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Abstract

In Japan, grapevine's breeding is dependent on tetraploid breeding, and the most of cultivars including diploids have highly
genetically heterozygous. These factors are barriers to strategic breeding and genome analysis. In this study, pseudo-fertilized
ovule culture and anther culture method were performed for production of dihaploids of ‘Kyoho' and haploids of ‘Shine
Muscat'. Soft X-ray irradiation significantly reduced germination fertility of the 'Kyoho' and 'Shine Muscat' pollen at 1,500 Gy
and 1,000 Gy, respectively. When the ovules obtained by crossing these pollen grains were cultured on 1/2MS medium
containing 0.5% malt extract, 12 ovules developed into embryoids after a month of culture. Two of these ovules formed callus
by secondary culture on WM medium containing 4.4 mg - L ' zeatin. On the other hand, when anthers collected from flower
buds 28 days before full bloom were cultured on NN medium supplemented with 0.25 ppm BA-NAA and 50 uM spermine, the
rate of callus formation after 9 weeks was 80% and 16% for the ‘Kyoho' and ‘Shine Muscat’, respectively. SSR analysis of 84
calli of the ‘Kyoho' and 7 calli of the ‘Shine Muscat derived from anther culture revealed that most of the callus was derived
from anther somatic cells, except for 1 callus generated from ‘Kyoho'. This callus was presumed to be dihaploid with half of
the SSR alleles reduced, but the results of Vitis MYB haplotype analysis suggested that culture variability had occurred.
Although we were not successful redifferentiation into plantlets from the calli in this report, the results provided fundamental

knowledge for producing grape haploids.
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Fig. 1 Flower stage of ‘Kyoho (left) and ‘Shine Muscat' (right) 28 days before full bloom day used for anther
culture. The full bloom day was defined as the day when 80% of the flowers in the field were in full bloom.
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Bt N L, DNA XL v % TE buffer 50 uL (2 L
7z, P& 4 %6 % B R (NanoDrop2000c, ThermoFisher
Scientific KK.) T DNA VA DR % 52 %, 25 ng L'
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5BB BLU 74— =—F OYENLFRDFET
i L7247 2 DNA Z st L 7.

Simple sequence repeat (SSR) fi# #T (2 i%, Cipriani 5
(20) OWELz~—h—D) BEHL (21) 2NEKL
72 VChr2b (F:5-CCTCCTGCGAACAAGTCTGT-3, R: 5
GTTGCTGGATTTGTGGAAGG-3), VChrlOb (F:5-CCA
TGTCCAACCGA AACAAC-3', R: 5-CAGAAATCTCGTGT
CGCTCA-3) B LU VChrl9a (F: 5-TGGATTCACCATT
GTCCTCA-3, R: 5-CGAGGATACCAACAAGAATGAA-3')
%72, PCR BURIE, GoTaq” Green Master Mix 5.0 uL
(Promega), 2.0 uM F/R primer mixture 1.0 uL, Nucleotide
free water (Merck) 3.0uL B &£ 025 ng: uL 'genome
DNA 1.0 uL ®510.0 uL DIREE R % VT, 94T 34
OHTLELEFE, B8 1E94T 30F0, 7=—1 > 53T 35,
E72C 358 M32% 1 7 VTHT - 72. PCR BEIREY I,
20% RV T 7 VNT I REXKE) (PAGE) &, TFv¥
T LATHEYA RN (EtBr) THA L TR T Tl
fLL7-.

