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A study on the factors influencing rescue success of the embryo in

stenopermocarpic grape
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sity, Taigu 030815, Shanxi, China)

Abstract: [Objective] The objective of this study was to explore the factors affecting embryo develop-
ment and embryo germination in the process of seedless grape embryo rescue so that effective regulato-
ry measures will be taken improve embryo rescue in vitro, which will help improve efficiency of breed-
ing seedless grape. [Methods] The effects of exogenous hormones (IAA and 6-BA) and natural nutri-
ents (grape juice, coconut powder, banana puree, and walnut puree) on embryo germination were stud-
ied with embryos taken from Zaoheibao fruitlet 100 days after anthesis (DAA) in order to screen the
best medium for embryo germination. In addition, ovules from two seedless grape varieties, Wuhecui-
bao and Lihongbao were harvested at 28-38 DAA and 28-32 DAA, respectively. These two seedless
grapes are varieties bred by Shanxi Fruit Research Institute from Guibao X Centennial seedless, and
both belong to Vitis vinifera L. The effects of different sampling periods and different in vitro culture
time on embryo development rate was studied, and the polyembryony development was recorded. The
rate of polyembryony development from in vitro ovules in seedless grapes at different sampling stages
was compared. Then, the embryos were isolated and cultured in vitro. Embryo germination medium

was solid WPM medium, which was selected through seed embryo germination test. In this experiment,
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the embryo germination rate, seedling formation rate, normal seedling rate and abnormal seedling rate
of different embryo types were analyzed statistically. [Results] Adding exogenous hormones and natu-
ral nutrients during embryo germination had a significant effect on embryo germination and seedling
formation. The treatment with addition of 0.1 mg-L"' ITAA+0.2 mg-L"' 6-BA+0.5 g- L' grape juice gen-
erated the highest the embryo germination rate and seedling formation rate, which were 86.67%+6.67%
and 70.00%+0.00%, respectively. During in vitro culture of ovule, the ovule development rate was dif-
ferent at different sampling stages. Before the initial stage of embryo abortion, ovule development rate
increased with the delay of sampling date. Sampling at the beginning of embryo abortion, the ovule de-
velopment rate reached a maximum level, and after this stage, there was a significant drop. The embry-
os obtained from the ovules of Wuhecuibao and Lihongbao after 8 and 9 weeks of in vitro culture did
not germinate, but the embryos obtained after 10 weeks of culture had the highest germination rate (=
50.00%). Analysis of phenotypic differences between Wuhecuibao ovules cultured for 8 and 10 weeks
showed that embryo cultured sampled after 10 weeks of cultured were mature (bright white embryos),
while those after 8 weeks were immature. Polyembryony occurred in all the three seedless grape embry-
os. The polyembryony development rate of the in vitro ovules of Wuhecuibao increased first and then
decreased with the delay of sampling. Maximum value was observed at the beginning of embryo abor-
tion. The variation trend was consistent with the development rate of ovule in vitro. There were signifi-
cant differences in germination rate and seedling formation rate among different types of embryos. The
embryo germination and plantlets development in vitro differed among stages of embryo development.
Through comprehensive evaluation and analysis with entropy weight TOPSIS, it was concluded that cot-
yledon embryo had the best germination performance, which in other types of embryos followed an or-
der of torpedo embryo>golbular embryo>heart embryo>malformed embryo. [Conclusion] Addition of
0.1 mg-L"'TAA+0.2 mg-L"' 6-BA+0.5 g- L' grape juice into the medium produced the highest embryo
germination rate and seedling formation rate. The highest rate of in vitro embryo development and the
highest rate of polyembryony were obtained when ovules were taken prior to the initiation of embryo
abortion. None of the embryos obtained from ovules in vitro cultured for 8 and 9 weeks germinated,
while the embryos obtained after 10 weeks of in vitro culture could germinate, and the germination rate
was =50.00%. There were significant differences in germination performance among embryos with dif-
ferent shapes. The germination performance the rescued embryos followed an descending order of coty-
ledon embryos> torpedo embryo > golbular embryo > heart embryo> malformed embryo.

