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Acquisition of plants regenerated from embryo sac of unfertilized ovary

in muskmelon
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WANG Huiying, ZHAO Weixing"
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Abstract:[Objective] To provide new materials and technical support for the theoretical study on plant
genetics and practical breeding, the influencing factors of haploid formation induced by unfertilized
ovary of muskmelon were studied.[LMethods]Three muskmelon varieties were used as experimental ma-
terials, and unfertilized ovary melons were cultured in vitro on the MS medium at 25 ‘C with 16 h/8 h
(day/night) and 2 000 Ix light intensity in a culture chamber. The influence of different genotypes, culti-
vation seasons (spring and summer sowing), heat shock times (2 d, 3 d and 4 d), inoculation modes (slit-
ting and crosscutting) and hormones (TDZ, KT and IAA) were compared on embryoid induction, and al-
so the impact of different hormones (KT, 6-BA, GA;) on embryoid occurrence was investigated. The
ploidy of regeneration plants was identified by the flow cytometer, and judged by the peak value, with
the diploid plant serving as the control. [Results] Embryo induction rate was significant difference
among three different genotypes, and the embryoid induction frequency of ‘Jiangjunyu’ was the high-
est (38.3%), next to it was ‘Qianlongmi’ (28.3%), and the lowest embryoid induction frequency was
found with ‘Zhongyun 18’ (18.3%). The embryoid induction frequency of the material sowed in sum-

mer was higher than that sowed in spring, and the performance of the three melon materials was consis-

Wk F 91:2020-03-31 B2 F1191:2020-05-15
B TUH < [ K AE LB R B (CARS-25) VAT R B ARV ABF A B AR 75 5 (ERHE A4 (2018YQ12) s IRl R A& AR EBE A 126157
PEE I« T T 20, B BT ST 0%, WEE 07 M N A 53 T & Fh o Tel: 18237176280, E-mail : gnnzhu@163.com

*JW {5 {E Author for correspondence. Tel: 13526790578 , E-mail : wxzhao2008@163.com



