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Abstract: [Objective] This paper is aimed to explore the phenotypic and diversity of ornamental pomegranate
and provide theoretical basis for the identification and evaluation of ornamental pomegranate resources in
China. [Method] With 24 ornamental pomegranate cultivars selected, an investigation was conducted of their
13 ornamental features such as plant form, branch type, flower color, flower size, number of petal and number

of petaloid stamens with an analysis of the diversity. Then, based on these indexes, principal component
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analysis and cluster analysis were carried out, while the ploidy and C-value of 24 cultivars were determined by
flow cytometry(FCM). [Result] (1) The ornamental pomegranate varieties were rich in phenotypic diversity,
the morphological diversity index of quantitative trait (1.715) was greater than that of qualitative trait (1.148),
and the coefficient of variation of the number of petaloid stamens and petals was 117.59% and 78.86%,
respectively, indicating that the increasing number of petals and stamen petalization were the breeding
directions of ornamental pomegranate. (2) The variation trend of diversity index of petalized stamen number
and petal number was not consistent with that of the variation coefficient, implying that the variation range was
large and the variation distribution was uneven. (3) The characteristic values of the first four principal
components were greater than 1.00, and the cumulative contribution rate reached 80.10% while the shape and
color of branches, flower size, petal number, petal formation, plant form and flower color were the main factors
affecting the phenotype differences of ornamental pomegranate. (4) The 24 ornamental pomegranate cultivars
could be divided into three groups with their genetic clustering closely related to flower pattern, color and plant
type: orange flower cultivars were much more closely related to pink and white flower cultivars than multicolor
flower cultivars and single petal cultivars were closely related to all double petal cultivars and most double petal
cultivars, while a small number of double petal cultivars were closely related to proliferation flower cultivars,
which was consistent with the mainstream view of flower type evolution. (5) All ornamental pomegranate
cultivars were diploids, indicating that pomegranate cultivars were genetically stable. [Conclusion] The
phenotypic diversity in ornamental pomegranate was rich, and all the tested cultivars were diploid. [Ch, 1 fig. 8
tab. 48 ref.]

Key words: horticulture; pomegranate; ornamental cultivars; phenotypic diversity; principle component

analysis; clustering analysis

F1# Punica granatum J& T JE3EF} Lythraceae 4 M J& Punica 3§ /N ARSEA, 7EHE 25 2 000 a By
FdEs, 200 RAEFU E O I EHARMAE AR, W ARRBILSE, K, e, HFot
gr, BOPE, SRSCETRE, DM AARARTEG, 2R B B3 A EEAA, M HT
FIMRERAL . ZAR . 2SR HanE WM 32 2 TR bR g R A AR R B R AL A
B A BT AP DL RO B R A AR S 8 S A AR AR AR I 43 BT, RO B R A 5t A% 2 REMET
4 /0 . MARTINEZ-NICOLAS S¢S0 5%6F 53 AP PEAF Pl A SR S . b wb L RS PR AT 1 SR A B
FE, BB XS RAL . R fEAY | ISR B MR 2R T . PRI AU AR PR AR L AL
Feo R RNEE N B AR AR AR AR, P AR A R S — Rt S AR A, R IR AE A
HOERS, AN KPR AT AN E 87 N A A . B, ER. S/ 44
mn PP, T RRZZAERY X 35 My At R A T T R AR I A, (ER X R AR 2R RS R
HATEE BTN . REIZHEM R 2 S FAEY T (9 2L, 20 7 A A i i o8 ik,
AR BRI S 0 . PRAF AN PR 822 . CEAR AE W IR AT IR0 A% 1 DNA B i, CEM
X R FIIEG R RUNRGE R T REAELEE L, A AEEKE 28t mT R 4 24 S8 Fh>
HErh EARSF 2810407 ‘Taishanhong’ KASKF™  ‘Dabenzi’ Fl ‘KAF  ‘Dazi’ #E¥Ew H A%
&, KEGF ‘Nana” HPUEAS, ZAEEMY EA LK . R MMREH: . Pt S0, 2
BAIERARL T AR AR A PR v I 5 R DR A B S A S R R, T kg AR B 5 U ) B
Histte B AR IS B Rl . ASHESERT 24 ASULE AR AT RO RR AL . RLARY L BB 1 AEA /R . AR
o s e, ETE . BEK . EETE . R B RS 13 TR T T
RN . FR 0 SR, IERH R MO 24 A SRR EAT 745 & CEE, R
WLE AR BT IR . BR S s B R A KL



