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Abstract

We have recently established a method for chemical synthesis of acetaminophen O-sulfate (APAPS) , which was a
modified procedure based on that used for the tyrosine O-sulfate (TyrS) synthesis. Current study was designed to set up a
simple method to quantitatively determine APAPS and TyrS using high-performance liquid chromatography (HPLC) with UV
detection. In addition to being the target compounds for the chemical synthesis, these two sulfated chemicals were selected as
the metabolites capable of generating from their parent molecules upon Phase-II sulfate conjugation in the body. Under an
isocratic separation with a mobile phase (methanol : water, 40 : 60 (v/v)) and ODS column, APAPS and TyrS were detectable
at 241 nm with their retention time of 1.70 min and 1.65 min, respectively. Calibration curves using the data from peak area
and height demonstrated that the detection and quantification limits after a 20-uL injection for APAPS were 2.29-3.55 nM and
6.93-10.8 nM, respectively, while those for TyrS were 0.199-0.659 uM and 0.602-2.00 uM, respectively. Intra- and inter-day
assay precision confirmed that the variances defined as the relative standard deviation in their peak area and height for APAPS
were 0.89-4.53%, while those for TyrS were 0.77-7.15%. Collectively, this analytical setting will be a useful tool for estimating
the yields of APAPS and TyrS produced during their chemical synthesis, and possibly for further sulfated metabolite research

as well.
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APAP D20-46% %% APAP O- Tic B2 /& (APAPS) 1272 % Z
EMHEShTWS (10).

Fury (Tyr) &, “HT7 I JBRO—FE7 =17
T Te Fad b s THA U7z, -Dopa

% dopamine 72 & OMFHLED BIABR SN L 1TH (11),

YR BRGNS HEERT I JBEELTHHISGNT
WD Y T EREATRIO Tyr 2SEIER RIS 0 B AR Thit
it s b—F T, #EHEMAD Tyr & £ 72 -Dopa X
dopamine & [i] U < iz feF# % SULTIA3 OFEH & 7% >
THEEgiL S, Fuvr o-filk (TyrS) (AR S
N2 ENMESNTD (12-14).

BUIR Tl © T m O b # M O AT L < A&
itk 7 & ORERRIEIZEDE S TII R WG b £ <, Tt
FRALACEH ) DAL e REE I D W TIIAA RS D
% (15). FAZINT TIZHEEAED TyrS &0k (16) %
2|2 APAPS O H Gk 2 gL L (17), £ 2 Tf%
51172 APAPS & Z QUML) % v CTHBER LIS 4 o
HBEIZOWTHFEZ/ToC&72 (18). L LAAs,
APAPS & R IFIC#i g 7 10~ N7 5 7 14 — (thin-layer
chromatography ; TLC) (2 & ) &M OFHEE MR L T
Waboon (17), EREICIIENRTE LT, E56I10%
5E L TR D APAPS % 152 IZIZR7ZHED TR - T
B, ZDDH, BRORCERTETRIIBIT 2685
DEBEEVEOY TNV LYVEZ YY) V7T AT E
ATEE, WEB L OPERE D720 DRSO
BPEDHERD.

Z ZCARMZE TR, mEBEKIs e T T T 4 —
(high-performance liquid chromatography ; HPLC) % Fj\»
72 APAPS & TyrS @ UV M2 X 258 % E&m 21T
728, YLHBYZ ODS /1 9 L EK-A % J — V& BB &
THTAVTTT A4y ZEREEICIED Yy IV Tk
DFEFETR B E Lz, It 2 o0 bEWEIX, RNT
5 A ARHIC BT 2RI ERFICH T T2 6 EL
LEMILIE TH Y, TN THOAEEEZIT->T»
5T EDLFERL 72

MHB LVFHE

HEE

TyrS @ f% i (H-Tyr (SO;H) -OH, sodium salt - 0.1
HO (=98%), K00228) % J#lfbae T3pkAaHt (A
) X DA L7, APAPS O (APAPS potassium
salt, #fF ; 97.0%£1.6%) 1, TyrS &R (16) 12D
WCHR A DSLARTICHEN. L 7275 C APAP & Hihik & IV C
ERERLZzbox ML (17). HPLC 7L — FO

AL = VIEE L7 4V AADERE CRBO L) AFL
72. TLC H @ silica gel 60 Fy, (1.05554.0001) 7' L —
B L Usilica gel 60 (1.05748.0001) 7L — b id Merck
TVHEEAL. n-7F VT a—), £V 7N/ —),
¥EE, —ve Yy, TR EFHIAT ALY (K
#) X OWEA L. ARHFZETIE, MilliQ 7L — FOK%E
fER L 7.

B & HPLC DBIERH

HPLC |2 X % APAPS & TyrS O 4Btk i S h o % 5E 1,
ARSI LA L 72 BURbA i & T, BREER (17,
19) % —#Bk B L TfT>72. HPLC ¥ AT 4121, AR
GEELo UV Mitig: (UV-2075 Plus) & 7 4+ b & A F—
F7 LA (PDA) #ith%: (MD-4010) % fi 2 72 LC-2000
PLUS YV — A& 2 u~< NI T 74— AT A
(ChromNAV Ver.2) # i L7z El%H, YMC #:# ODS
717 2, (YMC-Pack ODS-A, W{£4.6 mm x 150 mm, A
F4E 3um, MFLEI2m) *HWgHr o~ b7
TA—IZEBTA VT TT 4y 7 EMRICEY, BEIH
(2% =K, 40:60 (vv)) & &b, mE30T
OB E A =20 ul, Ui 0.7 mL/min, #R 9% £241 nm
(APAPS), 272 nm (TyrS) (285 UV il %17 - 7.
{bEMOFEIES % HE T 2 B2k, PDA MEZRIC LD
BoHND UVIIARY MLVl 7z.

RERDIER

APAPS ZBEIMIICIEML, 1 mM DR v 7 ik %
W7 2otk KKEEI0M 2 E5TOHNT 5
TLIzEh, B g (00244, 0.0489, 0.0977, 0.195,
0.391, 0.781, 1.56, 3.12, 6.25, 12.5, 25, 50, 100 uM) O
APAPS 1EHEVET A T L 72, 25 % HPLC 12t L,
Y— 7, Y—78, BHREEEZIEL:. Iht 3
E#E DRz, E—27HEBIPE—27ELD) y=atb
DEAMNE KD, B E RERE (F) TRLE

TyrS ZBEMICERL, 1mM DA by 7 A% 5
L7z, 20Ok, wKEELIOuM 2 EfEToFHNT 5
Tl kY, B (195 391,781, 15.6, 31.3,
62.5, 125, 250, 500, 1,000 uM) @ TyrS BEHEZ R % 3 L
7z, Ll APAPS & [IKRIC 3 WI#E 1) o LillsE 247 - 72.

MR A (DL : detection limit) 18 & E=RA (QL :
quantitation limit) {1, K DX (DL =3.30 /slope,
QL=100 /slope) IZE W& L7z, 2B, o IFEDE
FEE VT T AR MNEMEOBEERE, slope 1%
R 0 4 M2 SIS BT A EROMEE 237,
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HRZE & LU HEZEEOAE

APAPS (0.195 uM & 50 uM) & TyrS (7.81 M & 500 uM)
DIERERR * ZNEN2 OORL LIEETHELZ. H
NEEROEHR O 72012, ZS ZFEHEHIZ10 \ED
WUMGE L7z, HMZEEOHBODIZ, 3HIHIZE
nEnlom, 3, 3 EOHE D R LREZITV, LllE
HIZBIF 27— 5 OFIExHH L7

HEERBMDER & HPLC ICK B AIE

BEd (17) 12fEvy, APAP (1g) % F o205 M2
VETOEME 10mL) LRAL, S 5ICHEDRH
FOGBH#IZ 2 mL $2 R L 72, RIS, FUE % #ok & &
HASIKERIL N 7 2 & GEFR AT AL & ) FR AT L 72 BOE
HiAI20 mL 2472, SN L D100 ul & FL L, 55O
B L UWERICEEORBBARICHEER L, KI21/1,000
E B XD ICHEME, HPLC I2fE3 5 2 & T, APAPS
R OERERITo7. ZOFERE 2EE) R L7

HRET AR

FEAERL, —H2brE, 3 £72IX10ERIER O R 2%
57— LRI 2 EHERAE TR L. BEEE
LCETHICIE, BB E L 38T L 72 R
7 (%RSD ; % of relative standard deviation) fifi % ff ffj L
7z.

BRELVEE

IR 413, Jevons 12 X 2 BEAF @ TyrS A1 (16)
% L2 APAPS O H G L7z (17). L2
L7755, TLC 2 X 2% 7% APAPS O CTldE =
HECHEY D ) (17), WE L PEEOm % X5 G046
HETD DI, RO YTV CEERRICEN
HPLC #3E AT A LEDNH - 72, Z 2 TRIFZETIL,
HPLC % H\>72 APAPS & TyrS @ UV M2 X %l & i
DWESLEAT D 728, BEMOVER, MILRRE L O R
BREMEOUE, HANB L OHBEBEORZEEITH) 2 L
kL7

A DOREL

HPLC-UV M HHZ & 1 0.781 uM @ APAPS & 62.5 uM D
TyrS O H 2 1220yl $OEA LTI UY M7 T A
AR FNFN170 min (Fig. 1A) B X OF 1.65
min (Fig. 1 B) OEHERE & 123 v 7V E— 27 B
AT &7z FEEC, PDAMBIERIZ L DSz UV IR
INANRZ N V& EPIZR L7z, APAPS Tld241 nm i

VAR R AR H 7z, TyrS TIid263 nm {F3T 12
WA E 0720 00, K CIIBERIZHE-> ¢
272 nm THEIZE L7z (20, 21). ¥ — 27 OB HEE’ A 51
EWH A T DRSS B HFER 2N T DS
EZONDHDOD, KEMIZBITSH APAP O NIRRT
#1334 min TH b 720 (17), 4 7% { L & APAPS &
APAP (3B 7 B HIFHIICE — 2 & LTHBEdT 5 2 &8
WEETH A, A, REMETIE TyrS & Tyr iI22oWT

B L EHEEICOY -2 L LCalicE s b %
8 L C W A (data not shown). 7S HPLC i 12 & %
APAPS & TyrS O#HIE, UV RO & 2 BEWHAEAE
LAWEEIITAEMTHS. L Lahs, HILEw
RABHI L o TR E— 7 MO L B 2R D
B2, ZOBRIZIIBEHOM % & aEE &t o
LM ENEET 5.

