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Phylogenetic Relationship Analysis of Different Cultivars Groups
of Herbaceous Peony According Morphological Characteristics
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(Key Laboratory for Flower Germplasm Innovation and Molecular Breeding of Beijing/ College of Landscape
Architecture , Beijing Forestry University/ National Engineering Research Center for Floriculture ,100083)

Abstract ; The cultivars of herbaceous peony are variable ,and the study of morphological characters has a great
significant in scientific classification. At the same time, it also can provide scientific guidance on how to choose hy-
brid breeding parent. According to the DUS guidelines(2012 ) for the conduct of tests of herbaceous peony,33 major
morphological characters (9 qualitative binary characters,3 quantitative characters and 21 qualitative polymorphic
characters) such as height, branching ability and stem color had measured from 47 cultivars peonies. Besides, the
author also made analysis of those databases with the methods of Q type cluster, R type cluster and principal compo-
nent. The result showed the systemic cluster of 33 morphological characters can distinguish different herbaceous peo-
ny of different groups well. At the same time , Chinese cultivars of herbaceous peony have a distance with foreign cul-
tivars in phylogenetic relationship. The cluster result of hybrid group is sporadic, there are two resons: 1) cultivars
that belong to hybrid group have a complex origin;2 ) multiple parents were participated in the breeding progress.
The results were consistent with those in previous studies with the methods of traditional classification system and
the methods of molecular markers, it can reflect the phylogenetic relationship between cultivars and cultivars group
accurately.
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Table 1 The list of experimental materials

UTBEAE S | 13 FH 26 B IR DR A7 B0 20 2807 B
AT RN 4r 28 SR 206 R W ST A 4R, il
FEPR A N A R 0 A e AT 2
D7, XA A SR T X ) A R
TEREZE 1 e PR X 5 b 20 26 i W0 45T
{ERRT IR AT LG (&R, R ¥6 & HG
1G 3X 2 NEE PR LB AT  AE T B W WIE 2D 5 6
Pl AT LA 47 A3 8 TR [R) SRR A9 AT 2 Al
WHFFE A G, 2 BEAT 25 DUS k5 ™), il 33
ARIUPEIR (ot 9 > a2 SR 3 4~ 2
PSR 21 ) AER I 5%, 18 FHBUR 0 28207
W BT AR SRR SRR R

1 MRS

1.1 ##

AR 47 DS ER AR SRR, 2R T
FAETT TR/ NG T I (3R 1), 85000 R A B ]
2014 44 -6 H

e MR TR

e MR JFER G

G i P24 FK R iz i R4 FR R )
Code Cultivars Group Flower Petalody  Flowering Code Cultivars Group Flower Petalody  Flowering

color degrree phase color degrree phase
1 Athena HG 4 HLE RAE |25 Brightness HG ik B ik
2 Buckeye Belle HG L EAN G ik |26 Coral Sunset HG WL SRy ik
3 Cream Delight HG D, CE e |27 Halcyon HG biiEAN G AL
4 John Havard HG et GEb g |28 Kansas LG e I WAk
5 Karl Rosenfield LG g1 i Witk |29 May Lilac HG et 22 1 e
6 Monsieur Jules Elie LG IR G Mife 30 Pink Teacup HG JKELL P diip
7 Red Charm HG FAR ) g Mile | 31 Roselette HG et T ELVia
8 Scarlett O’ Hara HG pEA PAIE MiAfe 32 Duchesse de Nemrous LG M it LaVia
9 Red Magic LG AR g Milk |33 Henry Bockstoce HG BREL Gig AL
10 Old Faithful HG WL A Wile | 34 Garden Peace HG B L ik
11 Little Red Gem HG Heer B BAE |35 Firelight HG LA B LLvia
12 Laddie HG Her B R |36 Fernleaf Hybrid HG Heer e 3 Bk
13 White Innocence HG M PRI HiiE 37 Lovely Rose HG Kt TR AL
14 Border Charm 1G wHE FEM ML |[38 Zilran LG ®E4 T ik
15 PN LG <40 I e |39 Kb H LG AL I e
16 HIES LG ek HH e |40 BER LG Ly EAN LeE gk
17 Prairie Charm IG HE KT/ Mk |41 Cytherea HG teas R Mk
18 Prairie Moon HG U PR Vi 42 Edulis Superba LG IR il /¥
19 Etched Salmon HG ker EE Witk |43 Goldmine LG w, gt Wi fE
20 Many Happy Returns  HG AR G ik |44 Carina HG biEAN LHE A K2
21 Chalice HG SEEN LRI ik |45 Lemon Dream IG Wi LE A pia
22 Old Rose Dandy IG  WEEERALT M Witk || 46 Fairy Princess HG EANE) g e dE
23 Lemon Chiffon HG A, FE Wite |47 Going Bananas 1G # LIk Wit
24 Henry Sass LG SR Gig WAk
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1.2.1 MREERERE A5 ER 33 Mk
MR XT 47 ANAS 2 SRR R RR A KA DL AR AT 1Y
TR TIEE | R G B G 5 A 7 A 3, L
gl 28R 3 S e SR 21 A ootk
RO A BARHAR S5 W2 2,

