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Delavayanae i Hi
P. delavayi Franch.
P. lutea Delav. Ex Franch.
P. potaninii Kom.

P. ludlowii (Stern & G. Taylor) D. Y. Hong

Vaginatae W Hi
P. spontanea Rehd.
P. giui Y. L. Pei et Hong
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P. decomposita Hand.-Mazz.
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20 % o BT P 7 F v A ® E. Lemoine X L. Henry (2
X v, P lutea & H EH KN ¥ o X H KK ¥ 2N HE I LT
7 7 U ARNEZ U BNIEH I, WIT O SN EYL P o lutea

OB KRN TN TBY, BARREHKR X

AT e v fE X e A 2 o8 ¥ (Hosoki B, 1991). H K
"5 AN S e, “Alice Harding’ X “ 4 % °, ‘L. Esperance’
X 4 %, ‘ Souvenir de Maxime Cornu’ X & B
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P. lactifloraxX (P. luteaXP. suffruticosa)
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3. mBE

™A T E o TR RSB RE O AIT XD R E
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FE A IS OB = S (R ) ST AR = R < DD Sl D A/
FW T H D . 2021 FEOEMEKOREE DO DS DR X E
ik 2 M ok EBEHEITRFO “HAHT %
EHHICH RO X T = AN TV vy R CHE, RO R
KE’,®ERZ O 7 AU B KRE Y N A X =2 BNz (F
1-2-1 £ ). HExz2zhR &, WI b BB AKX Z BT . %
R THRY b T WD MM B, kR 30, R OR

20 v FE O, H % 19 40 fE

5

K13 dn M, B R 7 a0 O, 38

}H

i T H oo 72 (JA L F 2 < i & X R BN ).

F1-2-1F  20214F (B F034F) PESHFAI AR & o i e g AT 1050 FE
(JAL F R ICOVE H X AR )\ RS FT)

. o HRFEE &
DD*@ é/ S TVL (ZIK)
#FHA IR 8, 030
P TR 7, 880
ISPNED B 7,030
INA K= A 4, 940
D i L 4, 230
INTFAHE A 3, 850
=E IRF 3, 800
KEAL IR%R 3, 690
FRM H% 3, 550
s ez 2, 550
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4. BN ~ 0 &8 H

BB E CAEE IS A X EHEITENRED ER T H D
2N, WA~ o Wb BRI AT o T WA . 1955 F (BF RN
30 ) EH B b E o AR X U Ko MM E OB
X % 30~40%% &S5, EMHM T H D 20044 (F gk 16 4 )
X 59 A OHEEIT R -—FAEHE NPT AV TERE, 4 7
YHE ., B YT REEB ~@mE IS, ToMERIER DL
PEX M b & v (RAE ). WS~ o 3t @ X BLAIE b Mk S h
T BV, 2021 F FE T FH 86,000 K 2 H & e (FH 1-

2-2 £ ).

F1-2-2F%  AX UH O MR SER JAL F TN KA\ 5T

e FH(F)
TAYh hFR FI7oK AKXUT KAV A =P 1l

2016 39,140 22,601 117,890 0 2,475 — 1,820 183,926
2017 28,650 22,500 136,380 640 2,805 — 1,200 192,175
2018 33,205 20,600 90,780 645 1,835 2,275 1,400 150,740
2019 22,600 14,733 83,335 3,320 2,950 0 1,520 128,458
2020 20,800 8,600 68,105 0 1,905 0 720 100,130
2021 20,425 9,800 55,080 0 460 500 600 86,865
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23



il

3R

N

fi

™

= pul

oo

[T

H 4

@
<

\
N
s
N
M
=
&

nboD

oS
oo
v
R

M E o

~ & W &

&
o
fé
il
)

Wl ME AR o d JE A

=]
a]u}

B

I

._H

M

Fill
ik

fi

s

7z

s o,

B E

#F 3 T

an fE 1L 500

E e

5.

suffruticosa

K
HE

N

|7

il

iz X

fh il

mEEBBEZBEMLEL E

2 SR R N
o, MW R
Ty L, JB
% <, LI L F
S S R R N

O O S/ N 5 s

=)
a]n)
23
L
(=1

il

=)
a]u]

T
i)
fif

X &£
,
1
D IR
AN

7= &

> T
I

o7

=
oy

2=
H

‘-(\\

vy

=

S

4:[.,
¥

i

LA

H A ~ & A

ot

|7

EE B A B TR

o
H B

[/l 23

24

F

vy

B

[

(Y

it

VAN

%

v

PR

% .

v

™

It

>

f
gL

& =
S

[
™

e

fH]

AN
RF

rt« #2&1 o % 7l

T

ST

n

I

s

3

®

»

VAV T



g2 4 ' W 4 &

0//

(Y

M

3

N
i

2B

3

13

D X9

D& L

73

7=

LN

N

oW R %

2015)
N S

& R4

B B ¥
E B A
4 m

=i
S
Et

e &

<k
)
[y

T T 7

%

)

NG

ajn}

Y

H

hils

vy

(5

7

73

[y

iy

o & 7

gz v 7

H B Iz

19

N

I3

(Y

=

il

L

L

[y

b

9 2 ~ <

HV:::?]‘

I M+ 4 & ]

7= .

A

fi

Nk

il

il

Fy

73

ik

73

i

ZS

7

4
_

D %

ARG

fie 7

I

25

H

RF

R¥

O
gl

I m oW

gt

T}

s

1T

(=

i

i

il

B

i
sV

oo+ %

T

L

Tjt

A‘.
<y

&

fi

(=

'

b

Bl

T 5 R D

YD

5

RN

pE=S

, R L T & 2.

7l

n

1E

4

% ¥

fi

T &

FE MR

g

[m]
[a]u]

Tl

S

fi

vy

o)

i

[y



O E R BEAL KRB EEE L LT, BEOMMESEE MM

HiCH kT 22K 2HHEOEF K ZED DL LEND D .