HREROIER

72 HURIE D APAPS BEHEAE (0.0244-100 uM) % 3
D ELHEL, Boh/zE— 2 (Fig. 2A) B
LU -7 (Fig. 2B) OFHME LY M2 ER L 72
ZFOFER MEHEO IR —2HEHEEZ VB
0.9998 & ¥ — 7 & % H\ 72 B 000.9906 0 [ 75 C > [EL A
PS5 N7 (Table 1). & DE: APAPS O B FAT 3T
DRI 4T (0.0244-0.195 uM) 12 BT B HREMIZB W
T, FAHPE— 2B XY — 2 5 T2 2109994
B L00.9997 &, KR FEIN T b B IR R 72
WIS, B D EE O TyrS T (1.95-1,000 uM)
Z3MEYRLAEL, 5N ¥— 2 (Fig.20)
BLOE—7% (Fig. 2D) OV & ) HrEfi % 1R
L7z, ZO8ER, BREHO AIIZE— 2 EEE vz
D0.9996 & ¥ — 7 i % FH\ 725 00.992975% 5 v,
THWEMEDFEDO S L7z TyrS OKIEE 4 55 (1.95-
156uM) I2BWTIE, FOE—2ZHEBIOEY—2 5
TENZN0.99488 £ 1809993, Z 2T E\EARME
D7z

W2, 77 2 7 FEOBIEM & Table 1 1278 31 H R
FAFE D 4 5E I BT B EROFEHRE S L2, R
R EEmEAE T HH L7z 20fE%, APAPS @ DL
& QLIFE— 7 HfETENZN2.29 nM B X 106.93 nM,
=27 B TIEZN2N355n0M B L U108 nM TH 1)
NP EOREETHRBEZIZERTHRETH > 72 (Table
2). —7, TySDODL & QL IF¥ — 7 W TEFNEN
0.659 uM B X U2.00 uM, ¥ — 7 & TIlEZ N 2#10.199
UM B L T0.602uM T - 72, Fexld, Nh T CTHilk
OEREE IS, Bl OE ML TLC 0O UV #H
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Fig. 1. HPLC Chromatograms of standards of APAPS (A) and TyrS (B). A twenty-microliter aliquot of
0.781 uM (4.20 ng injection) APAPS or 62.5 uM TyrS (356 ng injection) was applied to HPLC.
Detection was performed for APAPS at 241 nm and for TyrS at 272 nm. The retention times for
APAPS and TyrS were 1.70 min and 1.65 min, respectively.

Table 1. Calibration curves of APAPS and TyrS in HPLC analysis.

2

Range (uM) Raw Data Equation r

APAPS 0.0244-100 Peak Area y=21,571x - 3,737 0.9998
Peak Height y=1,760x + 2,992 0.9906

TyrS 1.95-1,000 Peak Area y = 331.5x + 300.0 0.9996
Peak Height y=20.07x + 538 0.9929

Calibration curves with 4 points closer to their detection limit

APAPS 0.0244-0.195 Peak Area y=19,509x + 88 0.9994
Peak Height y=2,460x + 6 0.9997
TyrS 1.95-15.6 Peak Area y=294.4x + 697.1 0.9948

Peak Height y =34.59x + 29.65 0.9993

x, conc. (uM); y, peak area or height; /, determination coefficient.



HPLC-UV i 2 W=7 b7 3V 7 = YRR & -0 3 VBRIl & 3

T e Ry VEOICE ) BEICHEL TEL
(17). TLC LD AHE Y PNy FOik & % ¥l 5
Z & AV BE 7% Image] M {RALEL Y 7 M7 = 7 ver 1.53t
(NIH) 2wz ZLicky), —E=l EThahor
EMREPEENICIERT S 2 ETRETH S, 22T

B b E D APAPS & TyrS % TLC LIZA Ry b L, 2
SERAY IR ] BE 20 BRI % JEATAY ISR 7S 5, wd
Nblul ARy FRIZKT0-80 ng LLEDENPUEETH -
7z (data not shown). AWZE1Z351F %5 HPLC-UV # i 5<

(A)

APAPS (Peak Area)
2500000 -
2.000000
%1,500,000 ] 5000
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<
§ 1,000000 gS 000
2T} <
S2000
k.

0 20 40 60 30 100
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(©)
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5
= 250,000
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o
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E gtl,llll
150,000 4 glm |
52,000
100,000 2
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0

0 250 500 750 1,000

Concentration (M)

@ APAPS & TyrS O %€ & R 5% 130.04-0.06 ng 3 & O
3-1lng TH o772, TLC & 0 b & E=mED
MPHLENTWDL I EDPERTEZ, TN T,
HPLC-UV #2517 5 APAPS @ DL & QL IZixZ 12
10 uL 52 KF 1251 ng/mL (051 ng) & 103 ng/mL (1.03
ng) (22) %, 20 uL FIERIZZFN210.2uM (1.08 ng)
£6.4uM (344 ng) (23) G STV A, ERRE
12 APAPS % A4 7 L7zBE &, BaEHPIZTIH LA
Wik a AR L L2 BEoMEHRIZEB1T % APAPS O DL X

(B)

APAPS (Peak Height)
200,000 -
150,000 -
g 3
5100.000 - 500 1
o -
T gim
o 300 -
L &
o L/ w200 -
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A 100 4
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Fig. 2. Calibration curves for APAPS (A, B) and TyrS (C, D). Calibration curves were drawn by plotting
the data from peak area (A, C) or peak height (B, D), respectively. Detection was performed for
APAPS at 241 nm and for TyrS at 272 nm. The range of concentration injected for APAPS was
0.0244-100 uM, while that for TyrS was 1.95-1,000 uM.
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QL ZHAMIZHET 52 L IZTE % WVH DD, &K HPLC-
UV B Tl 2 EETERDPTRETH 5 2 L D5D
L7 TyrSICBWTIE, A4 ¥ _R7 @i HPLC & &
HFOOMA G LRI L BHEIZB VT, 0.13-19 ug/mL
(0.46-66.7 uM) (20) F 721320 ug/mL (70.2uM) FTD
IEEHPICRIFAERMEE L LIS, EaELF—F—D
MHEEARE SN TS (21). KiFZEICBIT
HPLC-UV F 3 #8FEIZ EDEETIE RV oo, UV
WAL D & 2 AW DA L V4121, APAPS &
TyrS OBEEIZTFIZEHTTRETH D EER N5,

BRZE & AEZEENE

APAPS & TyrS ORIEAEEE Z RS 72012, #4352
DO BTHEED R LHIEZ 1TV, BHNEOZ
B & A HE R 2 (%RSD) CTEL7Z. ZORE
REBRGEMIZBT 2 2/LEW O R IL, 10 [ D
B LI ERE O H A BN & L C0.22-0.54%, 3BIHIZZ
nenlom, 3[E, 3\ % LllER O H 2SR
& L T0.57-4.25% 757 S L7z (Table 3). APAPS @ K —
JHFEE Y — 7 moHNESRIE, KiRE0.195uM T
2.10-2.18%, FHIEEES0 uM T0.89-2.09% TH V), HMZE

BRI ENENOREIE TL12-4.53% £2.28-4.31% TH >
7o, FRRIC, TyrS © HANZEE) =%, RBEE7.81 uM T
2.72-3.24%, EiEIES00 uM T0.96-1.06% TH b, H %
BRI TN ENOIRIETL84-7.15% £0.77-3.21% TH -
7z (Table 3). TN HOKRIE, ¥—7HiliB LU —
ZEOWTNORET —FZI2B VT BIFRIEE L FH
HERTHDTH 72,

APAPS MO& K & HPLC IC L B AITE

N F TIZFKA DT> T &7z APAPS & ik & @ KIS
Zfcid (17), APAPS &R ICLE L TRl % 15
IIERZZEI RS> TV b, 2070, J64T L T APAP
1 g £10 mL Ofiefz & O SUGER £ 0 BRI > 77
¥ 7 xATW, RHPLC FH % HWw TR HIZ ORI T O
APAPS A EIZOWVWTOEREHL I L L Lz, A%
T, EEO APAP L AR Td B APAPS (X574 %
HHFERIIE—2 L LTHMTETwS (17). 20k
F, 20 BB & 1 b T L A30-6055 BUG £ IZ APAPS AR
EAEWHEIICH o7, S HIZ, APAP Ll g %720 D
APAPS Al A HEEM & L CHM L24E, & K100
mg ML ECTAMTETCNDL I L EMFRTE (Fig. 3).

Table 2. Detection and quantitation limits for APAPS and TyrS determined in HPLC analysis.