5537 &5 5 W KoOHEAE . WSO RS Z R 941

1 MR E 7%
1.1 ##

A B AR KR A B 0 HRE R 24 DB AR S AR (R 1), o B L AP (single-flower
group)8 1~ . B AL FhHE (semi-double-flower group)4 1~ . S AP AE (double-flower group)11 >, 5 /& i
F#E (proliferation-flower group)l />

1 UM UEAERTHEREKIE

Table 1 List of 24 ornamental pomegranate cultivars

Fr s nn A4 Fm 51 FhH

1 FRLLT4S) “Taianhongmudan’ g P E 2R

2 “#Z% H’‘Double red-white ’ Y B3

3 “H K H 2 “Qingpiyueji’ it P E 2R
4 WS FEIRLL 7 iR Yichengchongbanhongpisuan’ Gt RE LA

5 “UEIRAR T4 Yichengfenhongmudan® Sl TE LR

6 IR IRLT AL T2 P2 R Yichenghonghuachongbanzipisuan® E FrE 1 2R

7 ‘#i4E S ‘Hakubatan’ T EH

8 WA 21 F 9 [ FZ i Yichengfenhongchongbanbaipitian® HIR R E AR

9 U FAFFDH  Yichengchongbanmanao’ H=IR rPE AR
10 ¥ PH 1 5 3F > Luoyangbaimasi’ il r 3]
11 “FLIR B RLT AL T B2 12 Liquanchongbanhonghuaqingpisuan’ HIR rf e
12 “URE SR T (1 LR’ Yichengchongbanbaihuasuan’ R rPE AR
13 U IR PRIRAZT 1R Yichengdanbanfenhongsuan’ PR P E L2
14 “{#4E£T “Nochi-shibori” i £

15 i Zipitian® M 4R
16 U IR PRI LT Yichengdanbanfenhongtian’ PR P E L2
17 5 JE BT 0B Tunisiruanziruanzhi’ P 52 e
18 BB A1 “Moshiliv’ e L 4R
19 “B T A’ Gongdengshiliu’ R E 7R
20 “Z% 11141’ “Taishanhong’ A P E 2R
21 “FA MR EIRLL ‘Nanlinchongbanhong’ Wik PP ETL
22 ‘B AR EAIRLT “Nanlindanbanhong’ R E Py
23 ‘BIFRE 1 Nanlinchongbanbai’® il VT
24 ‘FMRE IS S Nanlinchongbanmanao’ IR VT

12 Ak

12,1 ALt R & e T 2018 4F 5 F 16 [ A1 A8 b S ¢ IR I (U83a0) 1R Bt A #E AT, 4l ol
BEALIZERE 3 PRAE R MM . T il . KB —FMAR I T & RAMER B A gt . Horp Biardkk
6 1~: FRM (plant form, PF), £%7%! (brach type, BT). f£% (flower pattern, FP). 1 4FEA=/INEZEI(4 (color of
branch, BC). fEH (% (color of petal, PC), fL% (% (color of sepal, SC). Fram Mk 74 : LK (flower
length, FL). {£5% (flower diameter, FD), f£%54 (sepal length, SL). fEZE5E (sepal diameter, SD). fE#
I B (number of sepals, NOS). #££ %0 (number of petals, NOP). i 1k it &5 %0 (number of petaloid
stamens, NOPS), HE RS R RWERKE, NBUSUSIREE 2 (A 808k T E BrdE FHr 9 E 255050 2
oK (RHSCO) M, 0 RE0TF gt . V8 BUREPRERR 4l CRE 8 i Pl ke Stk . — 3ok L B
PEMNATE A 18 ) R E AT,