26



N

#

RAPD

i R

=]
Ricy

RAPD = — A
v D A PE
Y
N
753‘&)@)

Z T,

7o

% it ERS N
5 [ 4t
e Bl &

T 5 = 0,

B
I #H
L T

o=

£ % Ok B &

D

D S

T&

%

Ll
Z i

A #E T xR A

R B B

, H

PENE I A

* =

A W98 T %

g 2

~
Wi

F

(E

Ve

1 & Ccux T4 4 8 ]
NP S

~ = — O % MM E B

=
=

A

fn fE D

g #H odn I

AL

RAPD & #r I & % & H & A

£5]

Iz
£ Rl L

5 oz

27

5)

¥ 7=,

o,

— ZRAVERAMGTREEHENE ORI

i IO G

iz kW E XN

2 N

St

o2 fh

OB 72
B o fE

T RAPD

T 3

= &
D A

T fit

U I (VAR B

T DNA

b

(AN

)

[

&)

(5 G = ST - 1| I R

%

B

=
HE

#

FSNON [ SRVAR/NE NI SRS (N



T EH EF N DAL DY o B A oo B R e R GE L

HHBE &V A E

1. YW MM & DNA W H

HE

Ny

MoErE L T, TH ML EIICHE B SN TWwW 25 353 5

o ( 2-1-1 £ ) = MR L 2. & oS5 EIE T4

¥ B
X

e LR Tk e A (2009) 42 v, — Ok E 0

A

B e 7o 00 FE X SR B R FE L L 2. DNA fF H 12 1% B E T #

=

N
Bk, T4 FF 4% 8D fF Rk ik v T, & o f M %3
T OHOBE oM AEMME L LT EARBEICED S EMBER S
o, & ERICKREINL TV D EKE R WREZ. DNA 1 H
T, 2011~ 2017 2 & & o 2F i A 2 B v B w7z B& 3F

# H W TAF - 72 . & DNA % CTAB miniprep £ % th £ L =

X

i (2004) ® K E W XV #HH L, TEN Yy 7 7 — (10 mM
Tris-HC1, 1 mM EDTA, pH8.0) (& f L /= . WM H L = &
DNA {2 2 W T # ¥ % 50 ng-pL"' I 8 B %, -30C T®HF

LTh£h & BicHiL .
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2. RAPD = — Hh — @ #

& M o4& DNA #5 » 7L — h & L T RAPD ~ — %
— W X 5 & FE W& B & 1T o 72 . PCR K & IZ X TaKaRa PCR
Thermal cycler Dice TP600 ( % I 7 N 4 & (¥ )) &= H v,
B I 94°C T 3 4 0 BEM EAT o %, 94C T 45 B o
BEM,42C T 1 07 =—VU v 7Lt 72CT 1 59 0 E
K s & 45 % A4 7 Vv AT o 7= . K % 10 pL ® % TAT W, %
O Ak X, 10 mM Tris-HCI(pHS8.3), 2.5 mM MgCl,, 50 ng
DNA, 0.2 mM dNTPs, 0.5 uM ¥ 7 4 ~ — $ K O 0.5 unit
rTag DNA A UV 2 7 —® (HKHEH (K) ) & L. B 6 hHh
e E W I oW T, 0.25 pgemL 'O = F Y U AT v
A4 FzEz&H ML 2% 7 T a— X5 1viEHWwW, TAE N v 7
7 — B T 100 V, 30~ 45 5 [# © B KK B & AT o 2. vk B
T %, UV B T THE N FRERMBLE. FLCDIC,
Ao AE S D 48 M E AR L, 10EEO T U H LTS
T4 ~ =58 FEE (A Xwv v X104+ 757 27 v v — (K),

B —na 7 4 v x 7 27 %2 (K)) 280w 7

i

AN
4
[

E AT o 7= . NV RPN ARBERKELR o0 7SI 4 <~ — 12 1%

(o

1~3 B\ X mL, 33 178 ¥EH o F 7 4 ~ — % H T
PCR # &R I7T L 7=. wEBHICHKBEAREIENNYRFDXEL L

29 B O 7 T 4 v =KV A KR, G IZHWL

a&.

&

[\S]
1

—_
1
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ft4s KB o (F 2-1-3 k). b
~ = — &% B T THE L E] BRSO 3535

R, BN 2RI, BE DbV MM
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MO B L 1T 2d B E B T fF T

Bl AT REE T h o A DY RS TW

18 4 M, = b bH "X Kb MELE T D EM
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T 5

R o ML 5 T REES, R o 2N

CEE M, e £ &2 R o M L 95 7 E # O,

TR AR LTS CBEC, CERB L HoRME
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— O N v KRR HZ — v E R L E(FE 2-1-1 K, F 2-1-3
%L (1997) O HiEIWZ W, H 5 & B8 8 E O &K
[ U DNA B & 72 % fig = (LT fabR=x &M 5)%2RKE
kBT o5 HE~—F — o H B HE (b LT HB LR
E) THE M LESAE, ARXBROHER L EZEZE DD
Jidh B o 9 bk b m WwWfalR R EoRLEDOEFHE KR
o e+ 2 Z2 by §fE 7 v —7ThHDHL, iR
Ix10-'"" (10001 43 ® 1) T dH o 7= (% 2-1-3 £ ).
NN R N1 S~ S DI U - S I R - S S B AT £ < =

bR A2 & e AR R X v M B X O FE o o N RO

BhfE oo B 60 M fi o X v KX X — v B H 2-1-4 F TR

@D

Z. 2R E LA R EB o 2R N N RE, o

L

;E b

=

o D O O(F 2-1-4 %), “HEH OB L AL 0w

Ao, " oW’ & T E MBI CRIEO®OFET & WM

7 R (M ER 1) TR R, T LT TARKTH - 2.

— F, BHAKRNZ O " FHBEBHT LT T URAE KX LD

B M (% 2-1-4 %) Tmx b £ W 33 K0 %R N v F R
bh7e. 2MMofFoncmMEMICTE T 228N B

FHE 13,9 K Th o, HARS > G EKETHET B

W H D M T, WMo & oo FEA CNAF — B T

@

b

<

B

[

48 i 6 H ©» ~ — A — T, A H S o FEA UK M T
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X 4 O~ — H — T, T ‘T k= OEE H
T R U A4 PR T U R T ENNENS, 10 D~
Wl 2 8" g8 T H o . F x 9 77 W B %

L O CEH R L R T 4 R T XTI O12 M0 <

[
F  F & ==
[
3
i
Zo
=
e
;ii{%é

— T % B N " T hHh o (F 2-1-4 ). — FH, & x

O
1%
P
o
=
e
Nk
&
~

Wi o B THBEF OF, AN

RN =i EN LS @M N T E R o e (R D).