Peak Area Peak Height
DL (uM) QL (uM) DL (uM) QL (uM)
APAPS 0.00229 0.00693 0.00355 0.0108
(0.0123 ng) (0.0373 ng) (0.0193 ng) (0.0582 ng)
TyrS 0.659 0.199 0.602
(3.76 ng) (11.4 ng) (1.13 ng) (3.43 ng)

Data shown in the parentheses indicate the calculated amount of test chemicals
within a 20-pL injection to HPLC. DL; detection limit, QL; quantitation limit.

Table 3. Intra- and inter-day assay precision for APAPS and TyrS determined in HPLC analysis.

Intra-day (n=10)

Inter-day (n=3)

Conc. R -
(uM) etention

Peak Area Peak Height Retention

Peak Area Peak Height

Time (min) (AU) (@v) Time (min) (AU) V)
APAPS 0.195 1.66 4,244 519 1.71 4,175 495
(0.54) (2.10) (2.18) (4.25) (4.12) (4.53)
50 1.76 1,094,462 101,827 1.78 1,100,968 101,460
(0.32) (0.89) (2.09) (1.01) (4.31) (2.28)
TyrS 7.81 1.63 3,329 288 1.63 3,290 287
(0.38) (2.72) (3.24) (0.613) (4.84) (7.15)
500 1.93 169,822 10,960 1.93 171,270 11,275
(0.22) (0.96) (1.06) (0.57) (0.77) (3.21)

Variation (%RSD, as shown in the parentheses) in the intra-day data is shown from the mean of 10
replicated injections. Variation in the inter-day data is shown from the mean of 3 separated days with
10 or 3 replicated injections. AU; arbitrary unit, %#RSD; % of relative standard deviation.
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HPLC-UV Mt A V7227 N7 3/ 7 = VRBE L 9 3 Uk o &1

1209 0 15t APAPS Synthesis
g 100 4 M 2nd APAPS Synthesis
'-o_ (=]
5} ju
=%2 80 41
5 2 E
= =
EEE 60 -
ﬂ_. T
[=11]
3L 40 A
o
403 F{I
E .
— 20 30

40 50 60

Reaction Time (min)

Fig. 3. Effect of reaction time on the production of APAPS. APAP (1 g) was reacted with 10 mL
sulfuric acid for indicated periods including a 20-min premixture. Data shown represent
estimated amounts of APAPS produced in two independent experiments.

IS DOMEIE, Db LA DPURTHE L7z,
APAP 1 g EBilE10 mL & %4045 [ BUGS 12/ BEAS 3 L
WA 57 APAPS 91.1 mg (17) 2PEHcs % b @
TH o7z, BIRTIE, APAP AEEIZSE I LIS

<L, BANGEWIREE TS 2> T0 A EZERH6N 5.

SfiE X D KD APAP % H\ T B O SEER % 17\
APAPS B2 2 T APAP Ol & & b 1S

DR ETRLEBFEL TS 2 E D E-EETH 5.

AR B B HnER Lix, S CTEWAH &G

5 CITHRt O L DIEH SN TEZ . L2 Lad 5,

a7 x 7 — VHALEY O A BTG O B Gk LA
EORBEEML TV 2002 ER&MICTHRL L) TE
T, TR IR LA e DL & DR RE % Tl T
ELWEMNH L. TrlIINFTIC, F7 b= VEME
& 2o OWMERALHY % v TR LIS B % 17
AT LI E Y, EYRHOBIECTHBBILAH SN TD

VP LOEITHEEMET T2 RTE AN &, ML
NDMEIEAE L CTEEDSREE SN ZE 2L ICL
72 (24). F7o, MERALAEHWO A 2 X 2 OVERiEYS

~7u7 7 — Y OMBNEBILL NVEITEL, 25121
HARZRTIELZ L2l LC&7 (2526). filk
(LRHOEFNEREHS 2T L2012, HERbic
L VALEW R EORBREDEE L RFEL 5 2 Oh & EFIC
AT L i3 (15), FEMAHEOILEW O EBE
*FWT L LETHEETHDL (27). HiE>T, APAPS %
TyrS D &7 &3 k4 BRI O A FAE e A R
PEIZDOWTHLPIZL T 2ol d, IWE - JEROmH
TRIHEO RIS BEORT & EA, Fi AL
NIV TOREREMEIIZE 2 150 CHEE L T S EPEET
H5b.

FED

PLE XY, HPLC-UV MHIIC & 2 ARFHAY, APAPS &
TyrS D27 02 b7 MBI AMEE — 27 Ok & &
SOMFITBWT, wElk, BlskeE, SERRE & i
BOHELY, PEY Y FIVOMEICEHTHSZ L%
LI L7 o T, KFEEPMEFERFFICEL S
APAPS X TyrS DIEDHEER, & b7 L LY
DOWFRIZBWTOHERE LY — Ve bl EMfEsns.

& B

ARG O —HRL, HARFAIRELS ISPS ORI A %
72 (C) (JP20K05881) 5 & ONSEiEA: an b4 22 i
Tav s MO EZ T CEBEINTZLDTY.

C: 3 3

Tex 3R, MEOF Y Y O-HEME (TyrS) A%
FEERIEREL2TENT 3/ 722 O- Tk (APAPS)
DAEWEEBEER MY L C &7 RIFFETIE, matks
o~ M77 74— (HPLC) % H\>72 APAPS & TyrS @
UV IEIIC L 2 e A2 BRI T) o0y » TV ARTF
BEORGI R E Lz, 2t 2 o0 b WEE, AW
TH NAHEYRHIC B 2 ERIA AR ICB S T2 5 4
U2 bR chy, hEFTCLEREKEIT-C
WB T ERMHERL BEH (X5 7 —)L 1K, 40:
60 (vv)) LODSH T LAZMHLEZTA VI T4
7 EHETIX, APAPS %241 nm, TyrS %3272 nm CHEHnf
RECH D, PREFRFRIZZN 2 170 47 & 165 55 Th -

_7_
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R & =R T Z 21 0.199-0.659 uM & 0.602-
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V— 7 Wl € — 27 &8 5 APAPS DA e {7
7% 0.89-4.53% T, TyrS 78 0.77-7.15% T&H 5 = & 32
T&7 UEXY, KFEPLLFEERKIZAL S
APAPS X TyrS OYEROHEE R, 2 5 7% B Bk
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Verification of multidrug sterilization effect in pig feces and change in taste

of pork by administering yogurt made with bacteriocin-producing lactic acid bacteria
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Abstract

Multidrug-resistant bacteria are a global health and development threat. Therefore, in this study, we thought that multidrug-
resistant bacteria could be killed by bacteriocin-producing lactic acid bacteria and yogurt made from Lactococcus lactis
MBRI16 was administered to Berkshire pigs in the late stage of fattening. There was no difference in the total number of
bacteria and the number of colistin sulfate- and enramycin-resistant bacteria in porcine feces between the control group and the
test group. However, the numbers of colistin sulfate-resistant Escherichia coli and coliform bacteria were significantly lower in
feces on day 27 of administration in the test group than in the control group (p<0.05). There were no 3rd generation
cephalosporins-resistant bacteria. Microbiota analysis showed a decrease in the proportion of Bacillota and an increase in the
Bacteroidota in the test group. In the results of the analysis of the meat quality of the loin core, total lipid content was 2.43% in
the control group and 2.54% in the test group, however, there was no significant difference. The free amino acid of the loin
core tended to be lower in the test group. The taste analysis using a taste recognition sensor showed a low sourness in the test
group compared with the control group. In the taste test, it was judged that the meat color was light, and the meat-like taste
(richness), flavor, tenderness of the meat, and juiciness were low scores in the test group. However, the total deliciousness was
rated high in the test group. These results suggest that the administration of yogurt made from Lactococcus lactis MBR916

may affect the drug-resistant bacteria and intestinal microbiota and may improve meat quality in pigs.
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(VRE) &\ 72365 7T A HERE, RvwTC, £
R PEAk IR E (MDRP), ZHIWET > & FN7 & —
(MDRA) & \o 72317 T AEHERR 22 &35 1T
55 (1),

FUEEHE 7 T 2tk 7 5 5 — PEMEOBKRE 721348
WThY, HEAMTORSAEEEN ESEL7-010E
TREEZHS TWh, Tungd t 74 v 7 JBRKOH
L, AN & A ERMR L OB ORhRN A
INT Y ADKERE, RICBIT 2 REFREEON L, B
BLORIERETEM %8 L TREENES5T5 2 L2
ENTW3 (2). BELTIEANOILEEE OKE b JuERLb;
2 E L, FRUCE > THILA L AR SFE L
Ev ) R (3) DIFA, & HICKRWICK 3 % 7L
WOWHELHENRbIME SN T0D 4).

FLEEH OPIH AR I A 1T U & T 2 AP, 5
FOBEB LOVMHEEMEOAEKIZES TS 5). 20
£ RIABME Ok 4 REREEO—D L LTHHWETH
BN TNLT Y Y DEENRHITONDL. —KIIINT T
& Y CEHRIA pH 5P CIE A D 0, B ENEE B
L, 7077 =L o TRIEM LS N2 F & F D
6), FLEEWO/NZ 79 F ¥ v IdPUEWE B L OMLFEm
BB ENIT T 2 e LR SR Tw5, 78
WON7 T ) F 3 Ad— I EEES 7T ABEW IS
IPURTE D % <, BICAER L FiF R 7T ABHERIC
PREEZRT. b o & bREWLIAREO/NY 7 4
DrTHhDLFIA T AL KREOREBIAETH S
GRAS (Generally Recognized As Safe) ¥/E & L TFEH 5
nCBY, RS0 ELLETE < A ArE L L TR
ENTWwW5b, F72, HERIZBWTH20094E3H2H 1AM
Wi E LTiRESNTn5,

Lactococcus lactis MBR916 (DL T, MBR916%E) 12,
INY TR — X )HBES NN 7)) F 2 VEERT
HAH. LHTOWTRIZ LD, KEPEET LN T )+
N, BURANXZ PUDILL, pH, a7 7 —+¥ (7
7FF—¥E), BEEELFEFITEHN L EZHLH,IC
LTwa (7). 7, AEBLUOREPEET LT T
VF T L, BBk OSFIM LR % KRS 5K D
LT laWELL (). LaLiads, EBICREICH

- L 72 D ZHIM TR O PIFIZD ROV TEIAH TH 5.

