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Abstract

The development of cultivar identification technology and the protection of breeder’s rights are required for Japanese acid
citrus cultivars in conjunction with the increasing domestic production and expanding overseas export of acid citrus fruits.
Thirty-three acid citrus cultivars and lines were analyzed using 26 CAPS markers previously applied to the identification of table
citrus cultivars. It revealed that all accessions of Yuzu (Citrus junos hort. ex Tanaka), Sudachi (C. sudachi hort. ex Shirai), Yuko
(C. yuko hort. ex Tanaka), and Jabara (C. jabara hort. ex Tanaka), which had different phenotypes and local origins, had the same
genotypes as their representative samples. In acid citrus cultivars, five CAPS markers detected novel alleles that were not found
in table citrus cultivars. Based on the calculation of 25 CAPS markers genotypes except for Tf0001/Msp I by the MinimalMarker
program, a minimal marker set comprising 6 CAPS markers can discriminate all 35 citrus cultivars. Parentage analysis of a new
triploid cultivar of ‘Awasuzuka’ (C. sudachi (2n=4x) x C. junos (2n=2x)) bred in Tokushima Prefecture by the MARCO pro-
gram indicated that ‘Awasuzuka’ was inherited from either of the parental alleles and showed no discrepancy in the parent-off-
spring relationship. The establishment of cultivar identification technology for major acid citrus cultivars in the Japanese market
reinforces the protection of Japanese brands and breeding rights of superior citrus cultivars.
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AL ReFTALN, KAXAL, 2y Dy RT TR
WL 10 O L, BHOR L0 P
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. ThbDw—h—DCT VAL LA VFYT
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Al0224/Hind TIT

Cpl624/Msp T
M 2 23 31 33

AA AB AA AC

T0001/Msp 1
M 2 23 31 33
AA AB AB BC

Al0524/Hha 1
M 2 23 31 33

BB BC BC AB

Cpl031 /Hha 1

F2o2F FHikH» v XY CABRAHCT VA KFEOSHEEO
CAPS ~ — 7 — O I BREERALTE U 7 B4R T H- 0> 78 vk
X
M:100bp 7 ¥ —, 2,23,31,33 : S 1 BEOFAEHFSIC
LD HRmEOBLTEIAARS O i s

M TR L BMoE Lxes 1 2 THRIEIhEK.
Al0224/Hind 111, Al0524/Hha 1, Cp1624/Msp 1, T0001/Msp 1,
Cpl031/Hha 11, #H F i Scaffold 2, 4, 1, 3, 91CH D,
C7vnkdov—n—HIREOREMEIH-> T\ 5 &
IR D ot
3. BEREAVFYDOEXRGKESZNOI-DOZRIT—H—
vy b
SN FI %5 DNA =~ — % —1%, WIBEC2LEm /s
AR KD BTN D T EDD, TR0/ Msp 1A

H v F Y TR E 35 DNA MEHEINC I RETh 5 L
EL, DBEOFTTOMMo BRI L, IR KikE)
N2 —v MEB T 25 B D CAPS ¥~ — 1 — DE LT
7= 2w @i Ui, EWTEE 2225 10 (2 F COEMB
hv Ry OfEkmE L R oAy vy BN h
T3S e RMOBIE TN T —x (3K AT
MinimalMarker I X 0, $XC Ol % #3014 5 tcd iz b
P~ —h —t v bR L. 6 fBHD CAPS v —
N—=BRERIND SBAGbEDORD =T —2 v b
NEIELT. #D5H, 72 vy T 4 v (C clementina hort.
ex Tanaka) OWIHIXKIZ CAPS ~— 7 —% < v 7 L1=¥&
1w (3252, Hic5 Scaffoldic © » 7 & % CAPS © —
=LK EN kDb ——1 v F OMAFHER
169 Hote (4.