7 F MYB /N7 0¥ A TEMNIZIE, Kobayashi 5
(22,23) B LU Azuma 5 (24) OFEEE L 72 Y'wMYBAla
(F: 5-AAAAGGGGGGCAATGTAGGGACCC-3, R: 5’
-GAACCTCCTTTTTGAAGTGGTGACT-3), VIMYBAI-2
(F: 5-CACCACTTGAA AAAGAAGGTC-3, R: 5-TCTTGA
TCCAGCTCAGCTAAC-3), VIMYBAI-3 (F:5- GGACGT
TAAAAAATGGTTGCACGTG-3, R: 5-GAACCTCCTTTT
TGAAGTGGTG ACT) # & U VIMYBA2 (F:5-GCTGAG
CATGCTCAAATGGAT-3, R: 5-TCCCACC ATATGATGTC
ACCC-3) % w7z, PCR IJG X, TuKaRa Ex Tag " Hot
Start Version 5.0 uL. (TaKaRa), 2.0 uM F/R primer mixture
1.0 uL, Nucleotide free water (Merck) 3.0uL B &£ U825
ng - uL ' genome DNA 1.0 uL @ F110.0 uL DR A VA %
T, 95T 37rDurLELfk:, #ZAMAT 308, 7=—
1) > 760C 308, ME72C 90 D34+ 1 7 )b, i
R72T 545 TiTo72. PCRUSTRDEWX, 2% 77
0 — AW KB %, EtBr THefn L CERIMRIRG T Tl
AL L7z
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82.1% & A EIMKA > 72 (Fig. 2, Table 1). FE3FFaMkIL,

Table 1 Effect of acetocarmine staining and pollen germination of the pollen on total
radiation dose of soft X-ray in ‘Kyoho' and ‘Shine Muscat'.

Total Pollen fertility (%)
Cultivar radiation dose
(Gy) Staining” Germination®
0 58.2 a 11.2 a
, , 500 63.2 a 12.6 a
Kyoho
1,000 60.8 a 119 a
1,500 60.0 a 53 b
0 76.2 b 19.3 a
. 500 77.0 ab 12.0 b
'Shine Muscat'
1,000 81.4 ab 4.5 ¢
1,500 82.1 a 4.1 ¢

* The number of pollen grain stained by 40% acetocarmine solution /

the total number of pollen grains x100.

" The number of germinated pollen grain on medium containing with
20% scrose and 1% agar / the total number of pollen grains x100.
* Different letters represent significant difference in HSD-Tukey's

multiple range test, 5% level (n =5).
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Fig. 2 Effect of acetocarmine staining and pollen germination of the pollen on soft X-ray irradiation in ‘Kyoho' and ‘Shine Muscat'.
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MORESL L OER L2 ORE S EDBIZ—EDORM
BRYEE Ao 72 (Table 2, —E7T—F05). ZhbHD)
5, BRXEEEEREZ A KErSELONTZES A

Bars = 100 um
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Table 2 The results in the crosses using soft X-ray-irradiated pollen of ‘Kyoho' and ‘Shine Muscat'.

Cross combination Total radiation dose ~ No. of No.of  Percentage Total No. of ovules and seeds’
Seed oot Pollon oarent of soft X-ray florets berries berry fet Developed Extremely  Small Normal
p p to pollen (Gy) crossed set (%) ovule  smallseed  seed seed
0 15 8 53.3 28 0 0 0
500 21 20 95.2 61 4 1 2
'Kyoho'

1,000 18 7 38.9 8 0 1 0

1,500 26 20 76.9 57 12 3 1

0 31 19 61.3 50 13 12 1

0 20 13 65.0 21 15 11 2

'Kyoho'

500 40 26 65.0 79 10 8 4

500 29 10 34.5 29 4 0 1

1,000 26 8 30.8 17 1 2 1

1,000 27 23 85.2 87 1 0 0

'Shine Muscat' ’

1,500 34 25 73.5 65 16 13 1

1,500 30 21 70.0 53 14 3 5

0 15 13 86.7 29 0 0 1

500 15 2 13.3 7 1 0 0

'Shine Muscat'

1,000 15 10 66.7 34 1 0 2

1,000 15 4 26.7 13 0 0 0

“The number of beriies set / the number of florets crossed x 100.
* Long diameter: 0 mm < developed ovule = 1 mm < extremely small seed = 2 mm < small seed = 4 mm < normal seed.

Table 3 Appearances of ovules after a month of pseudo-fertilized ovule culture on  1/2 strength MS medium.

