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Abstract: [Objective] Embryo rescue is one of the efficient breeding methods for seedless grapevine.
However, there are many factors limiting a high rate of plantlet generation through embryo rescue like
cultivars used as parents, time of sampling of hybrid fruit, medium for culturing, culture methods, addi-
tion of plant growth regulators, etc. The objective of our studies were to improve breeding efficiency of
seedless grapevine through embryo rescue and to provide the theoretical basis for more accurate sam-
pling of young embryos.[Methods] 8 crosses were made among 7 stenospermic cultivars and 2 seeded
cultivars. The hybrid ovules were removed from fruits and cultured in the medium for further embryo
development. After 10 weeks in dark condition, embryos were picked from ovules and moved to the me-
dium for development and germination. The number of plantlets were calculated after 1 month. Prolifer-
ation of plantlets was conducted in the subcultures to guarantee that every strain could be kept. The
prime seedlings were trasplanted to the pots and the survived plantlets were then planted in the vineyard

after seedling adaptation. GLSP1-569 and SCF27-2000 were utilized to detect seedless gene in filial
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generations. Cytological observation of embryo development and abortion of ‘Beauty Seedless’ was
made using paraffin section and Iron-vitrol hematoxylin hematoxylin staining. Sampling started after
full-bloom stage which was regard as 0 d. Under the natural pollination condition, fruits in different
growth periods of the same cultivar were picked at a sampling frequency of 2 days. At early stages, the
whole fruit was collected. When the ovules could be separated from fruit, they were better choice. Mate-
rials were transfered into Carnoy’ s Fluid (glacial acetic acid: anhydrous ethanol =1: 3) to fix for 24 h,
and then washed with 70% alcohol. After dehydration in different levels of ethanol, clarification in xy-
lol, saturation in paraffin and embedding, materials were kept in paraffin block and then cut at the thick-
ness of 8 to 10 um with paraffin slicing machine. After staining the internal construction of the embryos
were observed with light microscope. [Results] 7 842 hybrid ovules and 468 hybrid strains wrere ob-
tained from 8 crosses through embryo rescue and the average rate of plantlet generation was 5.97%.
Crosses with different females had various rate of plantlet generation. The highest plantlet percentage
(9.48%) was in the cross between ‘Kunxiangwuhe’ and ‘Xinyu’, while the lowest (0.0%) was in the
cross between ‘Centennial Seedless’ and ‘ Crimson Seedless’. There was a significantly high seedling
generation rate of ‘Kunxiangwuhe’ x ‘Xinyu’ than the rate of ‘Sultanina Rose’ x ‘Xinyu’. And ‘Ru-
by Seedless’ x ‘Crimson Seedless’ is significantly high than ‘ Centennial Seedless’ x ‘Crimson Seed-
less” in seedling generation rate. When ‘Kunxiangwuhe’ was used as female, seedling generation rates
varied with crosseswith different male parents (‘Beichun’: 7.35%, ‘Ruby Seedless’: 8.37%, ‘Xinyu’ :
9.48%). The maximum of embryo germination rate and plantlet rate were found: 41 DAP (days after
pollution) in the cross ‘Flame Seedless’ x ‘Kunxiangwuhe’ (66.67% and 7.35%) , 47 DAP in th ecross
‘Kunxiangwuhe’ x ‘Ruby Seedless’ (86.11% and 11.89%) and 55 DAP in th ecross ‘Ruby Seedless’ x
‘Crimson Seedless’ (95.65% and 8.21%). Embryos generated from the combination ‘Flame Seedless’ x
‘Kunxiangwuhe’ and ‘Ruby Seedless’ x ‘Crimson Seedless’ produced more seedlings on solid medi-
um, while no significant difference was found between the seedling rates of embryos generated from the
combination ‘Kunxiangwuhe’ x ‘Beichun’ regardless of whether they were cultured on solid medium
or on solid-liquid medium. GLSP1-569 could be applied to detect seedless gene of hybrids generated
from the crosses with ‘Flame Seedless’ as female parent. SCF27-2000 should be used to test the hy-
brids in the crosses with ‘Kunxiangwuhe’ ‘Rudy Seedless’ ‘ Crimson Seedless’ and ‘Sultanina Rose’
as females parents. The process of embryo development of ‘Beauty Seedless’ began at the stages of
dormant period, over dyad, tetrad and octant period, and stopped at globular embryo stage. So the em-
bryo of ‘Beauty Seedless’ was aborted on 38 days after flowering.[ Conclusion]Female genotype had a
more significant effect on the rate of embryos formation and rate of plantlet generation in embryo res-
cue although male genotype also affected the result to some extent. ‘Kunxiangwuhe’ and ‘Ruby Seed-
less” were superior for being used as female parent in seedless grape breeding. The sampling times for
highest embryo germination rate and plantlet rate varied with female parents. The media also varied
with female parent. When the ‘Beauty Seedless’ was collected as the female parent for the hybridiza-
tion, the optimum sample time was 34-36 days after flowering.
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Table 1 Influence of different parent genotype on embryo rescue