122 ClabwEx DITASERAR RISk RoMs, ¥R LBOL B, JEM . 20Tk,
W EFRIL ., GRS B R AR R BR A F] o A i B A AR A A R, TR U 4R A (Influx,
% E BD AR WEMRMES C1H, BAS BMIESER ki 7.
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1.3 HEE

1.3.1 MR EIELA R FREMRILL 1~6 FEAT 0 BMRAE (5 2), B HERRE - E X fbR
HE2E ()N 105, 1 H<X-25, 10 H=X+26, PR 0.56%%, MR B AL Z R
Shannon’s {5 B 484k (H) #ATIEMN : H'=-Y(P)(InP), H P RKIRGS i FhAS SR B A3 3200, SR H]
Excel #EAFHIRE M CEXYIME . SR, f/IME. ZERAS S 2805 EEARSG T, ffiF SPSS 24.0 #4431
R AVEE ) KMO K5 568 M Bartlett BRI FEAG 56 19 & M . Fhs [a) B 87 RGRIE RS, BB R
Ward %,

x2 UEGESRMEEERERS R

Table 2 Description and grouping of qualitative characters of ornamental pomegranate cultivars

V4 A K bl VA /ML, e, i N
1 FeAk HAL L iZAN i, e
2 20 Frik i Bar R A
3 =I5 I ESAN icean e
4 = ek 21 i
5 g et iceas
6 "t AR

132 CHARAEWEIFELZE  JOCYR PTIEUL Ky 488 nm, YAl iH Jy FL2(670 nm+30 nm), £
WP % 5t 96 J6omEE . (i F] Influx [ 74K F FACSTM Sortware #E4T 70 M. < KK R K/ K
328 Mbp™, C{E A 0.33 pg, MR AEY: R AL A B 41 M 4% DNA & &t 3% 1 =X B A 20 it 4%
DNA 7 2 gl A5 M < (R RE AR Go/Gy W28 i B /% BERAE AR Go/G IR 8B ). A8 5 REL (Vo) il 7
8% LI
2 RGN
21 MERABREERESHE

HRAE R 2 X F AR 6 D> F B BT MR AT/ GORIRAE ,  Geit & MR 0% 30 A T 2 HE 4
B, HZE3 0. SR EEEETE RN 0.512~1.683, 1k 1.148. ZREMEFS BUR K B HIR K 1 I (0,
Hk mAe2 (. R VAR /MBS, ZREEFE B KT 1.000; Horp, 0@ LB HE (25.00%) ., 18
21 (25.00%) A F, LA LS (41.67%) F, ERILIE I F (45.83%), 1 4FEA /IR B4 DL 21
(62.50%) K . ZHAEFEE R/ NPEIRERA, HYOREARL; Hrp, BB EZORTAAR (79.17%), HR
FZ IR (58.33%).

®3 YEOREMHEEUERMES BRSNS

Table 3 Frequency distribution and diversity of qualitative characteristics of ornamental pomegranate cultivars

Pk ZFEHARE(H)
14 24% 3% 4%% 5% 6%
Al 79.17 20.83 0.512
) 37.50 58.33 4.17 0.815
1eAl 33.33 16.67 45.83 4.17 1.155
VAFEAE /R (5, 62.50 4.17 8.33 8.33 16.67 1.139
g ) 16.67 25.00 25.00 4.17 16.67 12.50 1.683
i 8.33 16.67 8.33 41.67 8.33 16.67 1.583

22 MEABHBEERSHME

24 MWLFCATRN 7 AN BCERMRERI T T2, AR RECH 11.76%~117.59%(3% 4), ZHEFE%5L
1 1.456~1.910, ZFEMIRECE N 1715, & TREMR, Ul AaRaEEREEEEEE . 71
PEIR PR ESS B A A S BB, 3K 117.59%, IEORZ, J 78.86%, MifeZMis. K. £k
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Table 4 Morphological diversity of statistics of quantitative of ornamental pomegranate cultivars