5731 T A TR TR SR 1 55 B ARG IR SR AG I P AR AR R 1037

tent. Among them, the embryoid induction frequency of ‘Jiangjunyu’ sowed in summer was the highest
(38.3%), followed by ‘Qianlongmi” and ‘Zhongyunl18’ (28.3% and 18.3%, respectively). The highest
induction rate of ‘Jiangjunyu’ sowed in spring was 6.7%, followed by ‘Zhongyun 18’ (3.3%), and the
embryoid induction frequency of ‘Qianlongmi’ was zero. Ovary inoculation materials were treated for
3 days in the dark at 35 “C, and the embryo induction rate was higher than that for 2 and 4 days. Three
embryoids were produced per bottle on average, followed by 2 days of heat shock with an average of
one embryoid produced per bottle, and no induced embryoids were obtained after 4 days of heat shock,
and the embryoid was prone to vitrification. Transverse or longitudinal cutting of ovary had no signifi-
cant influence on embryoid induction. The embryoid frequency of transverse cutting was 33.3%, and
the embryoid induction rate of longitudinal cutting was slightly lower than that of transverse cutting,
which was 28.3%. However, more abnormal buds produced easily during vertical cutting, which affect-
ed the formation of embryoids. Under the condition of adding 0.03 mg L' TDZ alone in MS medium,
the embryoid induction rate achieved up to 25.0%. When the concentration was 0.06 mg- L™, the embry-
oid induction rate was the lowest (5.0%), the green ovule grew very slowly, gradually faded and turned
yellow. On the basis of 0.03 mg-L"' TDZ, 0.2 mg-L" KT, 0.01 mg-L" IAA and 15% coconut juice were
added, and the embryoid induction rate was the highest (46.7%). The results showed that the induction
rate of embryoid was higher as the hormone concentrations increased. The germ elongated rapidly on
the MS medium with 0.2 mg- L' KT, the bud elongated fast but got yellow with 0.2 mg-L" 6-BA, and
when GA; concentration was 200 mg - L', the bud elongation was slow and vitrification took place.
Roots grew faster and stronger when 0.1 mg- L' TAA was added in the 1/2 MS medium. DNA flow cy-
tometry was used to identify the ploidy of regenerated plants obtained from megaspore. The results dem-
onstrated that the group of regenerated plants was complex, which included haploid, diploid, triploid
and mixed-ploid plant types. The proportion of diploid plants in the three varieties ‘Jiangjunyu’ ‘Qian-
longmi’ and ‘Zhongyunl8’ was 64.3%, 80% and 50.0%, respectively, and the proportion of haploid
plants was 21.4%, 20% and 12.5%, respectively. Triploid and chimera were only found in ‘Jiangjunyu’
and ‘Zhongyun18’, with the proportions of triploid being 7.1% and 12.5%, respectively, and their chi-
mera proportions were 7.1% and 25%, respectively. [Conclusion]Different genotypes of melon materi-
als had a great influence on the induction rate of embryoid. The embryoid induction rate of plants in dif-
ferent sowing periods varied significantly. The induction frequency of summer sowing materials was
higher than that of spring sowing materials. Heat shock pretreatment could initiate the development of
female nucleus, and the best effect was achieved in 3 days after the treatment of in vitro ovary by dark
heat shock at 35 ‘C. The optimal embryoid induction medium was MS+0.03 mg-L"' TDZ+0.2 mg-L"'
KT+0.01 mg-L"' IAA +15% coconut juice, which showed the embryoid induction rate was up to 46.7%.
The group of regenerated plants was complex, which included haploid plant with weak growth, diploid
plant with strong growth and normal fertility, triploid plant with normal growth but abnormal fertility
and mixed ploid plant types.
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Fig. 2 Different heat shock time impact on embryoid induction
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Fig. 4 Establishment of regenerated plants from unpollinated ovary
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Table 1 Effects of different media on embryoid induction

BRI IR L

i Hormone type and concentration/(mg- L") SMEIRAL Rl ARkl
Media No. Explant No. Embryoid No. Embryoid rate/%
TDZ KT T1AA
1 0.01 0.0 0.0 20 3.0f 15.0f
2 0.03 0.0 0.0 20 5.0 de 25.0 de
3 0.06 0.0 0.0 20 1.0g 50g
4 0.01 0.1 0.0 20 3.7ef 18.3 ef
5 0.03 0.1 0.0 20 6.0 cd 30.0 cd
6 0.01 0.2 0.0 20 4.0 ef 20.0 ef
7 0.03 0.2 0.0 20 7.3 be 36.7 be
8 0.01 0.1 0.01 20 53 de 26.7 de
9 0.03 0.1 0.01 20 8.0 ab 40.0 ab
10 0.01 0.2 0.01 20 3.0f 15.0f
11 0.03 0.2 0.01 20 93a 46.7 a

T [ A 5 A RN S P REROR 2 5 R 3 (p < 0.05).

Note: Different small letters in the same column indicate significant difference (p < 0.05).
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Table 2 Effects of different media on the growth of the germ
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Media No. Hormone type and concentration/(mg-L") Germ growth

1 MS+KT 0.1 RS, K34 4T Buds grow good but slow

2 MS+KT 0.2 TR, K 445 Buds grow fast and good

3 MS+KT 0.3 LEPKAS, A H AL BLS Buds grow slow and turn yellow
4 MS+6-BA 0.1 R, A5 T AL L S Buds grow slow and turn yellow
5 MS+6-BA 0.2 TR, B LI R Buds grow fast but turn yellow
6 MS+6-BA 0.3 LKA, A HLIL S Buds grow slow and turn yellow
7 MS+6-BA 100 LEARHEK, B354k Buds do not elongate and vitrified

