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Abstract. [ Objective] This study aims to understand the leaf phenotypic diversity of holly ( llex spp.) germplasm
resources, elucidate the mechanisms behind this diversity, and support the introduction, cultivation and breeding of new
varieties. [ Method] We observed 18 phenotypic traits across 42 holly germplasm resources and analyzed the phenotypic
variation using differential analysis, variance analysis, principal component analysis ( PCA), and cluster analysis.
[ Result] There was significant variation in the leaf phenotypic traits among the holly germplasm resources, particularly
in leaf area. The Shannon diversity index ranged from 1.00 to 2.03, indicating rich phenotypic diversity primarily due to
interspecies variation. Correlation analysis showed a significant negative relationship between external leaf traits and
anatomical traits. PCA identified four principal components, namely leaf length, tissue compactness, palisade tissue
thickness, and stomatal density, that accounted for 85.20% of the variation, effectively capturing the overall
characteristics of the holly plants. Cluster analysis grouped the 42 resources into four categories based on their leaf traits ;
large leaf with large petiole, small leaf with small petiole, medium leaf with hard serrations, and medium leaf with thin
texture. [ Conclusion] The study confirms substantial intrageneric phenotypic diversity in holly, driven predominantly by
interspecies differences. External leaf traits were pivotal in phenotypic differentiation. The identified principal

components, namely leaf length, compactness, palisade structure, and stomatal density, are crucial for classifying and
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identifying holly germplasm resources. Based on the leaf phenotypes, the resources were categorized into four distinct

groups, providing a theoretical foundation for further classification, resource utilization, and breeding within the genus

llex L.

Keywords : Ilex (holly) ; leaf phenotypic; traits variation; cluster analysis
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Table 1 Information of the test materials for germplasm resources of holly
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Hs g st i 44 w®E | HS Filt 4 5l it 24 #i
X R germplasm . X germplasm
code species/ cultivar notes code species/ cultivar note
source source
ICH &3 I chinensis VILHEE  BPAE%EUR || V1 CVAMTEE 1 verticillata ¢ Oosterwijk” — #iYLHUM  FH R LA
IL ARZELTF Llisifolia VLR BFAE BRI || V2 A& E 1 verticillata ¢ Afterglow’ WITHH B
IR A I rotunda WPl BA R || V3 C AL ] verticillata ¢ Winter Red’ AU B
IT =1L 1 triflora W SRR V4 CRH L verticillata * Winter Gold”  WIVTATLIN B Fh 5L Ah
VI RAH L. viridis WILALGE  HPAEVEE || ICEL FEREH I crenata * Helleri’ BOIHBEAR 75 b it
P BN 1. pedunculosa WL BRIEF || ICE2 BYEATT L crenata *Sky Pencil”  HFILHIM  H RN
IDM ZHRI23F 1. dimorphophylla VL at  ARKEF || ICE3 ‘&5 A7 475 I crenata ‘ Golden Gem’ HWiiLHUM  FF AN
IDA KN4 I dabieshanensis VILIREE I R EGRh 1CO1 M'E L cornuta bAWiNEI By s R
IDI WAZHM)E L dipyrena VL et ARRFh || 1002 TeHIM)E L corunta ¢ Burfordii’ LA R AR
e ; LR E NN
A KIFAT L latifolia bR Jail B Ve || 1003 BIEREME e weRa
1. cornuta * Dwarf Burfordii
I BLAE I integra WYL e BPAEYEUR || 1C04 G HM)E L cornuta ¢ O Spring’ bAND; NE D = T
Ve e [N :‘%;\, (e . e .
1S B4 1. subficoidea FEERFIL BAEVOR || 1005 Mgui‘ni ;;Z:,’“‘“te TR Zese il
VO REAT 1 vomitoria VLR R #REEF || 101 FEEHLTH I opaca TLORRa  AERN
IPU B4 1. pubescens R BB || 102 “ONHi 4T 1. opaca  Nera’ WTHCH B
IMT TAIMEATT 1. metabaptista WALEGE  BEER || TAQL BIRLETIN 455 L aquifolium * Alaska” WITLHUM  HFp S
s R A B o
IMA KIRAF I macrocarpa BACIEGE  ERIER || 1AQ2 O L, Lormias B A
L. aquifolium ‘ Madame Briot
SRR B B2 1 aquifoli SN,
IMI INRAE 1. micrococca VLI o poany it TAQ3 A ﬁ‘ gd“,?l;d?qmﬁ)hum VLR B
acciflave
N " CEDPREE AF L g e s
1AS FLEM 1. asprella IR AR || 1AL BOBIRIET AT 1% TTIRET Ze5e
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SN . e s . ; SRR RES &9 L e g e s
TAT VAV IEIT4F 1. decidua TLPGRAH L WA YRR || TAL2 KRGS 25 1 x| TLHHER Aess
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. , . WA AL N e
IEL FERHAH L elmerrilliana WHLHON AR | sl S L TR Aede
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IME__“ @ Al 475 1._meserveae “ Blue Boy’ WITHUM _Z&3C Al | 1SP2 /A4 495 1 X sp * China Girl® WHVTHUM <38
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Pearson tHXREGHITIHE , HAHMCK R, It
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S, HAN AR 9 A8 S R B[], 4675 I 9% AR
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BIRAFMEEFEIESZHE S, 18 iR
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W (1.87) >R (1.83) > ALAME 2 AR E MR $% Shannon £ REME 8 BN K E] /N HE
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Table 2 Variation analysis of leaf phenotypic traits germplasm resources of holly

