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Abstract: This study was to determine the major physiological and biochemical factors affecting

embryo abortion in seedless grape. Two seedless grape varieties, ‘Wuhe Cuibao’ and ‘Lihongbao’, and
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one seeded variety, ‘Cabernet Sauvignon’ (control), were used. Morphological index, physiological and
biochemical change in pulp and ovule were observed and measured at various days after full bloom. Major
parameters related to embryo abortion were determined using principal component analysis and grey
correlation analysis. The results showed that the rate of ovule deformity reached the highest at 36 days
after full bloom for ‘Wuhe Cuibao’ and at 32 days after full bloom for ‘Lihongbao’, at those days the
ovules began to abort. In the three grape varieties, the content of MDA in ovule and the content of soluble
sugar and soluble protein in pulp increased with fruit development. In both seedless varieties, soluble sugar
and protein in ovule reached the highest content during abortion, and then decreased. The activities of POD
and CAT in seedless grapes first increased and then decreased. During abortion, ovule POD and CAT
activities were significantly higher in the seedless varieties compared to the seeded variety, but the
converse was also true for pulp POD and CAT activities. In the seedless varieties, the activity of SOD in
ovule increased significantly before abortion; in the seeded variety, ovule SOD activity increased slowly
with time. The analysis demonstrated that in seedless grape the major factors affecting embryo abortion are
pulp soluble sugar and protein, ovule MDA, ovule soluble protein and ovule SOD. Among them, ovule
SOD activity showed the best correlation with embryo abortion, followed by pulp soluble protein content
and ovule number. This study could provide the theoretical guidance for determining sampling time in
embryo-rescue breeding programs for seedless grape.
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Fig. 1 Dynamics of grape fruit and ovule development in different periods

The different letters mean the difference at the P < 0.05 level of the same cultivar at different development stages. The same below.
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Fig.2 The transverse, longitudinal diameter and volume of ovules and berries during the development
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Table 1 The number of ovules during the development of different types of grapes

TER  JEBRER M T2 JU B W TR 2 1 43 0%
Hud Number of total ovules Number of malformed ovules Percentage of malformed ovules

Sol o =
an?zr full %&3% ng gﬁfﬁet \3751%16% " ng Ziiiizet %Mﬁi NTH@T% gﬁfﬁet
bloom Wuhe Cuibao  Lihongbao Sauvignon Cuibao Lihongbao Sauvignon Wuhe Cuibao Lihongbao Sauvignon
16 157+08¢ 177+0.7a 16.0+0.6d 37+03f 33+07d 27+03a 21.5+14de 188+3.6ef 16.6+1.7ab
20 19.0+ 1.0 be 183+03a 167+03cd 27+03f 23+03d 23+03ab 13.8+18e¢ 12.8+2.0f 141+23ab
24 21.7+2.6 ab 193+09a 160+1.5d 30+£0.0f 4.0+12d 23+09ab 181+1.0e 20.6+6.0ef 145+4.7ab
28 212+19ab 16.7+1.5a 167+0.7cd 50+06ef 43+09d 20+0.0ab 292+24d 255+3.1e¢ 120+0.5abc
32 253+1.1a 193+09a 183+09cd 7.0+06e 40+0.6d 33+03a 263+22d 209+3.6ef 183+21a
36 22.7+1.3ab 16.7+£09a 200+12bc 63+03e 77+03c 20+0.6ab 283+06d 46.1+08d 9.9+28bcd
40 213+1.1ab 163+12a 197+1.7bed 120+12d 9.0+0.6c 1.0+0.6bc 60.8+t14c 552+12d 52+32cde
44 22.8+1.2ab 187+09a 187+13cd 163+12c 150+1.5ab 23+03ab 74.8+28b 79.9+47bc 125+14abc
48 22.5+0.8 ab 177+£09a 227+0.7ab 18.0+£12bc 13.0£1.5b 1.0+06bc 762+54b 732+55¢ 4.5+2.6de
52 21.0+0.8 ab 17.0+1.0a 227+13ab 183+12abc 14.7+0.9ab 0.0+0.0c 859+25a 863xl.6ab Oe
56 21.7+1.2ab 183+09a 23.0+2.1ab 20.7+12a 173+13a 03+03c 90.1+35a 943+32a 17+17¢
60 208+1.0b 177+0.7a 243+03a 19.7+03ab 17.0+12a 03+03c 86.9+22a 96.1+39a 14*l4e

