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Abstract: [Objective] The natural population of grape (Vitis vinifera L.) was used to evaluate the uni-
versality of 9 molecular markers for seedless fruit in order to provide technical support for the breeding
of new seedless grape varieties. [Methods] DNA was extracted from healthy and young samples of a
natural population consisting of 88 seedless germplasmes and 120 nucleated germplasmes. PCR amplifi-
cation was performed using 9 reported molecular markers for seedless fruit of grape. Then, the PCR
products were detected by 1.5% agarose gel electrophoresis and capillary electrophoresis, and the spe-
cific bands were analyzed. The accuracy rate and seedless detection rate were calculated respectively to
verify the versatility of 9 molecular markers for seedless fruit of grape. [Results] Among 208 grape
germplasmes, 16 germplasmes were detected by SCAR marker GSLP1-569, including 14 seedless
germplasmes and 2 seeded germplasmes. The 14 seedless varieties were Summer Black, Changwuhebai
Etc. among others. And, among them, 12 germplasmes were Thompson Seedless and its derivatives.
The identification accuracy and nuclear-free detection rate were 57.12% and 90.51%, respectively. Addi-
tionally, the 1080 bp specific band was amplified by SCC8-1080 in 53 seedless germplasmes and 19
seeded germplasmes, and the statistical identification accuracy and seedless detection rate were 72.20%

and 79.18%, respectively. Moreover, the 2000 bp specific band was amplified by SCF27-2000 in 87
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seedless germplasmes and 55 seeded germplasmes. The statistical identification accuracy and seedless
detection rate were 75.38% and 67.82%, respectively. Furthermore, a total of 6 isotopic point and 8 gen-
otypes were detected by the SSR marker p1-VvAGLI11. The chi-square test showed that the allele 250
bp was significantly correlated with the nuclear-free phenotype and 257 bp was significantly correlated
with nucleated phenotype. The genotype 250/250 was significantly correlated with the nuclear-free phe-
notype, and the genotype 257/257 was significantly correlated with the nuclear phenotype. The statisti-
cal identification accuracy and nuclear-free detection rate of the marker were 88.47% and 87.74%, re-
spectively. A total of 3 isotopic point and 5 genotypes were detected by the marker p2-VvAGL11. The
chi-square test showed that the allele 171 bp was significantly correlated with the nuclear-free pheno-
type. The 158 bp was significantly correlated with the nuclear phenotype. The genotype 158/171 was
significantly correlated with the seedless phenotype, and the genotype 158/158 was significantly corre-
lated with the nuclear phenotype. The accuracy of marker identification and seedless detection rate were
67.43% and 77.22%, respectively. A total of 14 isotopic point and 30 genotypes were detected by the
marker p3-VVAGLI11. The chi-square test showed that the allele 195 bp was significantly correlated with
the nuclear- free phenotype and 185 bp was significantly correlated with the nucleated phenotype. The
genotype 185/195 was significantly associated with the nuclear- free phenotype. The genotype 185/185
was significantly correlated with the nuclear phenotype, and the accuracy and nuclear- free detection
rate of the marker were 71.94% and 90.72%, respectively. A total of 24 isotopic point and 75 genotypes
were detected by the marker SU VviAGLI11. The chi-square test indicated that the allele 315 bp was
significantly correlated with the nuclear-free phenotype and 305 bp was significantly associated with nu-
cleated phenotype. The genotype 307/315 was significantly correlated with the nuclear-free phenotype.
The accuracy and nuclear-free detection rate of the marker were 68.47% and 90.80%, respectively. A to-
tal of 8 isotopic point were detected in the marker VMC7F2, and the allele 197 bp was significantly cor-
related with the seedless phenotype by chi-square test. 199 bp was significantly correlated with one phe-
notype. The genotype 197/199 was significantly associated with the nuclear-free phenotype. The geno-
type 199/199 was significantly correlated with the nuclear phenotype, and the accuracy and non-nuclear
detection rate of the marker were 67.99% and 79.10%, respectively. A total of 9 isotopic point and 21
genotypes were detected by the marker VVSDI10. The chi-square test showed that the allele 105 bp was
significantly correlated with the nuclear- free phenotype, and the genotype 105/105 was significantly
correlated with the nuclear-free phenotype. The identification accuracy and nuclear-free detection rate
of the marker were 61.60% and 63.03%, respectively. [Conclusion] Among the SCAR type markers,
SCF27-2000 had the highest accuracy and true positive rate, and the performance was the best. And,
GSLP1-569 was more suitable for the hybrid offspring of Thompson seedless series. Among the SSR
markers, pI-VVvAGLI11 had good accuracy and seedless detection rate, and the false negative and false
positive were low, showing the best performance, while p3-VvAGL11 and 5U_VviAGL11 had higher
seedless detection rate, and SU_VviAGL11 contained more genetic information.
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Table 3 Validation results of SCAR markers in natural populations

tric Jitk Seedless  fif4Seeded g FL {5 P T 1 T il HHTES
Marker + - + - TP/% TN/% FP/% FN/% Accuracy/% NDR/%
GSLP1-569 14 74 2 118 15.91 98.33 16.67 84.09 90.51 57.12
SCC8-1080 53 35 19 101 60.22 84.17 15.83 39.77 79.18 72.20
SCF27-2000 85 3 55 65 96.59 54.17 45.83 3.41 67.82 75.38

