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Genetic Diversity Analysis of Phenotypic Traits in Ardisia
crenata Germplasm Resources in Wuping, Fujian
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Abstract: To explore the phenotypic diversity of A. crenata germplasm resources, 32 phenotypic traits of 56
A. crenata germplasm resources were analyzed using variance analysis, correlation analysis, principal
component analysis, and cluster analysis. Diversity analyses showed that 56 4. crenata germplasm had enriched
variation, with the Shannon-Wiener indices of 18 qualitative traits varying from 0.300 to 1.247, with a mean
value of 0.734, and 14 quantitative traits with Shannon-Wiener indices ranging from 1.931 to 2.071, with a mean
value of 2.007, and coefficients of variation 8.98%-46.32%, mean value 23.3%. The results of the correlation
analysis showed that fruit transverse and longitudinal diameters had the highest correlation, fruit skin color was
highly significantly positively correlated with fruiting branch total axis color, fruiting branch sub-axis color,

fruit stalk color, and internode length was highly significantly positive correlated with plant height, current year
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trunk height. Principal component analysis indicated that eight principal components with a cumulative

contribution of 76.34% , mainly plant and fruiting branch length, fruit and leaf color, were the main factors for

phenotypic differences in 4. crenata germplasm; four excellent germplasm resources of A. crenata with high

composite scores were obtained by screening. Cluster analysis could classify the 56 A. crenata germplasm into six

taxa, and there were large differences in phenotypic traits among different taxa. The abundant phenotypic

diversity and varietal types provide a basis for the selection, development, and utilization of superior germplasm

resources of A. crenata.

Key words: Ardisia crenata; germplasm resources; phenotypic diversity; principal component analysis;

cluster analysis;comprehensive evaluation
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Table 1 56 A. crenata germplasm resources

s s o ﬁﬁ%%ﬁu%uﬁ'aﬁ%ﬁ [T - ﬁﬁ@%ﬁufﬁﬁﬁ@ﬁ

No. Code Type Variety name/ proposed variety No. Code Type Variety name/ proposed variety
name name

1 1801 ESJ AR ES / 29 1829 I FAR TES /

2 1802 Nl s A ST / 30 1830 EEdU S SUE /

3 1803 FH AR 5 i PR JE (HHT 51 20240853) 31 1831 ESURAR S /

4 1804 SRS R / 32 1832 SRIHLLR R /

5 1805 EUR4AR EA / 33 1833 SRR /

6 1806 I FAR STES / 34 1834 EEUIRAE EA /

7 1807 SELTARL L R / 35 1835 R4 TE /

8 1808 I FAR ES / 36 1836 HMLIRMFR /

9 1809 ESJI AR E / 37 1837 EJ A U /

10 1810 R E D W g (HE 5 :20240852) 38 1838 EI A SLE /

11 1811 EEdI AR TES / 39 BXZ ARl HEK

12 1812 HZRER / 40 ccJ i R

13 1813 SRMZIR AR / 41 CD ATyl IRTF

14 1814 EEAR A / 42 CLL A TRESHE

15 1815 SRR T / 43 DFG A K b

16 1816 EURAR S / 44 FIR wi Al A

17 1817 AR R / 45 FMT Al A

18 1818 LRI LI R / 46 FZ A bk

19 1819 Nl s SN / 47 IG A s

20 1820  SMLLRE R / 48 WLZ  HREEE S Fh PR IR (RIS :20240834)

21 1821 EJIFAR ES / 49 YLG PR 7 D FROEF (H 5 :20240849)

22 1822 B FAR JES / 50 717 PR D STk (H13H5: 20240848 )

23 1823 I FAR ES / 51 JLC PR E A E g (5 :20240833)

24 1824 SRR R / 52 JFL FH 2 E A Rt e (H 15 :20240835)

25 1825 S AR S / 53 FDL PR 7 7 A P (RS :20240847)

26 1826 SRS R / 54 ZJL FH R A E Sk (15 :20240851)

27 1827 LR R / 55 LLC FH AT Bk (RS :20240850)

28 1828 LR / 56 JBL R 5 E A 4308 (Hi'5 1 20240832)

1 RPN i 7, TC P A4
/ : This germplasm resource is a mutant strain without variety name
F2 REVIRFRF IR R B RN SR

Table 2 Phenotypic traits and measurement criteria for A. crenata germplasm resources

