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Discrimination of Chrysanthemum Cultivars “Yukihime”, ” Tsukihime “, ” Shuka” and “Natsubiyori” bred at the Fukuoka
Agricultural Research Center by Retrotransposon DNA Markers. HirasHimAa Keita and Kazunao SAEKI (Fukuoka Agricultural
Research Center, Chikushino, Fukuoka 818-8549, Japan) Bull. Fukuoka Agric. Res. Cent. 31: 49-53 (2012)

To protect intellectual property and to ensure correct labeling of chrysanthemum varieties in the marketplace, it is important
to have an accurate and reliable marker system. We developed a system to discriminate varieties of chrysanthemums using
retrotransposon DNA markers. Inter-retrotransposon amplified polymorphism (IRAP) and retrotransposon-microsatellite
amplified polymorphism (REMAP) markers were designed from retrotransposon CMRE!, and showed polymorphisms
among 13 chrysanthemum cultivars. Four varieties that were bred at the Fukuoka Agricultural Research Center (“Yukihime’,
“Tsukihime’, ‘Shuka’, and ‘Natsubiyori’) were distinguished from 10 domestic varieties using an IRAP marker and two
REMAP (CRF151-827, CRF151-816) markers.

[Key words : Chrysanthemum x morifolium Ramat., variety identification, DNA markers, IRAP, REMAP, Retrotransposon|
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BEEE, X2 (Chrysanthemum X morifolium
Ramat.) HEFEISIOHAT, EMEIOKRSEESE 2
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i, 77y FREOBIELRFRTERL, M EE
(BREWE) oREICHT I 8D, BETA
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1997, Flavell51998, Kumar and Hirochika 2001),
FroOLMabT AR IL, M—EEERERICT
6 AEHICMRE]T (Accession No.AB033265 ) 7%%&
FaINTwb, MES (2007) L - FHE (2009)
OFHE L CMREIDEEIZHA#R T 5 £ Rt ICRBIP
(Retrotransposon-Based Insertion Polymorphisms)
DSTS (Sequence Tag Site) {LRPRAPDH 795 4 < —
BHAESDLE T, BFEOREBIEEN Y —h— %[
BLIbDTHDL, IOV PO I Y AR VI,
X7 ORIMEHIMIH L TOIBOTEREY— - %
NG5, RETEHERLZSEORRINIIX 3 % @5
Id 7,

F7:, LEOFT AR YOF ) AIBITABIEE
EARET LA —EFEEEL LT, 2 $S-SAP
(Sequence-Specific Amplification Polymorphism),
IRAP (Inter-Retrotransposon Amplified Polymorphism),
REMAP (REtrotransposon-Microsatellite Amplified
Polymorphism) 7% O {EY THE SN Tw 5
(Waugh 51997, Kalendar 51999, Price$2003, K
7L 52004, Guo©2006, Biswas52010). D H T3
IRAP & REMAPIE, S-SAPIZ b~ T Hil| IR E# 3 ULEE =
7T —ER O EIARE T, B RPCRE
BHIREZZ TR T 55 BIESEHEL S TE
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BT A EEREIIE L CEINT 5720 ICIRAPR
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AN RO MEL, ABRTERLL TEE] [H
ML TRGEE) TERM] @ 4588 E Uiz, HEmEX
2000FICHAEER L V¥ =0 F Lo/ fL & uufﬁEEU«m
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B0 4ASRTE & BRRERYER R TV B 108 TE (2R &
L7

EamiED 6, B, WALE LM% £50mg
FERL, BEf smmO I Va7 R—ib k32 2mL
=70y 7 Fa—TIHOT, HESEETHEEL
ATEE AN E@JE)}‘& LdEE (MM400 Mixer Mill#
Retsch GmbH & Co. KGH:#4) 12X O #EE L, Mag
Extracter Plant Genome Kit (TOYOBO#:#) (2 &
D7 ADNAZIMH L72e ZOBIZUT o &%
TZaTIWVEDEB LA, OBEBHEIZ 1%EETH-
ANVHT MIE 7= VERML. O EBRETR
DETOEHERL/2EE Lz, ODNABEHHEOTE
=1l/10BEE Uiz, £7-, M L7-DNADIEEHD0
~ 100ng/ u Lo & B, UV Ratio (A260/A280,A260/
A230) ENFNLE 22D FETHL T EFREFL T
v =R AE L 72,

2 |RAPY—Hh—&H
FrDL v hT ARV YCMRE]I (Reverse
Transcriptase, Accession No.AB033265) @ NELEHY
lxf L, 5B LU 3 fllosalicmly, i 3
@7747 EEETL (1R, chb 7 o4 <—
i3, #E3I LR L 3T (RFRRFF type) PCRIE