8 MS+GA, 200 ZEAK S, B35 4L Buds grow slow and vitrified

9 MS+GA; 300 EAMA , B E5 40 ™ H Buds do not elongate and seriously vitrified
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A. Different ploidy of regenerated plants; B. Different ploidy plants identified by flow cytometry.
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Fig. 5 Ploidy identification of melon regenerated plants
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TAA )] & HOHDHAR &R, 13X 5 28 R S0 R AfF 50 25
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LLE Y% DNA & 'k e AR %A%
[ R it 350 7 PR ], 187 B A o 2, (R K A
L ASCAS: I 2% R v, %o SR N 734 T A 45 PR
M E o MR YL AR T B R R AR £ P R L BORE
Ffy , AEL[RDRE TE vk % e RS AR R PR 10 4t & 1, R
SSR 43 F-Ar it 1 77 ¥ AT LI i A i Ak 11 4 &
BEAT RSO A 7T FH I = AT 5 A= AR AR gk
17 T RS, RO A MR R B R LLAh i
TR AR R AR, B = AN
RURPRL AR5 o5 LEIITE 50% LA _E, B A A4 o b
W E N 12.5%~21.4% , L &5 5 BR ) 37 Th &0 7 3% )
KB FEESHRAT RS R 8. EEEER
KT S AR R R AR R TR A A
TR IS, B PR ] R 78 B AR B i FE v R AR T

W E . Binarova S8 /MU B AR TR 1)
BE 50 ORI, AT DU N AR I 2250 2L
RANZ N G BRI, A G2 3 A5 AR 1 A% 12 AL
R G o P2 AEAS [E A5 P A R 1 5 DR A A g
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4 % w

AN [F) 5 R 2R TR bt R 1 15 5 3R A 1R
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I AL BEBS AR T 5 3 d ISR B b, B IR
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() = A5 AR FNRAG RS 2 P2

S Hk References:

(1] &9, gL, 200, B, X0 3R E v S I 5t 55
AR RAF SRR WF 7 RE D], R EJRSE,2018,31(2): 1-6.
WANG Jiming, SHANG Jianli, LI Na, ZHOU Dan, MA Shuang-
wu. Research progress on collection, preservation and utilization
of watermelon germplasm resources in China[J]. China Cucur-
bits and Vegetables, 2018, 31(2): 1-6.

[2]  ZRERIE W7, 80, B 2, SRR SRR

SERET Dy SR T FUHE L], KATHE3E,2013(10): 7-10.
LI Ling, TANG Yanying, MIN Ziyang, TONG Long, XIAO Lu,
LI Han, SUN Xiaowu. Research progress on in vitro culture of
unfertilized spermatozoa of Cucurbitaceae[J]. Journal of
Changjiang Vegetables, 2013(10): 7-10.

[B]  FRMRE ATRWIE, B 5K BB RORTE TR H 0 B R A
[7]. Fh-7EHE,2018,36(3): 62.

GUO Huaizhi, REN Bingzheng, WEN Zhanfei. On the applica-
tion of haploid technique in maize breeding[J]. Seed Science
and Technology, 2018, 36(3): 62.

[4]  MESE LSS, TR, HEL . EY R E M Tk e
[3]. thPaR LR, 2017,45(12): 2032-2037.

BU Huahu, REN Zhiqiang, WANG Xiaoqing, XIAO Jianhong.
Research progress of plant haploid breeding[J]. Shanxi Agricul-
tural Science, 2017, 45(12): 2032-2037.

[5]  skakE%, BREII, BH8-F 5, RUIER . SR T80 50 -2
JICER R[], A4, 2006,23(6): 892-895.

ZHANG Yongbing, CHEN Jingfeng, YI Hongping, LEI Chun,
WU Mingzhu. Haploid of muskmelon induced by radiation pol-



1044 3B )

i #3745

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

len pollination[J]. Journal of Fruit Science, 2006, 23(6): 892-895.
KUSCE, NG P AT TR b e (0 G A i M 2 1 % 15 1
SE[T]. M 2E4R, 2002, 19(2): 132-135.