PR S
FEB Tt R B B R REPEARTG (b
Traits . Quantitative trait measurement criteria and qualitative trait assignment criteria
abbreviations
Pk Plant height PH B 5 11 b T Ak 2 TOU 14 /8 B2, 5407 : om
5 Crown width CcwW FERR AR ARG AL 7 1) 98 B V-S4 {H, 5407 : cm

T4% Trunk diameter TD FEME T8 M TE A ) B, PR com
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F2(4)

PRI @f:jfg B PRI R bR K MR TR e

Traits abbreviations Quantitative trait measurement criteria and qualitative trait assignment criteria

24E L T Current year trunk height CYTH 44T, 547 :cm

58] Interval length IL AR A R TR, B em

K- Leaf length LL MAEAAE IR 3 AR B O ME, B om

1 5E Leaf width LW ARLERE EIRCRAY 3 7158 B O {H, 54437 cm

T K Petiole length PL ARG PR3 TR OIS0 om

TR A Fruiting branch total axis length FBTAL  RAJZ R3S R, O (E, FAAL: om

LR S Fruiting branch sub-axis length FBSL  JREYZER 3 A RE R BOFS4 (., B : cm

524042 Longitudinal diameter of fruit LDF SR P A 43 1 3 AR S i ) AR BT (E, A4 om

RS 4% Transverse diameter of fruit TDF A2 PR - b 3 A USRI B 1) B IROT- (L, B0 s om

S 45 Number of fruiting branches NFB bR SRR AR B, S A

R SEL Number of fruits per branch NFPB  HUR 2 H30 3 AL p i R i BOV- ¥, Sy . 4

F+ Main stem MS f=1,J6=2

5 Crown shape cs FIBIE=1, FAIE=2, W ERIE=3, I =4, B =5

-4 Leaf shape LS I =1, KB =2, DR =3

RS TR AR Leaf cross-section shape LCS V=1 — =2

25 BOIRFLEE Degree of undulation of leaf margin+~ DULM  5it=1, tp=2, Lai55=3

K% ¥ Branch density BD Bga=1, P aE=2, =3

/Y Bff ¥ Branching angle BA K=1,H=2,/h=3

SFAS 545 Fruit branch posture FBP R E=1, =2, T =3

JSZIBAR Fruit shape FS BRIE=1, mEkIE=2

S 7 6% Fruit skin lustre FSL =1, H=2,55=3

AR A {6, Current branch color CBC Wosg=1, FLp=2, IR E =3, WHi=4

42 (5 Leaf surface color LSC Milk=1, PRERk=2 , TLh=3 , 5L i1=4 , AR (I 452 (5=5

15 B €5 Leaf back color LBC k=1, W5 50=2, TR 58=3, AR L1=4 TR AR L1=5, SR EE (1 3=6, B (148
2 E=7

kL B, Fruiting branch total axis color FBTAC  Ifi=1, & 5:=2, IR 4=3 , =4, i 4t=5

JRM 44, Fruiting branch sub-axis color FBSC  IR#=1,1=2,#%%=3, 5t=4, 1REE=5, Wiky=6, I M)=7, L1 L5 =8

SRR 4, Fruit stalk color FSC1 BRI EE=1, =2, 4=3 IR ER=4 , TRH=5 , 1Rk=6

S Ez (4, Fruit skin color FSC2 MEERLT=1, W5 4T=2, £T=3 , T-A =4, =5 , Bkli=6, it it=7 , 7L =8

75 ¥ 51 {4, Persistent sepal color PSC IR =1, 4 56=2, oHi=3 , =4, k=5 , 1 Zt=6

1.3 HiESH

=X PlInP,, o PO SE— AR 1200 BLAY

fdi 111 Excel 2016 X It i Bicdha EA 788 L, 1194
ORI B (X)) ArifE2s (S) TS S R4 X
B R UEA T4 9, A AR PR A 22 0.5S, 3544 10
%, B 1 9 < X-28,X-28<2 2 < X-1.58,X-1.5S<3
P < X=S weeeee CX+1.58<9 & < X+2S . X+2S<10 %%,
I3 G5 HEA T AR 22 53 A1 il Shannon-Wiener 2 #1145
#(H') 15 . Shannon-Wiener Z M1 EFR 4 (H')=

W,

Jo e PR AR PR A IS 1 S5 T S5 o A, 5
i —2L1145 Shannon-Wiener Z FEPEFEEL (LLF AR
ZHREMEAR D .