T ZTARWGETIE, RN 7 % ¥ VA FLERE CER
L7z38—=27 )V 2RS35 2 L2 X ) IKEfF 0%
R R B RD S e TELDPERIEL 7. £
7z, ZHEIHERA RIS STV ER G VAR <, R
R BREEERERL2ELTH, REOEFIA N
WEDDLDOBRTHEEZROFGRE L) ARV EDNEZD

N5, 2 THIMMEDRIE D720, #5150 KB W
N DOWT S HEE L 72,

M#RBLOHE

fERZEEEI— IV b OFER

MBRI16¥k 1L 4 — 7 L —7 (121C, 15min) TH
L 72 MRS broth (Difco Laboratories, Detroit, MI, USA)
ZHVy, 24FEMI37TC CRiFE L7z, & HICHEH, S
2T 2 EEMRARRE L7z, IRWT, REREE 2 %7+
YUINA X 5 IV 7 B 2 %HAETITC, 24WE IR 38
L7z, SHICHEEM, FRSEMFICT2 EMRAREELZLD
3 — 27+ (FLMEH £09.66 log CFU/g) & L TARER
W L7

BADI—J I MEERRR

RO FLE R 535k, Bl KFEMEREZRST
DHKREGT, BWERICETL2EET A FT 14 V12
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i 1 T D 3] & AR BEER S RO D). iR R
FIRFHEFEE L v ¥ — BBV T20174F 6 H22H
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200 FCoO28HMARAMME L, #AZIHIOHET
DE2HME, FHRTZRrBLUORKIEO5D (K AdWVE
GERCE L ENA 8= A-EX, VoA AR A
ik, fmiE) CHEFER, 10H19H F TR AF
v (25gfi/ b)), Zv=F42 v (30 g/ b
Y), 7 VBET TV (300 g i/ b)) (BRHIHD)
EECRAGEE ((AdVEAHEE T L B-EX,
VA ZA TN BB VERL, fERE) CT39HHfE L
72 (20184 7 HICHiME 2 ) AF » O HIZEE L S Tw
%), Z0Otk, 11A140 F THAEWE RN Z L O fFx
(K ADHVEAFE L TH & C-EX, Yo AT AIbM
CAdWEE, fER) CHHMARR, MRX2H (%
B A 28H), WABRIX 288 (84 R 1§, * A1)
W2, 12A11H £ T27H M, dRXIEESHER (A
HVEAFEC FH L C-EX) #2.7 kg H, FLEERHES
X (LUFBERX) HREFENIMA, Lito@y) fERL
23—V %03keg/ HELIH2MNZ 5T CTH- 2 72, K
GHEfKE Lz, F o3 v ZIIRIX 0 F8 ot 2 2
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Iy F o= L7z, Dk, LR»SEIL 724
YINE 1gTOlbml 77 VA YT a— TG,
-80C I\ TR sl fRAF L 72,

AERIE

RIS La— 7V Mg5 %47, OHH, 7THH
16HH, 21HH, 27H BIZAREBELXTo 72, fiRt4 K
(252 2802 1T OEREIEL TV, HHEAEL S
L7z F72, WIRBRE L AR E L RO 72,
MR E (1kg U720 OFRZERZE) &, HER
H A+ WIRARE - IARE T, fRZREE, B
BRI E - BB TRo 72,

BEHEIE RS OIER

AR ORI OBIE T 1T GAM FEREH (H KB,

W) AW GAM B L U15% ERE=M7 5 A1
AN, F— 27 L—7T#® (115C, 15min) L,
GAM ZEREEH 2 EHL L 72,

ZHNMT R RS HZ 1  GAM ZERBEHIC 7 1 0V 7 — i
WL ) 2AF > Qugml) (Bt 714V afkht
#gORKK) v I <AL v (16ug/ml) (Abcam,
Cambridge, England) &I L7235 D% 7z,

Bile = ) A F VIR RIS 3 & ORI B 3 o 1 Bl 52
I, BRI U AT U EE XM-G EREH (HKESE)
W, XM-G#ERE A =M 7 I ATIZAN, +—
M7 L—=7 T (115C, 15min) L, 74 V¥ —%
WL ) AF 2 (8u/ml) ERIN LR L7

U RVEIERR p-5 7 ¥ ¥ — ¥ (Extended-spectrum
f -lactamase: ESBL) A KIGH B & O KGR B0 #lZE
W21, 3R 770 2Ry VREFRTH L
Cefotaxime (NA F X714 I A TV A, B (6.25 ug/
ml) B X U Ceftazidime (B ELRE T2, Hut) (30 ug/
ml) %R L7z XM-G EREH (HRESE) % w7z

ERBAE

WA L CB W IROFEEY > 7 )01 g 29 ml D
BT YKICEEL, 10 ' e Lz Z20%k
Oml DIEH T F Y KEH, EEBEBAREZITS 72,
ARAFB 201 ml T 7203 1ml 527w L, 37C T48
FERIBR (R EB & USRI EREGIE) £ 721305
¥ (KBWBLOREBRE) 21707 BEE,
ProtoCOL 3 (Synbiosis, Frederick, MD, USA) 2 TR
h bl BTV 1gdhih) oAREE (log CFU/g)
wHEIM L7

EEOERBEN

HUiE L 72 3fH Y >~ 7 )L % Novogene Corporation (Beijing,
China) |\ ZHKHEL, Wit —7 » 4 —12 X 5168 rtDNA
O V3-VATIS OBCHIFNT 12 & 1) WHEAT %47 - 7.
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H1HHOY 7N %80T TI0HEIME), 727 AF ¥ —
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|2 CEFAM L 72.

F7CREERREE I L 2 TIE, MBS HHEICE— R
HI0g #HBFEL, 15%T% / — ViEiHi 250 m Nz, 7k
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HEIZTE% T8 ) — VIEH A0 ml Il 2, F 705
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ml ZERL, BRENATEE L7z, AW 2 REEE (1
VIV v bRy —Froav—, M) 12TH
L7z,

B D Bk EA B

IR & SBRIX I ED D 20 &) L PICT L7200,
BIREERZIT o 72, BRSOV & L TEHBRFOFE
6 %%/ AT —L L7 MHESHEOT - AREFEE3
mm ZAT A4 AL, 3em X 3em (IR LIRMEL 72
g s+, 80CIC LB Tk (1min) L, &KA%
FHM L7z, REAMICIE, AEXAENICHBITAHA L LTH
OFY, WOaEFHIL7z. EXTrOHMT2HE L L
TiE, RboLrE (ENFHD), Rbos (FnkA
72H), Ya—T - (i), WO, HWHOK
(a2), EK (FDZ2EOGROKET) OREE, JEk (F
DNE2ELRORE) DIFFLE, FRolTE, REMNEB
WL EOFTIIIEB IOV Tl L 72, BRI 5 sk
&Y SHILL, ToFEERD T

WRETERIT

FRTEAT IXARET AT~ 7 & IBMSPSS Statistics Ver.22
(New Orchard Road Armonk, NY, USA) W t EB L O
Tukey @ HSD M7EIC & 52 B BAEMEEZITo /2. &R
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BN 53X

PEHRINC T — 70V MHIINS 7)) F ¥ U HEEE S NT
WL EEREHECLDRARBRLALE 2 A,
Lactobacillus delbrueckii subsp. bulgaricus JCM 1002" 12 %F
T LPRNG DR S N7z (77— & RA#).

3 — 7)) MEREFEO LI 5T TG L7208,

WEIFPEIRTER 128 <, BE OO & L TR
NBRD LML o7 TEI— TV KRS
CELI LR, AW EFEEEDL—HNERo720OT
Ehwp g sns (8,9). 7, HGHIMT, TH
REFAT 2 EOFERIIBIE SN I =7V b ORENE
bR WEEZ SNz,

BEANOF G- %47 - 7227H M TO¥EE I Fig.l 0@ 1)
DFEF & e o7z WXL 1 FETI95ke, 2 FT25kg
B L7z RBRX offkE L 3 FT2kg, 4 FTI3225
kg TH -7z, HWEEOFIHIIHHEIXT21.0kg, REEX T
12222 kg ERBX O DHET L 0o 7288, B 5- Wik h
DR ERRIT 347 B L1364 £ RBEX D25 <
Tofz, TG LI -2V o&E (300 g/day) @
72D THAHLEEZLNDL., UL 6, HARMGEEELE
(4) OIEEH (70~115 kg) DOFRZRZII361TH 5
kR, FLAFLINVZFEMEFIUIEE I v E
WO AR EZ, BETTEIUILIMEL 2 AHETIE%R
WwWEEz 5.