1.2.2 H=HRKHPONUE B WMFREVLEESES

x2 BRREHEHED
Table 2 Characters and coding

PRIEAT R FR I A2 o AE PR & B A RO & T2 A i
FURE TR Y 24 7 Hm 25 ) B8, M qE
@#Eﬁ%{m' PEo A PEIR Y % 40 g WAH 7

B IATZ) DUS MK H8 /o X 4% b B I A6 Al
TEHQLIEHJE sk, AL A e i 4 A B
L, Ry 4 A TR S A B4, AR &
M5 AHTA,

Pk s PR STy h
Code Characteristic Coding
1 Heits
2 vkt - o
3 SR R AT giglﬁ(ﬁngz)
4 AR S PR F R o)
IE ;l_i H
5 SRR
) ﬁﬂjﬁg%% BRI (0) 3 FRRTH (1) 5 (2)
., - ;jﬁ%; 40(0) ;P4 (1) HL(2)
tig
g - R(1):7(0);
- (1) :7(0)
9 T I 7 4 L P B
" ’E;ZJ; P BT (0) ; VRN (1) 35507 (2) s BeK B 5HE (3)
o ﬁ%;%;ﬁg J.200) KT 2(1) 57 (2)
~H LES A e 4= .
12 O T T (0) s = HEH (1) 5
<2(0);2~10(1);>10(2)
13 IR {6, 2 A 2T
14 B AR (1) ;7(0);
- (1) 75(0) ;
15 I A5 I A -
Sl IR (0) s WO (1) 3 4657 T (2)
16 RS
17 - JE(1);7(0);
18 T JE(1);7(0);
" - BOHER0) R, EOE() R AAEQ) 53)
o Tﬁ%mzf R0 s BRI (1)  FR(2)
” o0 AR L S Te(0) s MEFH(1) ;A (2)
3 i JE(1);7(0);
9 %;%% PRI A R(0) 5 R (1) ;7 (2)
’s B RS L B WEROAMR(L);HER(Q2) H(3)
> JPa—— F(0) s H(1) s 250(2)
. ’&%%@ir B 0) 5 B (1) 75 (2)
. W B A B S F(0) 2 BRE(1) 3 15(2)
: - q@%m>5@%u>i@$u>ﬁﬁ$m>
29 P AR TR IR AT A SR AT
“ S B BUN0) R R (1) R BRZ(2) K(3)
N s R B RH0) s, (1) 5 75(3)
BAE0) ;48 (1) s BRAE(2)
32 A /MK TE E
33 JRAE/NHKE SE H

1.2.3 HEAEBRERZE HEMHZE, H

Excel 3150 2 B PEAAR 09 F 291, Z R R B0 etk

SPSS. 19 ?)’(#FL/# RRaHr, B R H Pearson 1H
T R BRI, XA R AT 402
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FAFEICIEL TSR 222 Bk LA
Tos 0 ALt b2 80 | e AUE T 5 A7 LA B Bk
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Fig.1 Dendrogram of R cluster

BEFAEIA T8 2 DR 55 IV S AR ISR B
AR AN TELE JRER 2R B FIZEF T2 5 T
LA S TR 4 IR, 28 V R ZEAT 2 75 0t
WE TUE/NHRTE I 2 AR, 28 VIZS a6 Al
B JE R LL IR B R LD BLRE S 3 4
PR, 2R VIZRALHE 22 AT (0 2 Al 20 (0 fE 2 2 1
BRERFNTAE M IEAR 3 NIk SIS 45 25 AP ALH:
FERE 1 MR,