BREEXET S HOR L PRETIE TowT,
A L 35 fmfl « B OBIETH T — 2 2 CTHERIC
RN —h—ty bERE L BWOR Z#IT 55K
Vv —h—x v P, 2D CAPS v — — LK
N5 66 MGV ~v—h—t v F BVEFEFEL, £O
5 % Scaffold DL EN R LD~ —H —+€ » P iX60
WY Thote GESHR). Mg+ IEH oRkd~—7 —
oy ML, 2O CAPS v — — BRI NS 1 A
BB Thote GESK). RAY~v—h—1y P OEHE
T CAPS T & AT\, 3R v 7L OBIE T B
DFE HHVIE PIETTE OBETHEAGHET L
HRY v T A DTN OGETH B TR ARE N C LR
B HETE 5.
4., BRABEORFETE

PR+ FER xR LT WRAHPIGEE L= X LR
R O AL HETHEDL NI EMASEEAET, TO001/Msp 1
A < ERIKE) S & — v HBIR 7R 25 FEH D CAPS ~ — % —

F4k 350 - [OMERNE T LoDV v —Dh —1 v b ((HHDO Y- —DfAGHE TR I D)

e~ —n—o
PR 25

CAPS v —h— (A% + 72— K7

#7ey b Cpl624/Msp1 (1) Al0224/Hind 11T (2)
Py k2 Cpl624/Msp 1 (1) Al0224/Hind I (2)
Y7y b3 Cpl1624/Msp 1 (1) A10224/Hind 11T (2)
YTy b4 Cpl624/Msp1 (1) Al0224/Hind 111 (2)
¥Tey b5 Cpl624/Msp1 (1) Al0224/Hind 11T (2)
Py 6 Cpl624/Msp 1 (1) Al0224/Hind TIT (2)
YTy b T Cpl1624/Msp 1 (1) A10224/Hind 11T (2)
AN Cpl624/Msp 1 (1) Al0224/Hind 111 (2)
#7 ey b9 Cpl624/Msp 1 (1) Gn0073/Sty 1 (2)
P72y k10 Cpl1624/Msp T (1) Gn0073/Sty 1 (2)
BTy b1l Cpl624/Msp1 (1)  Bf0158-3/Pvu1l (3)
YTy b 12 Cpl624/Msp 1 (1) Bf0158-3/Pvu 11 (3)
H7y b 13 Cpl624/Msp1 (1) BfO158-3/Pvu 11 (3)
7y b 14 Bf0036-2/Msp1 (1) Al0224/Hind 11T (2)
Y7y b 15 Al0224/Hind TII (2)  BfO158-3/Pvu 11 (3)
P74y b 16 Al0224/Hind 11 (2)  Bf0o158-3/Pyvull (3)

Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Bf0158-3/Pvu 11 (3)
Tf0318/Hinc 11 (4)
Tf0318/Hinc 11 (4)
Mf0097/Dral (4)
Bf0158-3/Pvu 11 (3)
Gn0048/Pvu 11 (4)

T0386/Msp 1 (6)

Al0524/Hha 1 (4)
Al0524/Hha 1 (4)
Al0524/Hha 1 (4)
T0318/Hinc 11 (4)
Mf0097/Dral (4)
Gn0048/Pvu 11 (4)
Gn0048/Pvu 11 (4)
Tf0271/Rsa 1 (6)
T0318/Hinc 11 (4)
Mf0097/Dral (4)
Tf0271/Rsa 1 (6)
T0386/Msp 1 (6)
Tf0386/Msp 1 (6)
TO318/Hinc 11 (4)
Mf0090/Msp T (7)
MF0090/Msp T (7)

T0326-2/Hha 1 (7)
MF0090/Msp T (7)
MF0090/Msp T (7)
Tf0386/Msp 1 (6)
TR0386/Msp 1 (6)
MF0090/Msp T (7)
TO150/Hinf1 (8)
Mf0090/Msp 1 (7)
Tf0386/Msp I (6)
Tf0386/Msp 1 (6)

Tf0326-2/Hha 1 (7)
TO150/Hinf1 (8)
T0013-3/Rsa 1 (8)
1f0208/Hinf 1 (5)
T0013-3/Rsa 1 (8)
T0013-3/Rsa 1 (8)

A10302/Hind TIT (9)
Tf0013-3/Rsa 1 (8)

TRO150/Hinf1 (8)
A10302/Hind 111 (9)
A10302/Hind TIT (9)