T+ FORPRIC A RS - FORPRIC TR R AR

Note: The + in the Table indicates that the mark has a special type strip; — marks have no specific bands.

R AT AN 19 AN R 5 A3 H 1080 bp 4R -7
ST, A G 208 AN 4 ST R] B 45 E THER 2R AN
TEAZAG I 2R 43 5 2 72.20%H11 79.18% ; B i SCF27-
2000 53 7 7E 87 AN TCAZ Tl T A1 55 A A% F 5 4 14
H 2000 bp FREFPE 2571 L 78 208 AN 5 7] 1) 48 5 1
iff 3 R0 TG AZ AR I 2R 93 30l 42 75.38% 1 67.82% . 34>
SCAR A Frid th SCF27-2000 [ v fifa 28 A1 2L JH
5 15 5 A it GSLP1-569 15 55 i 1) 6 A% A 2% A [
PEFI LRI . %508 45 R B, R 5T X B AR A4 1
M FR SCF27-2000 £7A B e AL , 38 FH T T A% %6 2 3
A SCAR 43 FAi Bl 4%
2.2 SSRFRICHIMFRICAL = R EE R 55

XF 6/~ SSR TEAZ b ic (138 F kAT T 36 IE , 45
R 6 Mric o BRI R 3~24 DNAGE I bR iEAL

R IR EEAT 55 K /N A 101~321 bp, BRid p2-VVAGLIL
60 21 A7 A e /b, SU_VVIAGL R 31 R A7 45 8t
% . BPRIC RIS FRC A R 4 B, &R
TR0 5 b1 TC 38 A 3 A G, A H X 5
(R 5 HR e AR 5 41.4%~89.4% , p1-VVAGLI11 ]
250 bp 5 Eb e » R E 41.7% 0 = 75 44 57 bk il
FZAT Ao IR BN S5 TE 56.1%~88.1% [ TC A% H %1
R ARSI E], SU VVIAGLI1 [ 315 bp o b i, 78
AR AT AR I AT R

6 MARIC A BRI B 5~75 Feh i AN () J R 2,
Fr 12 p2- VVAGLI11 fa ) 31 () A bR 7Y 4 & f 2D
5U_VVIAGLI il B EE R % . B0 R IR
IR R B INE S Fin, &R R5% S8 &M 175
To MR 25 AE DG o R B X 6 b R A () O

*4 WIDEFCNLRSHSTREBROBXME

Table 4 Correlation between distribution of microsatellite markers and germplasm of seedless grape

Fric W Fricr P % Phenotype #E Kk Correlation

Marker Number Marker site/bp Frequency - + 7 P
pl-VvAGLI11 6 250 455 161 30 245.595 2.3708E-55%*
p2-VvAGLI11 3 171 29.5 89 35 37.493 9.17E-10%*
p3-VvAGLI11 14 195 23.8 88 12 109.218 1.4542E-25%*
5U_VviAGL11 24 315 20.0 74 10 87.743 7.4534E-21%*
VMCT7F2 8 197 28.0 88 31 65.547 5.6739E-16%*
VVSD10 9 105 38.8 101 79 22.595 0.000 002%*

W= BRI+ BB+ BB (p<0.05) s+ * B E K (p<0.0D. FH.

Note: — in the table means no seeded; + eans there are nucleated; * means significant correlation (»p<<0.05); ** means extremely significant correla-

tion (p<<0.01). The same below.

71%~93.3% 1 Flt i 9 T 4% R A, b1 i SU_VviA-
GL1 1A 2] (1) P i o JE A% P o B B v s o A% ol
JH 24.4%~86.7% A SRS I H1X 6 Ff B PR Y,
B p1-VVAGL 11 K 2 250/250 76 ToAZ Ff s v o
bb B i s B AL AN TR 1.7%~24.2% 16 D1 311X 6
Rl LRI A, 5U VVIAGLIT K30 2 (17 307/315 (£ 4
RZFP T B A