FAER R/ME SSONI] ¥fH Ji 2% F TREY% MR
phenotypic traits min max mean variance CvV diversity index
LL 1.65 14.68 6.05+2.75 7.54 124.08 " 45.40 1.88
LW 0.77 6.60 3.03+1.26 1.59 78.63 " 41.60 1.86
LLW 1.19 4.46 2.06+0.58 0.34 43.47" 28.20 1.80
PL 0.23 2.13 0.80+0.42 0.18 72.39" 52.70 1.85
LA 1.15 69.83 15.30+14.20 201.69 15.10" 92.80 1.57
Lp 4.29 36.25 16.372+6.95 48.27 12.68 " 42.40 1.97
LAT 122.96 469.35 268.70+88.23 7 784.09 201.85 " 32.80 2.03
MCT 90.99 419.42 239.00+84.27 7 101.21 162.48* 35.30 2.02
PTT 40.49 169.93 98.30+28.64 820.10 27.52* 29.10 1.78
STT 51.51 248.78 132.90+60.51 3 660.80 132.21"° 45.50 1.83
GTSR 0.39 1.66 0.84+0.31 0.10 18.89" 37.20 1.87
TST 24.81 61.60 37.80+7.93 0.63 10.62* 20.99 1.94
TSL 33.41 64.15 47.73+7.87 0.62 9.76 * 16.48 2.01
SN 34.00 130.00 63.83+21.23 450.73 33.70" 33.30 1.81
SA 135.61 573.42 323.31+103.74 10 761.25 75.72*" 32.10 2.01
SD 250.04 945.41 465.78+154.71 — 10.53 " 33.20 1.81
LMF 1 7 3.76+1.89 3.552 — 50.10 1.61
LT 1 3 2.14£0.11 0.683 — 31.92 1.00
. #.P<0.05,
22 EEMRBMRLERNRESN 60.19% , #1175 22 7k fi AAS S 1Y) 54.393% , i

KRBT 220 Wb & T RS IR 18 A~ T2 i b EVE Sy 35.819% , Ui A ] 28 57 J2 %
REVIRIEAT T 2200 1 S RBUMAL REUT 652 BRSOk IE
AR 3, AT P BT UR Y1 24 R B Ak R B
®3 EZFMRBFEHREERNFESESRESUERY
Table 3 Variance components and phenotypic differentiation coefficients of leaf phenotypic