Fid
-
[y
Aq:
i

E R Wi X 5@ A NEHEESHLWER, &2 b5

i
B
-0
I
N
att
S
cu
In

R L S RET M B LT H
L CTEH K M CTIE, 48P ENE N 12, 9B KL O
12 o~ —H — T#&Bl 2»n e TdH -7k (F 2-1-4%).
X - MEME DL 0Ny R XY — v EHDHE, BAR
R R EHANZ s TCEIRHEESNATST, 7T AR F L
7 OA Y AR K v HkE L OB SN D Y — A — »N
OPB18g 1200 & OPCl4c 1100 ®» 2 M %&E & 7= (FH 2-1-4
#)., o 20O~ —H—F, ¥ 7 =22 )NA4T VYU v KO
CHEE L U B a2 — b RPN T Yy RO A
Jy = v % )b F — b K’ (Punina, 2017) I 8 W T b & H &
i, ks, AV v LI — v KT TIX, 48 fHHF 3
o~ —H — T, flto e Ls N0 X — v R R

o6 e . T b b K oo A&~ T OPA08_800 &
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< X, M tE
AT = - T A VR > S/ LR S VA S s R/ N o

< TAE TET T L O MK EFE O
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DNA ~ — % — OB % % 17T v, £ O K
fle M & B Bl M A& M R L 7o
29 o S T 4 v — 1T BT DH 48
8 ML 18 dn i D M E bV W L Z D
i fE A B < T X T o I 2w T
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— fk By w& A
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MW IE E MR T D DD,
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A
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bHomow fa BRI
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L AR EFTHEFICEWYEEZE XL NLD. 2N DL DR R
5, KM IC XV BHE SN RAPD v — 7 — X 8 F F
AN oK ICEIE S AR TH DL LEE XL N D

14 8§ o RAPD ~ — % — (K i, 2004) X SSR & #r ( Gao
, 2013) THZEDLDYVY OBKE TH DL EBHICHRSE ST W
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TR EICE W TL KEDD BMEE R SEO N R

—h — kAN FER, EEMERIOHFRESE W
EN R ST — T, F xR Ww X T W = qE
» BRSO “HAF OF, N RKRE— T EN LR
o ol X » @b W s, B4 WE MO AR
L /AT S AV

P. lutea ¥ 721X P. delavayi # #H & 2 F > 7 7 v 2 K ¥
v, T AU R K, BT = AN 7Y v FE X WHERB
W MM A Y = v FZ I — R’ dm L B SN SD
2@ » ~ — F — (OPB18g 1200, OPCl4c _1100) M & & =

. Z o 2ME o~ —H — 1%, P lutea ¥ 7= & P. delavayi

& ~r W5 oo wE I NBHEHARKRE OB EKNZXY T

ff
™

it Es 2w b, BHARARNZY v EEBERS LOFEAR
X v 8 B L P lutea ¥ 71X P. delavayi %= # % 12 F o M
OB A MR Iy BT D 2 LN AT H o (B 2-1-4
)., Z o 2D~ — B —IZoOWTIEHE 3FET STS v —
A — OAEKRICH B L. REXAFETH DL VLN —T
N — " T X P. lutea X° P. delavayi 1 %k & H & & 1 %2 L b

DK R~ = - BRI, 20 2 & 26 K ML P
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$2-1-13%  RAPDENTIZ VoK & 2353 dn fil”

AARARY > (30950FE) P suffruticosa
Rk (884hFE)
AR, CRARWE T RU— 0 ROEUER , CRDNETT , SROEMERS , RORE , CRET R, KMy, CKERD
CREAILT, CESREC AT, CEEMT , MR, CRES, HRoRl , CHERT AR, R, B,
AL, CEAT, CEAEER . RmT . SExC, CEREM, WEXRAN, CRASK , MEcko® , HE
ETEY , CAIER AR, CEEEE , CRAER , AOERME Ot mb , CWREY St R
AL, SRR, CERERT Wi, SRIESR e, Mo, R, FERY SRR, CAERE
YE S, CEER, B, Bo# | CBoOR , CBESD , CHSHST , CHEE, Ere TR, HrR A
Frowwmer SRR, CREERD , CBEo#R | BB, RER , W, FBR, FBR, wihEE’
KRS, KR, CKIEONT KB, CEMY RS, RV, i, Eofr Bl ttx o
HBETZE, CEEE

ek (884LAH)

‘WRE , ‘el e, Mo, LEM, m8, CFigos] R, CTRo#E , RHER
KPR, BRI, o’ RRo% , BEMT , ‘wWEE ., ‘" Lhoym | CHEEE , ChEioE , CHpTme
FERLE e, R, qEmE,  HEom , B0, EoHT il R, PR
SEfoFR , CHRYRME ) CECESE , CEdRD , CEEEY W, fEEmr M, SRR, CRAY
‘BB, R, B, EEEME , CBoR, EEEE o o (FEomb) o, R
B, R, BRI, o WERS . ‘W, ‘NA-—=eZ, ‘HoWl , WE ., WY,
ER o, R, CEORE, CRHERD RO, REE , Bom , BB, CbEs , CBEAN,
SHREEAR BB CFHIERC  SEbklR e, EORE , CEEEERY ) CEEE, CRK, TR
P, EMbRE NI, N, ONERS UM, CARoFE , FwM O, CEEIP

FER (4457E)