140

120

HEH L SHMERRORE

JEEM F ORISR LS 2 TwizitEWE T
HOLREI)AF v BIOT Y IV A ¥ v OWAYE
ERIML7CE AL, R oRE e e Lz =
YIRA T VIERII T A AR  BlgE s, 'R
FETIED) LD hdro 12 720BHEIC T - 72 (Fig 2A).
WL, PUEME Z RN L T v GAM R T
WoE L7z, AHRIX O £ Day0 1235 79.79+0.18
log CFU/g, Dayl4 2 T10.38+0.36 log CFU/g, < L T
Day27 Tl% 9.78 0.05 log CFU/g &\ ) #E R H 7z,
i) AF > BLOL Yy I< 4 ¥ VIR,
Day0 |23\ T 5.80+0.11 log CFU/g, Dayl4 2T 6.08=
0.75 log CFU/g, Day27 Tl 6.22+0.68 log CFU/g T& -
72 AEBRIX OB T Day0 (2B VT 9.74%0.15 log
CFU/g, Dayl4 12T10.06=0.10 log CFU/g, < L T Day27
T1X 9.60+0.08 log CFU/g & X RIX L TR EZE D B e h o
7z MR UL, Day0 1238V T 5.93+0.43 log CFU/g,
Dayl4 |27C 7.98+1.34 log CFU/g, Day27 Tl% 6.21+0.70
log CFU/g T& 1), Dayl4 (2 TH LEW@ENAT R Sz
25, X EHBXOMICHEZEIR N o7
ZZTHMERO—IIIT L TT T agthxtiTo728 25,
MR DIFEA LT T T LBUHOBRRTH o722 LH%%)
Potz (T—F KL, 20720, REHEB X OKE
RHECEH LT O%EREZITo 72,
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Fig. 2B 2\ Z 2N T TREDFEMY & L CRAfH
FAENTEmMEa Y AF 2% LTtttz w3 KB #
DWPERGR 2R L7z, MHRIX O R EIL Day0 (235
T6.91%0.13 log CFU/g, Dayl4 Tl 6.91+0.13 log CFU/
g, Day27 |2B\W Tk 7.91%0.22 log CFU/g TH V), %
T X Day0 |2 3B \» T 6.87+0.13 log CFU/g, Dayl4 T &
6.87£0.13 log CFU/g, Day27 |23\ Tl 6.73+0.22 log
CFU/g &\ ) R & 2 D YOI R AL T 5
CEDPHL NI 57z, F72, Day27 IZBWTERTRX
TR PER AN L CTw7ehs, BEBRX T i o B n

® RIS AR (p<0.05).

BABICHAONATVL W) ZERbhor (p<
0.05). fRH 5%, EREZKEMER2STT A3 FEa
) AF VitEEET (mer-l) ORRFRRZFEL 2L
25, SOMAT3TIE (46.3%) Tl ME#fs T % AT
DRBEARIE S Nz L LT a (10). EAoKE
BIEEMBEREHEANEG LB A7 2 1ETL
7RSSR, R ) AT v ofERRI & LCRERT A0
Y TRV E WL, 20184E 7 HICEERAI & LT
DIEXIIE L, BEMHAEELEL Twa. fill S,
20184F 4 H~20194F 3 B ISR OKE L OFIZBIT 5
) AF ViR FORAEREZRAEL LA, T



FEHEER - BOFRAE - I - HEBE - HItkZ - REZE - MEZFE - HB)FTE - &7

BRI - AFEAT - OHIRIERL - T

LM - A)IE— - AR - AR e

AT VT (mer-1, mer-3, mer-5) ZRET 5
Kw B L RGBS ERIKD38.1%, HEMA TS
O L < IE—EPBEHE & 72 o 723 D40.8% 72 B 43 S 47z
EELTEBY (1), AL ZoBETHELS
DRBHE B L KRG EBED I EE T 2 /A L2 347
LTV LWRRMEASHER S ND. ARBRIZBW TN T
VAT rERI TN OG- Ta) AT ViR R
B L OKRGREEOHGI2SH S N 7ZBHIIAHTH 5 73,

=7V MG X BN pH ORT, B #0242
i, N7 TV REVPEZLNL. L2 LGNS,

NI TI)FAT LTI, AWOMEAT LN T4

YOI T LENRIAEHT A 0EE AR TH L 720,

SHRIERL T LENR D 5.

ESBL EAREBIE
ESBL FEAW L, EYYERED 2D IL Ll S LTw

% 3L T 7 AR PAREICIWEZRTHMETH D,

TBENIZ B 2 EFIEREOFEHE & %> Tk, I,
FUEME OAEY) 2 (%2 X ) ESBL @A KGR B &
OCRIGREEPEZ TB ) REHEMEL > TwD
(12). A DFEETIZ Cefotaxime B & U Ceftazidime (2
T AMEHEEEFHI L /-8 25, IERIGHER S Lk
o7z

HEFET

# IR D Day0, Dayld, Day27 \2BF 5% 7l gh
55172 16S tDNA OELHIFRITIZ & % WA BT R 2
Fig. 312 L7z, wfliIX, #ERIX & & 12 Bacillota D
EHEDPPEBEUEHDTVDL I ENbhrol. KROT
Bacteroidota FIOFI G EDIXTH Loz dHIX,
HERX D &5 5128 W T Bacillota 'l & Bacteroidota ]
BOFUEZE HOHTHEY, KIZB VT Bacillota ' &
Bacteroidota M 73% CHFIEL TWhH LW iy & —3 L
Twa (13). X X 2Lz 25, HER
X T Bacillota M OENED5WA L, Bacteroidota 'l D H)
B OMWIMMNIEZE TH -7z (Fig. 3AB). 7272, fHOK~
OIBE R EE O GWFETld, Bacillota M OE &)
L, Bacteroidota M DENE DA T 5 L) HiiEHdH
% (14,15). ZHUZBIL T, MBRII6FRCTIER L7239 —
TNIDBNT TN v REATHRDL OO0, WA
DORELOPIEIAHTH 2720, SHINERL &% 5
i L TV BLED D 5.

Bacilli #8 @ Streptococcus J& T 1%, Day0 Tl X,
AERX & HITRE L EIE o725, Dayld THEXT
DEVEHIEZ, Day27 TIIHHRX TOEEH S H I8N

L, #BEX CTOEA L Day) 225 b HICHINL 720 &
THo72 (Fig. 3C). N7 7 1)+ ¥ VIFHEHBEH I LT
PREHZRT 2 26, ABRIX D Streptococcus J& D
W MBRIIGBRDFEA T 287 7 1) 2 Y I2 & o TRIA
SNnEtEdbH 5. Lo, EBIBENTN T
T VR NTDZORAHTH L. F 7
Megasphaera J&DHIE 1L Day0 LI TIIRE b L7z,
Megasphaera elsdenii \ZIXRD AR TH Y (16), FLER
EWERR, 7Ok VB, BERRZ: & ORSHIRIIER IC AT
LPEELMETH L (17). HHIRIIERIIE L0 O #
FRICEELREERI-T I E00, Megasphaera J&IXIK
DERIZE>TEELWTHLEEZ LN (18). &K
AERCII RIS, BBRIC & S ITHETERI G L7272,
T VESORETEIEVWEEZON, F2
Megasphaera J& DEE DA X 5 KO T IR OREIK 13 HE
RENrorz.

AEDAIE

O— A EORESHCIE, SR8 &= I3 RIX2.43%,
AERIX2.54% & 70 ) BERX SRR @ o 72 (77— Kl
). O— A RO B & O R BRRE, KRR
N, BT IR VE ORI A B R 2 = b o
72 (F—ki#). AEE, MEIHECTlda*flis
b* fE THERIX S, H 5 HH Tld a*x 3% TR o 72
bOOFELREIRON o7 (F—FKELH). F
JyJUR, 7yFryJuiAbXMTOREEILD»-
72 (F—=FKiL#). 77 AF v -5 (CAWME) (&,
RBXCEHETREZ R L72D, 2Hb0 bFEEIIAS
Nhol (F— & Ki#).

Fig. 4 12130 — A0 I /e ®Ezm L. A
BERIARON o2 b 00T X/ BREEITeh
ICREBRIX O MR E A 2 R L7z (Fig 4A). SRR
THET 5 &, MK EHBRXTERRT I/ BN
130.77 umol/g, 0.72 umol/g, HBRAT I/ Feid0.87 umol/g,
0.83 umol/g, AT I/ BziX1.93 umol/g, 1.62 umol/g
ERBEIX DT 3R R [ 2 7R L 72 (Fig. 4B).

BREDSHIEE(IC L DM

FRTOU— A RORBHREE L D0 x 1T o728
T A, MMM, PRI, Bk, HERR, R, R
BT 7 OB TR & HERXIE, AEEERONL
o7z (Fig. 5A). L2 LAEDS, BRHEIZOWTIE, &
HEIX A33.85, FABRIXA52.98L 72 1), BBRIX TIZERIRAMK
WA S 7z
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Others
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Fig. 3. 16S rDNA OECHIZIED W72 RIAT i O RN, (A) BRI ZM oM fFERE, (B) 7V —7
HOZM ORI TR, (C) 7 Vv— TROFEEE G, 7R &5 X (Dayd), F : #HIX (Day0), i
fk 51X (Dayld), #fa : WfHEIX (Dayld), % #%5:1X (Day27), #fk @ xtHRIX (Day27).
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Fig. 5 B \ZIXMERF/ S 4 )V & W 72 R BB BR O ff 2R 2 R LBV LSOHAFECFHI SN, AORLHERE
L7z, MHEXE L, SBRIX TIdAE TR &Il S HEOTE B IREH & 72 o 72, RCEHliS -8l & L
n, WO (27), BIK (F) 2E&TROKHE) O T, ABRXOKERIXOKE B L, EFVRLT
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Fig. 4. B—2AE07 3 /ER. (A) S¥EMET I/ BREas. (B) BWENT7 I/ BREA=.
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B oT2728, FRHEDSRENC 7 o oW RREDSE 2 S Lote, AIMEME 7 B 720121358 K Ok 4 B DS
(19). LHPL&dS, TNS0RENL 6 ZLDFHETIT- WTERRELY El L TV LERH LS.
12728, RV INA T AR Do TWAIRENEDL H 5.