E: ARG FEERIRE — AR R RHIAE P <0.05 KT BA B %25

Note: The lowercases mean the difference at the P < 0.05 level of the same cultivar at different development stages.
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Fig.3 Changes of MDA, soluble sugar, soluble protein content during grape development
The lowercases mean the difference at the P < 0.05 level of the same cultivar at different development stages,

* means the difference at the P < 0.05 level of the same period with control group.
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Fig. 4 Changes of activities of POD, SOD and CAT during grape development
The lowercases mean the difference at the P < 0.05 level of the same cultivar at different development stages,

* means the difference at the P < 0.05 level of the same period with control group.
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Table 2 Characteristic vector and contribution rate of principal components of each indicator

REAIE )
. e . o Characteristic vector
L b T ST LY T4
Position Index Code L L. L
Principal Principal Principal Principal
component 1 component 2 component 3 component 4
KR HLRLF i Single weight k1 0.95 -0.10 -0.09 0.14
Berry 1# 1% Transverse diameter k2 0.98 -0.08 -0.10 0.02
1% Longitudinal diameter k3 0.88 -0.38 0.14 0.08
A Volume k4 0.94 -0.25 -0.11 0.12
FIFG L Fruit shape index k5 -0.73 -0.39 0.37 0.18
A % MDA k6 -0.43 0.49 -0.36 0.26
Plup A MRS Soluble sugar k7 0.88 -0.24 -0.13 0.20
T8 [ Soluble protein k8 0.83 0.09 0.27 -0.13
CAT k9 -0.36 -0.21 0.51 0.50
SOD k10 - 0.64 -0.41 -0.37 -0.06
POD kil 0.49 -0.19 0.38 -0.04
Rk FRLF  Single weight k12 0.14 0.90 -0.25 0.14
Ovule 4% Transverse diameter k13 0.20 0.93 -0.17 0.09
#\4% Longitudinal diameter k14 0.26 0.93 -0.02 0.09
A& Volume k15 0.27 0.92 -0.13 0.09
JERk %K Total ovules k16 -0.59 -0.27 0.06 -0.43
JRERE % Ovule degradation rate k17 0.94 -0.20 -0.04 -0.06
% MDA kI8 0.82 -0.49 0.02 0.09
A MBS Soluble sugar k19 0.60 0.40 0.38 -0.37
T4 & [ Soluble protein k20 -0.15 0.75 0.37 -033
CAT k21 -0.26 0.62 0.22 0.06
SOD k22 0.68 0.36 0.03 -0.20
POD k23 -0.10 0.41 0.61 0.30
FE{E{H Eigen value 9.50 6.10 1.76 1.07
75 ZEDTHR % /% Variance contribution rate 41.29 26.51 7.67 4.63
R 11 DTk % /% Cumulative contribution rate 41.29 67.80 75.47 80.10

51 ERS FEA R ph R, Raie, BLAE, RomBl BRRE. RRTE .
RATEHEEA D EEREE R, N B S8, SOD vitk, HAFEM N 9.50, Ril 7 ETTHREAN
41.29%; 2 EMlo FEGMERTE. WERER. MRS BRI, REREHES, HRHE
ﬁﬁ6m,ﬁm$ﬁ%5mn 3 EAr EEHER CAT 3, HAFEE A 1.76, TTHREN 7.67%:;
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Table 3 Grey relational analysis of physiological and biochemical indicators of grape in different periods

<k 2 Correlation coefficient

DAF kl k2 k3 k4 k5 k6 k7 k8 k9 k10 kIl kI2 kI3 kI4 k15 k16 k17 k18 k19 k20 k21 k22 k23