EmAT, KR, CELhol . REM, HRHow’ , TR, AWEE, Aoftk’ , EXE, ‘AR,
‘am’ o, ‘aEkfrT . ‘AaZEK , AaZEl . ‘AsRe , ‘aEmr . TAXE , Aam . hBRo%R . R,
RUARARZ VAT R, UNra’, Eo% , HEORE , HEOB , C\EoF, PRET, Al
URAREE, CREGEE , CRIRERE ,  EEE , R, Al ey, ERS, CRZ, CARER
YR, AR NS, CEEE . ER

stk (SRR

RKRES, CEEMT, B[, TR, CREEY , HoFE , HEEK , RES, T ERERN O CREERE
TEXRE , BB, CEROE , CERUKRLT, B, o, SRR, CSRmSR ,  EsE RS
CRRTEE , CEERIOE ,  HBSERC , CKER . RE, == U CBERC , CRE, %, R
RERRR YRR, R, CBRES, CBREEE , BoE , ‘Bow’ , kW, CEHEe ,  RER
RN, R, R, CBIREFR , YR, 5R . CKEOR, wEE, N\E, W, ’E

Bk (155 7)
SRRV, R, IR, R, CREPY ) Bohowl ) SRR, CRIFREC, CREERT, REmT
BRow WP, CWRER, RmL, Ro—’

Y % (65nfE)
CEEESR , CRRER . CTRVESRS ., RS, REC, EME

FALFE (1780FE)
GERLER A ozEfY 2R, Ak, RIRT, CPIESRT , CRERY B, HEow , ERET
WRE L, RS, YRR, RO, CHMR AR, I

FERYZ  (1650FE) P suffruticosa
RSOV, CEREER, R, CEE, RO, i, EvyT, R, s, TmEC R
CELEE L LRD, EZERD , CHERE TR

T VARE Y (SEWFE) P lutea XP. suffruticosa
R, e, e, e, el

T AV BRK Y (175FE) (P. lutea F1=1%P.delavayi) X P. suffruticosa
R I R L S I P e STl
TN TUTANK AT R A X = T M= Ry N, =T R R
Y=V, UFuL, RFYLT == Frvr AL P F—RALR . CRIAET v

14
N
Ni
=
[

HT=Z AT Y v K 2MFR) { (P. lutea £7213P. delavayi) XP. suffruticosa} XP. suffruticosa
R, ‘PUbEa—1

AN 7V > K (156%E) P lactiflora X (P. lutea X P. suffruticosa )
Gy HT—)L R

RIEAGE (3anfl)

b=, X=X R R

R EIIRTT IR AL M #ES  (2015) B I UWMIA (2009) (2t~ 7=
Yo% 7% 7 XARZ 2 (Punina®, 2017)
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#52-1-2%  RAPDAEHTIC

MW7 Z A ~— DAL

TIA~— By (57 =37 )
OPAO3g AGTCAGCCACG
OPAO7a GAAACGGGTGA
OPAO8 GTGACGTAGG
OPAll CAATCGCCGT
OPA16 AGCCAGCGAA
OPA19 CAAACGTCGG
OPBO1g GTTTCGCTCCG
OPBllc GTAGACCCGTC
OPB18a CCACAGCAGTA
OPB18g CCACAGCAGTG
OPCO06cg GAACGGACTCCG
OPCO06cga GAACGGACTCCGA
OPCO06cgg GAACGGACTCCGG
OPC09 CTCACCGTCC
OPC13a AAGCCTCGTCA
OPCl4c TGCGTGCTTGC
OPF14 TGCTGCAGGT
OPNOS8tt ACCTCAGCTCTT
OPN11tt TCGCCGCAAATT
OPNI15g CAGCGACTGTG
OPN15ga CAGCGACTGTGA
OPN17 CATTGGGGAG
OPN19ag GTCCGTACTGAG
OPN19at GTCCGTACTGAT
OPO03 CTGTTGCTAC
OPO03g CTGTTGCTACG
OPO03c CTGTTGCTACC
OPOO03t CTGTTGCTACT
OPO04 AAGTCCGCTC
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Eh = . P osuffruticosa @& + 5 H K&K ¥ v & H K X
YN R P lutea X P. delavayi & & & % O 1F O R HF v
i fEBE L BEEMICERKR T DL LT, EHDL (1989) O
T o 2B B FEIZK 252 BESMAS (1997a) X Zhang
5 (2012) RAT o BEMN R 2EOMKRELE L TW L.

P. lutea X° P. delavayi 3 B AKX % B L X H & & »
fh FERE O R 2 ICIEFHE S LT W WwE S TE Y (Hao b,
2013), DNA ~ — U — & M W 7z 45 i B8 v T & P
suffruticosa ® $ K & ® X P. lutea X° P. delavayi & % 72
%5 Vaginatae W Fi O H o M X B G L TRk L T W 5

EEZ 2 50 b5 (Zhou B, 2014). Z O Z & »n b &, 7

NI

N
N
[

g At i X B P. suffruticosa \Z B T H K &KX ¥ X

(DX S =

|
2,
NS

MO s 722 =1 &7 7 2 F =1 » EIN
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o
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c*

Eix, b o B EOEWEHKEIZELTWD

S
.
CH
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5. m oKW BEERD E, 7T R,

“E RS T =2 T oy R E AR

N
M
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&
P2

2ok LM E LT RE AR FZ L ORXMEB X ORE LK M

S
®

iz X v

T}

B & 4L T W D 7o, P osuffruticosa ® I % 50~

87.5% & v . T h b O 7 T v AR T AU KO HEBEIZTWT

(-
™
-
T

Y P.olutea ¥ 721X P. delavayi » B 5 L T F 0 |

Wz & T b D Tt ® P osuffruticosa 2@ 3§ OH KK KX X H
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F3-1-1F% 7 T AX—0HICHAWER Y g X OV

PBERAR AL il - SR
Chantor(> ¥ > h—/V) H A&
Fujinokaori(f% D &) HA
Hanakisoi({E%%) A
Hoju(C5 %) H A
Hoki(F5 ) A