AN K /em A5 /cm K /em WS /em  AEEREY AU A RIS B
FEE 4.4340.61 4.70+1.25 3.09+0.57 3.60+0.92 6.48+0.76 41.94+33.08 57.11467.15
KA 5.42 6.43 4.11 4.87 8 134 276.67
e/ ME 3.03 233 1.63 2.00 5 6 0
5 R0 % 13.85 26.60 18.40 25.64 11.76 78.86 117.59

AR S R /N . ZREVERR B R PR IR B ALK (1.910), HUORIEK (1.906), E£5E (1.802), L2 5
(1.683) . FEHFEL (1.630). FEEZFEL (1.619). AHALIEEREL (1.456), ZFEMEFREIY KT 1.600,
23 ARUNBEAEBFPEERI SFMILE

RRAETE /N RO Ty B W F A A A 4 3 A SRR, BISRSL R RE . SR R . A AR
H e 5 nl R0 3 i A G R B AR 2 AR 48 20000 o 0.813 . 0.600 F1 1.157, HAF- 2 HEMESRECH
0.856, RWIARIWLE AR GFREZE], RARIRZFEERRBOIA AR 25 H, S5
RN EUR m, BREAN, oAt 12 SRR I4 & T B R LR B Y, R e AR AL
MACHEREE . B 58 . ALV 1 AR/ DS, BRI AR RE RO RIS | BCRL L 1 ARAE /DB, | AR
AR R T8 1 Z2 FEPE T B0 8 T AT SRR R 030 . T UL 3 ANGh e, E S A
RIIR A ZFE R Fw , HUCR IR A, SR A 0 R A5 2R PR AR

x5 AEAUNRABRMBRSSHEREY

Table 5 Morphological diversity index of different ornamental pomegranate cultivars

L6/ FORESFEE BRSO EIRSAEE T E2IN FORESFEE BRSO EIRSAEE T
PRA 0.562 0.000 0.586 0.383 || A 0.974 0.562 0.689 0.742
| 0.000 0.000 0.000 0.000 VA /B8, 0.900 0.693 1.030 0.874
TR 1.082 1.040 1.720 1.281 || 4% 1.321 1.040 1.290 1217
VAN 1.560 1.040 1.666 1.422 || FE5E 0.900 0.562 1.295 0.919
K 1.321 1.040 1.673 1344 || LT 0.974 0.562 1.067 0.868
LA 0.974 0.693 1.594 1.087 || FEAREK 0.000 0.000 1.264 0.421
A HEREL 0.000 0.562 1.162 0.575 || F¥MH 0.813 0.600 1.157 0.856

24 NEABRESHMEMERS W

BEOUL B A A R AL AR ) KMO K 508 R 0.622(55 T 0.600), Bartlett 3RJE B2 A6 55 i 25 14 0.000(fik
T 0.050), A ERDINRM . USREE R T 1 bRESR I R4, w4 4 850 Bt simk %k
80.10%, A\ NIX 4 A~ F WA HEFE 3 W 13 AN FRIIVEAR (3R 6)o 2 1 F ST BIFFIEE N 4.52, TTRREEH
34.74%, FFOEI ST EER BB . VARA /M . R TR, BEUTAR 1 RO REIEA
B S AE KNI R . 55 2 T ERIEAE Hy 2.62, TTHRE N 20.17%, F5AE ) 48 X (AR 1Y M 46
BUORBRAL, TRALEESSE, BRI 2 BRI ALY B . R ZE A R, 5 3 AT I RRIE A
9 2.06, TTERFEN 15.82%, FRAE ) ELE X EE A MAETREL . TEEIRE . TR G, ISR 3 Btk
B, AER/N, AEEOZEEI, 26 4 R REREE R 1.22, TTHkEN 9.39%, FRAE [ 46X (H K
(IANAEEER, LIRS 3 R EAE K/ NOLE G I, LA . BB SEIE . B R/ IR AL
MIE R RS e UL TE A AR 28 8 25 S 1) B2 [ 1
25 NEABRESHENRENST