TNz 16 0.35 045 0.49 0.35 0.67 0.97 0.33 0.46 0.53 1.00 0.37 0.47 0.73 1.00 062 0.50 039 0.42 1.00 0.41 0.48 051 1.00
et 20 0.36 0.51 0.53 0.37 0.62 0.81 0.34 0.45 0.56 0.97 0.40 0.38 0.57 0.67 042 0.80 036 0.44 0.50 0.42 0.39 0.59 0.59
Wuhe 24 0.37 0.52 0.54 0.37 0.61 0.75 0.35 0.46 0.69 0.90 0.48 036 0.53 0.52 (037 0.64 038 0.43 038 0.39 0.58 0.69 0.34
Cuibao 28 0.39 0.53 0.56 0.38 0.63 1.00 0.35 0.53 0.88 0.41 0.47 035 0.51 0.50 (037 0.71 039 0.41 035 0.38 0.50 0.78 0.35
32 040 0.55 0.59 0.39 0.63 0.80 0.35 0.59 0.92 0.43 048 035 0.48 048 (35 0.71 042 042 035 0.38 1.00 0.90 0.35
36 042 0.57 0.57 0.40 0.59 0.86 0.36 0.76 0.75 0.43 0.52 036 0.48 0.49 (035 0.75 0.56 0.45 0.35 0.37 0.62 1.00 0.34
40 048 0.65 0.59 0.44 0.54 0.63 0.36 0.80 0.40 0.41 0.65 036 0.49 049 036 0.75 0.57 0.47 034 0.36 0.56 0.98 0.37
44 0.58 0.74 0.67 0.51 0.55 0.94 0.40 0.97 0.38 0.41 0.60 036 0.49 0.49 (036 0.73 0.69 0.51 034 0.38 0.54 0.96 0.35
48 0.65 0.80 0.70 0.57 0.54 0.68 0.51 1.03 0.39 0.42 0.59 036 0.49 0.50 (036 0.68 0.60 0.63 0.34 0.39 0.48 0.97 0.35
52 0.88 0.88 0.79 0.68 0.55 0.65 0.90 0.99 0.59 0.49 042 036 0.50 0.50 (036 0.88 0.74 0.62 034 0.39 0.43 0.88 0.36
56 093 091 0.84 0.75 0.56 0.49 0.89 0.98 0.59 0.41 0.47 037 0.50 0.51 (36 1.00 0.89 0.69 0.34 0.39 0.54 0.79 0.35
60 1.00 1.00 0.87 0.89 0.55 0.75 1.00 0.96 0.62 0.41 0.50 0.37 0.50 0.52 (37 1.07 0.84 0.71 034 0.40 0.43 0.77 0.35
WaxE 16 0.35 043 0.51 0.34 1.00 0.64 0.34 0.51 1.00 0.64 0.42 0.57 0.87 091 (075 0.62 038 0.46 0.50 0.46 0.51 0.54 0.37
Lihongbao 20 0.36 045 0.56 0.35 0.98 0.86 0.35 0.52 0.35 0.67 0.41 0.54 0.73 0.69 052 0.57 036 0.45 0.40 0.45 0.46 038 0.35
24 0.38 0.50 0.60 0.37 0.77 0.79 0.35 0.58 0.36 0.48 0.59 0.52 0.72 0.68 (.51 0.54 038 0.46 0.35 0.38 0.66 0.43 0.34
28 0.39 0.52 0.60 0.38 0.72 0.56 0.35 0.71 0.40 0.55 0.49 0.47 0.68 0.61 (046 0.74 040 0.44 034 037 0.53 0.68 0.34
32 0.39 0.51 0.63 0.38 0.77 0.59 0.35 0.66 0.43 0.55 0.50 0.44 0.63 0.59 (043 0.61 038 0.48 034 0.37 0.57 0.79 0.34
36 042 0.54 0.64 0.40 0.72 0.56 0.39 0.68 0.34 0.53 0.49 0.49 0.63 0.62 (043 0.56 0.48 0.51 034 0.37 0.41 0.72 0.41
40 043 0.62 0.69 0.45 0.64 0.47 0.42 0.76 0.33 0.53 0.49 0.53 0.73 0.73 0.52 0.59 0.53 0.55 034 0.39 0.48 0.78 0.36
44 044 0.68 0.84 0.52 0.67 0.47 0.47 0.86 0.37 0.51 0.63 0.58 0.90 0.71 064 0.62 0.74 0.57 035 0.42 0.40 0.71 0.37
48 045 0.71 0.83 0.54 0.65 0.66 0.45 0.81 0.44 0.49 0.60 0.63 1.09 0.83 1.00 0.65 0.67 0.64 035 0.43 043 0.71 0.36
52 0.74 0.83 0.92 0.70 0.61 0.57 0.58 0.79 0.52 0.46 0.78 0.70 0.89 0.78 (.70 0.75 0.83 0.91 0.35 0.62 0.39 0.74 0.35
56 0.83 0.90 0.98 0.83 0.60 0.56 0.67 0.76 0.41 0.50 1.00 0.83 1.01 0.85 (.88 0.70 0.96 0.84 0.35 0.71 0.37 0.93 0.38
60 0.89 098 1.00 1.00 0.59 0.49 0.69 0.76 0.38 0.53 0.63 1.01 1.00 0.88 (.94 0.77 1.00 1.00 0.35 0.79 0.41 0.97 0.42

b 0.59 0.72 0.75 0.56 0.72 0.75 0.53 0.79 0.57 0.60 0.59 0.53 0.73 0.71 (.57 0.77 0.63 0.61 0.42 0.47 0.55 0.83 0.43
Herp 14 7 5 17 8 4 20 2 15 12 13 19 6 9 16 3 10 11 23 21 18 1 22
Sequence

TE: DAF: fHJERH. k1 ~k23 REIRARERNE 2.
Note: DAF: Days after full bloom. Representational indicators of k1 - k23 are detailed in Table 2.