AR Ta] AR S A 504, 2 BRES 3PEAR =22 8]
FHOCHRBE U , ) an ke vss 5 i 2 2 A i o Al o
Z IR A R B 0. 668 , 46 A5 4% a1 22 8] (4 A1
KERBUE 0. 508, (HIEA TR Z MR Z 18] 5 AH S 2 2
BAR, a0 3 BCRE 1 5 22T & B 9B Z TR A OC 5
KA 0.048 iR AR 5 02 75 A I =22 18] (4 AH 5
FHCN 0. 004, BRI ERB A AL,

2.2 ERSSH

MR BURZE AT LAFE AR 73 PR T8] A7 5 2
oz, BInAEMR R S ke, IR T AR A AR 23
PR B B R R A b B i
6 22 = 1 e SN AN K /NI T L s s R 3
ARG A i A o R A

TEF I b, 72 B AR AEAEDBOR , 50 B A8
EEG IR AL B RE R, O TR IR 32
S REAE 00 S W I U AR 4 1 A2 Bl — AR 2R R
THITRARANT 75% 2, sk 3 BER, wl A FIET 3
AR T B R AR B OR T 1, B ST Ek ROy
91.764% ( =75% ) , M HATPE IR B TR A &, 16
ATEAS 2 A AE B SR A 0 BRI 3 >
OrERT E R 3T o KERIIE R 2 R M AR A
®3 ERSBHFEE. IEBEMRITRERKE
Table 3 Eigenvalue,contribution and cumulative contribu-

tion rate of principal components

VIR FFAEAE Initial eigenvalue

W AL TORCE(%) BB (%)

Components Eigenvalue  Contributive ratio Cumulative
contributive ratio

1 40.829 86.871 86.871

2 1.207 2.567 89.438

3 1.093 2.326 91.764

4 0.648 1.378 93.142

5 0.479 1.019 94.161

6 0.398 0.847 95.008

7 0.288 0.612 95.621

8 0.251 0.534 96. 155

9 0.227 0.483 96. 638

10 0.210 0.447 97.085
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BRBERG AR BT TATZ 0209 33 Sk
R 7 B4 2 B 43 3 R R BT R (R 4) |, AT AR
it S Ao F X A PR A EE A T HE Y

M1 4 AT DA, 55 1 £ 1 stk F N
94. 67% , Forbs B B B R AE 4. 014 A6 A TG
S TR S R R B R o TR R
IR HESS AL R B AN ZEFT 2 R PR AT RS 6
ANPEAR A B K 28y i, A XHE R TE 1.5 LA

x4 BUEREERSGSTFNHETE

e SRR A B B T i A K, W R O
551 R e B R AR T R T A
M2 LSRR 2 R M TTER R
2. 8% , Horp i B AL R B 19 B AT R AE 6. 249, T4
LS, JEIRE A2 SR BRI ER6 rAK
TR IRAE DL KGR AT 1 A e RN AR 22 500 () 3T 3
97 2 DL L, 150 B 3 S MR 6 AT 24 1 o 2 A R
HEL,

Table 4 The amount of lord of each character in principal component

Motkgh = E 1 FHY 2 F 3 JSE- A HE#
Characteristic code Component 1 Component 2 Component 3 Total lord Ranking
31 4.014 0.429 -7.394 3.625 1
18 2.949 0.449 -0.795 2.7843 2
9 1.987 0.852 0.356 1.914 3
8 1.853 -0.545 0.603 1.7542 4
20 1.567 6.249 -2.11 1.6051 5
4 1.676 -2.262 0.111 1.5261 6
30 1.44 0.944 -1.287 1.3571 7
23 1.099 5.998 2.701 1.2767 8
29 1.155 2.907 -0.218 1.1693 9
22 1.135 3.191 -0.055 1.1625 10
1 1.095 2.723 0.216 1.1183 11
24 0.996 2.823 1.573 1.0618 12
19 0.928 4.658 -1.27 0.9768 13
5 1.078 -0.495 -1.199 0.9763 14
10 1.005 0.14 -0.387 0.9456 15
28 0.953 -0.784 1.941 0.9294 16
26 0.858 0.763 1.181 0.8635 17
25 0.86 0.451 0.998 0.852 18
33 0.8858 0.2162 -0.1787 0.8401 19
11 0.965 -1.56 -1.697 0.827 20
12 0.822 -0.063 0.583 0.7912 21
21 0.827 -1.856 -0.604 0.7157 22
27 0.628 0.843 2.169 0.673 23
7 0.687 -0.413 0.773 0.6584 24
14 0.637 0.828 -0.043 0.6251 25
2 0.611 -0.253 1.257 0.6032 26
13 0.526 0.482 0.162 0.5156 27
32 0.4831 -0.2918 0.2345 0.4551 28
17 0.426 0.133 1.182 0.4369 29
16 0.362 1.289 -0.507 0.366 30
15 0.273 1.338 -0.144 0.2922 31
6 0.249 -0.332 0.255 0.2329 32
3 0.206 -0.188 -0.368 0.1804 33