Tf0150/Hinf1 (8)
Al0302/Hind 111 (9)
A10302/Hind 111 (9)
Al0302/Hind 111 (9)
Al0302/Hind TIT (9)
A10302/Hind 111 (9)
Al0302/Hind 111 (9)
Al0302/Hind 111 (9)

TO386/Msp 1 (6)
A10302/Hind TIT (9)
Al0302/Hind T (9)

L7V AYT 4O 7 AL Phytozome <https:/phytozome.jgi.doe.gov/pz/portal.html) 7% £
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24 FRREER < R W - RH O - S AR mEET - BEERE
FOER HWORER Tk PIETITE LHEIROMOMMAENT HIo0RD v —h —1 b

whe—n—0
V7w b

WOF OlRY~v—h—t .y 1 *
(ZvAVF 4 vDAF ¥ 7 5 — A FHF)Y

PSR oRdv—H -ty b
(ZVvAVT 4 VDARF v+ 7 5 — L FFEE)Y

H7 ey b1 Cpl624/Msp 1 (1)
P 7y b2 Gn0073/Sty T (2)
YTy b3 Tf0420/Hae 111 (3)
H7 oy b4 Tf0318/Hinc 11 (4)
7y b5 1f0208/Hinf1 (5)
FTEy b6 Tf0271/Rsa 1 (6)
Y7y T Mf0090/Msp 1 (7)
+7y b8 Tf0013-3/Rsa 1 (8)
H7 v b9 Al0302/Hind TIT (9)

Gn0073/Sty 1 (2)
Tf0420/Hae 111 (3)
TRO150/Hinf T (8)
Tf0271/Rsal (6)
Tf0326-2/Hha 1 (7)
Tf0326-2/Hha 1 (7)
TfO150/Hinf T (8)
Cpl031/Hha1 (9)
TfO150/Hinf1 (8)

Al0224/Hind 111 (2) Bf0158-3/Pvu 11 (3)

P66 Ty DO HL9Y Ty b EBEIR

Y7 v A VYT 4 v Dy 7 AU Phytozome <https:/phytozome.jgi.doe.gov/pz/portal.html) % 224

BT 2\ T MARCO # il W CBLIF 858 & 1T - 7o
BEHDO~—H—D5H, W TLMERT v —7—1L6
BED Y, PHETIE ZmElonFhro7 v iz
Tk IEBRIZ T A4 LT 7e. Al0224/Hind T TREH &
RIzCT7 VA2 THE, WAL F HEAAREPRS
7 LaX RR TAHALR, PIETTE b2k
PRTW5 I ENERSI NI D EoZ tnb, HED
(2015) DR EFR D, PETTE 22 xF WEAH
PafE A &= X IR OB TR bR LTFIE
sho e,

z =

AWFFETLE, Fujii & (2019) 23 v F > O N O 7=
DIZBAFE L7226 FEFHD CAPS = —h — 2 T HEE S v
x v OB A At 26 D CAPS © — h —
W7V AYT 4 vy v ay s yDy s AEFIER
LBEFID TSI SR, 7/ Ath OB SR T
DT T—va VIERPWALE TS T B, 26 O
== I VFYOIRDEZEYELIC LI LD 2
~—h =T BUWRE T TR, ¥/ av A NingHo
AR L oo T\ %, Fie, BITERICH % 3 Ml
FATe b Y RIS X 0, MR OWTRO T v L
RIGEET A E VMRS TEY, »vF Y OFRME
OBTEE A TE L LN WEIhTW5. 26 FH
DCAPS Y —h—D7 54 <=} vviavinhv (C
unshiu Marcow.) = + v % v (C. reticulata Blanco) 7z £ O
< v &Y v, A v v (C sinensis (L) Osbeck), 7 v %
v (C. grandis Osbeck) 7 EWRIA\~H v F Y IT@ G T 5 &
LR SN TER D, APFRICKNTC, B v+ v I
L TE 5 EAERS NI, Lo LieA D, CAPS
7= =T, ZESEEEEOSH T~ T v OB TR
LhicEE, WTho7 v AMERILL T B0 HE T
W ENFEE LT E Rt BRIE LT v
NEHETHLEND HSE, V7 214 4 PCREER &
AW SNP S HiE R E R L B Y= 24 €V I RNEHT

BHEEZD.

