 A AN AmA o
T3 LFA G S0l E&staA gt

tlo to F»

A= M=
2 A SR AE AR A FAALAE
A B w5 AR F FEA 540 theE AR
2 50%(Table 1)& Eof wro} L85}t £ of&s}
of ZAHA oF 65 Hk= 7] F 4°CollA] 24A17F F=4
o= 4547t A2AYE skl sk AAsHAT A
A A5 RS AR ANE7E ARrE AEA Y 28
ol

2 7L ool o] §H W2 ARSI A w2 HER}
i a

1% Sodium hypochlorite -8-28of| 4] 15
238 Agetel 2715 AAT o A3

)
b
i
I o it

vl X] (Gamborg et al. 1968)5 313 o ImLA H7}5lo] K
Z-A A3 A 70 pm GEE ol &= o
A FH T} o2t 842 50 mL falcon tubeof] E il 1000 rpm
oA 37 A4 Zelste] e dE WY $ SUR BS
A WA 3 Aokl AL AHlg 28] kst
Act Aol B AR £H2 10% sucrose, Ca(NO;3),
- 4H,0 0.25 gL', AgNOs 0.1 mg'L'l, NAA (naphthalene acetic
acid) 0.5 mg'L", BAP (6-Benzylaminopurine) 0.1 mg'L"7} %
7}=l NLN 943 =) %] (Lichter 1982)& 3} o 2.5 mLA& #|
Abeto] 4713t 5 agarose L/AJEH S-S 058 T2 3
A3t} E3st itk Agarose AT &2 100 mL 57



118 J Plant Biotechnol (2014) 41:116-122

Table 1 Embryo yield in microspore culture for subspecies of Brassica rapa

Genotype (subspecies)* Accession number No. of bud cultured No. of obtained embryo No. of embryos per bud
Chinese cabbage (ssp. pekinensis) 1132744 30 26 0.520
1T100349 120 0 0.000
1T100434 60 22 0.367
1T120026 110 1 0.009
1T120059 85 0 0.000
1T120061 60 25 0.417
1T135442 50 0 0.000
1T187883 110 0 0.000
1T189952 25 1 0.040
IT199710 20 16 0.800
17203422 50 0 0.000
17212923 50 1 0.020
17212924 215 141 0.656
17212946 110 14 0.127
1T213907 30 3 0.100
1T214688 160 0 0.000
17214691 175 0 0.000
17215006 210 0 0.000
1T221701 315 0 0.000
1T221740 20 9 0.450
1T221751 80 6 0.075
1T221753 50 15 0.300
IT221766 25 1 0.040
17221783 30 2 0.067
pak choi (ssp. chinensis) 1T100403 30 2 0.067
1T102910 60 4 0.067
1T102920 170 3 0.018
1T160325 50 1 0.020
1T185731 80 0 0.000
1T187919 135 1 0.007
1T212886 55 47 0.855
1T223319 240 1 0.004
caixin (ssp. parachinensis) IT164994 10 1 0.100
1T218041 50 0 0.000
17218042 40 2 0.050
mizuna (ssp. nipposinica) IT100406 10 0 0.000
1T120086 281 42 0.149
neep greens (ssp. perviridis) IT135410 155 5 0.032
turnip (ssp. rapa) IT100415 85 2 0.024
1T102907 60 0 0.000
1T135430 50 23 0.460
1T135449 155 185 1.194
1T136543 55 0 0.000
1T206702 125 0 0.000
1T215419 60 0 0.000
summer oil (ssp. dichotoma) 1T204092 150 0 0.000
1T218043 30 1 0.033
winter oil (ssp. trilocularis) IT119424 140 0 0.000
IT135315 40 0 0.000
1T135321 25 0 0.000

*Subspecies of each accession was extracted from the passport data of RDA Genebank and the genotypes for subspecies follow the
nomenclature by Zhao et al. (2005). Genotypes for subspecies were confirmed in field test, 2011.
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2o agarose 0.5 g} HAJEF 2.0 g& Y1 5 3to] 11
Bt F wwksto] ARR-Skqith E/dgto] 7 NLN
HA| viA = U 3]E HfFAI(60x15 mm)o] 2.5 mLA #
Foplth ax A= i 27] 2EF 32°CR A4 5}
247k Fot oF vjek 3t & 25°C iAol A 15U &
v oFato] axxp v WAS =53
HjQF 2719] 112 A 717k wE A v YYES
ZAFeE7] ffste] ofFHE & AXA W& UE
= S ARY 432(IT135449, 1T199710, 1T212886, 1T218043)
G‘jﬂag}q 7} 399 FAE F7tE ukEsl gl th(Table 1).
Al A5 s AA Nepet 2+ A %zﬂei‘rl}] o
iZP— AF e = 1ok FYet £ 0= NLN vjz]of &
gk 3 32°Cof| AL, 2, 3°‘7J 7#7—} oF ujeF gk & 25°C Hj Oo“e]
ol Al 1547t wi&Fsto] AzA) v WY B&S £ASHAT

k

I oZi ﬂllO

==

23RO A F=5 Hl= 25°C shakero]] A 30 rpm S 2 24
[ZF &5 B 204 AE uj skt et xR}
Hj= A 54 2 2315 9)5}o] MS (Murashige and Skoog
2w of 27k A AFste] 25°Col A 16A17H Y
F7182 4570 wj st gich
2947ke] A oA 7 = uf &S vEd
ALY 3E(IT135449, 1T199710, 1T212886)2] 2 3 2} Hj
£ ol gsto] AEAT2EA sro TE HE3} &S
ZAFFA . S =E AZAHE NAA 0.5, 1 mgL'9} BAP
1,2, 3 mgL"9] 67 23to] H7HE MS 7|5 ujx]o] x4
ato] wjoF 43 Bof shoot A HI} AL ZAFSFYATEH A
W3 A EA= MS 72 WA R gA et e &
A3t ABAE ATHEANA =3 AFh