Hoko (5 #L) H A
Bmmusubi(#fi OY) H
Gyokurdshun( EHEH) aa
Hio(#EE) aa
Jurd(FF ) H
Kakehashi(Z217 %) A
Kiroku(f#y) H
Kinkaku(4:[4]) 752
Kinko (42 52) TIUA
Kinshi(£%5) TR
Kintei(4>77) TTUA
Kinyd(415) TIUA
Banquet(/N> 7 = v |) T AV
Black Panther(7' 7 » 7 /34 —) T AV
Black Pirate(7' 7 v 7 73A L— 1) 7 AV
Canary Yellow(7 7V —Af = r—) T AT
Chinese Dragon(F ¥ f =— X RZ 2) 7 AV
Golden Bowl(=—/LF > FR—/1) T AV
Golden Isles(Z—/LF > 7 A LX) T AT

High Noon(/»A X —1) T AV

Light Purple Banquet(7 A h/X—7 /LNy ) T AV
Marchioness(~ —F 74 R R) T AV
Mystery(X A7 U —) T AV
Regent(V — = ) T AV
Renown(V 7 V) T AT
Silver River(3//L/3— 1 /3—) T AV
Spring Camival(A 7"V 7 1 —=/3)L) T AV
Sunshine(V > T v A ) T AV
Thunderbolt(V > % —7R /L k) T AT
Vesuvian(*X X 7 ) T AT
Okan(#eL) BT ZANAT Y v Y
Toribute( kU E = — 1) HTZANAT Y w K
Shakudonokagayaki(ZR$ 0 ) HTZANAT Y w K
HNSDO001(Lutea Hybrid) BT =ANAT Y v K
Oriental Gold(4V = > % )L I —)L R) FREANA TV » RX
Oriental White(4" U = Z LR T A ) GHEANA TV o R
Kopper Kettle(=/~—/4 kL) GHEANA 7Y v R
Carly's Memory(7 —V— A AEY—) BFgANA 7Y v K
Morning Lilac(&—=27F A7) FigNA TV o K
Unique(-+=—7) BHiENA 7Y v K
Bartzella(/X—FE7) G S AN
Juria Rose(¥ =V 7 —X) BFigANA 7Y v K
Singing in the Rain(> > ¥ 7 AP LAL) FigNA TV o K
Pink Double Dandy(t°> 727 L2V 5 1) FEANATY o R
Scarlet Heaven(A 1 —L v h~7') BN T v K
Pastel Splender(/SAT VAT L2 Z—) G S AN
Vision of Sugarplum(t" Va4 7 v a i —7F L) GHEANA 7Y v R
Flame(~7 L — ) X IYs
Kakoden({E75 %) XIY

Red Monarch(L v REF—7) XIYT
Suigetsu(#tH ) a4

P. lutea (BGT30226) P. lutea
P.delavayi P.delavayi

N

SR TR BHITAN LR St MM EE 2 (2015) d6 KOVHIR (2009) (27E-7
Y { (P. lutea or P.delavayi) *P. suffruticosa} xP. suffruticosa
* P. lactiflora x (P. lutea xP. suffruticosa )
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¥ 2 FE O RAPD i B W T, W EHEREW T - =

RAPD ¥ — % — OPCl4c 1100, B & 8 OPA1l 1500 % I »

< STS 7 7 A4 =~ — %& {E gk L & . RAPD ~ — U —
OPCld4c 1100 X 7 7 > A, 7 A U B K ¥ v i M, ¥ 7
=24 7Y v FE “FVYU T E LT — KT OTHEREY
N R M S fL,0PALL 1500 X 121 & & X T o R ¥ ¥

fn 2 T 1500bp O N ¥ KR 2 mHE s en, ¥v 27 ¥ 7ok
AN o H R EMERE T L AV = F LT — L R
RN FRBEE SRR Do 2. RAPD v — I —
OPA11_1500 1%, Ny FAHmHE WA AR Z O N R
OO R F K R A& I STS ¥ T A4 v~ —fER AR AT T
7 v A LT AU A o8 MO R E A & RAPD N ¥ R
OPCl4c 1100 B T O #E (" V = v & )b — )b K7 ) K
2K 7 RAPD N > K OPAl1l_1500 %, = h £ h 7 H v —
A v b B Y L, LaboPass Gel (db ¥ & >~ 2 7 A - H
f = v 2R a4t) 2 HTBERLE., o, T b
% Mighty cloning kit ( TaKaRa) 2 &k » T 27 v — = v 7 L
. A4 v — F BN A CTEZKBEN™”DL Xprep Plasmid
DNA Mini Kit ( PhileKorea, Inc.) % fl \W T Plasmid DNA
8 L 7. DNA Y — 47 v 23 dlHE Y AT & - 4=

v A fk X & 4 (http://www.hssnet.co.jp) & % # 2 & v 17
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> = . B b ol O KR % OF W & X I Primer3 Plus

( http://primer3plus.com/) % # H L STS 7 7 A4 ~ —

LuDeB % & " HPB = & & L 7= (% 3-2-1 £ ). P. lutea &
P. delavayi ® % %2 89 N » F &% i i ¥ % LuDeB ( Lutea
Delavayi Band) ~ — &% — , It & ¥ v 7 ¥ 7 o N v K %
B 4+ %4 HPB ( Herbaceous Peony Band) ~ — # — & L T
Bl L 2. £ 7, B 560 & &I

National Center of Biotechnology Information

( NCBI; <https://www.ncbi.nlm.nih.gov/>)

» BLAST 2 X %2 f A ™M Hm % &= 117 » 7= .

2. STS < —Hh — 59
E R L 7= 28 o STS ¥ 7 4 ~ — % B vw T, 27 & L

.PCR X 0.25 unit ® TaKaRa

h@

78 &b fEIZ D W T M & AT o

pZ

Ex Taq polymerase ( ¥ % 7 N A4 & (£ )) % M v, 50 ng
» %7/ I v 7/ DNA, 1XEx Taq Buffer, 2 mM MgCl,, 200
uM dNTPs B8 X O 1 pmoles O % 7 7 4 ~ — % & & & 10pl
O KIS Kk TAT » 7= . PCR X & IZ /& TaKaRa PCR Thermal
cycler Dice TP600 ( % H 7 N A4 A& (¥ )) % H v, & # I

=]
PN

N

94°C T 3 45 O AL M 24T o - %, 94C T 1 4 O #

61C T 1 B 7 = — VU v 7 & 72C T 2 4% o MHmEKIE %
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35 % A4 2 VAT o . O KK KME E 72C T 4 AT o
. B o HMIEE®MIZT, 2% 7 H o — X2 F LT 0.25ug
mL!'®O = F Yy AT v A RREHKML, TAE RN v 7 7 —
T 100 V, 50 M (LuDeB) % 7= X 35 4 M (HPB) @
A E AT o 2L kB KT %, UVE KT THEIEAN LR

 f oL 2.