WoEkzZEEL, SHBITIMSSAv—%
E&/\bﬁfﬂ)ﬂ Lize 7947 —BE®%05uM
L, dHE L 7ZDNA 10ng#% #8112, AmpliTagGold
PCR Master Mix (Applied Biosystems#) % 6 u
L, WEKEzMATCE&8B12uLE L Y=< A
75 —OPCREIE T 75 H1%, 1% 4 7)1 :95C
( 5min), 40% 4 7 )V 95T (15sec), 60C (30sec) ,
72C (1lmin), 1% 4 Z v:72C ( Tmin) & L 72,
PCREUE%% X, 09%PSeaKem GTGT7 HT—AY

VIZTEOVTERAKEI L, HIEHMroFERSY A X%
Wf%?fﬁﬂﬁ‘ 2 1E (Fluorchem8900:Alphainnotechtt) T
MR U720 BB, BREEHORL Z4GEOHER L
OEALZE & 0 BN L A2DNAT 3B O % 17
W, BB T E L CHBEEOESWEE N Fe
A~—h—& L7

CRR4 11,380, 273
e eeed seed

— 51TR| GG ] AP] Reverse ’FranscriptaselRNaseH [N | 3LrR

e e
CRF181,151, 132

=1 Ty3-gypsyBEL PO MSURARY O DEES
CMRET 2339 % IRAP 7547 —53EtlE
1) ---> FLTRAN Tt~ D M REIE 7 74 ~—
< 5 LTRES LG ~O MBS 7 A~ —
LTR : Long-Terminal Repeats,
GAG: Group-specific AntiGen
AP: AsparaticProteinase, IN : Integrase

3 REMAPvY—#H—#&H

FEIMTIZ/R L A2 37 (MF, RM, MM type) PCR
FEMI O EEB LT, IRAPY — ) — O IR % FER
L7774 <— 2 (F1x) 7L, UBCF I 4
< —+ v I (The University of British Columbia#¥,
Canada) # 9®13# % v /-, IRAPH 275 A < —
EUBCISE 94 v —%—xf & T 2260 AEDbE%
T4 <v—+tv ML, IRAPRIOMEK TEEL20
LICBREE U/zs PCREIBIZIEZ Y v F ¥y oA 7 V%
Mmz7ze bbb, 19420 :95C ( 5min), 65 v
F5 7 A 70 95T (1bsec) |, 65C -55TC ( 2T
/A 7 VORERS0sec, ), 72C ( 1min), 3434 7 Ju:
95T (15sec), 55T (30sec), 72T ( Imin), 144 7 )
72C ( 7min) & L7zo PCREUSEMIL, 7HO— A
BB LU~ A 7 U F v TESKEEEBEMultiNA
(BERAERTED) | IR O f X8y —
v ERTERE L 72, 73}3 IRAPFWHé AR SEEERI
WL 7-DNARE, BLUENICER LDy P&
LhTIA v HOCHBRELHEREL, I

%1% IRAP, REMAPH 7S A v—

7oA HAERCI(-37) HALE TmftiCC)

IRAP CRF151 CGGGAGTGGGTAACGGTTCT 20 59.5
CRR411 CGCACCAGCTGTGTTCATGG 20 29.5

REMAP  CRF151 CGGGAGTGGGTAACGGTTCT 20 59.5
CRR411 CGCACCAGCTGTGTTCATGG 20 59.5
UBC810 (GABT 17 49.8
UBC816 (CABT 17 49.8
UBC817 (CA8A 17 49.8
UBC819 (GT8A 17 49.8
UBC821 (GT8T 17 49.8
UBC826 (AC)8C 17 52.2
LBC827 (ACBG 17 52.2

FE)Tm:melting temperature
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2 REMAPY—#h—

IRAPCafER £ B 2R L7275 4 < — »OCRF15]
BLUCRR4AILICK L, UBCT S A v—kty 4 90
B3ER A OEHER, BREEYWEHATE/ -0
260 A B D HR2MAELETH Y, #BIEOE NG
HMHZENEDONTDERFDOHIE THTS54 v —
(55138) 1245 GAEDLE (H2%E) Thol, 14
RIS BT A BIBED O BRERIEOR % E2-F T
B2, 794 v—ty bEOHAEDLTIIBITAY—
7 — DS F — B E2FRITIR LT,

NS4S OREMAPY — #1 — 8% — D
T, B CHESENTRELZ Y -2 2R LD
13, CRF151-816i2 B4 [ERHM ] THEOH],
CRFIS1-821IZ BT A [HEOB ], [WHEES ],
CRF151-810i= 8175 [#HEOH I [WEEE] Tho
oo FOMOGEOBENE, THE] & THH] o
Mk, WL LOv - —%HAEbEAEI LI
Lo THERNIF TR Tho 7z, MAE, BFRO 4
R R ELS, oMo L CEEIT A0
(2%, CRF151-827, CRF151-816, CRR411-819% ¢
FATIETRETH 72,

B, BB L OB L D = — =55
N = BB WD LR .