FRE R AR T2 o3 o A 5 R AT AR i O 1, BRI R 7 2200 W R . X RAETTRR R i A8 1 4k
R JEEEE . AEME. MRS RRA . BCAL. AEAL . AR/ BRI O MR RR, A
REE (1), FEBEHER 11~12 87, WBCAR A 3 AR GfET . 4RI dpfm, It
t, ZHBE T AHE 6 DTS FIEERT 4 AR ANEE s AHE T EEE 8 A Sk AR RN | AN SRS A 4
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Table 6 Principle component analysis of morphological diversity of ornamental pomegranate cultivars

FER F s FER B

PCI PC2 PC3 PC4 PCI1 PC2 PC3 PC4
BAl 0.16 -0.48 0.21 -0.24 Al 0.43 0.07 -0.14 -0.09
A 0.10 —0.53 0.20 -0.13 VARAE /N £, 0.43 0.00 -0.22 -0.02
e 0.25 0.17 0.42 0.02 e 0.39 0.14 -0.23 0.12
VIRN 0.41 -0.11 0.13 0.11 1E5E -0.11 0.29 -0.32 -0.36
R 0.01 0.00 0.09 0.81 5T 0.42 0.08 -0.25 -0.04
B -0.10 -0.24 -0.42 0.33 TEAEL 0.14 0.18 0.43 0.03
AL HEREEL 0.01 0.48 0.27 -0.03 FHIE(E 4.52 2.62 2.06 1.22
ST/ % 34.74 20.17 15.82 9.39 SHTTHRE % 34.74 54.91 70.73 80.12

EMALSE 4 AT FPEEA | G R A RE . FEI R R 14~15 Wh, AR T gL R —i&, Bl
E AL e e R A0, MiE SARARMECRIBL . #t—200Hr, 4 LM (ISR
HREMAR CRAERA WHASI CRET ) RAEE, 1A/ R ) A b
WHR LA, 2MRAE—E, WHHEMFREECREGL. 3 ME M ( MEa’  BRE
MHEG CPEAREIMRIEG ) WRAE R BRT CHHEAE S, 4NN ( CRAET RIE
a0 RO CEATAR ) RAER, RUIERE SRR AL OC R B .

‘%ﬁﬁ%ﬁ&@’_J
FLREIRLLACTE LR 'j
UK AT ST

TR J J
URHRAT T I R
UFIIORY 4T B A B

‘%ﬁﬁmaﬁ@’_J
‘FEMRERO’
UEBH A SR
‘weE”
‘Fadear |
BT
EARMR)
URI R AR
‘Friliar
CERRRE

‘FEMR A
UBE I AR 1]
G JR W Ok IR
‘EEMREIRL
‘HMEIDES
‘W’
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e |
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Figure 1 Clustering figure of ornamental pomegranate cultivars based on phenotypic characters
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X RA MR BOR IR BOF A, TR A%, SRS AR RE (6 7). AR T 1%y
e ERER ., HERER, SR, BREBOITIARR, ORI, FEkms 2 T 50,
VAR /M RO AL BRI SR 0, EMEOEE NG, B, B, e NN, Wi, A
[NOEER O RIS ZA NN N 06 ZA NN L 5 2 NN E AR 2 NN 255 € NN - 5 4 A 8-
TR, ESLRVRIFSRIAS G —, 4 RZEOYHIME, 1 AFA/MEE EEZRL G, ERE E2001E
WAL, EE O ARMARAAE Sy . BV, A TERK . TR R
K WA HER BRI, FEONTRARRL, JFokAL . e, 1R/ MEIEEE ke, ERaEENE
@, O E R,

®7T URABESHEBMESHE

Table 7 Morphological characteristics of different ornamental pomegranate cultivars groups after cluster

E2TN 1EK/em 1E5E/em K /em A2 5 /em IR AU TSR
2 1 4.56 5.15 3.21 4.00 6.04 53.62 63.66
AT 4.29 3.50 297 2.64 6.26 9.70 3.15
T 4.41 5.95 3.06 4.53 7.73 76.60 141.13
Pk PRI I SEin] il VEA /M B piz ul i Sul