S

1. MEHEMN DNAT —Hh — 0D & W

STS ¥ 2 4 ~ — LuDeB % H \WwW T PCR % 1T » 7= % £, P.
lutea, P. delavayi |2 2 T 7 7 v A, 7 A U Fh & B X
W P. lutea X P. delavayi ® & H f T8 & I L7 263bp
fFr ic B e N PR3 KRB S (F 3-2-1K). — Kk,

HA KR ¥ v, REARZ V> Y XY 7 ¥ 7 TIiX 263bp £ T I

7

Ny Rl Isha»ror (8B 3-2-2F%, %8 3-2-1K).
LuDeB ¥~ — &7 — 2B F 52 XX v Ko H T, RAPD v — 7

— OPCl4c_1100 ® % #r & £ & — & L = .

\

STS * 2 4 ~ — HPB % W T PCR % 1T » = # %, &
B, 7 7 v A KNHX v, T AUV KK, X T = XI)NAT

by v F, BARZ L P EHNKRZ > THREIN

Iy

502bp IZ
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ey RaxmbBasnhnke., —F, ¥“v 27 ¥ 7 4
F O OB M OME 13 MM IR AR EZ VR ETMA
7N KR A4 X X 100bp £ E H W 395bp (T B B
KA Mz (% 3-2-2%, % 3-2-1%). HPB
— BT D 502bp O N v F o F ¥ X, RAPD ~
OPA11_1500 @ 4 #r 8 R & — & L 7= .

it X L ~To R MEB XLOWmHMEILZ LuDeB
DN KoK ®ET 2o 7 )V — T, HPB TH b
Y FR¥ 4 X T 2o 7 Vv—7ZHypE<Tx, i 4o
— o E sk (F 3-2-2FK). ¥+ XTo¥x 7
R F v o # g M M FE X LuDeB A (+ ) B T &H

X 395bp O N v Famihan . L+ ~T
B Xz 7 o2 8E, 7T AY D HEEE X T = 2N
v Nl LuDeB 2 (+ ) # T & U , HPB T (X 502bp
AR HEH SN L T T vy 7T
LuDeB 28 ( — ) % < & W , HPB T IX 395bp ®» N v~
Hankz., tRLEZFT XToHKXKFZ L P ER
LuDeB 28 (— ) ® < & vV, HPB T X 502bp ® N v~

H s 7= .
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2. HRAMEBRERER
STS > 2 4 v~ — LuDeB % fEpk + % & & 7+ o %= RAPD ~«

— # — OPCld4c 1100 ®» N > F o M H B % % NCBI 7 — %

N — 2 T HREMER KL KR, HEMEOS VRS M®
Eh ot —J, STS 7 7 4 ~ — HPB % 1E ik + % K
& 7% o - RAPD ~ — #F — OPA1ll 1500 ®» N » K o Hf M i

lix, AN Z O E KK DNA (P suffruticosa chloroplast

MH793271) & @& WA E M (98%; 860/874) % /-~ L 72 .
E =
P. lutea X P. delavayi T & E B & L TH W BH L, KX

A S E O FRRSAS LY AR EMAE a2 =

%)
— 7 it o B ERICEB L TWS. LuDeB v — & —
H

o
b
=
A

%D P.lutea & P. delavayi & & 1L b ® % 8 T &

7 7 v A, 7T A Y iR Polutea X° P. delavayi % fi

5o
I
P
J
X

T = AN A T U vy RTXN Y R BEHE I

(Y
N
N
p

N P vy vy 7 ¥y 7 2B &L, 7T 2 RAKHKE U
o e R At B L T s W E M MR 4V = XL
4 — 1 K’ THLHH I 7~Z. LuDeB ~ — 8 — ® N v KX

P. lutea, P. delavayi X % O©O & ¥ % X THH 2 10 1 B 1 &
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AU, P. lutea & P. delavayi » & FE © ¥ # 2 B 5 L T w
Wk S hDHARZ LR EHARNEZ Y (Hao 5 ,2013) T
BHEHZ2WZ &M DBH, LuDeB~ — 7 — I HE CTd 5
lutea & P. delavayi ® B sz + 8 AN Z f| jll /f 8 T & % &

Z b, o0y, KW %% CTHH ¥ L 7%~ LuDeB ¥~ — &

73

X, WA FELETE oL HE O R MEREEICEB W T P o lutea

O

s 5 2 HNA LY== Th

i
W

E P. delavayi @
E Wz D .
r ol vy 7 Y7 o BB MMM, /£ XL WV

W m oz T, A"

T
55

o ok EOBE NoEWn e, B TE

N

LU N S A 4 ST N S

™

A TS 0 TV i S/

\
A

AN B (/N

il

B ChHh DH EWVWo Yy s YT R A

%

IF

Tt

DR EHFEDL o T WD D RMME DS (Ma 5,

2012 ; Yang b, 2020; Sun &b , 2021). ¥ ¥ 7 ¥ 7 ¥ i

DNA o #H % & % F # ( P. lactiflora chloropl

{ES

ast

MKg860971) & HPB » 7 7 4 ~ — O B % »» 5 HPB 7 7 A

v~ — W Xo T vy ¥y 7 ¥ EHRIK DNA THIEI L DHE

N

4im

N KRH A4 XX 395bp T H o 2. HPB ¥ 7 4 v — T
b 2o 02N> K (502bp B & O 395bp) X, W T b
k& DNA & m WM EM®E2 AL TWE.RNZ b vy 7

7 O ¥ f#k & DNA O & % 1% # 2» 5 , HPB 7 7 4 v — T 1%
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naH% A4 X0 8?5 2502y FIZHERLULER L O