2.3 SSRARICIUER A EIFRIC ELE LR

X 64~ SSR B TR i BT I E , 45 R (R 6) i
7N pl-VVAGLI11 HERHZ i 5, 15 51 88.47%, oAz Al %
N 87.74%. p3-VVAGLI1 Al 5U VviAGLI11 [ A%
D35 155 5 359 4 90.72%F1190.80% , 7 B — 35 1) HL B
Pt A v 40 1R 95.00% 41 95.83% . pl-VVAGLI1 £
BH 14 55 51 5 79 89.44% ; 6 M Fric B FH M35 R I R 47, B
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Table 5 Distribution and correlation of microsatellite markers genotypes
Fric HE FpR Wiz 27 Phenotype AHIEHE Correlation
Marker Number Genotype Frequency - + 7 p
pl-VVAGLI11 8 250/250 429 78 12 123.433 1.120E-28**
p2-VVAGLI11 5 158/171 47.6 71 29 61.742 3.916E-15%*
p3-VVAGLI11 30 185/195 32.7 60 8 84.557 3.733E-20**
5U_VviAGLI11 75 307/315 7.1 28 2 36.413 1.60E-09%**
VMCT7F2 21 197/199 36.7 57 20 48.230 3.79E-12%*
VVSDI10 23 105/105 143 22 8 13.274 0.000269**
R 6 SSRIRCEBRRHAPIIELSR
Table 6 Validation results of SSR markers in natural populations
bric. Marker FLRHYE TN/%  BLRAYE TN/%  fSPHY: FP/% (BT FN/% KIS NDR/% HEFIR Accuracy/%
pl-VVAGLI1 89.44 87.50 12.50 10.56 87.74 88.47
p2-VvAGLI11 49.44 85.42 14.58 50.56 77.22 67.43
p3-VVAGLI11 48.89 95.00 5.00 51.11 90.72 71.94
SU_VviAGLI11 41.11 95.83 4.17 58.89 90.80 68.47
VMC7F2 48.89 87.08 12.92 51.11 79.10 67.99
VVSDI10 56.11 67.08 32.92 43.89 63.03 61.60

/2 VVSDI10, 4 32.92%, ik & p3-VVAGLI11, LA
5.00%. ¥k Epl-VVAGL11 & £, &/ T
TeAZ 1 H SRR SSR 4 Tl Bhi % .

3 W ®w

WA B m A, B, SEUE MR
XFGEAG . IR RS TO A R B, A e S
PREREE 2 JG A BEIEAT o T ) FH HERA %6 3 1) 20 T A
HATH LR E A, T LA R G MAEIR s B
T, HES) ToA% H & B Fh B REe .

AR R % oA o Rid g7 1 RSt
., Jer FE D 520 g A () 2 2 28 21 G S AR T AORT
GSLP1-569 #AT I AIE , 25 R B AR I % A 1
Ja AR A 4 B R . 7R AW, GSLPI-
569 Fr il H (1) 14 AN T A% S A A 1A Rl S T
145 38 4% B, 1IF SI2 GSLP1-569 %5 3d & 46 M To 4%
H R HATA G RINSEHR HZ bR iE X ARG
R RUE RBAT S, RS T 21 Nk & .
SCC8-1080 & Lahogue %"z F BSA Hi AR TF & Hi 1)
BT AT ST ) SCAR AR, tH 42 B AT M K £
pRitz —". Ryan 2@ 0t KA IO R F A
) 2 A8 BEAAR BEATAS I, H1F 52 SCC8-1080 RE THE A %5
JE Fo o A% 3R AL (AR I, B BN F 3R B AR e
T TCAZ AR b S B A% AN = (8548 T (R TE % 7 T IE R R