Cross combination Total radiation dose No. of Appearances of ovules
of soft X-ray ovules
Seed parent  Pollen parent to pollen (Gy) used Browning Yellowing Embryoid
500 61 44 (72.1)" 13 (21.3) 4 ( 6.6)
'Kyoho' 1,000 8 7 (87.5) 1 (12.5) 0 ( 0
1,500 57 46 (80.7) 7 (12.3) 4 (17.0)
'Kyoho'
500 108 97 (89.8) 7 ( 6.5) 4 (3.7
1,000 104 104 ( 100) 0 ( 0 0 ( 0
'Shine Muscat' 1,500 118 118 ( 100) 0 ( 0 0 ( 0
500 7 7 (100 0 0 0 0
'‘Shine Muscat' ( ) ( ) ( )
1,000 47 47 (100) 0 ( 0 0 ( 0

* The numbers in brackets represent percentge.
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THARE NIV AP E EICH Y, SfEES L
AL BARB AR DAL T 5 2 EAUREE L7z (Table
4). Wi FE & 12 NN BA-NAA 0.25 ppm+SPM Tz b &
WHEFRE AV ABEELRL, HilE Tidebic
0% THhY, ¥ x4y AH Yy b TIZFNEN56%

L16% THh o7z, KRB THW A —F > v 2okt
BIZBWT, 24-D L) NAA TR LU TEWEZ R LZAS,
EEMICIE—EOEMER SN o7z. 512, 3
DR T I VORMOEZEE, SPMIRIXIZBWTZ
DRFIEMETH % PTC & SPD HMIIX & ) AL )
WA ZRL, 3HREARNK L) &7z, K
IS, "Bl vy A xRSy b OFREAELD
ZNENSMEG L TGO A IV A % fERTE T

CHEIgE OREEBE AV AMEKIZONWT, 4T L
WIS TRTATHEASTH S VChrl0b T SSR fRHT %
1otz ZORER, SMEMAHRTIE A TR 2 BlE N >
DHERR SN, ZDIFEALTHARMORELFMIZ4T L
Vst SN0k L, LER (K-1-9-16) O&A2 T
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Ovule culture

(500 Gy)

‘Kyoho’ X ‘Kyoho’

(500 Gy)

‘Kyoho’ X ‘Shine Muscat’

Secondary culture

Fig. 3 Embryoids after a month of pseudo-fertilized ovule culture on 1/2 strength MS medium and calli generated
from these embryoids after three weeks of secondary culture on MW medium (Yahata et al., 2022)

containing 4.4 mg - L zeatin, pH 5.7.

1 week 3 weeks

‘Kyoho'

‘Shine Muscat’

Weeks after culture

Bars = 2.0 mm

5 weeks 9 weeks

Fig.4 Callus formation in anther culture of ‘Kyoho' and ‘Shine Muscat' on NN medium containing polyamines.

LIVIZHE L Tz (Fig. 5, —&87— W), ‘v % A
YRAN Y N OFEERBR VA THEEE 2T LV
AT A TH 5 VChrzb & VChrl9a T SSR AT %
1w, $TRCOMAETHEROIEL {22 7 L IVATHHR
H &7z SSRIANT T T LIV OREDSHERL S 7z K-1-9-
16122V T, REOOPEICEST T 5 MYB Bz FHET

Bars = 1.0 mm

WHEINZ4DDDNAY—F — %\, MYB/\ 71
¥ A7 (24,2627) %A L7z (Fig. 6). ZOMHE, EH
W T 1% YwMYBAla, VIMYBAI-2, VIMYBAI-3 8 X O
VIMYBA2 DX THAFAET 2N T 10 ¥ 4 7 A/A/EI/E2T
HolDIxt L, K-1-9-16 Tl VIMYBAI-2 O & DKt
&7z (Fig. 7, Tableb).
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Table 4 Effect of addition of plant hormones and polyamines to NN medium on callus formation in anther culture of ‘Kyoho' and ‘Shine Muscat’ (9 weeks
after culture).

BA-NAA BA-NAA BA-NAA BA-NAA

Cultivar Gr(ilv,vtl,n £ Control” Bé)Al_NAA (1)312§NAA %?)—NAA 0.25 ppm 0.25 ppm 0.25 ppm 0.25 ppm
condition - ppm 40 ppm -2 ppm +PTCY +SPM +SPD +Tri
Keoho! Survival® 0(0)" 6 (24) 6 (24) 9 (36) 11 (44) 20 (80) 15 (60) 13 (52)
yoho Callus formation 0 ( 0) 6 (24) 6 (24) 6 (24) 11 (44) 20 (80) 15 (60) 13 (52)
_ Survival 0(0 0(0 4 (16) 4 (16) 10 (40) 14 (56) 8 (32) 8 (32)
'Shine Muscat' .
Callus formation 0(0) 0(0) 0(0) 0(0) 1(4) 4 (16) 1(4) 1(4)