553 R BTN 2. 53% , 0 B2 B0 24T i 2
MHEER R 7. 394, eSS M AL AR B AL 22 801 (0 Ak
Bt AE2280e SRR A M H AR M-24

Her 0 B RO XA TE 1.5 PAE,
A PR B B B H R T, X AT 24 dl 7026
T LB PRIRAT O BB AE A e U R
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AT B AE 228 LR ZEFPRDE R
JIRFRIHE AR MERE A S H RN (O B 7
S U BOE R W M AR /N SE LE R AR
SR B X SRR B S B TR 0.8 D b H
AT dE TR 20 37, TR R A AL THAE /N
Yot B A GOl E B AT
JE AT I GY T M ZE AT (0 2 7 21 (2 33K 2 1Y) G B8 o
1E0.5 IR, 548 TRrAMRIRB G 7 60, N FE 553
MY R X AT 2y hhAh o 2K ok B/

2.3 QBRESWH

HRAE 32 185343 BT 1) 25 2R 7T i BB 280 77 o 7 I
20 MRS 53 Q BRSO , A4 BARTE T o)
3 AT BT d A B R AT 24 b g vER 23 26
AR X S S B 21 A PR AT A A Y
RE,

M Q BURZE A RARIE (I 2) ol LI HY 21k
WHIBR I 15 1,47 ASAT25 Ry 8 25, 46
I 254045 Fh 4= Ky Many Happy Returns . Red Magic %5
9 A, 33X 9 Al A AR = AR R e, TR I TE
7 IRy =l e FEEPEHARY
LR B0, AR MES LT 52 el 16
i e

5 T 2800458 F 4 Karl Rosenfield A M-£1%5 5
ANELA X5 AR ER SR, TA R R ISR
DS EN Y=L g A S FAR S /58 N W 2
Bk B Z Hb4 Ry AL, LI D 7

55 WAL Garden Peace 1 7t 1250 Fif
PR BORDH:, A= e 2R ISR S B it
PR I 56, BIRAE B b 3 .

55 IV 45 Pink Teacup | Firelight &5 5 AN ,
XS A dh AR E R A, bR Little Red Gem T0UAE HH#7 G
SR, JIEFR B Haleyon iy BRJE iEA1, B2 =t &2
M LLE R BRI FIRAL  AE I IR 5

5V 2K ALFE Fernleaf Hybrid | Laddie 28
Fifr, 33X 8 A PR i S A e, T 2 B R
Fernleaf Hybrid Fl Laddie 7 K24 F, R LR
RS AR = S 2 R A A TC R £
AL TR Z AR T

5 VIZEtU 35 Carina , Scarlet O’ Hara %5 16 /i
Fi, X —RBER AR Z | R R B AR AR, T4 i BR

S}
N B
L]

1L

ITE

~
~
=

5 10 15 20 25
WAL B Genetic distance

BUEFR /RIS The numbers are cultivars codes
El2 QBEESHHRIKE
Fig.2 Dendrogram of Q cluster

Coral Sunset /D@ R A EE F  IRFHIEAR Ny =
M O AAOREOQRHAGR, AERT
S0 BH A 2D S 0, O Bl R AR, A6 )
P

FEVIZE AL 4E Athenal AP, 20 Bl & D
I, BiA e JIEER AR Oy = i AE A
LLOFR  AERTC S (O, SR AE B

EVIZE4LHE Goldmine Fil Henry Sass 2 A SRR,
X 2 A ah AR A T I TE R SRR IR
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—HEM, B Goldmine N B & , Henry Sass A
OR,EMRE, A REL2 LB E a6,k
Joing