JH SPSS(Version20) B AFEA TR A 3B L A G
ZHUl FH Pearson 24U N, 1 3 Excel 2016 221l
A,
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{ifi Ff} SPSS (Version20) ¥4 7 3= i% 4343 B A1 5 2%
T ER AT ARRIEE R T 1 bR AR T2 A%
o VAT B FRAE 1] £ B ARRAEAE B S8R
VEM B ArfEAC IS 0 S5 0a Bt S5 AR A A T4k
PEIIACR AN, 1538 25 51555 . RERE L
SR TR Rl 42, D] B2 A il o PS4 G RE 5

2 H#R59H

2.1 SZHMSH

21,1 FREMWHRSEHEMEDHT  S6 ORI F T
U AR ) ZRE PR A M4l SRR I, 18 AN s Rtk
) Z FETEFE B AR L A 0.300 (1) ~1.247 (RA
SRS PR 0.734(3R3) . ZREHREER AT

R3 KORMETBEREER D HMERSHEDN

SA T HRAR U R A - €. (1.247) g i
(1.094) . i+#9(0.992) R Kz B €5, (0.947 ) Fi 5 20 44
(0.931), Hor Ay 4 MR S B EARSC , BB AR AR
UG AS BB B T A E B AR . ZhETE
AR 3R N 3 F(0.300) R SZTEAR (0.377) Al
RAGZEAS (0.464) , PLHTIX 3 Ao PEIR ) as A4 bk
WRARE o MRPEIIR I BN , K2 BURRP AR Fh 5 7%
DR B MR R AE R B A BT 5wl A A
R A SR B v A s R I RR B HTE
ARG DA VY SRR B rh 45 SRRk (5,
L= 80 SURP S R Ao i B g N SOt R o S
OB LR ST RERIE SRR B 45 AN
{2l N3y A R G (20 f 3 1

Table 3 Frequency of distribution and diversity analysis of quality traits in A. crenata germplasm resources

PRI Y2853 4ii (% ) Frequency distribution Shannon-Wiener
Traits ZREMEAREL
1 2 3 5 6 7 8 20

FTMS 91.1 8.9 0.300
T CS 23.2 67.9 5.4 1.8 1.8 0.904
LS 143 35.7 50 0.992
A DIRITE AR LCS 82.1 17.9 0.470
M2 PCRARE DULM 7.1 50 429 0.897
1% % BD 16.1 82.1 1.8 0.528
SIS BA 21.4 73.2 5.4 0.716
R FBP 1.8 85.7 12.5 0.464
RITBARFS 87.5 12.5 0.377
W FSL 8.9 67.9 23.2 0.817
AR RIS, CBC 16.1 78.6 3.6 1.8 0.675
B LSC 19.6 71.4 3.6 3.6 1.8 0.872
5 35, LBC 73.2 16.1 1.8 1.8 1.8 3.6 1.8 0.931
A SR FBTAC 1.8 5.4 89.3 1.8 1.8 0.476
B, FBSC 1.8 19.6 60.7 8.9 3.6 1.8 1.8 1.8 1.247
FAi 8 FSCI 1.8 89.3 1.8 3.6 1.8 1.8 0.510
BB FSC2 1.8 8.9 76.8 3.6 1.8 1.8 3.6 1.8 0.947
TS it PSC 1.8 42.9 46.4 1.8 1.8 5.4 1.094

212 HEMRESHEEST  S6 MR FH T
ISBCRANEIR ZRE TS B AEVE o 1.931~2.071,°F
BIE 2.007(3R4) , X 14 M EEE R R I R K
Ty 2 R LA S SR AR (2.071) VIR ER
(2.067) Flkk 5 (2.049) 1) ZFEMEF8 B =, RAEL
WM BORAL. 14N B R AR S R BGE