= =

T

SROF 74RO Y — 7 —HBERIIBVT,
IRAPE L UREMAP~Y —» — i BHHEEOH WL
AL, SERFEIZDWTIE, BMov—h—THREHE

2K BYIVORERRICEVEDNAT—H—DBE

IRAP REMAP
CRF151 CRF151CRF151CRF151CRR411CRF151CRR411CRF151CRF151CRR411
-R411 -827 -816 -821 -819 ~-810 -817 -819 -826  -827
A:3100 A:810 A:1080 A:610 A:740 A:640 A:530 A:1100 A:600 A:570
i il A B:2500 B:350 B:940 B:560 B:300 B:550 B:450 B:420 B:530 B:350
C:390 C:180
Eil AB A A A B AB
B AB BC A A A B
R B BC A B A
HH cC A AB A B
s A B A c A A AB
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RO, AB AB cC A A A B AB
FHHFEDT A B A B B A B
FEELOTL B A A C AB B A B
5 HL Y B B AB
(o4 A A BC B A A
Tu—IEE B AB A B AB AB
BHOAR A AB BC AB B AB AB
HHE A AB BC A AB AB

A
1) T B =T 0%, B CRERENFI iR~ — R — 37—

DB EFMITIB L v — A — " F—BRTT20, BARE

32 EITRA < — A — PR HEN RN ERR T
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DEPUNY — R LI (825R) . LA Lehs, [H
Ml % [RKEE] fEbofMmiBlcBWwTid, Bih~v—H—
TREBEEONY — FIRAHZEEITEY, B~
N —=DINY — L BN SETH o7,

IRAPIX, CMREID W OMEIZE D WT 3
947®W%K%@ﬁﬂ%%4fﬁ?%éﬂéémf
H5 (EILE), SEF 7 4GEOBIN: 2R L /20
%KUi,A#ﬁmmm‘B#ﬁ%%mT%D,HR
u;éﬁﬁ*%&Lf@ﬁﬁM%%ﬁﬁk%w
BRI e LTI, HEERRRIBIRAN O e RS ?#?
ﬁc7547v%%ﬁL1_t&;o,HmEMiv
IUFiyxffymﬂ®$%uﬁwﬁﬁ#QMR
BEH % & A CHMANZ I » THEIE S vz 720 (1D
kyKbﬂ7 PCRESS DM, i & @it %
B g, EBICAIH T A PCRIEIEREY - 1 X13100
~1000bp D HIH A5 L TV A 728, Karendar 5 (1999)
$Pricen (2003) OFEIZL PO MT Y AR O
BT ALTREFNZIRAPD 75 4 < — % 3¢ EHHC
BT D2 e DR A XS L, Y= —D
WHHEEZEOL ETHE L nwEEZLNDL, 5%
RLTREN % G CMREI O &IEFHEEH # TS L, #
7z A\IRAP774‘7 %J: AEL ;1)’2‘1“3_%) t(
PCREEMEEEN - A AATHELRY /N S v — 1 — & B s
BT LI ENPHETH D,

REMAPIE, #3MTRT L HICCMREIR < 1 7
U7 I A b (SSR) BRI O BOE & R R
T, IRAPD1% 4 7 (FF typeF 72 1xRR type) 20
AT 3% 4 TOPCREWEFEW QY A X3y — IZH
&WHL% LESM AR L /2w —H —Id. SSRO#L
EOEHEIIHET L EEZ BN, V%DI7/Z+
//&Sﬂ%ﬁﬂ& S 7-REMAPIE, HHFEMIC

—HHEENEL A EERLTWA,

RF type RR type FFtype

PCR products =

— cumzs | cpmes — rano - cung —
r= = < =

IRAP: Inter-Retrotransposon Amplified Polymorphism

MF type RMtype MMUISSR) type
PCR products ; : ’ T
I Ly : oy IS
eeedAMiero T 1072008 ) VU P o Micro b L WMiero |
L stellite § 'IGMREI—I b daellice | seedlite
....... e T L SO S

REMAP: REtrotransposon-Microsatellite Amplified Polymorphism

#E3% IRAP, REMAP IZBITB T4V —D7 Z— )i
&& PCR imfpél\? >
1)--> :3FLTREH Tt SIS T T A —
<« S LTRE M LR S A —
--» :Micro satellite 3" Fiit \(/)M‘LJ)UL M7 FA~—

RF:CRR-CRF primerproducts, RR: CRR-CRR, FF : CRF-CRF,
MF: Micro satellite-CRF, RM: CRR-Micro satellite,

MM : Micro satellite-Micro satellite,

ISSR: Inter-Simple Sequence Repeat

’mf'HfJJ@nuﬂuuWU =%, HAEmYIC iCRF151~
0BT A T 1}/1\10)Jkl NukgaEse] oOFicE—5
ﬂi J:L\Lf’—%iﬁ"’“f?“—/\ﬁ“—/fJ"“”itho i

I, BHRIMLR R EEELRBEYOFREEREE LT
*Exlnnﬂn@7 L FRRPHEEL, FOMEEMNICE

FNAMBEOEFEIZL, B — 7 —DOfAEhE
Z = TOBRMNTERIETELRN 2O THSE, LIl
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N —=DMAEDLEIY -, FIIEREK 3Iv—H—
CRFlSl CRR411, CRF151-827, CRF151-816® fit H
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