Va=ES N3 J T %

Ty BRSSO A * I ot
Cross combinations No. of ovules No. of plantlets Percentage of embryo  Percentage of embryo  Percentage of

’ -OtP developed/% germinated/% plantlets/%
KIGT R~ AT 1147 41 9.68 62.16 3.57
Flame Seedless x Kunxiangwuhe
ARRED/W /S RiE (/W 2302 121 10.38 89.12 527
Ruby Seedless x Crimson Seedless
T A% X oL 5 B AR G A% 388 0 3.35 15.38 0.00
Centennial Seedless x Crimson Seedless
B AYIEIRA 139 4 12.23 70.58 2.88
Fantasy Seedless x Flame Seedless
RA L5 A L 2234 187 19.56 83.52 8.37
Kunxiangwuhe x Rudy Seedless
EA AL 1142 84 22.76 68.07 7.35
Kunxiangwuhe x Beichun
B TEAZ < HH 211 20 27.96 64.41 9.48
Kunxiangwuhe x Xinyu
LLTCHE FB 279 11 12.90 55.56 3.94
Sultanina Rose x Xinyu
A1l Total 7842 468 14.94 76.45 597
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Table 2 Effect of sampling time on embryo rescue

- URE B MR MEEH sy WERER JIRHA % -
\ 228
M E ﬁﬁ] H Aﬁﬁ CH2H J I 1)) BRE No. of RS Percentage of Percentage of R
N Pollination S . No. of Percentage of
Cross combinations date Sampling time (Time No. of embryos lantlets embryo embryo lantlets/%
after pollination)/d  ovules developed p developed/%  germinated/% p 0
KIETE < B Tok% 5H15H 38 252 13 3 5.15¢ 53.85¢ 1.19d
Flame Seedless x May 15 th 39 247 14 9 5.67d 37.51d 3.64b
Kunxiangwuhe 40 280 26 10 9.29b 57.69 b 3.57b
41 304 39 15 12.83a 66.67 a 735a
42 256 19 4 742¢ 4736 d 1.56 ¢
[EECS W AR Eb W] SH14H 47 555 108 66 19.46 ¢ 86.11 b 11.89a
Kunxiangwuhe x Rudy May 14 th 48 30 4 2 1333 ¢ 100.00 a 6.67 be
Seedless 49 194 31 15 15.98 d 80.65 b 7.73b
50 486 105 39 21.60 a 87.61b 8.02b
51 344 73 24 2093 a 79.17b 6.98 be
AFALImALEZ  SH1TH 53 450 55 22 12.22b 89.09 b 4.89b
Ruby Seedless x Crimson ~ May 17 th 54 326 22 14 6.75d 95.45a 429b
Seedless 55 195 23 16 11.79b 95.65a 821a
56 420 37 22 8.81¢ 86.45 ¢ 5.24b
57 210 29 17 13.81a 89.66 b 8.10a
W ARFNG FRERTE 0.05 K EEREZE. FH.
Note: Different small letters indicate significant difference at p < 0.05. The same below.
3 RABEFREESHEREENEZMN
Table 3 Effect of different phase medium on the rate of plantlets
Aschle SETR AR EH&? 1 Iﬂfﬁfﬁb I)zIEEE%I ?ﬁﬁﬁ f emb ?ERE% £
CI‘OSS combinations Medium phase 0. oI ovules 0. oI embryo 0.0 ercentage Ol embryos ercentage (0]
cultured developed plantlets  developed/% plantlets/%
KNG TN > B To A% il 46 105 16 5 1524 a 476a
Flame Seedless x Solid medium
Kunxiangwuhe [ XA 105 7 1 6.67b 0.95b
Solid-liquid medium
B A To A%< B il [l #H 105 31 10 29.52a 9.52a
Kunxiangwuhe x Xinyu Solid medium
[T XA 105 28 10 26.67 a 9.52a
Solid-liquid medium
2L A TR v S AR A% [ FH 105 40 13 38.09 a 12.38a
Ruby Seedless x Solid medium
Crimson Seedless [#] 9 XUAH 105 22 5 20.95b 4.76b