Fil K 8.98%~46.32% , V-3 h 23.3% , & W 4 b 43 Fif
JoT B U A B R A A T 7 S s L R
(AR S R B, M E T Rk 2 (37.86%) , %
AF N [ SR R0 R Ao 55 8 905 1) g 7 (i) < B D 24 402 2
TRZREK RLIPEAA S R BRI, LR
YR HIEREE R (e 5)
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R4 RWHRMEFBRHEERI TR SHEDN

Table 4 Frequency and diversity analysis of quantitative traits in A. crenata germplasm resources

Shannon-Wiener

I o o
‘Ej; A5 4341 (%) Frequency distribution SR
1 2 3 4 5 6 7 8 9 10 H

P PH 1.8 5.4 8.9 19.6 12.5 16.1 17.9 143 1.8 1.8 2.049
e CW 5.4 8.9 19.6 232 14.3 14.3 7.1 3.6 3.6 2.015
T2 TD 5.4 1.8 8.9 12.5 17.9 30.4 8.9 5.4 7.1 1.8 2.008
A F TR CYTH 8.9 5.4 12.5 25 214 7.1 125 3.6 3.6 1.996
TR IL 7.1 7.1 21.4 143 25 10.7 5.4 8.9 1.942
K LL 1.8 1.8 17.9 16.1 143 143 8.9 19.6 5.4 1.995
58 LW 1.8 1.8 5.4 26.8 21.4 17.9 10.7 7.1 1.8 5.4 1.950
A K: PL 5.4 7.1 23.2 143 21.4 12.5 8.9 3.6 3.6 2.007
SRR SR B FBTAL 1.8 7.1 7.1 12.5 21.4 16.1 19.6 10.7 3.6 2.010
JB A4l B FBSL 1.8 1.8 17.9 12,5 19.6 16.1 143 12.5 1.8 1.8 2.009
WY 42 LDF 1.8 5.4 54 232 16.1 17.9 12.5 10.7 3.6 3.6 2.067
M4 TDF 1.8 3.6 10.7 17.9 25 12.5 125 7.1 5.4 3.6 2.071
SR NFB 1.8 3.6 54 232 16.1 232 16.1 5.4 5.4 1.931
B B NFPB 1.8 1.8 12.5 16.1 214 16.1 14.3 8.9 5.4 1.8 2.046
x5 KURMRFFEHEERERSW
Table 5 Differences analysis of quantitative traits in A. crenata germplasm resources

AR Traits #He/IME Min. W KAE Max. F-#4{H Average FRUEZE SD TRFZE(%)CV
¥k (em) PH 25.00 109.00 68.75 19.28 28.05
SR (em) CW 29.50 66.50 44.70 7.85 17.56
T4 (em) TD 1.03 2.05 1.55 0.24 15.16
MAEA E T (em) CYTH 6.00 36.00 20.42 7.73 37.86
HHLEE (em) IL 0.10 1.50 0.84 0.39 46.32
K (em) LL 6.05 10.90 8.68 123 14.14
58 (em) LW 2.03 443 3.16 0.48 15.07
M (em) PL 0.47 1.13 0.76 0.15 19.73
JB RS (cm) FBTAL 3.83 19.33 11.68 3.16 27.06
HBHIHBE (em) FBSL 1.20 5.67 3.13 0.86 27.64
RAYFE (cm) LDF 0.69 1.05 0.85 0.08 8.98
W% (em) TDF 0.73 1.18 0.94 0.10 10.22
JRH NFB 8.00 45.00 22.50 6.63 29.44
HHEAHNFPB 14.00 80.33 42.19 12.22 28.97

22 XML

o MR AR DG A B 2 B, SR R B 5 1
,(0.832) RAESH BN 5 ARSI £2,(0.805) (3R
25 I B (0.651) SRS Rl 23 2 5 AW I
(0.626) ¥ L1 i EAOC BB E S £ Ol IE
M A DG, A DG &R B0 il R —0.360 FI

-0.422(K 1),

Bm MRAR M A BT 2R I, SR SR AR RSN
MR R B K, 7 0.928, HOR MRk 5 24454
T (0.723) , PR R 9T S B S bk Y AEA E T
L A R0 0.687 F10.679., A B B |
TRAG R Wk 5 e 4 R AH 22 (R A E
Z B A T 0.463~0.675, ¥ R W B % 1F M OC %