3 iR

WETK B A2 VT 2 A4 M A7 AE AR e MEAE T LR (B %%, 2012; Zhang et al., 2015).
BRI (2016) X CRBRE . AAE . ‘EBREAA SN E S SET TR, K
KR K EM B G 28 d; BEERSY (2012) WIRKRIL ‘& M REL)S 20 ~30 d AR E I

B XI5EE (20160 WEFC R & WA SRR, BER 25 T1e)E 38 fil 36 d FHFUEMWE .
ANTRVA] 2 db Fob B R R AE R O BRI AR ], X 2 R B R AR R R AT e . 28
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R4 (2009) BFFRIL ‘AR A T BERERIEGE. PR A KEEREITER)E 34 d B3 &
KAE, ‘FREJETH HEIEE 30 ~33d RERF &R, AN N, R&ARETEKE (Wang et
al., 2016). ‘GHEFLEZ #WEMHERLKE, MEREKAME MM KETLRIFWTL, HIR
BREE AR (GERETE 2%, 2015). BRFURIL, HIAEE R E R0 PL— e R T ok
RIE AR (FER %, 2016). AWAKIMAZEE ARER EAEKKE IR ZREA
RWAE—ENIRMEMSR, HEERKRNERKKE, AZEE RER BRI RIZE T .
TR E M OCAE ERBRZEARSHNNEZE, I T R R R K E
AN, WSEMER K E A, BRYEMNIRG. T, MR . dhah, TR i ds BRI
WA 5 IR ER AT S FRAR K Z A8 — W, BRI RN AL & IR B WG AR i e, 755 FE R
WRERRI SR AR R DA AN IE AR SR S5 B VP, EER AP S RFAE 7] AE A B BREE
REICE 7 Rz —

AL MR AT A Y R YR N AR E R, BAABIERTT . S ESEER (Balic et
al., 2018). FEIRIESE (2008) MITFFRM, EAKKEIH, TEE 5 HZEE NS RN
Htel, BEFMEHBRKZESR . ZEWFHE (2016) X MR AETRHERVT 70N, BEE B
IR E, WEEASEAR N, B RS TS EEQRA s TEZ. KRR, ME 2H
% OCEMEE M AR MERN AR EEAERK BN RERR, MERSERKEKIRAE,
AR B N BRI E A S B ROUTHE R IES, BT R, the
REFARGER (FEkiE %5, 2008; 475 %5, 2016) —3. TZmM TTEFRE M WL
TN K B 5 AZRERL, BREEFRVRR R MBENA T EKRE, A2EMEER
B R, MR, BRI TR, SUTIIGR B BERE TR, RARERE k.

T EIRER . KA A PUE RS A IR S S & B i — e R ERBURICE 3R . #E Lk
GRS (2008) FEFLRIN, PR EEE MBI S A ) S BRI TR S SRR mENT
WE MK, BFEE (201D ARG E AT, Hrial b BvE A B B S & & 038 nay fr47 I
BRAEKKRE, MAEMRKWE, PUANEEEMERK. AREP, EEREE M WaxE mERdm
POD HlI CAT i VEAE MR ERIGCE BEW 51, 7ERERINE 5 B3 PG 3 NS & Bk MDA & &A1
SOD & PG K s, fEAKEH, T4 MDA St EEm a4, H wWax’
JRERH ) SOD i&VELE DAF 16 ~20d W3 T F, fEMIRWE R (f6)5 20~32d) BENIN, M5
AR B N o R BTGB VARG I E Ak ) S R G R B YA %, PUAALEIE R MDA
TEMNF S RAN TR KT, &ESERRE, wiE SR 2R, SraGBigG s Kes g
AN

AR B I 2 A o T RN K B DRI B o A R TG R T R ) R e R TR AT T ORISR, R
JRER SOD v PE S HEMUE R femn, HARSEHRI &R, REE. RYGE. R, Rk,
RATTEMERE SR, RRATEEEASE. WERME R RERN B &8 0 m RS £ H 7,
X — W50 45 SR N 4 T oA i 4 IR 0 ROE PR AR I I e SR 44 T R AR B IR FE 5. X TIRIWE
(1153 PPN R gk SR 78, A I AT T LB K — S PR 5T JE A% 1 & R TR
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