3 S

3.1 REMERWREST

Q ﬂ%%éﬁ%ﬁﬂ?,% I 256 Henry Bockstoce
AR LG AP {H J& Henry Bockstoce 24238 i#E 2
A P. lactiflora W25, % 11 50 0y & R Old
Faithful Z A2 LG fhAf, ftn] W, RZE LG i
PRl 5 A E Y AR R SR LR (H S K2
K A i R R B A, Ul B L PN e R 22 i A
mnFPEZE R A, 5 25 1% Garden Peace, A
KRG R E , WH P. lactiflora 25,5
RIS SRR LLASE T, 49 V 26 Laddie , Rose-
lette 11 May Lilac3 > fn#3K P. tenuifolia F5T
mff, % VIZEH Old Rose Dandy. Border Charm
Lemon Dream , Going Bananas F1 Prairie Charm 2} 1G
dn A A SR SRR T HG, SR AT T IS & R R
AR AESERER N —3 R W] IG S FlE AW 5 H
bt Al A R 5C# AT, 55 VIZEN Pl tenuifolia
FPIET

&858 53 26 IAE W I SN IE A AR , AT 25745
HIB T 3 AR EES ARG R 5 H A —
B, 401G MR 280 LG s R4 B R 2B E— i,
[ s) MAEA[A] 19 73 2K 850, HG 1 i R 2808 T
ZAERIR SRR SOREE R B i, X U
RAELERGE G RIERIEAY G, W F
J11 SSR 73 F-HRic Xt 89 AR SEAT 24 iy ift 2 8 73 E 2
SRAJFR TS 5 B, P RR A5 24 9 A AN ] Jal 53
HARER/NE . AWFFE R RELGTIR BIR 1G f Fh AR
REZRAES VIZE, 55 V R BYE 7 s R P. tenuifolia
PR dt b o AN]SR B AT 24 5 R 2 HR A
BOEHIFR GO R, X 5 R 1 R GER I A
—3,
3.2 FMARBEUERFARFEEZXRZNHAR

ETIRENEER I LS 01 KT
ARG, B 2 0% SR 5 A7 R R 4R
XF 60 MATEGARSE AR T 56 AR AR IR
Ko BT G A 0T, 13 8 T RGO RRDIR R
K, SRATHE IR 27 AT SRR S AN
SRR T 21 ASRBPEIR, i3 FI R Hria s i
27 MATEARIE AP 5 AP AE R Z MR C R,
ARG B T SE Al PR T L XI5 ()

SEBINE 33 AT KT S AR I T 34 AR A
NBTEUE B 3TE LIRS S RN NS S
GOCRMIEIT , UL AT UL A N FE XS AT 245 4k 35
Fofr 4 ML — o B SR AU MIR 33 SR 2840 M 1) O s
HEAT RS 0 R A3 BT & W AT 1, (B AT 09 BF 9245 [
BIRBESE LG HIIG (A A HF 58 0] DLIEOAM X —
ZH,

Y RAVEIRE Z | FITE X HE P AR 174
AT EYEHME Ry T B AT A R A HERR M R HER
AR PR AT N 2 ] TR A e ny Mo
A3 AP ook B 2 AR E I 2 A
RV ZoeHR R A TE, R S T R
sk B A A B B 2 A8 MR 5 I S Y
GEIL 2 IRBE R M AR MELLIA B 4y S TR i AT 4
PEFNER S P 7R PR 3 O pi R AT RE R B 2 A
PRIR B M Z BRI S b o 35, Rl
AT ER B T S v R vk R A
PSP (distinetness ) , — 2P (uniformity ) A1
P (stability ) I & A% DUS P, J2& A8 90 35T 5 F £
PP E AR Al A A B SR, K &
AREY, AREFTE S % T AT25 DUS MRS mE i IR
FKHIT 33 AHRXS 47 Gy s @ T A [m] hFi o 9 AT 24
mn APHEAT TR A Z R SE, A 9 A ootk
R3ADEEZ SR 21 NEEZ SR, 4
SRR ) ik 2 3% B VIR BRAR 47 i X6 47 £ A4 8}
HEAT R 3 M, A5 R Ae 5 HAh 27 35 0y o 9 45 R
A, IR, 2012 AEAAE B9 DUS R FE
g, AR EE X LG /Y i Fl, E 13 T HG Al
1G 3% 2 DAY 24 ity R 5 26 B MOIRTE BIF 58 A [R) A 24
r AR B AT 24 il ) Y 28 % OC &R I RE 98 5T )
FIH.
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