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Genetic Variation Analysis in F, Population from
Autotetraploid Grape Hybrid
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Abstract: Breeding for tetraploid hybrids has become an optimal strategy in grape breeding. In the present
study, we deployed 20 morphological traits and 25 simple sequence repeat ( SSR ) markers to access the genetic
diversity of 278 genotypes. These materials contained four grape varieties ( Muscat Hamburg, tetraploid Muscat
Hamburg, Kyoho and Hybrid F, Jumei by crossing of Kyoho and tetraploid Muscat Hamburg ) and 274 individuals
from Jumei's F, population. The morphological variation analysis revealed the average Shannon information index
and the average Nei's genetic diversity index of 1.14 and 0.62, respectively. The coefficient of variation of 14
traits was higher than 20% and significant correlations were found among some characteristics. Prostrate hairs
density of lower side of young leaf was significantly positively correlated with Hairs density on internode of shoot
(r=0.203 ) and Prostrate hairs density of lower side of mature leaf (1=0.128 ). By principal component analysis
(PCA) and cluster analysis, the morphological traits showed eight principal components ( PC1-PC8 ) explained
approximately 60.99% of the total variance of the 278 genotypes, and the first three major PCs contributed to
approximately 30.08%. The two-dimensional graph of PC1 and PC2 directly reflected the similarity between
the phenotype of F, population and its parents. The cluster analysis of 278 materials based on 20 morphological
traits resulted in four main groups. Further genetic variation and diversity evaluation in 278 grapes materials

was done using 25 SSR markers. 127 bands totally were generated by 25 SSR markers using PCR amplifcation,
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including 52 polymorphic fragments. SSR analysis indicated, in the population, the average polymorphism

information content ( PIC ) value was 0.26, the average Nei's genetic diversity index was 0.32, and the average

Shannon information index was 0.49. The result showed that these SSR markers were able to distinguish genetic

variation among genotypes. The SSR cluster analysis based on UPGMA illustrated that the similarity coeffcient

ranged from 0.38 to 1.00 and cluster analysis in 0. 47 similarity coeffcient can divide 278 grapes genotypes

accessions into five groups These results based 20 morphological traits and 25 SSR markers would be valuable

for genetic diversity analysis and helpful in breeding selection. PCA and clustering analysis revealed that most of

tetraploid F, individuals were similar to Jumei ( F, ). The remaining individuals showed genetic differentiation

with their parents, and they served as good materials for future selection and breeding for new tetraploid grape

varieties.

Key words: tetraploid grape; F, population; morphological traits; SSR markers; genetic variation; clustering

analysis
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Table 1 Grading scales of the morphological traits in grape

Gie Ptk I

No. Traits Grading scale

1 WAL 1 G 3 2fkIT 5 45kIF

2 TR L R SRR 1 Feai i 3 i 5t 7%

3 AR SRR 16 2B L 3 5REL 4 WA

4 Lyt LR 1 Ea 3 4% 5 Z0bR ERTLEARG)

5 A AETT R R 1 FeEik 3k 5t 7R 9 MR

6 Lt B 1 Jeakiih i 3 i 5t 7% 9 e

7 A MR AR T T AR 1 2V 3 4 44 5 ek

8 B I | 2R R 1R 2% 3 4 %

9 A 1 RS AR 1U JE 2VIE

10 I AR S 1 Ik 2 ik 3 Ik 4 52Tk 5HE

11 IR TP AT A B T AR 1UJE 2VIE

12 TGP I R A A 1 BRI 2 Bk

13 it I 2N 2 WU 3 By 4 — {0 Yy 5 WM SRS A

14 T R TR 1 TEE i 36 5t 7% 9

PCR J O #2 J¥ 47: 94 °C 48 1k 5 min; 94 °C A8 Pk
455.52~61 CiE K 455,72 CIEAH 45 5, 35 PMEH;
5 72 CCIEMH 10 min, 4 CIR-AE. § P YI7E 12%
A SR D TR P58 5 v LUK A B, AR S f £, B
o R R,
1.4 ZUESDH