EX} 7l AEAC A S

1z
=)
=
N

S3HE N BAS 2UA o 677 Al F 4°Co) A
AT AL AP F RO YAAR Asket 4
BAE MRS ol §3 IS Folo] 42 A5
SHlTh Ak RS Bl HEE AL Wy 4%
& 9l3o] 3 BT oF 3FAE A @ ¥ oAU
At A ALE OF 05305 eme] 7|2 A2 F o

38 vk Ao A 0.5 mL nuclei extraction bufferZ 14 47}
stal o -8 W=z 303 F= ZA Atk AEe
5 2 mL DAPI staining buffer2 G283t & Flow
cytometry (CyFlow Ploidy Analyzer, Partec, Germany)& ©|-&
stol w54 A AN W54 DR Slskol
Flow cytometryo| 4] GAINZFS- 49302 1A A)7] 3 GI phase
o] DNA 3 peak7} 40 ~ 600 74741 214, 80 ~ 100
o 77w aujAz Feeheich

(UEl

) E4S b R AR 505 A
2 axA wors AAF AT, 3059 AR A
R

3 o] 1T2129243}

8 _ =
N_{N,

;l.‘L
F IT1354490] A 319 & \Oﬁ 64k 119472
T /\:.EZ}- ] uug o n L} 2 9o mE
=2 17] 9] o]—_,] o uj dhago)
]3}%550 winter oilof| A= v Wajo]

t}
o
B
2 & 2o]E HGIth(Table 1). 4
2 =
7}

A& ol A J—iz} o e HAE FFo ot
A A, Hoket “XP@rﬂr AEsolA FEo o
2 XA v BAEY| Zo|7p Hirg vl §lth(Takahata
et al. 1991; Wei et al. 2008; Dubas et al. 2013). v} 9] H -
Z vl 33 (Baillie et al. 1992; Ferrie et al. 1995)1} -2 &
(Ferrie et al. 1995) X A A2 & (Cao et al. 1994) SO A A
2} w) Aol ekel B B vk ek et 1R
o2 o3l A Qo] AES LAY WE A
ZA o) 24 5go] ol ta AL oFH 7
gl gm stk
T2 XM2| 7|20 T2 AXEXH 2 &5
MRS AEo A wfF 2719 AL
S X5t =Y adzl Al FE‘%F% 9l THNa et
al. 2011). 3 Ao M= w59 AP e LA

717k atE AHZs)7| 9ste] «F3(IT135449), A=
(IT199710), 7 (IT212886) 2] 1 Q2| ZHE-F(IT218043)0]]
A 1A 7|70 e 224 W PSS 2T
(Fig. 1). A3 A3} 2T3(1T135449), 218 Z=F(1T199710)
TEl3 AN BT22886)2] ALE 297ke] LA

%!

ﬂ Zle a3EA} )

P 19 AT dad £293 ABARE o
0, 7L oF 2 WA &

o) WAL, FAREGS] 4519 ﬂ
AT AN E 02213} 029] o}

|

5]. HH tﬂ—}\ﬂ ;qgo] JJ—XLE_]O%E]- H]-F,}/\—] HH_%_A A} v oF
oA LA e] 717k v o] mj- F RS mlA]
H2A P 717k ofFol whet zfol7f QlFo] & :

A2A e 7|7t g AxA uf YL F7H= o
& A23tat Ao A g vl Q)th. Ferrie et al.(1995)
2 Hlj 5= Parkland 50 QlojA] 32°CE 27t WS 74
7P =2 o TAES BET 4 AU BiHo| B

ZEe|o A= 325°Cofl A 143e] LA oA w2 vl



120 J Plant Biotechnol (2014) 41:116-122
70.000 4 7 17135449 (t 1T199710 (chi bb. 11212886 (pak che
01 day . ! tumip) (chinese cabbage) [J] (pak choi)
2 60
60000 7 @) gays >
- .
250000 | O3days :
o} = 40
o 40,000 - s
=S § 2
2 5
£ 30,000 N
K g
S 20000 210 m
0 [

. _i_l—\ rx—'—l—\
0.000 - - s
135449 199710 212886 218043

(turnip) (chinese cabbage) (pak choi) (summer oil)

Genotypes

Fig. 1 Effect of heat shock periods on microspore embyogenesis
for four accessions of B. rapa. Embryos were counted at 15
days after culture. Bars represent the mean with standard deviation
for three independent experiments
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Fig. 2 Effects of plant growth regulators on shoot regeneration
frequency from microspore-derived embryos of B. rapa. Bars
represent the mean with standard deviation for two independent
experiments. N: NAA, B: BAP
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Fig. 3 The process of embryogenesis and plant regeneration derived from microspore. (A) Sampling time for flower buds of B. rapa
subsp. pekinensis, (B) Embyogenesis derived from microspore after 15 days of culture, (C) Regenerated shoots from microspore-
derived embryos after 4 weeks of culture on MS medium, (D) Acclimatized plantlets in greenhouse
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Fig. 4 Flow cytometric histogram of 1T135449 showing diploid
in DNA content
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