26 TEEI D CAPS = —» — HEHWN T T 2 FEIEHR
H v F A LR, R L2 X0 7 i - RH#E
AZXF O R, 22V D3%MH, v T4
B TCRIE TN T TR TH D LB
ot R, 2 XA XFIIWECERIC X ) JFEL D
O bhEAIEhTE R (FIF, 1989; 4, 1999). = =
Tk CLHE REETOIREAEALRGIEREE 1
WA ZELHABORMGEHEME, IR 2at it
Vo e R IR E T 5 IEhy, FEHTEETR S
fo HER R RRHREE, 7Rk o XA E TR
THE AL OMBRAFBRIC R T 5 &b o e E R T 5
2 ZOMFEELE FOR REOMEIFEL TS GF
JF, 1989). A X F Tk, R FOFEIIKD X
NIEEINTH Y, PAEEERTRIBACEEIR TS
RHER HETMPIAEE —RcHe L A X5 X
ho PR HETMREEEE KICR SEkOmAR
B GURRERREE - RGNS 530y, B
NOL EbERGOOBARTHLSL BE ° BEH1S,
KERO HEAHMEER, bk e s 7l
FEMITEEER S NICRHL L HFHEL TV D (L,
1966). = A, AXFFEHRNE L, »rOoTRELECL -
THEIhTRY, WBEEESCEZEL Y IRELINb > T
Hr Bt Roh s (5485, 2006). A5
OFER, B Lic 2 XA X F 0BG TR CF—T
BoleZ b, ERHTHALNHIBEOENTL, KHET
s, KL D RO X HRRERTAETLD
DTHHI EIRBEINT., 2R EAXFIILERTH BT
», BROMREAT X AEHETHIUEL, EAMCE TR R
UBEFRNMEEI R, ¥/ 20R—MENEch b 0T,
FEBFIMT b T & LT KRR OEE TR —F
LS EAHMCHHTE D, 2a v 3o X214 54
D ARSI L 0 E U HARFRE D = XA L HEE S h
Tnb, 2 XA fF iy, HFRELTOFME
<, B vE v ERR EOMTRCFIE Stk
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& LB RSLEMBETH S b EEIhTh5. vy
N ORI R R AR R AL LA R E T, 2 X, 2 5 v R
(C. nobilis Lour.), 2 37 v ixEDHRKHNBE L=
A OERE EHEE LT % (Tanaka, 1969). ¥+ 85 DR
FRWEFINF v R EDT TR A FPREGEHEIRTED,
v N TIVIAEHHE OREIREEER R B 5 L e S h (5
H b, 2008), HEPERM S L CRIERILGE, =FHE, FER
RETHEINRTWA, Py AF7023 71250 Th R/
BRI 7o ML C U E CRYITH - fo s, =2 a1k
IR TH 5D &P LR CRIZ TR A—H L
Eb, 2ARALF LRRICRMOTE O L HRA
Mo X o THELRb D TR, BZEH ) CBROMFEA
X BBERERTELILDTHS Z LIRBEI T —
Ji, Vv N TIIHIETH B = LR L /MM CEiE T
BN—FH L e bbb, EERBIHC LIV BER LI &0
Ezbihb.