(A)

IS P I ofi
R 5k
R
==t RRX == FlR X
(B) =)
5
WERRBVWL S

PRkDOk (=7)

—e—fRIX —e— FAERIX

Fig. 5. 1 — A EOREHEFAR. (A) WREHEEREIZ X 2000 (B) FEH S0 L & H v 72 IRE U R
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HerE

AERERIIITAE, FI5E & 70 o T B SR EE o BEhnc
LT, NIFUF Y AR I VIR L-T—

TV N IIERT B % % IRANOFG-ERZ X ) RS L7z

ZORR, BREBBLI OB AF Bl o<
A2 VBN BB R NThro 723, iR Y
AT VIR H B & ORI R B %5-27H B THA
L7z, BAMIEFEOZILS RonizlzdnNs 7y 4 v
HEDEIAT W2 23R 2% b 0D NMEED 2 > b
00—V &) ZHIHERED 2 > b o — )L T & 5 heM
ARSIz, T2, BEREBEITo72LTA, WD
POWEHE TERIZEN RSN, BEFHETIZHBRX 0T
PRHIASE 22072, L Laedss, KB CIIRETO
HMEROFET2HET O LMERTE b o/z/z®,
SIRIEME T — 5 %155 72O I B Z 3R L TR
BROVEN DS, F72, RRPEETLEZNITIL T >
AL FNM R R EEH 2R L7220 3R TH 57280,
SRIKF LTI~V b TERBR LN T F
DU EBRSTALELHLEEZONS, FHLOLO %
HEDLDH DD OO, KFEE TIX Lactococcus lactis
MBROI6H AR TIEHL L 723 — 7 )L + %55, KO
MR # B A5 2, FERMEREEZ S L, WEK
RNRDINEE T & 2 WTHMEATR S NSO FE D A 2 23
WfFsh s,

ml.

A

AWFFEIE, DM EEANGE L S O E 2 2%
ME LT L7z, CoREME) THFLE L BirEs.
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Methods of pseudo-fertilized ovule culture and anther culture

for induction of haploidy in grapevine ‘Kyoho' and ‘Shine Muscut’

Kiichi Yasupa, Yuki NakaMURrA, Shinya HiroTa, Ryo MATSUNAGA,
Kento Suzuki, Hiroshi Kaneko, Akiyoshi TominaGa and Masaki Y AHATA

(Received 30 November 2022; accepted 11 January 2023)

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.

BENTE&7, TONENZamMEL LT Hig A5

il

&

7 R (Vitis spp.) (X, T N IRLOD L PEFESE T
HY, TAEEFILOETHMITERARLEEHORIEL
L CHEHAMIIEE LR O—2THsH. HRTIE, £E
e LTHETRARDOMBAL ) 24w CRIABEN)
RELZGT HMNEE (W vinifera L.) DA% H - 7228,
BRI % JBE TIPSR TH - 72, D720, Bk
PR & H T 3 PR 0 T 1 1 B R EAE (7
labrusca L.) & OFEBZHEZ LY, £ { OWCKRHEREDE

bR RS PR R R

L RERFRFHEER S —
PN
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S, WORMERE  HFEA " (UK F v L7 —
)—=") LWLy = 7oy (SR TR ) o
THED S EIR E N NUB RO B LRI GETH S, Z
DB & L, FDE D 7 R EEEF 704
WX TBY, ¥t =%, "B, ZEI/A-2'B
S s —v 2= HEOoEENEORARE LT
DM SNFITTE7. Lal, 21wz HRO KK
Al OB LSRRI IR L CB Y, B
METH D LD OEIBIN BRI L W, 5wy



LHE— - BB - BB - UK - SR - ST - BRI - S

T A ER L7 BB ORERE L 2o Tk, —,
AU AH Y MR, T RRERENS (kM
AT 22—V XN ~AH Yy N FT - T L
FHFYT ) XBINGE R O SBR S L
TEEOERGRMETH Y, R AROVE LI X S
B Cufs R L A% L kel EoRFERKE R
T (1,2). F7, RESEBEEVDL OO, ZLEEIMK
W7o, [RTEEXRONLELR LT FY ] & L COHE
H TGP SBOTEV— AN D Y, HHEEHIE
PLERRE L 724 C b BSEAIE K - (ERTEARE O IR A5
ATWG, BN REREE S O, —EBOREIIK
TR (29 DIE], [RAFRRAAE ], [ RAEE
BAHE] Lo o ERIEERAS L L COUEES
FLRENT WS, PHEARE L CBEICHHDHEA T
BY, MWE R VAIT—T 14— EOERRME
DHRGEHT, " X—)bua—X°, "AH—Lv ', ‘3

FE—"BIW ELOWE FOEERMEDFHI
FHLTWE.

BRDO LI, HROT FYHFEMEIL EIE &L
L7-EBMEREICKRE L TB Y, EIEN 2 Bk &
oTWh, T2, "X A< AHy b IETMEAET
EH2b00, NTuEEErE L, BRNOHWIEE
DE ARG THEYF T % AV 7@ E T Id a5 <
W IRLOITHEO—2 L LT, FHAROF RS
o, Tabb, BRERNUERME L A
W27 AEREBESE, TORPLEBRAVEERT S D
DEERTHIET, BREBEIKELZZHERDT R
UBEM Y AR EEICER S-S S EDRETH D L E
ZbNB. F2 VXA URANY N DL LER
o AEEaAED S BUIE R RN S B 2 8, T AT
OEELME2EMTLEE LI, aveF U E LD
NI 7 REIMALEE % 38 | T 70 R A O R4k
(%) RIEHT 52 LT, MIEHER L FREERDE
MCHGTH LM EING. 7 F7I2B %250k
TEORAE, FISHEEDLE Fw CENYECTRE IS
TN TVEH, PEBREHOEZIZEA LR, #
Ak v 2 S L IFEo#ERIcE EEoTw
% (3,4,5,6,7).

B RBIREREE 22 1L, R XM 2 & DU & BEGT L TR
¥ REL L2l & Vi, IR E 8T 52
& CTHEVERCIR FHBR O EBAOHA Z D THh 5.
B2, D) RHEY TIE 2 OB LTBY), IhE
TIEEL DFFEPES R T D (8). FiEfTlx, B>
FVERYTT Yy B EA IR X R R LR
ALY Oz LR L TEORAREeh T %

BRTHI LT, PHAOERICHEII LTS (9). —
F, SR, BB O G e # & MRk
V& DA IRANFRAE S, HEPERC R T H SR 1 25 fhk % 1
BT 2EMTHY, BT TIEFa v THTET
Mo TEB G SNz (10). HRTYH, 14 (1D),
777 FFHEY (12), #83 (13,14) BL U7 T (15)
8, % ORI CRIEFRREC L B PR ERNCET L <
Wb T RTIZBWTIE, FRO L IHEEORAI
R ENTVLY, SRR ICB ¥ 2 51313
EAER L, KX RIS OTER 0 R R0 I 7 B 2%
G EOFEBER LA E SN TRV ODBLIRTH
5.

ZZTARMZETE, HAOBERWE B & vy
A V=AY N OENERO SRS L0
e 2 B E L, 8k X A B L 7feh % /-5
SHERBREE B L ORISR OB RILICFH S 15
R T I v RO EY T 7.

MHB LVHE

TEHAE#

Rl RFRFHEEG vy —fiigko BEig (1
labrusca L. X V, vinifera L.] X V. viniferal.) BX U T ¥
A=A Hh v b (L(V labrusca L. X V. vinifera L.) X V.,
vinifera L.] X [V, vinifera L. X V, vinifera L.]) @ 2 i
R L7

TEMAN DO X #REBS ERRMERE

5 H M, WsfEDERE2 & BITEE AT O 1675 % $RIL
L, WO L8 E2_M) T4y aNT AT vE
EHICFEE L, 25CHETFEMAT4RHBERHEST LI L
TH#H L. R 79AF v 2RI TF1 v
($90x20 mm) = & SOFTEX SV-100AW/I. 1. 4%l (v
Ty Ty A (B) WICEEL, BROWRSHEICE
B E) IR ABER L, 04 (0Gy), 224 (500
Gy), 4447 (1,000 Gy), 6645 (1,500 Gy) THk X #i%z I
GFL7z. BRI, Rtttk e et e i L 2.
getnfolElx, 7v AV 3 VAR (FUJIFILM Wako) %
WFLATA R7 9 A LT % getuth, RN E
WX Qe EAE R F R TR L BRI,
254 KA T AED20% > a#E 1%%EK (FUIIFILM
Wako) i FIZAER 2 fH75 &, BAIC AN T25CHE
FTSeC 6 IREMIFHE 7%, G -SSR T CRIZ L, FAAt
WK BB E DS LB G E TRl L
72, BHARIE 5 FETITV, IMP (SAS) @ HSD-Tukey %



7 B 2 a2 BT B P RARFEOHA

HEHOE T W OREHLEL L 720 7k, BRGTHTRIZIRE D
WETZT V) IIKETRY fv, IR E T-40T
T s L 7.