traits in germplasm resources of holly

SRR IR ﬁ%é{%gﬁﬁ\tt% e TS 2L
phenoty pic variance component A percentage of variance componeflt .pl.lcnotypl'c
i ] A bR i A BibLigsz  differentiation
among species  within species random error among species  within species random error coefficient
LL 6.824 0.843 0.726 81.300 10.050 8.650 89.00
LW 0.973 0.629 0.242 52.780 34.090 13.130 60.74
LLW 0.227 0.113 0.094 52.310 26.070 21.620 66.76
PL 0.171 0.010 0.030 81.160 4.820 14.020 94.48
LA 177.378 17.252 3.294 89.620 8.720 1.660 91.14
LpP 28.408 21.715 2.038 54.460 41.630 3.910 56.68
LAT 5117.461 2 821.328 132.197 63.410 34.960 1.640 64.46
MCT 4 586.006 2 582.778 148.499 62.670 35.300 2.030 63.97
PTT 68.897 724.337 101.536 7.700 80.950 11.350 8.69
STT 2 611.917 1 016.997 92.320 70.190 27.330 2.480 71.98
GTSR 0.038 0.051 0.017 35.870 48.300 15.830 42.70
TST 0.002 0.003 0.002 30.830 43.250 25.920 40.00
TSL 0.004 0.001 0.002 52.450 19.950 27.600 80.00
SN 111.279 305.482 49.867 23.850 65.470 10.690 26.70
SA 6 108.760 4 586.841 560.129 54.270 40.750 4.980 57.11
SD 5 930.868 16 281.365 2 657.778 23.850 65.470 10.690 26.70
LMF 2.143 1.583 0.000 57.510 42.490 0.000 57.51
LT 0.661 0.118 0.000 84.850 15.150 0.000 84.85

SF-F4 average — — — 54.393 35.819 9.789 60.19
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correlation coefficient
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TST : []
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SEEZSES
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* P<0.05; ** P<0.01,
E1 ZBFMEFEHREEREEXERE
Fig. 1 Correlation heat map of leaf phenotypic traits

in germplasm resources of holly
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o e YR R A AR S R TTRR O 85.20% (&
)omﬁAImﬁfﬁ$Lamwzﬁﬁm%4
TR KRG MR IR R AR S ik
4 A[ATPCT ZERHK 58 AR T AR R A
BRKEAT, i PC1 BIESNRHARE 7 PC2 75
W LY SR A B LA R 3
o, 3% B ST A IR HE R B bR PC3 RN A
fifEEERE I PR A SR A L SR AR 22
JE R B AR I ey, IR HOKE PC2 il PC3 B AR
fE R B PC4 FERFL MO LI AL B

BRI K PC4 BAESALEEN T,
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Table 4 Principal component analysis of leaf phenotypic
traits in germplasm resources of holly

FEIIPEIR FE 843 principal components

phenotypic trait 1 2 3 4
LL 097 -0.06 -0.13 -0.04
LW 0.87 0.12  0.12 -0.30
LLW 0.18 -0.31 -0.34 0.62
PL 0.85 -0.08 -0.15 -0.19
LA 0.94 0.10 -0.07 -0.05
LpP 0.92 0.17  0.07 -0.13
LAT -0.02 050 0.85 -0.03
MCT -0.04 0.51 0.85 -0.01
PTT -0.10 -0.12  0.97 0.02
STT 0.06 0.65 0.73 -0.08
GTSR -0.06 -0.94 -0.08 0.21
TST -0.04 -095 0.03 0.11
TSL 0.17 0.84 033 -0.21
SN -0.41 -0.12  0.09 0.86
SA -0.01 0.64 031 -0.30
SD -0.41 -0.12  0.09 0.86
LMF -0.690 0.425 0.003 0.013
LT -0.190  0.660 0.257 0.112
FEE(E eigenvalue 6.44 557 198 134
R
iffrfe/zjmtribution rate 35.82 3095 10.98 7.45
it Tk %

35.82  66.77 77.75 85.20

cumulative contribution rate

2.5 ZEMRIERRELSH

223k b UE A B e, SR T BRCIG BE B5 28 8 34 1
(UPGMA) #4528 45 R (B 2) R, 42 I &5
FRBTREIR AT 4roh 4 25, 5 T 2REE A 1 v, &

2 4 6 8 10
PHES distance

B2 42 ®BEZEMHRERAELERIKE
Fig. 2 Clustering dendrograms of 42 germplasm

resources of holly
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