N

W, v XY 7 Y Ik OEEIC 107bp O K KN B D

Do . O R 502bp O N U R IX AR X U IZ K

«

=
il
C

&
(O
)

I A

i

D ¥ KK DNA % 5 L, 395bp

\
7
s

v ox 7 v 7 I

£
\|
&

Ry o 5 v v 7 %Y 7

=3

DNA # » T & &% 2 bh7=2. Z ®» HPB 7 7 A

A W
=

CHE LN b 2 FEE o N KX ERIK DNA H kK o -

=
fmé

f ¥ %4 (Kobayashi b, 2013) Z & 2» 5, HPB «

N

— X HE OB MMM ISk W T HE B o E S RO A R

L F XL b D

(Y

\

S

i

4

o

LuDeB ~ — #hH — O XN v RO fF®,IC LYY FEO P lutea,

P. delavayi & 7 7 v A2, 7 2 U I B LOTEOR
K —>2>0 7 Nv—7iC, ¥Y¥vx 7 ¥ 27, BHARKKX L
RN H O — D0 S — T KB E . LuDeB
= O RN RO FEIZCKE s TCHHHEHINE 2007 L

¥, HPB v~ — 7 — CT#H o 1 b5 N F ¥ 4 X kv &

v

2 oS, BRERBIC 4o 7L — 7Ty E SN
HPB ~ — 7 — TlX, ¥ 7 ¥ 7 BB XO®X¥x 7 ¥ 7 &
o Mg M MM o s v — 7 L, P lutea, P. delavayi

Y 7 ¥ 7 N & OB D K B b - T W72 w AR % v

<F
™

T v — 7

(@
&
i
02e
&
e
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5 LuDeB ¥ — & — %,

lutea ¥ X Y P. delavayi & @

)

]

S

F
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T b Y

Mo i

7= . %

=

DRk

s n 5

=

7=

N

¢

(Y

HPB ~ — %

HoBE £R &

, 2 DO DO =

B b - 7= K
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#3-2-1F% AW TR LI=STST T A ~— D Fl |

Bdgl (57 -3 ) .
> — X (b
774~ Forward Reverse FAK (bp)
LuDeB GATCGATTTGCGTGCTTGCA CCCTCTTCCAACGCATCCTC 263
HPB

TACGCACTTTCGTGAGGGTG TCTCTTTCAAGGAGGCAGCG

502 £7213 395
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(B H) N X @W L L) A—E e
s B (O B 5 LN S 2 I S R B R O AN
2/ FL2600T) WYV TERIER LS oY

e

MO - TR T T T 3
CHLEE - ELERIT) - SEGEE - @ 0 R B
S LG A A B 0 e
BSOS d “ODE HO

2

+TOOQSNH - g Ege- —=a (14 -FLE

DSOONANS d X | DSOIPNIPNS J X (IADAD[IP g 10 DAIN] ')} -

W« (L vx=240

ALAL U= Ao XS X2
ANCE—LL L A LL NN
N ATLA—(—(LL T L L2 & hy e

be VL= P e AmE PN L | LALA = Al (+) dqzos
ALN—p AL y—=)rL-—OT ) — (KL (-) dage€ 9dH
s mmmww N A NGO Ll o RN 6 Lfon 6 ANe
RO O FE = DSOS “J x( IADAD]aP g 10 D] J) ©
L - T B - S Er - B 07 RS o x( 1 1°P°d 1d)-8DL 1 ¥ LO
A KA Loy £ T—EN ,,
- Fif COMRHE - TG - THEL - DY EE L - R 1L - WL MDD
ALLC MDY G QA A XA DSOIYNIYNS "gx vIN] °d (S) L L LO
BSOS \BDY B O
1ADav[ap°d -9TC0E LD -PoIn] d (DB & O
TLf—UTALEAEL A ff—=T A f A A b 4572 A
CALNANCA— AL Y LA LE LA A —EAALLA LSO
Halle f— L2 CN-FHEY T —1L NG AT (e B AT (e g RLy L fp o= — 2 (-) dazos
DIOPIon] d B 4 X 4 X 20 L4 ANy (CE L O L (5 Lo (R L (L Lq ] —r e E (+) dqses 9dH
( DSOS g <D ) x DAOPHID]  ©
EDJRALIFAO
- ) o Ay DALY PSRN TN gty A AT

(-) dqgoz gaanT

(+) dqg9z gadnT

A= E s AN — L — 2 INAZLN FBHO- M @ LISE 2B IO P SF B 2 g st ECT-T-€5
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MR ] AN QU IR, FeEE (€T AR TT ST (1T G (0T EELL 61 ML) 81 4 —yo K= i
La =91 VU—pA g T (ST O Y1 —F A (Y (€1 TRE T — (LY T A LAY 01
A K N6 BT QKD L B 9 A ST — A £ TR € Mbavpap o (T v f (] — 2 b N

BN B Qg 3Idd Z L1SE21ddH () 9T (V) * —2 £ £SIS=L N FpBd  RI-T-€5

ALyl cqLye
fEl ch ¥H HH ) Y=L4

KL LR&L GAgX B

dqgeg
dqzos u
ddH (9)

dqeoz mmp I =Y el L X X X
Pan1(v)

NETTTITOCOLSLLIOISIPVIELICLIILOLG6 8 L 9 S v € T 1IN
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W g RO @k B 2N W RE T D o e 2 s, B

e ER

AW FE T I N2 o EEBR S OB L MEEHEOHR
RFMEICE T 2MES O MBI 2 HEL, DNA Y — I —
Hwi s EEHEHoOMm EIWICHITEZHLWHEEE HIEOO
ok oK O O E o B R A MM < DNA v — 1 — O fE
oW Tl MEArE. S5 HEALSHRBEICHET KA
AR - > S A e S )