X REBRHER & AV A ERKEE

EIE x B THRERX H 720 3O 9 B
BI VXA UTRAI Y F X VXA URAD Y N
ECEIE X YAy ATy N TREBEX S 25
HEOFBAERIZ OV T, BRHERICH X & B L 724t
& 758l & S L 72, ZCH50~60 H £ I2 3T
REZIEL, HheEMoOBRErRAELL. REET
¥ —=VIZT A v Er 7tk 01%E/Ry o=y
LIS 5 501, 3 % RIEIRFE R M) 7 AEWIZ 6 4
BZEST 52 & TR L, Z0%, WRKTS 5 30
L7z, TNOORENSEHBEZWMYEL, 7T 2
Fo XM )T4 v (¢90x20 mm) ND 3 % A7
O— A, 08%%7 7 72 (FUJIFILM Wako) 3 & U80.5%
<)V b F X T 7 b+ (Difco Laboratories) #* & t»
1/2MS 5541 (16) (pH5.7) LICER L 72 ¥#E 12 H
BICERBEMS T CEBTRELT- 7.

WHiLE

i i 2 D i B 28 H BT OAERE 2 $RI L, K528 F C28H 1]
WEHARAE L7z (Fig. 1. fEfEZ70% T¥ ) —WiZT 1 v
Yy s, 0.1%3E6N VIV T = AN TL045 1,
0.6% KEIEREET M) 7 AN CTL55 MR %

WK T 5 40 3 IgeE L7z, Wl L e S 8% %
YL, WHHLHE T IAF v 2 RMN) T4 v v
(p90x20 mm) NOE:H -1225%5/ ¥ v — L 25 MR T
BRLZ. 2% A7 0=, 05%7 7 ~# 24 (FUIIFILM
Wako) NN }i#i (pH5.7) (17) % AFHEIX & L, 6- X
DNVTI/T)r (BA) £E1-F 75 L UEEEE (NAA)
blid24-vyruouarze ) X VEER (24D) (45
47 A7) ZEE (0.1 ppm, 0.25ppm, 0.5ppm) T
WL72 61X, 0.25 ppm X250 uM 7" b L ¥ ¥ ZIERRIE
AR i (PTC), ARV I ¥ (SPM), ARV I TV
(SPD) (FUJIFILM Wako), Z M & 3HRA D 8IX, &t
B 272, BT I 203, BGEE 0, 74
V& —H R, S0CHEEF TH F L2 ~aRInL 72,
B2 9 MRS, FEARBEMEE T CTHOIMBLE 7V AT %
AL AR R L& L.

DNA ¥ —H—%& B = DL 2 DS RER

Hig kYA ATy b OFFEERET VA
(AR MR R 6 2 H), 2N 2N107H# K & 3 Mtk
POREHEL (18) OFHEAE > TWZ CTABE (19) 12
X057 ADNA ZHE L7, T4bb, FLERRTHK
EREHCCHME - B, BEWE20mL 72— 7
NTFHL/ZCTABERI mL & A VAT Ty ) —)b
WuL # Mz TR, 70y 740 FaX—%—
(PowerBLOCK Shaker, ATTO) T65C, 1,500 rpm, 305~
& & 9 L7z, RNase & 4 uL ¥l L C37C 1547 [H WL Ef

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.

Bars =5.0 cm
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%, 2, 14,000 rpm, 5 4 CAEEL TS L7z 1
HIZOWT, 7o/ —)/zaafR)AakrzaaRLL
[AVTINTNVI—=VHIEB LA v 7 ux/ — )ik
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 % 524, 25 ng L'
WZHEE L CPCRICH W, 7RO MYBANTOS £
FEATICIE, RTERE L CRIZERIL 72 2 i (BFAERD),
CX—=NE—=X RAHy RS T=), T LF
5BB BLUV ' 74— =—F OYEPSFERDFET
M L7247 2 DNA # st L 7.

Simple sequence repeat (SSR) fi# #T (2 i%, Cipriani 5
(20) OWELz~v—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
OHTLELFE, BB 1E94T 3080, 7=—1 > /53T 35%,
E72C 358 M32% 1 7 VW THT - 7. PCR BIFEY I,
20% RV T 7 UNT I REXIKE) (PAGE) &, 7Y
T LATHEYA RN (EtBr) THA L TR T Tl
fLL7-.

7 F MYB/NT7 0¥ A TREMIZIE, Kobayashi 5
(22,23) B LU Azuma 5 (24) OFEEE L 72 V'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 VETE %
T, 95T 37rDurLELfR:, #ZAMAT 308, 7=—
1) > 760C 308, ME72C 90 D34+ 1 7 )b, i
R72T 545 Ti1o 7. PCRIUSTRDEW, 2% 77
0 — AW KB %, EtBr THefn L CEIMRIRG T Tl
AL L7z

B/ R

B X RSN & AV XA L RIS E

)X A g Lo e odetmiattix, CBig TR
BRXCHEEDS o720l LT, " v A U< A
By b ICBWTIERFESD 2 WiEBRX TRV iR &
L, 0Gy BEEFXCT76.2% \2%F L T1,500 Gy BRGH X Tl
82.1% & A A > 72 (Fig. 2, Table 1). FE3FFaMEIL,

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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‘Kyoho'

Acetocarmine staining

Pollen germination

‘Shine Muscat’

Fig. 2 Effect of acetocarmine staining and pollen germination of the pollen on soft X-ray irradiation in ‘Kyoho' and ‘Shine Muscat'.

il S A CHEGT S E WX TRtk R R L, CEg
T1X1,500 Gy HREFIXT5.3% & 0~1,000 Gy lB5&FX L 0 &
FIEKWETH -2, —FH, VXA YAy b T
13500 Gy H 43 X T12.0% L0 Gy B X D19.3% & b &
B2 <, 1,000 Gy £1,500 Gy AT XIZBWTZEhzh
45% & 4.1% L EHITKT L7,
INSOElE VKRR 2 iTo72L 25, "HIE’
x EE o 9P 4R, Bif x Y r Al <R
Ay S 8T RT, YA YT ARSIy b X
XA YIRSy b 8R4 BB o REDIE
T&7 (F—). LB~k X MERGE &5k, &
MORESL L OER L2 ORE S EDOBIZ—EDRM
BRYEE A o7 (Table 2, —E7T—F05). ZhbHm9)
5, BRXEEEEREZ AV KErSEONTZES A

Bars = 100 um

PRk D A, VLT OB R BREE 2 12 L 72,
REREE A, % < ORBEPBEILL, 12 Ao
IZBWT, "Bl X x4y~ AH v b DLO00 Gy
L1500 Gy BEXBL N vy A < AHy b x Uy
A VRAT Y N OSBRI TN TRELL
ZOHYLELIE o7z (Table3). —J7, ‘Hig x
" ©500 Gy &1,500 Gy FRFTX B LU EHilg' x * ¥ v A
YR AH v b O500 Gy BE XS Zh e 4k (5
AL LTENENG66%, 7.0% B L U8.7%) OIRkkAE
WL L7z, IS OIRKREIZFEERT SIS 7 2fEL
7oz, AATREOMEE 7 v b L7k, 44 mg -
L' E¥7F 28 pHL70 WM i (25) ¢k
BrRITo7-E2A, "HilE x Hig & Hilg x ' ¥y
A= AJ v D500 Gy B XKoWAL, S Zh e
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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.

LEfE D v ADTE & 7z (Fig. 3). Thoohv
23S Z L <, e dICHE L 7.

HIEFE LB O N EHIL ZOEBMER

ManfE e b, FRE SRR EE, LARTEE xS
VADEEA L, K 9 BRBRICIEHEE D 12 IR 2 1
Gz R L7z (Fig. 4). 9MARICHAEZITo72LTH, —
HORBKX ZHBNT Yy A < AHy b Xy Hig
THARE NIV AR E EICH Y, wfEES L
LR BARB AR DA T 5 2 EAURIEE L7z (Table
4). Wi FE & 12 NN BA-NAA 0.25 ppm+SPM Tz b &
WHEFRE AV ABEELRL, HilE Tidebic
0% THY, "'¥x¥ A ry<AHy b TIZFNZEN56%

£16% Th otz KB THW/ F—F L V2D
BBV, 24-D L) NAA TR LU TEWEZ R LZAS,
EEMICIE—EOMEMIR SN o7. 512, 3
DR T I VORMOEENE, SPMIRIXIZBWTZ
DRFIEMETH % PTC & SPD HMIIX & ) W AEFFE L )
WA ZRL, 3HREARNK L) &7z, K
S, "Bl L v x A < Ahy b OFRAELD
ZNENSMEK L 7RO A )V A % ERTE T

CHIgE OFEEBE SV AMEKIZONWT, 4T L
WIS TRTATHEASTH S VChrl0b T SSR fEHT &
1otz ZORER, SMEMAHRTME M TR 2 BlE N >
DHERR S, ZDIFEAETHEROIELFERIZ4 T L
Vst S0k 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.

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, —&7— W), ‘v % A
YRAN Y N OFREERBR VA THEEE 2T LV
AT A TH 5 VChrzb & VChrl9a T SSR AT %
1w, $TRCOMAETHEROIEL {22 7 L IVATHR
&7z, SSRIANT T T LIV OISR S 7z K-1-9-
16122V T, REOOTEICES T 5 MYB Bz FHET

Bars = 1.0 mm

WHE N4 DDDNA Y —F — %\, MYB/\ 71
¥ 47 (24,2627) %A L7z (Fig. 6). ZOMHE, E
W T & YwMYBAla, VIMYBAI-2, VIMYBAI-3 8 X O
VIMYBA2 DX THAFAET 2N 710 ¥ 4 7 A/A/E1I/E2T
HolDIxt L, K-1-9-16 Tl VIMYBAI-2 O & H3H
&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 0 ppm -2 bpm +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 M 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 »=

200w

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.