HEET 109, 2()  1(4), 2(6) 2(4), 3(6) 1(5), 4(1), 5(4) 14, 2(1), 3(3), 5(2) 12), 2(4), 44)
AR 16), 23) 1), 2(4), 3(1) 1(8), 3(1) 1(6), 3(2), 4(1) 2(4), 3(3), 5(2) 3(2), 44), 5(1), 6(2)
AR 14), 2(1)  1(1). 2(4) 3@, 41 1@, 2(1) 21), 3(1), 63) 42), 5(1), 6Q2)

Y] SE S P EEAOR AL, 1E SAMERR Y

26 MERABEEA CEHREESH

T A0 A S5 R I (6 8): 24 MWLE A M SRR S AR, CEVERH 0.28~0.39 pg, AhFh
] ClHZE SRR, Hd, Mg i e SRR . SRR 5 G 18 SRR F X C a5 518 0.34.
0.32. 0.34 1 0.33 pg, AI UL AERIRI 31945 SR BEZ 0] C AR ZEAN K . FIAESAIEE . M AEmFIE . 204k
SRR EE KA A AE S R RERSSE RS CEAY 9 0.34, 032, 0.34 F10.32 pg, ] WL H1 A6 5500 43 (9 4% 5 R e 22 T
ClEHAHZEARK . PEGF . LE GRS H A T34 C 514 0.33, 0.35 F1 0.34 pg, £ Hu i Fh
ClHMZEARK,

*8 UEAHEEMER CE

Table 8 Ploidy level and C-value of 24 ornamental pomegranate cultivars

e A4 TRIE R RZR% Clipg 1 |5 LY S TNIRIE AR REU% Cltipg 50
1 B 9560 6.66 032 ZAHAE|| 13 CEBEMEIRMZARR 9645 4.54 032 Ak
2 MR 9951 4.61 033 A%AK|| 14 ML 11142 6.66 037 A%k
3 CHEAZE 11614 6.84 039 AHIK|| 15 EEAD 10 368 6.47 034 —fHik
4 CUEMERL LR 8435 5.04 028 AWA|| 16 UBEMUAMEMIZIE 9370 742 031 A%k
5 CURBUBZALSE 10 024 6.17 033 ZAWK|| 17 ERWIERHEES 10151 5.82 034 A%k
6  CURBAEEIERIRT 9437 458 031 AH&|| 18 ‘A 9257 7.10 031 —fHk
7 WHEL’ 10 622 5.67 035 ZAHAE|| 19 EHITAR 11138 5.51 037 Zf&fE
8 CIEMIMLIERAKHED 9801 6.56 033 ZA%&|| 20 ‘#iba’ 10331 7.28 034 A%k
9 IR I 9967 5.99 033 ZAFIK|| 21 EIARERLL 9511 6.57 032 —fHik
10 “WEHADSE 11078 5.94 037 ZAEE|| 22 RAKERRLL’ 10 580 7.34 035 A%k
11 ALREWLIAEFT LR 10 168 5.71 034 A%IK|| 23 FEMRERE 10329 4.26 034 A%k
12 CIESERAER 9 160 4.88 030 AEMK|| 24 EIREIRISI’ 9100 6.80 030 A&k

3 itk
o 5T B U R A FIVPAN BTSRRI L AL . DI SERY, XU R IR E . A A
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BRI R R BIHR B A BT IR A it L 2 W 1T, BRI TR AR (s A AR KR AR
TR : 24 DUFCAR AP EA FE RN, PRI SZSHMRECN 1453, BEM RS
B(1.715) RFmatEk (1.148), S5H7 AN L4 Lagerstroemia indica™ . & JI\ Cucumis melo®™* > 25 1) LAY
RIS LS FE AR . o, FEAE (. B 2 DIREMIRAE R . 158 K T B
M. ARt AR 7 B R A SR L, AR BUE T 1,400,

HAREEMNRE, SRR 2T 525 RBEBHEA -3 SHABEMRMALL, b
R HORAEIRE ) ZREVEAR BN, 43510 1.456 F1 1.630, /INFF-349ME (1.715); (HF# 19748 5 R B0
K, A35IR 117.59% #1 78.86%, KTV-I1H 41.82%., ZFEMERREURERA S MHIHSIE, AR RER
T FOVE R . ARG SRS EIR K, HARRM AR5, S5k 5EE0 Xt i
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