26 D CAPS ¥ —h — & W CHEEH v+ v OME
T A A U o AE R, Fujii 5 (2019) 2NEEHT L 7oA
HhvFYTIEROAE Lo F RO 7 v A B L.
Al0224/Hind 111 Tlf, =X, AKX, =27 R C
TUANRHER, 2 XEALFORLETHEL N P
FTEE RN THLCT7 VAR I T Al0524/Hha 1
T, ZeFIFA44, BA XA, WFE GG R s
CT7T VAN IR, ThbDCT7 VAT EEkD2 X
A LA THRHEIRTWAZ END, ATV A E121EB
7 VoL OSBRI T O GHC EEMEIC X AT TREN:
DENEEZDLRBD, Hic b G TEC kT 5 hE
b HTd, BHFREEZHTIRLD T VD
2=V MBS LLEND D, Z DOfl, Cple24/Msp I,
T0001/Msp 1, Cp1031/Hha 1125\ ~C, Fujii & (2019) DHf
HTMEINTVDHVEVICERNRCT VAL LT
FAATLRIENT WS, ChHDOFEBH v+ v IR
I C7 v DWW TN CER Y v F v OJRA %
B4 %5 2 Chid TR TH B, witfy —r vyr—%
Fter 2 affios B h v F y BUIBEE O & R O » K
L @ EHARZSHIT X 0 fRk 2 Te AR @ 2N RAE L &GRS T
W5 (Curk b, 2014). AW TH OB S hica X%
ARFICERI I CT LVAICDONTIL, A v FEPE L X
NHveEVRZeF I 2 tERFL TRV ED, =
R, AXF, 2ay, Dy RNFRONWTUL, VEYRX L
FIA AR EDEMS v F VB LI B ROLER I sk
FTHI LT ARR L ot B v ¥ Y LML
TR vFYOT7 VABEEOTFYRIEETHE, ATV L
EB7 VDT ) ABEIL L L1058, 0.40 & 0.51, 0.49
Thh, HBEH v FY CERHA v FYEIDLATY
A > T b, CAPS = — 7 — IR ES 5 R AL ST o
EREFM Lic~—n—Thbh, 7 VABEME-> T 5
&, 3EBODOCAPS v —h —TCIRNTCHETH-7 &
o, B/EEH v F VBRI vFY LD LT VAMOE

BEPADINC ERRL TS, Sk, AWFZECHA L
CAPS = — 7 —MERH D v it RIS I Iz
2, AAAY v E v B CHIBRBER RS i R
CRTWHEEN Y — — b3l LicREALTW5 &F
2bz2Ah. Fi, AXF, HAR, zav, Dy RFlklr
BOAEEBADOESES v F Y BT, IhbDv—h—DH
[REERRBEINDEEI N TN DS LD, HERD
(2006) MERL TV B X 51T, Thbha Rig L ot
BB OIS DIRE Lic 2 E2RB LT 5 EF 2
bihbd.

fn Rl O DNA #5508 Tk, BIBR TLE ) 7RIk R ok o
LR Tw%h., D7 TI001/Msp 1 28 < 25 FkHD CAPS
v = —HHCCHBRERGE PSR OB
ExRfToleb A, PETTE IETFHTHL AL
F O WERBEGHE BB THD =X LIER ©
WITFRPDOT VA TZTRCIEEETREEELTED
BTBRCFIEN RN LR hte, PIETTFE ©
TF0001/Msp 1 kT % & — v /s b W& 1T o ) 52 o3 R 8 ©
Botel LwowTik, PETIE SMGE L 5 E
DBNLHEONICE[MAETHS C ERFERO—DTH D
LEZ BRI o 25 EEHD CAPS ¥ —H — 12Tk
PR3 IR TR Aok E S 2 — v BB TV T &
b, EBE T OBETHEOMAAGHLRIC X D HEN
R le s ~—0 —DHEL % EHRB S . @D
DNA #5 Tl, W CREM Rk ik Ricinz, £Bho
TS kDO D, KEEHEON v £ Y CHEEKRRE
RFEWIH TR L 2o in 2, RS TR L T
HHEMROH vE YL ZBNG, D), h v F Y DDNA
TR TR O T AR T o, ko
RTINS Ul 2 e 2 DER B D, ADF
FTECHER L e v N7 RS TRTofEE, wInd
H v FYWGEHLE CTRIZER E L TRESh, v—v iy
72 DIPFEGIMIE IR TS0, BEOEEITRET
B, BEBAOHEANTETHS. v+ NF71ICO0T
b, ROl R FERES TREER 51K REHRS 27
) BHRELTCWHD, WETHD. w127 —H—,
HWEA ReFTA A, FAZALONT S EAROBEEL
RAEGIHDE T EM A TH % & DA L T % H]
DB D D, 2 XA X F LR, BEUESATO
JE AR AR A Fp O BRI A AT 3 2 D B, ARBFSET
X, INLOy Y TADAFNRETHD Z ELEET
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