% (K2).
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FETMS **

i Cs [C0ase - -

IHT LS | 0156 | 0.132

HREDITETZAR LCS | 046 | 0.072 | 0158 *

HHZPIRARE DULM | -0.081 | -0.132 | -0.128 | 0.338

He#) BD ([E0men|oda2] 0.116 | 0.05 | 0.084 = |

SYRiFARE BA | 023 | 0.061 | 0.04 [0227] 0.072

Sk 225 FBP | 0.093 | 0.037 | 0.147 [ 0119 | 0.069 0.104

WSk FS | 0.071 | 0047 | 0.038 | 0247 | 0.044| 0

S i FSL [ 0.033 | 0,013 | 0.006 | 0.049 [ 0.099 | 0.012 | 0.019 | 0.103 [ 0.098

AR R o CBCq 012 | 0108 0.082 | 0.16 | 0.113 | 0.085 | 0.045 | 0.066 | 0.046 == we | ww
I E75i{0, LSC | 0487 | 0.04 | 0112 | 0.0a1 [ 0.189 | 0.105 | -0.066 | 0.053 | -0.055 | -0.032 o

455, LBC | 0183 | -0.018 | -0.131 | 014 | 0.105 | 0.094 | 0.039 | 0.06 | 0.129 | 0.116

UK M RIS FBTAC | 0-024 0.02 0.049 | 0.12 x| wE | *=
KM {G FBSC | 0.145 | 0.186 0.135 0.214 | 0.181 A =% we
WiGa FSC1 | -0.08 | 013 0.146 0.013 | 0.16 i e
R GG, FSC2 | -0.062 | -0.145 | 0. 0.114 -0.011 | 0.09 **
fr G, PSC 20171 | -0.181 | 0.097 | 0.201 | -0.012 | 0.164
S S o C ¢ < C
N /@c 8 A/‘%V &8 \gb & & {{_JQ\ @0 &
SR F Y @YY g g
& i % o GV & &
§ & & @ NSRS
& & @ & ¥ F
& F > & ¥

= {E P<0.05 K- BB AH S 5 A5 P<0.01 K VAR B 256 ; T Il

*: Significant correlation at P<0.05 level; **: Highly significant correlation at P<0.01 level; The same as below
B RERFRZRREEREXES T

Fig. 1 Correlation analysis of quality traits in 4. crenata germplasm resources

Pk PH

i CW

F4& TD

MR B CYTH
TR IL

4 LL

158 LW

R PL
SRS FBTAL
SRS FBSL
JRIYME LDF
SRSHEAE TDF
SBZE R NFB

0.203
0.101

UL NFPB -0.007
& Q Q Ny N Yoo v v v £ $ Q Q
SRS I AN O A & S ;{‘ &
TR K & X & DN QI G g g
X N & & & I 5@%
?3?5’ &)@ s ¥ & &
o &%

B2 ARERFRFRGESKEXESH

Fig. 2 Correlations analysis of quantitative traits in A. crenata germplasm resources

23 TS 20.030% , FFAF 1] 3 R MR HE A 0 K

X RT A 32 A 2 AL PR R B 17 KMo
Bartlett BRIZ K5 , 25 5 i KMO {24 0.528(<0.6) ,
R XS AIE S T BN b . AR P54
A A BT B 43 A OG5 55 (5 FLAd R A AH G R
BRI T-0.1~0.1) PR ECHE , e 240 1E ) 26
AN FRAVEARBEAT F2 W53 534, FLKMO B4 0.602,
Sig. {H/NF0.05,

RECEREME R T 189 84 E g, Bit sty
IKF 76.343% , A% T AT AR B 5T 8 U 2 B MR %k
PRI AE R (F6) . 1 EM A TTHREN

R PR CRECEBE YRR BT R AR,
5 B S AR R ARG TR BE R 5 55 2 E Ay 5T
FRA O 16.214% , 5 AL 1] B B R A PARAR U AL
SIS AN A R R | R
BOMRABCE B, 2 MR IR0 FIER AL R
SRR B AR SRR s 57 3 T Tk R
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Table 6 Principal component eigenvalues and variance contributions of A. crenata germplasm resources