Key words: Seedless grape; Embryo rescue; Embryo development; Embryo germination; Embryo mor-

phology; Comprehensive evaluation analysis
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A. Isolated ovules; B. Ovules cultured; C. An excised embryo from
ovules; D. Embryo cultured onWPM medium; E. Germinated embryo
developed to plantlet; F. Hardening and transplantation of seedlings; G.
Plant established in the soil.
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Fig. 1 Technical process of grape embryo rescue
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Table 1 Compositions of different embryo germination

mediums

Gy ERETIRE ANEYIR

Code Basic medium Exogenous materials

Ml  WPM 0.5 g- L' %} 71 Grape juice

M2 WPM 0.5 g-L" fi-F-#1 Coconut powder

M3 WPM 0.5 g- L' ¥ #Jé Banana puree

M4  WPM 0.5 g- L' #%#kJe Walnut puree

M5 WPM 0.1 mg-L"'TAA+0.5 g-L" % %71 Grape juice
M6 WPM 0.2 mg-L"' 6-BA+0.5 g- L' 4% 7 Grape juice
M7  WPM 0.1 mg-L" TAA+0.2 mg-L" 6-BA

M8  WPM 0.1 mg-L'TAA+0.2 mg-L"6-BA+0.5 g-L"

#i%57t Grape juice

1.3 HiEo R

JWR B A | R P 2R 55 A8 H Excel 2016 F1 SPSS
21.0 AT H AR - AR 2 40 i, BB E PR K
AITCAZ i %) AN R TR 25 I % L3543 SPSSAU 7
2k T 34T 85 AL TOPSIS 254 3F 40 43 41 » K H Dun-
can Jr E M 2 (p < 0.05) 40 #r & 3 1%, 37 F Excel

2016 £,
R B 2/%= K G IREREU I ER S 80100
JARH 5 5 /%= Wi R AR B AR E< 1005
JUR A 2 /%= R K B R E< 100
MR B 2/ %= W 2 P 80 R el <100,

2 SR

2.1 [F TOPSIS L2 & 1T 51N IR 4 R 33 R A & #Y
=4

&2 T LAE L3 00.5 g L BRF8 RO E 5
REFERTIHRMOS g LA KX (p <
0.05). #AN0.5 g L' & VHA10.5 g- L8B4 B IR
B R R EE TEIN0.5 g- L' F AR I IR B & R
(p < 0.05), H, #0105 g- L ME-F8 IR & %
% A 1A 3 (42.86:4.12)% , R Z W M0.5 g- L' A
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Table 2 Effects of different treatments on embryo

germination in Zaoheibao

g GliSe H AR IDEES
Code No. of Embryo Plantlets
embryos germination rate/% formation rate/%
Ml 45 40.00+3.85 be 37.78+4.44 be
M2 42 42.86+4.12 b 33.33+£6.30 ¢
M3 45 15.56+5.88 d 11.11+2.22 d
M4 42 23.81+6.30 cd 14.29+4.12 d
M5 36 44.44+7.35b 36.11£7.35 be
M6 36 41.67+4.81 be 38.89+5.56 be
M7 30 70.00+5.77 a 53.33+8.82 b
M8 30 86.67+6.67 a 70.00+0.00 a

G S X LR IR LA SR 1. ARVNS FREFRRZEREE (p <
0.05). R,

Note: Medium corresponding to the code is the same Table 1. Differ-
ent lowercase letters indicate significant difference (p << 0.05). The
same below.

GV, R K R, 1551 (40.0043.85)%.
M) B A LR S N 0.5 g - L 4 & v A
0.5 g~ L BB+ VR i 1 %6 2 35 5 TR n 0.5 g L
HEPRMO0.S5 g L BB Je IR 2 (p < 0.05).
MRRH R BRI IN 0.5 g L & VT, s
Rl & (0.1 mg-L' TAA 50.2 mg-L" 6-BA) FIA
TR (0 VR B 2 A R % W KT 0.1 mg - L
IAA+0.2 mg-L' 6-BA 415 (p < 0.05) ; Mk e &
R R LN 0.1 mg- L' TAA+0.2 mg- L' 6-BA I},
VNIN0.5 g~ L7381 21V (10 R A R S FIAN AR N 1) 22 S A
B2 (p > 0.05),HIAEIN0.5 g- L& & IR i %
BEETARMO.5 g L' #i &I (p < 0.05).
& 3 & H, 3 T B TOPSIS 7% , 45 & W i #f
RN, R I M8 15 77 5 f50E A R R 15 9%,
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Table 3 TOPSIS comprehensive evaluation analysis of

