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Abstract: [Objective]Grape, especially wine grape breeding through crossing is a time consuming pro-
cess. Selection of superior lines from F, progenies through fruit character evaluation in early stage is im-
portant for breeders. The main purpose of this paper was to explore the method of selecting superior
lines from F, generation of wine grape based on fruit quality evaluation and cluster analysis.[Methods]
The mature fruits of 69 F, generations from two crossing combinations of ‘2-1-3"x“Areni” and ‘2-1-
37 x ‘Ruby Cabernet’, three parents (‘2-1-3” “Areni’ and ‘Ruby Cabernet’) and two control varieties
(‘ Cabernet Sauvignon 685’ and ‘Merlot 181") were used as materials. The vines were all grown in the
vineyards of Pomology Institute, Shanxi Academy of Agricultural Science in Taigu, Shanxi Province.
During the periods of August to October in 4 years (2013—2016), the fruit quality indexes of berry
weight, the ratio of peel to pulp, soluble solids (SS), titratable acid (TA) content, pH value, juice yield
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of fresh fruit were measured according to the conventional method. The samples were frozen using lig-
uid nitrogen and stored in an ultra-low temperature freezer. The contents of phenolic compounds in
peel, pulp and seeds of berries were analyzed for 4 years according to colorimetric method. Then princi-
pal component and cluster analysis was performed based on the 4 years’ data of 22 fruit quality traits to
select superior lines. [Results] There were differences in the 22 fruit quality traits among 74 materials.
In the crossing combinations of ‘2-1-3"x“Areni” and ‘2-1-3’x ‘Ruby Cabernet’, the fruit characteris-
tics of F; progeny were quantitative traits with continuous distribution. There was no individual in the F,
progenies, of which the value of the total phenol content in the peel was somewhere in between the two
control varieties ‘Cabernet Sauvignon 685" and ‘Merlot 181, while there were 1 to 36 individuals in
the F, progenies, of which the values of the other 21 traits were somewhere in between the two control
varieties, and the value of tannin content in the peel of 31-5-2-2 strain was exceptionally in between the
two control varieties. Principal component analysis performed on 22 quality indexes of 74 materials
showed that the contribution rate of the first 4 main components were 32.26%, 26.25%, 15.20%, and
11.58%, respectively, and the cumulative contribution ratio reached 85.28%. The 22 fruit quality index-
es of 74 materials could be simplified to these 4 principal components for comprehensive evaluation of
the fruit quality. The four principal components were the composition factor 1 of the phenolic substanc-
es in the peel, the composition factor 1 of the phenolic substances in the seed, the composition factor 1
of the fruit quality, and the composition factor 2 of the peel quality. According to the principal compo-
nent value, the fruit quality of 31-5-2-1 was closest to that of ‘ Cabernet Sauvignon 685’. According to
the 22 fruit quality indicators, cluster analysis of 74 materials showed that the 22 fruit quality indicators
of 44-6-7-1 and 44-6-3-6 was closest to that of ‘Cabernet Sauvignon 685’ and ‘Merlot 181°, respec-
tively. According to 4 principal components, cluster analysis of 74 materials showed the 31-5-2-1 and
44-6-3-4 was closest to that of ‘Cabernet Sauvignon 685’ and ‘Merlot 1817, respectively. Based on the
results of the principal component analysis and the cluster analysis, 31-5-2-1 and 44-6-7-1 were select-
ed as two optimal lines. The average berry weight of the two superior lines were slightly larger than
those of the control varieties, the ratio of the peel to pulp was in between the control varieties; the titrat-
able acid content of 44-6-7-1 was higher than those of the control varieties, while the juice yield of 31-5-
2-1 was the lowest. In 44-6-7-1, the contents of the total phenols, procyanidins and total anthocyanins
in pericarp, procyanidins in pulp were higher than those of the control varieties, while the contents of to-
tal phenols and tannins in pulp and seeds were in between the control varieties. In 31-5-2-1, the con-
tents of total phenols and tannins in peel, total flavonoids in pulp were significantly higher than those in
the control cultivars, while the contents of proanthocyanidins in peel, total anthocyanins, tannins in pulp
and seeds were significantly lower than those in the control cultivars.[Conclusion] The comprehensive
application of principal component analysis and cluster analysis based on quality properties could sim-
plify the evaluation indexes of fruit quality of hybrid offsprings of wine grape. Based on this, compre-
hensive evaluation of hybrid progenies of wine grape and selection of superior hybrid lines could be
used as reference method for selecting new wine grape lines in the future.
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Table 1 The name and code of the tested F, progenies