FIFH SPSS 17.0 B A XHE 2 28 MR 47 25 7
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Table 2 The phenotypic variations on multiple traits between both parents
(7, ﬂl (7,
At Egi itk ﬂgi
i PR Wity =Y EX || #5 62N A . g E%
. Tetraploid . . Tetraploid .
No. Traits Muscat Kyoho Jumei No. Traits Muscat Kyoho Jumei
Muscat Muscat
Hamburg Hamburg
Hamburg Hamburg
1 IR - h G Ex 19 R SRR B AR 2 3 2 1
2 HRIEAR WiRTE PR BERDE BEEDE || 20 ghit LaRmEie 3 1 5 3
3 SRS i & T J& 21 Y iEERE 0 7 1 3 3
AR
4 REz B B B 3 E-¢43 B 22 4R 7 9 5 3
5 FRiER(g) 4.6b 7.2a 7.5a 6.8a 23 WM R AR 5 1 5 5
6 HRAE (em) 1.8 24 29 2.6 24 B L RIREE 3 2 1 1
7 SokifEte (om ) 1.6 23 2.5 2.4 25 gl -2z 2 1 2 2
FEEBIEAR
8 Foki K/ (em®) 2.88¢ 5.52b 7.25a 6.24b 26 SRR S 3 2 4 3
9 SRR R i h J& T 27 R AR 1 2 2 1
10 MR I ¥ H " 28 P ik 2 2 1 1
FR i A
11 Stsit e o rh N 29 JRESHEIEAR 5 3 5 5
12 SRR % % % % 30 ks R I 1 5 1 3
13 EERUS HEBA  BEE  FaE BEE || 31 A=L,/L, 0.86 0.88 0.84 0.95
14 SRR AR Ly e " 3 32 B=L,L, 0.57 0.64 0.63 0.76
15 S i, B B AR HFR#E || 33 C=L,L, 0.32 0.34 0.42 0.56
16 AP 17.1c 17.5¢ 19.1b 21.2a 34 R=L/W, 1.08 1.01 1.08 0.97
(%)
17 LGNS 3 5 1 5 35 I'=OB/L, 0.52 0.61 0.62 0.6
18 SHTA 19 R) ) 1 3 1 1 36 [=UB/L, 0.74 0.85 0.77 0.77

HEHE

[T EUE A Al NG PR oR 22 53 B35 KF- (P<0.05)

Different normal letters indicate significant difference at 0.05 level
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Fig.1 The ploid graph of some diploid and tetraploid grape by flow cytometry
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SPSL: Shape of petiole sinus of mature leaf, DUSL: Depth of upper sinuses of mature leaf, CSSL: Cross-sectional shape of mature leaf,
TSML: Teeth shape of mature leaf, WSS: Woody shoot surface shape, STF: Shoot tip form, CUY : Color of the upper side of young leaf,
PDYL: Prostrate hairs density of lower side of young leaf, HIS : Hairs density on internode of shoot, ACY : Anthocyanin colouration
intensity of young leaf, PHLL : Prostrate hairs density of lower side of mature leaf. The same as below
B3 F, BEESFHERIR S 6 E