53 2 52.94%H150.00% , 7£ H AR b oz 7
TETf 28 A JEAZ A I 26 73 ) /& 73.08% 1 43.18% . 1E
AW FE S 12 bR A 1 A R 6 R TG R A T 2R 4y il 2
72.20%F179.18% , X Fft 272 57 1] i A i 36 A4 e} a5 22
& A . SCF27-2000 /& Mejia 55" F] H RAPD #x
T H AR IE IS BEAL T P05 2 ) 3EAT I Y 43 B e A
1M BT SCAR FRic , B BGRCIIT 78 25 R B, 1% 4%
TOLE TEAZ TR A X B A% A% R — A5 4 it P e A% 2
Y IE B 245 5 A 94.12% . 100%H1 66.67% , 7 H SR B
T ) T 4y B IR B R 2 92.31% , To iz kar l F0hy
42.11%. Akkurt 25"F| ] Alphonse Lavallee 5 J& %
11 372 Bk F, 4452 Ja A% SCF27-2000 #3EAT 36 41E , 45
FR I IZAR I IE FH X SR AR N oA 1 44 22 e AR ik
fT% 5% . F BZ%PF) F SCF27-2000 7 14 4/ % &
JR BT K BB 3 AN ARAH AL 116 kIR RS
ARH ARSI 21 84 AR Ay H I EE R b B, o 81k 5 H
) 25 58 45 W &, IERf 2R 96.4% , FF A N iZdric & —
A M B A R bR, v DA SR AT & A A JR
RICAZ BRI FL AT o
pl-VVAGLI11.p2-VvAGLI11 #l p3-VvAGLI11 &
Mejia Z5:4 15 4% [ A1) B PT35I IT b A 2 E)
SRR 7 B AT B A, 0 To A% 8 & 2 28 5 AR AT
QTL 43 Mt 2 J i % H ) = 4> SSR 282 bRic , HHIE S
B SRR AR T bR RIS A T R R i B ik
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o HREPITE AR BEAR R B SRE R B, p3-VVA-
GL11 B iE4s Rl , A% fhdr s 2 R e &5 2
7 ab [IfERE 3N 58.86% , TEA A% it Filrdy™ 8 45 JR rpr 4l
A R K 7 BB R R L 3] 66.67% , 1T LA RUX 7 Fh
TIRM . FEEF R p3-VVAGLI1 BT 4C o Ocarez 2517
AR = 5 550 A N 55 194 bp AT 187 bp bric iz s
W S5 B AR O, T 28 8 E AT 7T 45 SRR R 95, 195 bp L
SRR B . 7T CIRIE RS
I, AN 2% B0 R A 22 08 B 1 B R e I A
ZE0 DR A A% AR AT B, IR T RE i 24T
X, Tk N R IGR 2 . TEARTE L, pl-VVA-
GL11.p2-VVAGLI11 M1 p3-VVvAGLI11 1E [ SR B 44 o
W8 HETR R 7 1l 2 88.47% . 67.43%H01 71.94% , ToH%
R 2R 3 1) 87.74%77.22%F1 90.72% , M EL 2 T
p1-VVAGLI11 I B i R HERf 74 , T p3-VVAGLI11
T 2 B H B oy ) E A% R Wl 26 . SU_VVIAGLI1 /2
Ocarez SR ¥ p3-VVAGL11 Z547 55 11 70 2 FEME
AL T VVAGLL B 31 X 45 () SSR #x
W, EHEEFEENBEEEE. BTNIRIE R A
1306 bp 5 ToAZ R B IR 35 AH 9%, 270 bp F1298 bp
5 A R, FEAHE 5T, SU_VVIAGLI1 £ H 28
T A v 25 5 VR T 28 0 0 A A M 28 43 3] 2 68.47% A1
90.8% . VMCT7F2 #& Cabezas % ""F] F§ QTL 5& 1 |
5530 %) A% MR SRR R Ji5 48 07 44 1271 1 SSR
i, H 198 bp AL 5 AL R A B EAH G . Akkurt
2L ] SCC8-1080. SCF27-2000 A1 VMCT7£2 78 Al-
phonse Lavallee 5 Jo#% H 1) 372 #k F, 2% &2 J5 A ik
ATHGIN , 43 FIA 0 21 40,80 A1 174 T MK R, I3k
T 15 3 A bmic 3R L TCAZRFAE 11 20 AR AT
WFFE, 45 R 7R VMCTR2 5 A% MR B i 5%
RZE 4 12 AT 78 0 BT FH () SCAR 1 SSR 28R
104h, HA%Z 1T R 2 25 7% (Simple Nucleotide Polymor-
phisms , SNP) £ AR Z #T A 78 #4 5P, Ocarez 55"
F 20K SNP 8 v %} 573 AN Jo iz S bk 47 B D5 73 LA
FE AL QTL 5E A7 40§ , HARHE p3_VVAGL11 5547 2
W0 2P EF R T Z%An i, £ 8] 7 SNP AR
1L E7_VVIAGLI11. PFifidg il & 3 3k 77 75 1
FEB AR, FE DRSS A el A DU 4 R 55 SNP Al
BRI B K, BE 1 B8 PRek | oA BE A LB ok Aff 1
RS H L) SNP A AT, A TE AL T A B MRt S
o T EMTAEETS , &R MR % br
TC AT IR )& A B, BRI Rl A, 2k P Mk 1

R EE R e . AHETE I AR R, B 44 7
o AR R A, 7 TR 2 I L IR R R
BHOL, X TT RE i 44 il R 5| A D S IR P 2
T IR0 LA FH [ e 2 25 SR O

4 4w

i I Fh 88 43 TCAZ B AT 120 44345 K% A ot 41 B 1)
%) AR BN 3 SCAR T ARic A6 > SSR 6
W0 AT B0 0E 5 45 3 3R B SCAR 2K & bR id
SCF27-2000 #E fify 2 F1 3¢ PH 1% &% =, 28 90 AR
GSLP1-569 5 i& H T otz H & 41892 42 J5 A% ; SSR
FRicH pl-VVAGL11 A 2 55 = I HERf 2 R0 e A% Al
2, FLAB IS 1 RO P M A R A
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