LIU Wenge, WANG Ming. Chromosome ploidy manipulation
and ploidy identification in watermelon breeding[J]. Journal of
Fruit Science, 2002, 19(2): 132-135.

ZOU T, SU H N, QI W, SUN X W. Haploid induction via unfer-
tilized ovary culture in watermelon[J]. Plant Cell, Tissue and Or-
gan Culture, 2018, 135: 179-187.

A RN AR R B S S AW [D]. D& AR B
SO RA2,2012.

NIU Mingming. Study on haploid induced by gynogenesis of
muskmelon in vitro[D]. Urumgqi: Xinjiang Agricultural Universi-
ty, 2012.

B 547, 2, AR O, R PN L B IR R T
PRRE IR FAE AR B AE[T]. M4, 2016, 51(1): 74-80.

MIN Ziyang, LI Han, ZHOU Tian, TONG Long, CHENG Juan,
SUN Xiaowu. /n vitro culture and plant regeneration of unpolli-
nated ovary of pumpkin[J]. Journal of Botanical Sciences, 2016,
S1(1): 74-80.

TANTASAWAT P A, SORNTIP A, POOLSAWAT O, CHAOWI-
SET W, PORNBUNGKERD P. Evaluation of factors affecting
embryo-like structure and callus formation in unpollinated ovary
culture of cucumber (Cucumis sativus)[J]. International Journal
of Agriculture and Biology, 2015, 17(3): 613-618.

FERI . VEHI R T 55 R BRI T B AR R BRI
WHTFL[D]. #ize: PEALARMAHL R, 2015.

WANG Yunlong. Study on the optimization of plant regenera-
tion from zucchini induced by unfertilized ovule and ovule in vi-
tro[D]. Yangling: Northwest Agriculture & Forestry University,
2015.

PG, EXR B R R, W R, T T, B, HER e,
PR/ANF L BIICR Z0KS 1 b5 R PR 25 R B FR AT et Jg (0], b5
[€Z:,2019(10): 134-140.

LI Hailun, WANG Yan, ZHAO Weixing, LI Xiaohui, CHANG
Gaozheng, GAO Ningning, LIANG Shen, KANG Liyun, XU
Xiaoli. Advances in in vitro culture of unfertilized ovules or
ovules of muskmelon[J]. Northern Horticulture, 2019(10): 134-
140.

LOTFI M, ALAN A R, HENNING M J, JAHN M M, EARLE E
D. Production of haploid and doubled haploid plants of melon
(Cucumis melo L.) for use in breeding for multiple virus resis-
tance[J]. Plant Cell Reports, 2003, 21(11): 1121-1128.

TRIgUE , B AR TDZ: — M R M A T 57U D).
23R, 2003 ,20(2): 227-237.

XU Xiaofeng, HUANG Xuelin. TDZ: an effective plant growth
regulator[J]. Botany Bulletin, 2003, 20(2): 227-237.

T3 AR B, ohN R T R E AR MR OR S A
PRMEEFTAET]. 28 FAEYE B, 2019, 17(13):4404-4409.

MIN Ziyang, ZHOU Tian, RUAN Wanhui, SUN Xiaowu. In vi-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

tro gynogenesis of watermelon induces haploid plant regenera-
tion[J]. Molecular Plant Breeding, 2019, 17(13): 4404-4409.
DIAO W P, JIAY Y, SONG H, ZHANG X Q, LOU Q F, CHEN
J F. Efficient embryo induction in cucumber ovary culture and
homozygous identification of the regenetants using SSR markers
[J]. Scientia Horticulturae, 2009, 119: 246-251.

FEEG Rk 2, ol U BRIR SR, VRAB I . PEI P R 2R 15 B8
B FRAOFZM K 2K [J]. PHACRMAHER 22 CA AR REERD ,
2013,41(11): 100-104.