Fig.3 Distribution patterns of morphological traits in F, population
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Table 3 Morphological traits variation and the genetic diversity of F, population
55 ik R RME RO M RREE ERER BIE  WE Nes e
No. Traits Unit Min. Max. Mean SD (%)CV  Skew  Kurt ZFEVE He i";%;]
1 [HGEHZ I 1 5 3.49 1.26 36.02 -021  -0.63 0.57 0.93
2 W TRARSERE SR 1 7 2.40 1.54 64.17 0.67  -0.72 0.62 1.05
3 AR SRR TR b1 1 4 2.19 0.93 42.47 0.10  -1.33 0.67 1.19
4 it LR IEEE Ve 1 7 2.82 1.60 56.67 021  -128 0.66 1.11
5 YL R AR a3 1 9 3.35 2.01 59.85 057  -043 0.71 1.34
6 Yt OB R i 1 9 2.20 1.87 85.09 173 2.63 0.55 1.05
7 A R R AR 5% 1 5 2.70 1.58 58.37 052  -1.38 0.71 1.33
8 I b BN o 1 4 2.45 0.97 39.59 -0.43  -1.07 0.62 1.15
9 IR RAPEIER 1 2 1.80 0.40 22.17 -1.53 032 0.32 0.50
10 JRCI P AR T B TR 1 6 3.22 0.89 27.48 -0.15  -0.06 0.68 1.26
11 Jp R T PE R 5] 2 N 4 1 2 1.39 0.49 35.18 044  -1.82 0.48 0.67
12 L N B R U L T S 1 2 1.82 0.38 20.99 171092 0.29 0.47
13 i RESYI 2N a1 2 5 3.85 1.19 30.83 031 -1.52 0.67 121
14 S R RIEABEE N 1 9 3.74 1.85 49.44 058 041 0.68 1.30
15 A=L,/L, e 034 1 0.80 0.07 9.22 -1.75 879 0.67 1.33
16 B=L,/L, M 043 0.77 0.58 0.05 9.09 0.51 1.29 0.71 1.40
17 C=L,/L, M 025 0.79 0.37 0.06 17.31 205 832 0.68 1.31
18 R=L/W, e 079 123 1.03 0.07 6.38 006 173 0.69 1.37
19 I'=OBJ/L, M 031 0.87 0.56 0.11 19.85 038  -0.19 0.74 1.44
20 I=UB/L, e 044 0.95 0.76 0.08 10.56 -1.08 211 0.66 1.34
4{H Mean 0.62 1.14

He: Nei's genetic diversity index, /: Shannon's Diversity Index, the same as below

i 33 Spearman AH G ZRE0 5B R (8] 1) f2 2 AH
KM (FR4), Gt it I 9B % B 5FA 1Y 2k E
R (r=0.203 ) B 3 AHOC, 5 i it T R gk E
SR (1=0.128 ) W E A G, XA KR 3 A0 S0 B %
FER AT 0] LA, St it 98B 2 B S50 R

W I A YR AR AT A IEAHSGSE R e i A

HIT & 5 B 8 B AR (r=0.181 ), BL#% i
FREE LRI R (r=0.177 ), S i it it ik FIR 6] e 47 32
(r=-0.304 ), C=L,/L,(r=0.261 ) \R= L/W,(1=0.241)
R 25 AR O, U B B 1) A S PRIR S A G
I ZAPRIR Z (A 5 2 AR DG .
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220 % B (-0.61 ). R(0.58).1'(0.71).1(0.62) %
YIRS, 52 FRU b A1 9.79% , EE 5
% T I A 0 T B S R0 (0,61 ) Jol s P A 46 T O R

K5 F,BREESEEROERS SN

(0.57 ) Wiy M R M 4% B % (0.55) FRAEAH G,
5 3B RR T AR 8.31%,5 B(0.49),
S i A R S R IR R (0.43 ) RS I 1 24 IR
JE(-0.44) %, HApAFMD (PCA~8) B R
[ 30.91% . PCI1~3 3% I ML) 2 s i A0 A8 R
TIE 0 B B P (8 AR AP DR 2 4347 4 28 7 A A R
SRR EZ N R A H T84 5O BRI
30T o

Table 5 The principal component analysis ( PCA )in morphological traits of F, population