different embryo germination mediums

IEFAEMRIE 2 D S EARMRIE 2 D- AL C

iﬁi Posit'ive it%eal Nega'tive i.deal RelaFivc.e :If)fing
solution distance solution distance  proximity
Ml 0.278 0.183 0.397 5
M2 0.285 0.172 0.377 6
M3 0.457 0.000 0.000 8
M4 0.419 0.041 0.088 7
MS 0.270 0.187 0.408 4
M6 0.267 0.193 0.419 3
M7 0.121 0.337 0.737 2
M8 0.000 0.457 1.000 1

FER M & BB IR B HE T 45 RN M7 > M6 >
M5 > M1 > M2 > M4 > M3,
22 AEBHEREMTZEESETELABEENEY
M

H & 4 7T LA Y, oA 38 5 RN 40 6 R R RS
I [B) 75 FE RIS 46 TG, b6 A6 BORE I [ 4R Rk
BRE LTS YR R B A 2 A 1R 1
B R B RIABNRAE, 2 FHRER TR Bk
BE IR To A% 28 A [F) BURE I i) AR B BF &2 3, DAF 34 d
FIDAF 36 d IRk S R 55 72 5 IR B R B 3E &
T HoAb BURE I 1] (p << 0.05) , o B9 4K 15 9% DAF
36 dIR K B K, A F](13.52£1.600%. ENNLLE
WEER B 1% 5% A R B, DAF 30 d f1 DAF 32 d iR Bk &
R FR G IR R B 5.3 = T DAF 28 d IRER 11
(p < 0.05), HF DAF 30 d 5§k B R, N
(7.06+1.48)% . {E & 14 1: % b 40 % BRI R B
DAF 32 d MERBS (A 75 5 MR & R B3 = T H
A EURE IS (p < 0.05), 8(7.95+1.33)%.
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Table 4 Effects of different in vitro culture time on ovule

development rate

o BEALJEIT ] RERHR TR AL KE=H
Varieties Time after No. of ovules Embryo
flowering/d cultured developed rate/%
% 28 537 1.89+0.60 b
Wuhecuibao 35 645 1.080.18 b
34 318 12.84+1.95 a
36 336 13.52+1.60 a
38 352 1.45+1.14b
AL 28 236 1.27+0.03 b
Lihongbao 30 213 7.06+1.48 a
32 424 4724025 a
AR 28 239 3.36£0.45b
Jinghongbao 3, 718 22540.11b
32 177 7.95+1.33 a
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28d A BERAEM

TC A% 5 5 R0 20 5 R Bk 4 ) A\ 5 A 885 3 8 T
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TR . 2 A Tokk %V BR L B AR s 7R 8
FO I B IR F v T B AR IR 10 JE L H
H R G 2005 BRI BR & 4 55 9% 10 J& IR
RE R AHILRE WA K, B R E=
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A. Embryogenesis rate/%=no. embryos peeled/no. ovules culturedx 100. B. a-c and d-f respectively represent the embryo development of after 8

weeks, 9 weeks and 10 weeks of in vitro culture of Wuhecuibao (W) and Lihongbao (L) ovules (DAF 28 d). W-8 weeks (W-8) indicated that the

ovules of Wuhecuibao were cultured in vitro for 8 weeks, and so on. a, b. Embryo developed but immature (red circle marker); c¢. Developed embryo
(white); d, e. Both endosperm and embryo are degenerated, and the red circle marks the degenerated embryo; f. Developed embryo. Bars=5 mm.
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Fig. 2 Effects of different in vitro culture time on embryo germination in Wuhecuibao and Lihongbao
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JeA% % 5 Wuhecuibao

RAEA S R
Unhardened ectocarp

A R LA
RT3 A b B B ARREAL

KRE M Unhardened endotesta The endotesta £ R
Developmented is hardener Developmented
embryo than ectocarp il