Nz I FRAVEE 7 i~z F AR Nz F AR ez F AR INT RNV
Code F, Name Code F, Name Code F, Name Code F, Name Code F, Name
1 14-5-6-5 15 44-2-9-5 29 31-5-2-1 43 44-6-4-1 57 44-6-7-1
2 44-2-1-7 16 44-2-1-3 30 31-5-2-2 44 44-6-4-3 58 44-6-7-2
3 44.22-1 17 44214 31 31-6-1-2 45 44-6-4-4 59 44-6-7-5
4 44-2-2-8 18 44-2-1-5 32 31-6-1-4 46 44-6-4-5 60 44-6-8-1
5 44-2-3-3 19 44-2-2-4 33 31-6-2-1 47 44-6-4-6 61 44-6-8-2
6 44-2-3-7 20 44-2-4-6 34 31-6-1-5 48 44-6-5-2 62 44-6-8-3
7 44-2-4-4 21 44-2-4-7 35 31-5-1-1 49 44-6-5-3 63 44-6-8-4
8 44254 22 44-2-5-3 36 44-6-2-6 50 44-6-5-4 64 44-6-8-5
9 44257 23 44-2-6-1 37 44-6-2-8 51 44-6-5-5 65 44-6-8-6
10 44-2-6-1 24 44-2-4-3 38 44-6-3-1 52 44-6-5-7 66 44-6-9-2
11 44-2-6-2 25 14-5-7-3 39 44-6-3-2 53 44-6-6-1 67 44-6-9-3
12 44-2-8-3 26 14-5-6-4 40 44-6-3-4 54 44-6-6-3 68 44-6-9-4
13 44-2-8-4 27 14-5-9-2 41 44-6-3-6 55 44-6-6-5 69 44-6-9-5
14 44-2-8-6 28 31-5-1-2 42 44-6-3-8 56 44-6-6-6
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Table 2 Factor analysis of 22 fruit quality characters of 69 hybrid F, progenies, their parents and the control varieties

PEAR HIARWT HF2ARWT HIANT HANNT
Characters Factor 1 Factor 2 Factor 3 Factor 4
KL B Average weight 0.010 611 -0.002 700 0.007 382 -0.009 940
SRIEFE 4L Fruit shape index 0.000 857 -0.000 280 -0.000 043 -0.001 250
JZ A LE Ratio of peel to scarcocarp -0.000 740 -0.001 830 0.002 127 0.018 223
R/ 52 (30 A £ Peel /Fruit (30 fruit fresh weight) -0.028 890 -0.074 620 0.117 474 0.778 750
A ¥ [E T4 Soluble solid -0.121 200 0.029 684 -0.015 519 0.097 263
A]¥i% 72 % Titratable acid 0.014 075 -0.005 360 -0.014 201 -0.000 910
[#]1# Et Ratio of soluble solid to titratable acid -0.744 970 0215976 0.501 637 0.158 148
pH{E pH value -0.017 850 -0.001 220 0.015518 0.004 210
Hi¥1 % Juice yield 0.069 905 0.187 737 0.585 117 -0.515 470
. 7 .1} Total phenolics in peel 0.400 111 0.050 579 0.365 903 0.192 251
1% #.5 Total tannin in peel 0.269 229 0.051 402 0.260 890 0.159 445
H R 1528 55 Total flavonoid in peel 0.104 427 -0.008 520 0.096 043 0.014 742
J R R ¢ 4% Proanthocyanidin in peel 0.076 753 0.004 885 0.063 050 0.061 955
Sz A€ 5 EF Total anthocyanin 0.394 269 -0.039 820 0.345 456 0.119 086
HLIALE ) Total phenolics in scarcocarp 0.002 510 -0.000 290 -0.000 143 0.009 263
S IA #1.7* Total tannin in scarcocarp 0.001 040 -0.000 730 0.000 111 0.006 826
F A I 28 i Total flavonoid in scarcocarp -0.000 530 -0.000 970 0.001 161 0.003 235
F AR AE 45 Proanthocyanidin in scarcocarp 0.000 223 0.000 067 0.000 125 0.000 390
Fl-F K. Total phenolics in seed 0.097 653 0.650 034 -0.160 950 0.081 585
¥ 597 Total tannin in seed 0.083 778 0.569 242 -0.151 788 0.060 394
Fh¥ B2 5 Total flavonoid in seed 0.050 867 0.397 370 -0.089 510 0.042 874
Fh-F JF {6 (4. 2 Proanthocyanidin in seed 0.003 302 0.015 903 -0.003 266 0.003 182
FFHER Eigenvalues 77.315 62.899 36.424 27.748
TTRAZ Contribution ratio/% 32.260 26.250 15.200 11.580
STk % Accumulative contribution ratio/% 32.260 58.510 73.710 85.280
#z3 EHEESHBRT REDRSS’ EFK181EEMNEREER A