Solid-liquid medium

M G1 G2 G3 G4 G5 G6 G-7

569 bp —»

M. Marker; G-1. At ; G-2. LK 55 s G-3. A ol s G-4. SEIAR TN s G-5. KN G-6. BRAEF M G-7. AT A L.
M. Marker; G-1. Beichun; G-2. Sultanina Rose; G-3. Fantasy Seedless; G-4. Crimson Seedless; G-5. Flame Seedless; G-6. Kunxiangwuhe; G-7.
Ruby Seedless.
Bl 1 FHHFRE GLSP1-569 X E A #4894
Fig. 1 Detection of seedless gene in parent materials via GLSP1-569 probe



36 xR i)

363

M. Marker; 1. KMEGTCAZ; 2. R ToMZ; 3~32. AT/ R 1-1~1-30.
M. Marker; 1. Flame Seedless; 2. Kunxiangwuhe; 3-32. Hybrids from 1-1 to 1-30.
E 2 GLSP1-569 3t XIATAZ x* RETLZ F# X EK TZ K8+

Fig. 2 Detection of seedless gene in filial generations of ‘Flame Seedless’ x ‘Kunxiangwuhe’ via marker GLSP1-569

SCF27-2000 %} 7 /oA ke i 25 SRR B, < s ARG

BN R RAE T AEA L W

2 000 bp [F14F 7 M 2% (13 . Ak, SCF27-2000 7]

2000 bp —>

T iX e m R R 2 A2 e RITC R MEIR e .
2.4.4 SCF27-2000 %t < & & o #” x < dbBg” 4+ 5 X
A MK A9 A M o bR id SCF27-2000 %) ¢ B A

M. Marker;S-1. AL ; S-2. ToHti AR A% 5 S-3. W Tk s S-4. L TCHF T 3 S-5. KIATHE 5 S-6. RABETCHN:S-7. AEH Tk
M. Marker; S-1. Beichun; S-2. Crimson seedless; S-3. Fantasy Seedless; S-4. Sultanina Rose; S-5. Flame Seedless; S-6. Kunxiangwuhe; S-7. Ruby

Seedless.

3 THHRIE SCF27-2000 X 3% A 44 #8946

Fig. 3 Detection of seedless gene in parent materials via marker SCF27-2000

Totz” < CAREE 1 4 22 Ja AR I 45 S B, 2 A DU
)76 ANtk R A, 3L 59 MR R Y1 H 2 000 bp 1)
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(Ha,

2.4.5 SCF27-2000 % “ 2 & LAZ x4 2 & LM 3
B R LA ARG m  TokEbRid SCF27-2000 X}
CERET < AEATRL MR G R g5 R &
WY, FERE IR 132 MRk &R, 5 65 MR R Y I

21994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

2000 bp [RFRF 57 2717, W20 g X 65 MR R A A T
AR (- S .
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 000 bp —»

M I 2 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
2 000 bp —»

M 1 2 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
2 000 bp —»

M 1T 2 69 70 71 72 73 74 75 76 78
2000 bp —»

M. Marker; 1. A ;2. 0 :3~78. 2528 J5 4K 2-1~2-76.
M. Marker; 1. Kunxiangwuhe; 2. Beichun; 3~78. Hybrids from 2-1 to 2-76.