IEAERLRSL RIS AR
The endosperm is Endosperm
degenerating degradation -

W4 Lihongbao

ARAELL SN
Unhardened ectocarp

IEERHIARTL  ARFLZE4niRAL

KE IR KE MR

The endosperm Endosperm
Developmented . . . Developmented
is degenerating degradation
embryo embryo
ARBEAL T PR B
Unhardened endotestal
—
JAER B A5 5% 8 A JRERES (5577 10 A
Ovule cultured in vitro for 8 weeks Ovule cultured in vitro for 10 weeks

TR RN R IR B A E TR 8 IRAF IR s, 1577 10 J8 JEHRAF IR A et . B EAR N 1| mm.
The ovules of Wuhecuibao and Lihongbao were cultured in vitro for 8 weeks, the embryos obtained were immature. However, after 10 weeks of
culture, the embryos were mature (bright white embryos). bars=1 mm.
El3 FEAEEMMAERKERIES 8 B 10 AREEZRSH

Fig. 3 Analysis of phenotypic differences between 8 and 10 weeks of in vitro culture of Wuhecuibao and Lihongbao ovules
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Table S Polyembryogenesis in embryo rescue of seedless grape

s LRI LA L% PHRAE DAL
Variety Time after flowering/d No. of embryos No. of polyembryony Polyembryonic Proportion of
developed developed rate/% polyembryony/%

Ttz E 28 7 0 0.00 0.00
Wuhecuibao 32 7 0 0.00 0.00

34 37 8 2.52 21.62

36 43 9 2.76 20.93

38 5 1 0.28 20.00
[ EANEE 28 7 1 0.15 14.29
Lihongbao 30 15 2 0.94 13.33

32 22 5 0.78 22.73
AT 28 8 0 0.00 0.00
Jinghongbao 30 16 2 0.28 12.50

32 14 2 1.13 14.29

T 2R B /%= 8 2 IRE IR ER B <100, 2 IR 5 th/%=K & 12 IR 30K & %< 100.
Note: Polyembryony development rate/% = No. of polyembryony / No. of ovule x 100, polyembryony developmented proportion/% = No. of poly-
embryony / No. of developing embryos x 100.
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A ARSI M8 55775 EIW R R 50l . B. JoAZ A 4 I3 Rt B2 i LA RIS TR BRI IR () , O IR (h) , L B R (), 1
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A. Germination and seedling formation of embryos with different forms on M8 medium. B. Embryos of different morphologies appeared in the pro-

cess of seedless grape embryo rescue: globular embryo (g), heart embryo (g), torpedo embryo (t), cotyledon embryo (¢) and malformed embryo (m).
4 FREESEMIELZKEER

Fig. 4 Germination and plantlets formation from different types of embryos

R 6 ARFESHEIR &K E MR TOPSIS E&IE N 947

Table 6 TOPSIS comprehensive evaluation analysis of the development germinated seedlings from different types of embryos

I IEFRAE fif 2 B D+ SR AL fiff 2 B D- AHXT LT C HeFP & R
Embryos morphology Positive ideal solution distance Negative ideal solution distance ~ Relative proximity Sorting result
EKJE I Globular embryo 28.910 13.185 0.313 3

>JEJIE Heart embryo 41.935 0.687 0.016 4

10175 J IR Torpedo embryo 12.735 29.788 0.701 2

TR Cotyledon embryo 0.761 41.979 0.982 1

i FEZ I Malformed embryo 41.986 0.000 0.000 5

3 W ® IAA+0.2 mg- L' 6-BA, 13 2| 1 8w (¥ ik 7 & &

(86.3% ) FIl i 1 K (57.6%) . A W 78 % W] IAA Al

b 55 VR 5 SR AR B AN T 58 35, AR R AR 28
B IR S AR R A 2 5 e R b AT R e 2
BRI 7 H 28 52 37, Singh Z5U7E £8 7T TAA Al
GA; R 2% 52 W A K (%) 52 Wi B s 24 IR 45 RO 2 I
L, 7004 mg- L' IAA+0.5 mg- L' GA, I JIR i 5 R4
3 RDUABE R R R (13.84% ) N4 46 # A I A]
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