VeMYBA2w  VvMYBAla

HapA | I [
VeMYBA2w  VeMYBAIb

Hap B | | | - |
VwMYBA2r VvMYBAIc

HapC-N [ N [N |
VvMYBA2w  VvMYBAlc¢

HapCRs [ [0 [ |
VIMYBAI-2 VIMYBAI-3

HapEl [ [N N |
VIMYBA2 VIMYBAI-3

HapE2 [ TN TN |

Fig. 6 Vitis MYB haplotypes at the color locus in ‘Kyoho'.
(Azuma et al., 2011)
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VwMYBAla

3,000 bp p»-

1,500 bp P
1,000 bp p

S00 bp

VIMYBAI-3

100 bp P

VIMYBAI-2

VIMYBA2

Fig. 7 Polymorphism detected in 4 MYB-related genes for Vitis 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 VIMYBAI-3 to distinguish between haplotype B and C (Azuma et al., 2011; Azuma, 2017) .

Z ¥

BROX MR BRGEL 22 o 3Rk, BT E o R
WP THEF LRI TSRS, Eig 01,500 Gy
WX, vy 4 <A A v b D1L,000 Gy &1,500 Gy
TI310% % Tl o 7z, —77, #&k X M HGHEH 23 1T
JEANBATTHEBICOWTIE, WdhFE & $ 120 Gy FgTX
DORFEINFET DV e otzlz0, HEMPIITH I ENT
Ehholz. hryEVEOL 2 HF Y TIiEL,000 Gy,
A A 717TI1E2,000 Gy Z#E 2 5 AL O FERMEIET T
LI ENHEINTEY) (28,29), 7 F7IZBVWTHIHE
MORERHLEEZ N F2, TR 7IHEARKE
PHxAELTHBY, 1,000 Gy 1,500 Gy DE\ SR T D

ML L ORFELFGE L - HL L0 TE T
A DFEFRGMALT & AL E ORRIIAITH 5
B, AN DT A -V ORELEZINT, BEIE L
XA YRAN Y b OBZTAERREE BT BB
ANOHR X S, 1 N1,500 Gy £ 1,000 Gy A°
HWETHDH LIRS NT X B 2 7228
FL 2 & 74 5 725100 IRk % 3N TH 22 L7225, IRERIE
X 3EBEIXI2ME1F (24%) TH Y, ZkEEZHEL T
HNVAEHNZE S 72 b DIidb T2 2k (04%) TH-
7z. Nakajima & (30) &, BAAEHT O A FEIRBRES 7212
BWTC, 24D VA MM THLRLV 7OV T o
Zauaryy LT YT ATy EBHERNLE 1/2MS 5
ET10% FEORE TAEIRIER A )V A % 554 ST
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W5, KIFSEOREESLMIE—ETITo 7205, 7 RO
ZRERERIE A & O 71V ZATEHLB & ORI IR A1,
HEOTEM, HEWRIVE VB X URERE R SO ik
HPLETHLLEEZ LN,

FIRERRZ BT 2R A O EIC BT, F—F
Y OFEHIE 24-D £ 1) b NAA TRWVHERSH LN
INETOT FYOHEEOWREIZHB VT, Murayama
(B1) &, ¥ vinifera Z 3L, BA RN 1/2MS K %
AR E L7z 24-D & NAA ORBTIX, 7V AR
IZAEDP WS L2 LC\wAb, 72, Rajasekaran
(32) &, V vinifera & & A & (V vinifera X V.
rupestris) % fEE L, NN Ei#h 2 SR B M & L 2D
BT, NAA LD b LA 24D THW IV AR
ZHE LTS, IS OHE EAMFEORE RO AELE)
5, HEYIARIVE V& SRR AR & 0 il - AR O (s
M DS, HIVATBUIKR E B2 RIS LR S
7. 3TEORY T I VIRIMOLETIX, SPM THb &
W E VAR E R L. By FVEHO I LA
YT AV ORRERIZB VT, PTC & SPD DRAKX LY
SPD HMULEL T & &\ 1V ATER R 2 7R L7z (33).
F72, Vovinifera CBWTE, IREETEIHL L D0,
SPM, PTC, SPD BL U ¥R Y& v, ZI5 &
IML723 RTORBEX THIVADFHEE S, FEWIE~D
BHLICE L CTw5 (34). ABIEO#RLH S, 7
R OFRERIZBWTEMICKRY) 7 I Y2l s2 L

T, BRICANAZFETE LI EDPNLPER T
T R BT A B AEIRERIE AL, ) X IR D57,

WUNEABIC & 2 @RS B X O TURS R R 2512
L BRCAEREITINZ, BHEAHERIC L 2 RTHIRkD
SDTRI Y Y ARR RIS O =R 7% EOWIRE
LawA AL LB OWEESEYRSH 5. —F T,
FEEaIE, AR TETH HIgE T80% D AV A
AR L, Wl TIEH 500, FBEEIZREE
BRIVEMECTHL. T2, HRA04R0 5 O
OHNASL LGRS ENH 7L LTH, TOHEHRIE
BB THD. Z0izH, IThb 200 bk
T5L, TEYOYEEELDIZDD 7 )V AGFEIE, 5
ZRERBRER A L ) RO DN TH D LEZ D
n5.

Flow cytometry (FCM) % 2727 N7 71 )V 2 Df5H
WOMRDPES TlE R Wi-w, Ferld 2 TIZSSR
&7 K MYB BEEE T O DNA ¥~ — 7 — 12 X 5155
T2 RELTW5E (18). "Eilf &L v v <A
By b OFEERBRN NV AOBEMEEZ LT L7012
SSRIEMIZFEML72E 2 A, 1FEAEDH IV ADEHE

BEFLT7LLVERELTBY, ZhEufsE s
DOFEMBHRTH L EFHL N E 72, —,
FE oF RV AO TEKICENT, BAR
BADDONTOT LIV &EAT 5B VChrllb 252 7 L VI
BE L7, EI0ROAEDOADFENI TEHLEOD, Z0
BRI HEPERC B T H R O AU T H B TR IEA R
Bz, ZOMEIZONTMYB/NT B Y A TN %
fTofzbZah NTa¥ A4 TEIOR T OBET
VIMYBAI-2 O HHHRH S 5 TR ki RATE 5 7z,
S5 % LR AT S LB TH B DY, MYB B ERT
DL B 5 2 et RO —F CREAEA AN U 72 ] etk
NHbEEZSNI Prado b (35) X, 6 mFED K
vinifera DB S O LA IZ DT FCM
& SSRFAMT & ATV, SRk R A S & M TRV
JETSSR 7 LIVIICERDFHEEL TnL L2l L
Twb. E51Z, Schellenbaum & (36) (X, SSR B LU
Methylation-sensitive arbitrarily primed — Amplified fragment
length polymorphism (MSAP—AFLP) (2X VD, 2 @D
V. vinifera DFEFBIEIL SSR 7 LV Z EEIZBRAE L T
725, WA T IALD L SIZE S DERDPEL TS Z
EEHISPIZLTW A, KRIFFETIX, K6 7 JEE
L7c#s kA VA2 L 72720, o ofiidhe
[FIBRIC—HED DNA BCHN A RPE L EEZ BN
5.

DED#ER I Y, BsBIRRE L I BT, RIS
Pl T 98k X BRSO B B L OTUIRBRE STl iR
Bk & 7V ZATERRN AR D TN Z EAH S e 7o
7o Fro, BEEBIIBWT, A—F T VIZIENAA B
v, B 73I20omTS SPM 2RI 52 &30V
AFERHEAM LS L I ExHOLNE L o7 HlgE
DFFEEBRAN ALY, BEEROTREMEIIRETE
WL OO, TREWAPEBRCEE L BEbh s 1EE
BT E . Stk S REICHE L REESMED
et B L OREIRIEE A )V A DT OREE & B FE5E
ADHELIZE Y, 7Ry OPERENAIIRE S L &
bis.

i

KREFZEIE, BHEREE B4 (JP20K06036) O Bl Ak
RZTHEMLA. F7z, 202148 B R RS S gr s A
WAEFEIZIE, COVID-19 BEGedh KT OfIBR & 2 W 7e s
EOWT, S TORERE - FWEIZS KL ST % T
Weo ZZICRLT, EAE#oEcRL LT ET.
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HAOZ Fo R UEAERIIKEL TBY, =
EmEIZ BV TEANT OEGEDSE W20, BB RE
TR ) NRTOBEREL 7 5 T d. RIFZETIE, “E
b vy <Ay b OBZAERREEEEH
e R AV o W (W .y o S NPl S (N Y (BN R
A7 B L v A <Ay b OERICEX
WMAEBNL-EZAS, FRE11,500 Gy £ 1,000 Gy DiF
B CRHF ISR FRMMET L2, 2o 05 L
TELNEHEEZ05%~YVFIZFA NS FEAD
12MS 55 E T Lz e oA, Bigg 1 o ARIC1I2(81K
DIEREAANEHEL, 44mg - L T F U &HD WM
Bl B COTRERARIZ LD 2D IV A Z TR L 72,
—7F, iBH28 H B3I OAETE A HIREL L 72 % % 0.25ppm BA
- NAA BXUB0uM A~V 3 ¥ &R0 L 72 NN 554
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