CHENG Hui, CHENG Yong’ an, ZHANG Enhui, ZHAO Xiao-
fei, XU Zhongmin. Factors affecting in vitro culture of zucchini
without sperm chamber[J]. Journal of Northwest Agriculture &
Forestry University (Natural Science Edition), 2013, 41(11):
100-104.

MALIK A A, LI C,ZHANG S X, CHEN J F. Efficiency of SSR
markers for determining the origin of melon plantlets derived
through unfertilized ovary culture[J]. Horticultural Science,
2011, 38(1): 27-34.

FARARIIC . 7 JI A B2 G R Bk 8 AR 7k R A ARAK D). KB - Tol
AR5 2010.

CHEN liefang. Optimization of in vitro culture system of unfer-
tilized ovules in pumpkin[D]. Zhengzhou: Henan Agricultural
University, 2010.

KIELKOWSKA A, ADAMUS A. In vitro culture of unfertilized
ovules in carrot (Daucus carota L.)[J]. Plant Cell Tissue Organ
Culture, 2010, 102: 309-319.

CHEN J E,CUI L, MALIK A A, MBIRA K G. In vitro haploid
and dihaploid production via unfertilized ovule culture [J]. Plant
Cell Tissue Organ Culture, 2011, 104(3): 311-319.

RTREAE B, 0 AL, (R, 2R . BB R R E
53 AR ARHTE 7 R (D). I, 2018,31(9): 1-5.

KE Sijia, QIAN Chuntao, BAO Weihong, NI Weichen, LI Rui-
xia. Research progress on haploid induced by gynogenesis of
muskmelon in vitro[J]. China Cucurbits and Vegetables, 2018, 31
9): 1-5.

SHALBAY T A. Factors affecting haploid induction through in
vitro gynogenesis in summer squash (Cucurbita pepo L.) [J]. Sci-
entia Horticulturae, 2007, 115(1): 1-6.

FOCIR, RAWF, IMESE, X, K BE I RMEYIR 2R T
3 R R B AR RE FR0T ST R R [T]. VLI AR R, 2015,43(2): 4-7.
RONG Wenjuan, ZHU Yingchun, SUN Dexi, DENG Yun, LIU
Junpu. Advances in in vitro culture of unfertilized ovules and
ovules of Cucurbitaceae crops[J]. Jiangsu Agricultural Science,
2015, 43(2): 4-7.

PRZYBOROWSKI J, NIEMIROWICZ-SZCZYTT K. Main fac-
tors affecting cumuber (Cucumis sativus L.) haploid embryo de-
velopment and haploid plant characteristics[J]. Plant Breeding,
1994, 112(1): 70-75.

WK, BTV, B R DU PR SRS IR BR B ARG IR S IR A
b B R FEREAR 1172 A2 (3], H B RS, 2006,39(1): 132-138.



57

T A R TR SN T 55 B AR B R R AT IR 2 A R vk

1045

[27]

(28]

[29]

[30]

[31]

[32]

[33]

XIE Bing, WANG Xiufeng, FAN Zhicheng. Optimization of in
vitro culture conditions of unfertilized ovules and production of
embryo sac plants in zucchini[J]. Chinese Agricultural Science,
2006, 39 (1): 132-138.

FHNAE | 5 BRI IR SRS IR B B A 5 FR BOR[D]. € - bk
AR, 2004,

HAN Lihua. /n vitro culture of unfertilized ovules of muskmelon
[D]. Baoding: Hebei Agricultural University, 2004.

GEMES- JUHASZ A, BALOGH P, FERENCZY A, KRISTOF
Z. Effect of optimal stage of female gametophyte and heat treat-
ment on in vitro gynogenesis induction in cucumber (Cucumis
sativus L.)[J]. Plant Cell Report, 2002, 21: 105-111.