RDOBEER

72 cox LT H M 4 B JE E oo 353 8 B A~ H vwW T RAPD

E

o
W

fro 2 47 v, dn W T % ™ % o8 7 48 i ® RAPD v — 1 —
» L., Thbo~x— 70— % w7 &M g
s

A e M & /B MEE R L, £, BolHEL R DA

2R <, &b I E =B KRR

=
&

T o4 e E X 9D

B

GORECE: G

)
=
o
N
o

by T, X o E L mEE T

I
anp
o
(\rl
-

it
i

Y oo b fEOE BN m E L 72

Al
ey
N
NI

YA, T A Y T EERE LT E RS E DR

™
4
S
Kl
0

W MR 7oy — Xl R HE M E M E TN

W R RAPD ~ — 7 — % H W T, P. lutea & P.
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delavayi ® & iz W B & 2 Hm H +¥ 2 LuDeB v — % —, B K

HPB

v F LT vyy 7 Y7 M o KK DNA & OH B T 5
~ —  — & B % L Iz 2 > ®»® DNA ¥ — % — LuDeB,
T A ¥ v o f B ESR BT SHELWVWEEREEZHE AT
WL EE & EE R LU, BEMERMSWEE MR M
E T L% — A — Th v, 5N RITHEREOREL
100 5 & E R T — F L koo

2.RAPD = — h — I &K 5 & EHEM

&

)

fF %2 B % L 7= RAPD ~ — & — & H \ 7= & B & B 5
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Summary

Tree peony (Paeonia spp.) 1is a shrub with high
ornamental value originally from China. Several cultivar
groups have developed involving several wild species. The
ornamental tree peony has been popular in Japan from
ancient times and has a cultivation history of more than
1000 years. After World War II, Daikonshima Island in
Shimane Prefecture has been the center of tree peony
production in Japan. Currently, hundreds of thousands of
tree peony nurseries were produced in the island each
year. Tree peony is the main floricultural products of
Shimane prefecture. Some problems in curation of
cultivars and breeding program are included in the
production field.

In this thesis, the history of tree peony cultivars and
their development were reviewed, firstly. The <current
status and problems of tree peony production in Shimane
Prefecture were also explained.

And the practical method to identify cultivars using DNA

markers was developed for improving the curation of tree
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peony cultivars. In addition, the DNA markers to detect
the genetic involvement of the wild species were
developed, and the genetic background of cultivars bred

by distant hybridization were analyzed.

In Chapter 1, the characteristics of the wild species
involved 1in this thesis and the history of <cultivar
development of each group of tree peony cultivars were
summarized. The problems of tree peony production 1in
Shimane Prefecture, the Japanese largest production area,
are also explained.

The tree peony cultivars can be divided into four main
groups; Chinese, Japanese, French, and American,
according to their morphological characteristics and
geographical background, as well as wild species involved
in their breeding. In addition to these four cultivar
groups, a hybrid group between the groups, and a group of
inter-subgeneric hybrids between herbaceous and tree
peony were bred. The French and American cultivars were
developed by <crossing P. lutea and P. delavayi with

Japanese and Chinese cultivars belongs to P. suffruticosa.
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P. lutea was also involved in breeding of inter-subgeneric
hybrids between herbaceous and tree peony.

Next, two problems in the current status of tree peony
production in Shimane Prefecture were raised. One is the
confusion and contamination of cultivars due to similar
phenotypes and similar cultivar names in the production
field. Another is the lack of cultivar innovation because
of breeding based on Cross progenies within P.
suffruticosa, except for inter-specific and inter-

subgeneric hybrids.

In Chapter 2, to develop a practical method to identify
tree peony cultivars, Random Amplified Polymorphic DNA
(RAPD) analysis were attempted to distinguish 353 tree
peony cultivars cited in the “ Botan meikan’ directory
(Matsue Daikonshima Tree Peony conference, 2015). Using
29 primers, 48 RAPD markers that identify polymorphisms
among peony cultivars were obtained. All of the
cultivars, except eight bud mutation groups and two
presumed synonymous cultivars, could be distinguished

using the 48 RAPD markers. Parents, offspring, and
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sibling cultivars could be distinguished wusing these
markers.

On the comparison of RAPD band patterns between
cultivar groups, specific bands of American and French
cultivar groups, and the cultivar group of inter-
subgeneric hybrids with herbaceous peonies were
obtained. To confirm the effectiveness of the developed
markers in the field, cultivar identification was
performed using specimens in an exhibition garden. The
cultivar names inferred from RAPD markers were matched
with the labeled names almost of all of the tested
individuals.

These results indicate that the RAPD markers developed
in this chapter are effective for the curation of tree peony

cultivars.

In Chapter 3, phylogenetic relationships among major
cultivar groups in the genus Paeonia L. were evaluated
using a dendrogram reconstructed from band pattern data
of RAPD markers developed in a Chapter 2. Two sequence

tagged site (STS) markers were also developed using RAPD
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markers specific to the French and American cultivar
groups and an inter-subgeneric hybrid. The developed
LuDeB marker was suggested to be a marker to prove the
genetic background of the introduction of the innovative
yellow flower color from the crosses with P. lutea and P.
delavayi. The HPB marker was suggested to be a marker
to identify the cpDNA of herbaceous peony in inter-
subgeneric hybrid cultivars between herbaceous and tree
peony which introduced superior traits of herbaceous
peonies into tree peonies.

In the developmental history of cultivars of the genus
Paeonia, innovative improvements were made by
introducing genes through inter-specific and/or inter-
subgeneric crossing. The developed two DNA markers;
LuDeB and HPB, are innovative markers that can identify
notable crossbreeding achievement in the history of peony
cultivars. The DNA markers of identification of gene
introduction from different species, are useful as
selection markers in inter-specific and inter-subgeneric

crosses for efficiency in the future tree peony breeding.
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The results of this thesis indicate following. A new
method to identify tree peony cultivars wusing RAPD
markers which developed in this study, can be able to more
certain curation of tree peony in the fields. The results
of the analysis with two developed DNA markers; LuDeB
and HPB, supported the introduction of innovative inter-
specific and inter-subgeneric hybrid genes that played an
important role in introducing new traits in the breeding
history of cultivar development in the genus Paeonia.

The wutilization of the developed DNA markers 1is
expected to improve curation of cultivars not only fields
but also distribution, sales and gardens, and to open the
way for new breeding using inter-specific hybrids and

inter-subgeneric hybrids of tree peony.
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