Table 3 Comprehensive principal component value rank of wine grape F, progenies
51 ERSY 2 ERGY 3 ERSY 4 ERSY RSy
The first PC The second PC The third PC The fourth PC Total
44-6-3-6 31-6-2-1 44-2-1-4 14-5-6-4 31-5-2-1
44-6-9-3 31-5-2-1 31-6-1-5 44-6-3-1 44-6-3-1
44-2-4-3 44-6-4-6 44-6-6-5 44-6-7-1 44-6-5-3
44-2-8-6 31-6-1-4 31-5-2-1 31-5-2-2 44-6-6-5
44-6-5-4 44-6-5-2 44-6-4-4 44-2-8-3 44-2-4-7
44-6-5-3 44-6-5-4 31-6-1-2 44-6-4-5 44-6-5-5
44-6-3-1 44-6-6-6 44-6-3-4 44-2-6-2 44-6-8-5
44-2-6-1 44-2-8-6 44-2-5-4 44-2-1-5 44-2-4-3

44-2-6-2 5 FAAAY FEEHIE(E 6).
24 2MERMRI@RMERS

HRAE 32 170 0 A AR 2800 M, 45 H TR] R
WM&, fiiise AL &R 2 4> :31-5-2-1.44-6-7-1, H1 31-
5-2-1 55 2.3 F4rE B FE S EMEY S IREEk 6857
i, 4 N EERESIT S IREZR 685" IEE
T, 44-6-7-1 111 22 N Fh T da bR 5 IR EE Tk 6857 i

ko 2 AL R 500 R A I SRS R sk 4 fr
TNo 44-6-7-1 FRLPTE> ‘F K 1817.31-5-2-1>° I
BBk 6857 (p < 0.05);:2 MER KL R =T 3%
SR1817 AH R AT AR Bk 6857, 11 W] I M [ T
MEaEESNEMMILEEER. 44-6-7-1 v € MR
RS RE IR 6857 >31-5-2-1. £ K 1817 (p <
0.05),44-6-7-1 fil 31-5-2-1 [HFR b & F KT £ %
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Table 4 Comparison of fruit quality traits between control varieties and superior lines which was screened out based on

principal component analysis and cluster analysis

(riij;acters 31-5-2-1 44-6-7-1 iiie?gssauvignon 685 l\gijfloltslli% 1
SEH KL Average mass/g 1.524b 1.655a 1413 ¢ 1.509 b
I F6 £ Fruit shape index 0.599 b 1.037 a 1.071a 1.000 a
JZ AL Ratio of peel to scarcocarp 0.301 b 0.282 b 0.381 a 0.252 ¢
SR/ RS2 (30 KL HD Peel/Fruit(30 fruit fresh mass) 22321b  20.150c  24.326a 18.366 d
HVA LI TE 4 Soluble solid/% 20913b  23.155a  21.515ab 22.255 ab
AT 5E 2 Titratable acid/% 0.596 ¢ 0.827a  0.751b 0.576 ¢
[ Lt Ratio of soluble solid to titratable acid 35223b  30.084c¢  32.107 be 40.100 a
pHE pH value 3.460 b 3.297 ¢ 3.530b 3.780 a
72 Juice yield/% 63.153¢c  71.757a  67.348b 71.188 a
7 ST} Total phenolics in peel/(mg-g") 124212 12.855a  10.147b 10.193 b
% ¥ Total tannin in peel/(mg-g") 9.674 a 8.250b 6.303 ¢ 6.195¢
- F7 15 5 H i Total flavonoid in peel/(mg- g™) 5.063 b 4.775¢ 3.239d 5778 a
3 JF 4% £ 3% Proanthocyanidin in peel/(mg-g") 0.766 d 1.765 a 1.377b 0.994 ¢
R A8 (B Total anthocyanin/(mg- g™ 3871 ¢ 6.151a 5.278b 6.035a
R ALEL® Total phenolics in scarcocarp/(mg- g ") 0.325b 0.298 b 0.464 a 0.262 ¢
J P H#.9* Total tannin in scarcocarp/(mg-g™") 0.178 ¢ 0.240 b 0.309 a 0.196 ¢
A S 2534 Total flavonoid in scarcocarp/(mg-g') 0.094 a 0.047 ¢ 0.075b 0.021d
A AE (1 2% Proanthocyanidin in scarcocarp/(mg-g") 0.011b 0.019 a 0.015 ab 0.010 b
T 5.} Total phenolics in seed/(mg-g™") 1.855¢ 2.819b 1.978 ¢ 4.981a
F-F- .7 Total tannin in seed/(mg-g") 1.405d 2.327b 1.835¢ 4.778 a
FhF K28 B Total flavonoid in seed/(mg-g™) 1.014 ¢ 1.342 ¢ 1.834b 2432 a
1 JF4E 2 % Proanthocyanidin in seed/(mg-g™) 0.096 ¢ 0.105 ¢ 0.170 b 0.221a

T [FATANEING FAERIRAN ) i F eIt 2 ) 22 7 83 (p < 0.05).