RN XU, PIh/NER RV TR, E TR0 | SRTOREDR 755 10
AR S0 IR [I]. PEAER 4R, 2005, 14(2):148-151.
CHEN Xiaopeng, LIU Shuantao, SUN Xiaolei, ZHAO Zhi-
zhong, WANG Xiufeng. Preliminary study on embryoid induc-
tion of unpollinated ovary in cucumber[J]. Journal of Northwest
Agriculture, 2005, 14(2): 148-151.

PN TR RS 55 IR B B 4 85 37 S AL B E 5L
[D]. KB I B A K5, 2011

SUN Shouru. Study on in vitro culture of unfertilized ovule and
ovule of ornamental pumpkin and its mechanism[D]. Zheng-
zhou: Henan Agricultural University, 2011.

W5557 . VU A AR B RO SL[D]. #k%: bk
MR R, 2016.

HU Fangfang. Study on the optimization of double haploid
breeding technique of zucchini[D]. Yangling: Northwest Agricul-
ture & Forestry University, 2016.

Wi 2 2 JFR IR B S AR G 0 7 R 50 M R T A R A A
FRLE[T]. WL R 244, 2000, 12(3):165-167.

CHEN Xuejun, XING Guoming, CHEN Zhujun. In vitro culture
and plant regeneration of unpollinated ovules of zucchini[J].
Zhejiang Journal of Agriculture, 2000, 12(3): 165-167.

BT K, SR, IAEEN, 5K 5, @A . BUBH KA A

[34]

[35]

[36]

[37]

[38]

Az BRI FE[0]. PUAbRE A 4%, 2011,31(11):2158-2164.
GAO Ningning, ZHANG Xian, GUO Aiguang, TIAN Huali,
ZHANG Yong, MA Jianxiang. Study on transformation of cecro-
pin gene into muskmelon[J]. Journal of Northwest Botanical Sci-
ences, 2011, 31(11): 2158-2164.

BOKLL, Bl B, MR MR B | BETCA B GT-1 AR A 1 2R
FRAEST]. R 224, 2006, 23(5): 740 -744.

HUANG Yonghong, LU Lu, TAO Xinglin, ZHAO Changzeng.
Establishment of plant regeneration system of muskmelon vari-
ety GT-1[J]. Journal of Fruit Science, 2003, 23(5): 740 -744.
ZRAERS S 1k, AR m g, R, R B, B R
TR A 3 T T BE A A R R S 0], AR B l KE 2,
2019,50(1): 11-18.

LUAN Feishi, BAI Jing, ZHU Zicheng, GAO Peng, LIU Shi,
WU Chuan, FAN Chao, LU Shuangxue. Establishment of genet-
ic transformation system of muskmelon mediated by Agrobacte-
rium tumefaciens[J]. Journal of Northeast Agricultural Universi-
ty, 2019, 50(1): 11-18.

FERCRE AR A, T, B0 R . TSR IBA% 7 e o e G
PEEAEN]. RO EL S, 2002, 8(3): 30-34.

HAN Yike, DU Shengli, WANG Ming, WEI Aiming. Chromo-
some ploidy manipulation in genetics and breeding of gourd[J].
Tianjin Agricultural Science, 2002, 8(3): 30-34.

KUSLIY, E iy, B A, AL AL, 5K | B TR0 55 15 2 IR
U AERE R IR FT[I]. P IE B3, 2015(6): 48-53.

LIU Ligong, WANG Jing, ZHAO Hong, YANG Honghong,
ZHANG Feng. Induction of embryos and plant regeneration
from unpollinated ovary of cucumber[J]. Chinese Vegetables,
2015(6): 48-53.

BINAROVA P, STRAATMAN K, HAUSE B, HAUSE G, VAN
LAMMER A M M. Nuclear DNA synthesis during the induction
of embryogenesis in cultured microspores and pollen of Brassi-
ca napus L. [J]. Theoretical and Applied Genetics, 1993, 87: 9-
16.