E2IN F S Comprehensive indexes

Traits PC 1 PC2 PC3 PC4 PC5 PC6 PC7 PC 8
IASIE A STF 0.20 0.14 -0.21 -0.31 0.41 0.44 0.17 0.18
BRI RSB R HIS 0.02 0.01 0.08 0.53 0.02 -0.06 0.20 0.46
LAV SRR WSS 0.02 -0.09 0.18 -0.28 0.15 0.25 -0.05 0.43
Yt FREZE CUY -0.10 -0.23 0.14 0.34 0.34 0.46 -0.24 -0.06
ML R E OB ACY 0.01 -0.35 0.23 0.36 0.37 0.23 -0.26 -0.01
it 5% E % PDYL -0.19 -0.01 0.15 0.64 0.18 -0.22 0.32 -0.02
AR P AR CSSL -0.18 0.57 0.26 0.25 -0.11 0.10 -0.22 -0.13
BN 1 242006 DUSL -0.61 0.21 -0.44 0.01 0.04 0.00 -0.06 0.03
B 1 220 AR SBUL 0.40 -0.24 0.42 -0.04 -0.01 0.18 0.13 0.09
SRR AR T B SPSL 0.30 0.61 0.15 -0.04 -0.01 0.37 0.01 0.09
B AR SERZ R SBPL 0.03 0.17 0.43 0.09 -0.43 0.12 0.49 0.10
S I B A AR LRPL -0.04 -0.51 -0.32 -0.07 0.31 -0.09 0.46 0.10
B AR RZAR TSML 0.01 0.18 0.09 -0.10 0.31 0.21 0.44 -0.64
B R RI LB R R PHLL -0.20 0.55 -0.11 0.20 0.41 -0.10 0.02 -0.02
A=L,/L, -0.35 -0.33 0.41 -0.08 -0.21 0.22 -0.04 -0.15
B=L,/L, -0.49 -0.04 0.49 -0.28 0.34 -0.27 -0.08 0.04
C=L,/L, -0.10 0.39 0.42 -0.32 0.31 -0.32 0.09 0.20
R=L/W, 0.58 0.23 -0.31 0.16 0.02 0.09 0.00 0.06
I'=OBJ/L, 0.71 0.05 0.14 0.02 0.22 -0.41 -0.19 0.01
I=UB/L, 0.62 -0.15 0.16 0.03 0.09 -0.23 -0.08 -0.30
FHIE(E Eigenvalue 2.40 1.96 1.66 1.45 1.34 127 1.07 1.05
DU (% ) 11.98 9.79 8.31 7.23 6.72 6.37 5.34 5.25
Contributive percentage

B0k (% ) 11.98 21.77 30.08 37.31 44.03 50.40 55.74 60.99

Cumulative contributive percentage

PCA B I A BRI A R 2 155 2 &
B R As B (18] 4), i 4 7E PC1=0 1 PC2=0
BEAAR RN 4 A X A IREOR A DUAS IR B
F B BT 4 DAE B XIS, B EAT]
TS F AR A B 22 50 274 A F, SRR A 7E
fif LA B -0.45~0.55 {1 FBI P, KB40 B F, B Rk
S L S S R T (ERS =2 X B vy iy N I 0 2 P2
LIEARHEIE 2R B R A TR T 2RA AR 5
PCA HrRg /R A KERISEES S5 T
B ZFEE AT TR BURAE A

FRETIREARIR RIS R (K5 ), ik
R AL AR L R BOEE 0.32~0.68 Z [a], ZEAAL
FE0.35 hb51h 4 AERE LS T 2SS BT 3
ASF, Bk, 55 T2ERF S 12 1 F, Babk, 56 T 25 HE
A% 90 > Fy FRR, 50 IVIEHEEL T 169 A F, BRI
TAERBORTT DU BT BB FEAR LR
0.42 Ab PSR IV ISHES R 3 N ERE, S5 IV -1 WREA
N9 A F, BRI AR R B A, BV -2 R
F 30 F, bk, A5 IV -3 B A B L DU A
BRAFN 20 A4~ F, Bubk , B B IR & 2= otk 5 i A4k
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Fig.5 Dendrogram of cluster analysis based on morphological traits for F, population and their parents
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Fig.6 Dendrogram of cluster analysis based on SSR for F, population and their parents
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