Note: Different small letters in the same line meant significant difference among varieties or superior lines at 0.05 level.

1817 ,(H5 “ JREZER 685 LR E % R . 44-6-7-1 fl
“EIR 1817 VT E > SRR BR 6857>31-5-2-1(p <
0.05), 11 55 5% 1817 eyt pH>“ 7R EEEk 6857 .31-5-2-
1>44-6-7-1(p < 0.05) . 2 MEARR K LM T ER
T IR AR, 31-5-2-1 B 5 B>44-6-7-1> X1 1§
mn P, IR 1817 R T IH F fE> 31-5-2-1>44-6-7-
1> REZRR 6857 ,44-6-7-1 JFAE (R & B> R Tk
6857 > 4K 1817 > 31-5-2-1, 1fj 44-6-7-1. ‘ &k
1817 e 01 & B> R Bk 6857> 31-5-2-1(p <
0.05) . ‘ FREZER 685 A B & B >31-5-2-1.44-6-
7-1> 3£ 0K 1817, ‘AR ERER 6857 HL T F S >44-6-7-1>
“ZEIR 1817 .31-5-2-1,31-5-2-1 WK IE & &>
STk 6857>44-6-7-1> £ 4K 1817 (p < 0.05), 1M 2 4>
MAFREECRTESHRAMEEEEZR. T
By RPN, 3208 1817 BBy & E>44-6-7-1>“ R
Bk 6857 .31-5-2-1, ‘ K 1817 Hu 7 & B >44-6-7-1>
‘IRESER 6857>31-5-2-1, 1M “ & 5K 1817 & R 25 i Al

JRAET RS> R Bk 685> 31-5-2-1.44-6-7-1
(p <0.05).

3 1w

H 1952 4F LIOK, JE 7 R 2f K D2 R L
RAE M RIS TT IR W 56 AN ERI
w0 R A RO TR A A L AR A
LA (BB R R o B K R E R STk
B 7% FLBR I A 4 b R ade 7 A G £ ] R0 S A
PRI AT B, T BRI AR 2 B SR Bk O PR IR AT
W, 59 R 7 EE IR A A 4R AR B AR
SR BT DA 460 46 W Ak B N RS LR
bl FHEE N R A% o iSO B I TR ] ) A2 2R IR
] 2] TS F) R B SRS i oL 42 5 P D R
U0 SRORE RN BEK LE A B SR BE KT Hh g S o
1 0 T T S R i I SR SR R B R
12 09 B0 1 SRS, i DA ] o S 3 o R S A B A
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LT ATV PR R & 5 AT R R RSy
KR 22 WS R AR AR, 22 NMERER — &
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LA FARE A bs 55 SR AR LU 2 5, A FE
s 22 S PEAN ], DRLEAS e 147 SRR FH SR — FR AR Bl 2 A
Fa bR B R S S R IE RV, R LR 2
AN Fi B e AR 20 B WA AR LS (8T e bm (2
Rl , TE MR TR A6 48 A 1] 6 2R 1R [RD B 76 40 SR I
SRV IR 7o RO e B el LK 2 AN R AR R
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HoRE 22 /NERIP R & T AR AR TR AR 4 A E Y 4
ANERT R 7RG R 8528% 15 B &, HF
FEEE 1 s RV R 7 DFIEE 2 £
g3 8 OBy R 5 44 R ) AN A2 B Bk 4, 75
BP0 34 F R R R RS E
KT o 255 % R oy i, S HUE X R AT
CTREEER 6857 ‘AR 1817 E A AL 2 N H
RERNRASH . MR S E K R I M i ik
) 2 AR S VA 85 73 BT R 5 2843 BT R B B B
F 2R i AR 07 34 TR VS 4] 5 A A P R ARk T —
Jiid, R4 JE BRI ) B RS AR P A ik
e R PR BBl 2= B AR HE o

Q-1-3"xBIHIJE 7L 2-1-3" < “FAMREL 2 A
PR 7 28] 2 X H A 69 A F AR SE i F8 br 5 0%
A KR SRR 2 5, AR A B —FEAR VRN FOARR
SR . ER A HTRE 22 AN SR SR AR AL R 4 A4S
F A, Bt vk Ik 85.28%, 1] LLLEA VR 5L
m VIR o MRS 4 S E R E AN 22 AN SR TR b
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