& 4 SCF27-2000 3F‘ B & T4z "< LB "2 32 m R LAz IR R 48]

Fig. 4 Detection of seedless gene in filial generations of ‘Kunxiangwuhe’ x ‘Beichun’ via marker SCF27-2000

25 ‘EmMkE% BREAERMETHIE

WE 7 HR, B & FAERIE )G 0~
11 d & FARIRIR S (B 7-A), 12 dIRER & T IF 86 43
H(E7-B), 18 d il Mg 3 — 04k (B 7-C), 22 d M %2
FIPY 534k (B 7-D) , 26 d MEL RN )\ /344 (K1 7-E),28 d
JE W R NERIE IR (B 7-F) , 38 d Ja IR JFGa & (&
7-G), B Ja MR E T 2k (B 7-HD . Wi ¥ 8
R FLAZAETE T 0~5 d &b TARBRIRZS (B 8-A) , 6 d J&
Fria 24 (FE 8-B) , b i B W 9 in , 28 d A 78
Wi E (] 8-C~E) , 34 dIEFLIF 4 B (K 8-F) , fix
LSEAIE T K, IR REE T 4 45 (B 8-G~HD . %5 |,
CEMNICAZ T REFL I o 24UE I R B I S TR TR
R FLIZ A B, I T 165 38 d FF AR E -

21994-2019 China Academic Journal Electronic Publishing House. All rights reserved.
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

M 1 2 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46

2 000 bp —»

M 1 2 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

2000 bp—»

M 1 2 6970 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 8 87 88 89 90

M 1 2 91 92 93 94 95 96 97 98 99 100101 102 103 104105 106 107 108 109 110 111 112

2000 bp

M 1 2 113 114 115 116 117 118 119 120121 122 123 124 125126 127 128 129 130 131 132 133 134

2000 bp

M. Marker; 1. RRE T 2. 0547 k% 5 3~134. 2828 S5 4K 3-1~3-132,
M. Marker; 1. Kunxiangwuhe; 2. Ruby Seedless; 3-134. Hybrids from 3-1 to 3-132.

El 5 SCF27-2000 31 REELZ x AERA T X ERTZEREEN

Fig. 5 Detection of seedless gene in filial generations of ‘Kunxiangwuhe’ x ‘Ruby Seedless’ via marker SCF27-2000

LG R R EET 4%, AEREREAMEL W2 RSP R IE S B R WA — 2 K.
JEAENACA . LA WA, bR ‘45 A SRR I 3 5 2% b R B 3 IR 19 % B RE L S OB
A% AR NI H G R WA 25, 5 G B 206 IR R E MR R i R R, AR

21994-2019 China Academic Journal Electronic Publishing House. All richts reserved. http://www.cnki.net
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M | 23 4 5 6 7 8 910 11 12 1314 15 16 17 18 19 20 21 22 23 24
2000 bp —»

M 1 2 2526 27 28 29 30 31 3233 34 35 36 37 38 39 40 41 42 43 44 45 46
2000 bp —>

M 1 2 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
2000 bp —»

M 1 2 69 7071 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
2000 bp —» et e et o et et b et et

M. Marker; 1. ZLE A1 Jo#%: 2. SeHi AR Jok%: 3~90. Z8 38 f5 AR 8-1~8-88.
M. Marker; 1. Ruby Seedless; 2. Crimson Seedless; 3-90. Hybrids from 8-1 to 8-88.
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Fig. 6 Detection of seedless gene in filial generations of ‘Ruby Seedless’ x ‘Crimson Seedless’ via marker SCF27-2000
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A. Hypnozygote (0 d after full blooming); B. The initial division of the zygote (12 d after full blooming); C. The dyad (18 d after full blooming);

D. The tetrad (22 d after full blooming); E. The octant (26 d after full blooming); F. Small globular embryo (28 d after full blooming); G. The be-
ginning of embryo abortion (38 d after full blooming); H. Empty embryo sac without embryo (48 d after full blooming).
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Fig. 7 The process of embryo development and abortion of ‘Beauty Seedless’
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A. Free nuclei (0 d after full blooming); B. Free nuclei dividing (6 d after full blooming); C. Increasing endosperm cell (10 d after full bloom-
ing); D. Increasing endosperm cell (16 d after full blooming); E. Embryo-sac filled with endosperm cell (28 d after full blooming); F. The beginning

of endosperm abortion (34 d after full blooming); G. Abortive endosperm (44 d after full blooming); H. Empty embryo-sac without endosperm (52
d after full blooming).
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Fig. 8 The process of endosperm development and abortion of ‘Beauty Seedless’
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