BA-2,4-D BA-2,4-D BA-2,4-D BA-2,4-D

Cultivar (i:::;:;r:)i ]?)Al_ng;;]lj ]31;_52;;2 ?ﬁ;iﬁf 0.25 ppm 0.25 ppm 0.25 ppm 0.25 ppm
+PTC + SPM + SPD + Tri

'Kyoho' Survival 2(8 4 (16) 2(8) 5 (20) 9 (36) 6 (24) 8 (32)

Callus formation 0(0) 0(0) 0(0) 1(4) 4 (16) 0(0) 2(8)

s . Survival 2 (8) 4 (16) 8 (32) 6 (24) 8 (32) 6 (24) 10 (40)
Shine Muscat Callus formation 0(0) 0(0) 0(0) 00 0o 0(0 000

* Control is only NN base medium. Phytohormones and/or polyamines added to the NN medium in other experimental sections are shown.
" PTC: 50 uM putrescine, SPM: 50 uM spermine, SPD: 50 xM spermidine, Tri: 50 uM (PTC + SPM + SPD).

*Those that maintained a yellowing without browning were considered to be suevival.

" (Number of anthers corresponding to growing conditions / number of anthers used) x 100. 25 anthers were tested for each.

VChr10b VChr2b VChr19a

200bp

200bpe>

100bp =

‘Kyoho' e = ‘Shine Muscat’ —

Fig. 5 SSR analyses in the calli obtained from anther culture of ‘Kyoho and ‘Shine Muscat’. M: 100bp ladder, Wk: the leaf
of ‘Kyoho', Ws: the leaf of ‘Shine Muscat’, 1-5: the calli derived from Kyoho', 3: K-1-9-16, 6-8: the calli derived
from ‘Shine Muscat'. The centered electrophoretic image was shot by the single-lens reflex camera.

VwMYBA2w  VvMYBAla
HapA | | | I I |
VwMYBA2w  VyMYBAIb
Hap B | | | - |
VwMYBA2r VvMYBAIc
HapC-N [ [ TN |
VWwMYBA2w  VvMYBAlc
Hap C-Rs | [ | [ 1 |
VIMYBAI-2 VIMYBAI-3

HapEl [ T DN |

VIMYBA2  VIMYBAI-3
HapE2 [ NN N

Fig. 6 Vitis MYB haplotypes at the color locus in ‘Kyoho'.
(Azuma et al., 2011)
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Fig. 7 Polymorphism detected in 4 MYB-related genes for Viris MYB haplotype analysis of the leaves of ‘Kyoho' and
the 5 cultivars, and the callus derived from anther culture of ‘Kyoho'. M: 100bp ladder, 1: ‘Kyoho', 2: ‘Shine
Muscat’, 3: ‘Nouvelle Rose’, 4: ‘Muscat Noir', 5: ‘Tereki 5BB’ for stock, 6: ‘Queen Nina', 7: callus K-1-9-16.

Table 5 Vitis MYB haplotype analysis of the callus K-1-9-16 derived from anther culture of ‘Kyoho', and the leaves of ‘Kyoho' and the 5 cultivars.

Cultivar Ploidy Skin Band pattern Vitis MYB
or callus level color VvMYBAla ~ VIMYBAI-2 VIMYBAI-3 VIMYBA2 haplotype
'Kyoho' 4x Black + + + + A/A/E1/E2
K-1-9-16 2x’ - - + - - -
'Shine Muscat' 2x White + - - - A/A
'Nouvelle Rose' 2x Red + - Insertion (824 bp)” - A/B
'Muscat Noir' 2x Black + - Deletion (155 bp) - A/C
'Teleki 5BB' 2x Black - + + + EVE2
'Queen Nina' 4x Red + + + - A/A/A/E1

* Estimated ploidy based on the result of SSR analysis.
" Insertion and deletion in V/MYBAI-3 to distinguish between haplotype B and C (Azuma et al., 2011; Azuma, 2017) .
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