Rk e PN=RER /N Dk o BN U NG RSN T

@ R 5

558 T TTHRE N 4.367% , FEAIE ]
HERAMR SR Bt R 2%
BORFLRE

PR FMA T B2 B3 B4 ERSS EMre TS TS
Traits PCI PC2 PC3 PC4 PC5 PC6 PC7 PC8
P PH 0.732 0.206 -0.441 0.084 0.011 -0.176 -0.116 0.157
i CW 0.764 0.138 0.028 0.112 0.329 0.235 0.042 -0.226
F42TD 0.668 0.219 -0.158 -0.041 -0.239 0.260 -0.155 -0.069
ML E TR CYTH 0.686 0.328 -0.328 0.071 0.112 -0.224 0.233 -0.087
T IL 0.562 -0.017 -0.498 0.138 0.200 -0.358 0.160 0.037
K LL -0.158 0.453 0.568 0.151 -0.181 -0.228 0.268 -0.374
55 LW 0.239 0.425 0.222 0.484 -0.296 0.055 0.130 -0.368
T PL 0.133 0.445 0.281 0.050 -0.337 0.364 0.323 0.118
LRI i FBTAL 0.729 0.302 0.063 -0.089 -0.066 0.051 -0.046 0.231
HA S B FBSL 0.782 0.234 -0.079 0.038 0.080 -0.155 -0.163 -0.080
J54 4% LDF 0.546 -0.171 0.532 -0.350 0.297 -0.269 0.118 -0.074
JSLHEAE TDF 0.607 -0.229 0.491 -0.312 0.299 -0.189 0.080 -0.064
JR U NFB 0.087 -0.168 -0.306 0.148 0.406 0.699 0.130 -0.169
HER AU NFPB 0.081 0.568 -0.108 0.384 -0.263 -0.086 -0.205 -0.291
FTMS -0.294 -0.384 -0.181 0.151 0.559 0.134 0.350 -0.298
HHILS 0.191 0.050 -0.181 -0.053 -0.497 0.199 0.362 0.349
D) TR LCS 0.418 0.063 0.289 0.016 -0.016 0.493 0.202 0.135
-2 PR DULM 0.257 -0.159 0.442 0.305 0.199 0.063 -0.119 0.313
AR RS CBC 0.060 0.522 0.364 0.052 0.344 0.160 -0.335 0.173
i LSC -0.136 0.177 0.204 0.637 0.407 -0.070 0.068 0.374
it LBC -0.364 0.227 -0.073 0.680 0.182 -0.294 0.213 0.203
SR SR, FBTAC -0.153 0.533 -0.211 -0.272 0.382 0.193 0.062 0.018
Bl 6, FBSC -0.300 0.749 0.015 -0.029 0.218 0.087 -0.301 -0.012
TR FSCL -0.425 0.741 -0.097 -0.207 0.177 0.098 -0.183 -0.094
SRz B FSC2 -0.287 0.633 -0.051 -0.427 0.165 -0.184 0.272 0.067
T2 5 PSC -0.194 0.712 -0.079 -0.343 0.062 -0.110 0.337 0.153
HHIE{E Eigenvalue 5.208 4216 2253 2.111 2.046 1.674 1.206 1.136
J5 22Ttk (% ) Variance contribution 20.030 16214 8.665 8.118 7.870 6.440 4,640 4367
Z3 517k 2 (%) Cumulative contribution 20.030 36.243 44.908 53.027 60.896 67.336 71.976 76.343
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Table 7 Screening of principal component values of A. crenata germplasm resources

= 4 43H Principal component value axi=vAs Hi%
Code Fl 2 F3 F4 F5 Fé6 F7 F8 Composite score Ranking
1803 4.83 3.32 1.76 0.10 0.95 -0.61 -0.48 -0.90 2.148 1
1823 2.49 3.84 0.30 -0.95 0.68 0.25 0.43 0.08 1.533 2
1810 2.06 1.16 1.25 0.58 3.35 -1.63 0.91 0.28 1.271 3
1837 3.06 2.63 0.05 -0.20 -0.65 -0.33 -0.14 -0.57 1.205 4
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Fig.3 Four excellent A. crenata germplasm resources
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The left side of the cluster picture shows the raw data of some traits; The material number is the same as table 1
4 56 RIIRFRBRERESN

Fig. 4 Cluster analysis of 56 4. crenata germplasm resources
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