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Genetic diversity and comprehensive evaluation of phenotypic traits in
73 germplasm resources of cultivated strawberries grown in Hubei prov-
ince
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University, Jingzhou 434000, Hubei, China; * Shangrao Normal University, Shangrao 334001, Jiangxi, China; "Huazhong Agricultural
University, Wuhan 430070, Hubei, China)

Abstract: [Objective] The purpose of this study is to explore the genetic diversity of cultivated straw-
berry germplasms from China, Japan and Korea (JapKor), Europe and America (Europe) and identify
excellent germplasms by comprehensively screening phenotypic traits, including morphological traits,
yield, and fruit quality, which will lay the foundation for the molecular improvement and genetic map-
ping of important agronomic traits in cultivated strawberry. [Methods] Based on strawberry germplasm
resource descriptors, 58 phenotypic traits were systematically investigated, including plant height, plant
architecture, leaf traits, flower traits, runner, fruit and other related traits. Then, the coefficient of varia-
tion as well as the Shannon's diversity index (H’) were calculated for each trait to estimate genetic di-

versity. Next, the Pearson correlation analysis, the principal component analysis as well as the compre-
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hensive evaluation value D were calculated by using the SPSS, SIMCA and R software. [Results]
Among all 58 phenotypic traits, except for petiole color (olivine), calyx color (green), blade margin ser-
rated (sharp), lobular number (three), flower sex (hermaphrodite flower), petal shape (round), degree of
concavity of calyx center(concave), the remaining 51 traits showed different degrees of phenotypic vari-
ation, of which 34 traits were descriptive traits and 17 traits were quantitative traits. There were 115
variation types for 34 descriptive traits, and 3.38 variation types for each descriptive trait. The Shannon’
s diversity index H’ ranged from 0.24 to 1.49, with an average score of 0.85. The coefficient of varia-
tion of the 17 quantitative traits ranged from 10.31% to 60.65% and the Shannon’s diversity index
ranged from 1.68 to 2.92. Genetic diversity analysis showed that strawberry germplasm resources
showed rich phenotypic variation. Furthermore, fruit traits showed more phenotypic variation than non-
fruit traits because the average Shannon’s diversity index H” was 1.05 and 0.61 for fruit traits and non-
fruit traits, respectively. The Shannon's diversity index H’ was the highest for fruit flavor (1.49), fol-
lowed by flesh color, whose H’ was 1.46. The third highest attribute was 1.35, which corresponded to
pulp texture and pulp color. The average fruit weight, fruit longitudinal diameter and fruit transverse di-
ameter were 14.34 g, 35.38 mm and 29.21 mm, respectively. The correlation coefficients among traits
ranged from —0.70 to 0.95, the plant height and petiole length were extremely significantly and positive-
ly correlated, with a correlation coefficient of 0.95. Petiole length was negatively correlated with plant
architecture and the lowest correlation coefficient was —0.70. In addition, 17 quantitative traits were pos-
itively correlated with each other, i.e., plant height, canopy diameter, leaf length, leaf width, length/
width ratio, petiole length, petiole diameter, number of compound leaves, leaf thickness, pedicel length,
pedicel diameter, flower numbers, flower diameter, plant architecture, fruit weight, fruit longitudinal di-
ameter and fruit transverse diameter. Leaf length/width ratio was significantly correlated with leaf
shape, and trichome density of the upper leaf surface was significantly correlated with that of the lower
leaf surface and leaf texture, respectively. Principal component analysis transformed 51 phenotypic
traits into 15 comprehensive factors, with a cumulative contribution rate of 78.14%. The contribution
rates of the first three principal components were 15.92%, 8.82% and 7.76%, respectively. The loadings
of the first principal components were plant height, canopy diameter, plant architecture and other traits
representing growth vigor. The loadings of the second principal components featured fruit quality, like
flesh color and pulp texture. The loadings of the third principal components were flower numbers, fruit
weight, fruit longitudinal diameter and fruit transverse diameter representing fruit yield. The results of
principal components also illustrated that strawberry resources of China and JapKor had very similar
phenotypic traits and belonged to the Asian group, while the other germplasms belonged to the Europe
group, indicating that the germplasms had more phenotypic variations between the Asia group and Eu-
rope group. Germplasm resources were divided into three categories according to the comprehensive
evaluation value D: excellent, medium and poor. A total of seven excellent germplasms were identified,
4 of which were from China, namely Ganlu, Ningfeng, Miaoxiang 7 and 07-D-5. Three were from Jap-
Kor including Kaorino, Benihoppe and TouKun. These excellent germplasms exhibited higher plant
height, bigger canopy diameter, heavier fruit weight, bigger fruit longitudinal and transverse diameters
than the other medium and poor germplasms. Among them, ‘Kaorino’ showed the largest fruit longitu-
dinal and transverse diameters and TouKun had the most flower numbers. In summary, these excellent
strawberry germplasms have good plant vigor and fruit yield, and have potential for breeding and theo-
retical research. [Conclusion] A total of 73 cultivated strawberries grown in Hubei province showed

abundant phenotypic diversity, especially for fruit traits. Strawberries from different geographical ori-
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gins were clustered into different groups in principal component analysis based on phenotypic data.

There may be more phenotypic variances between the Asia group and Europe group. Finally, seven ex-

cellent strawberry germplasms were screened out through the comprehensive evaluation index D, which

can be used as breeding parents and materials for theoretical research.
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Table 1 Seventy-three cultivated strawberry germplasm resources and origin

V5 s T 24 7 SRR i P 4R
Origin Number Name Origin Number Name
i 1 Bk Jingtaoxiang Fl 4 Japan 38 2% Kinuama
China 2 FLR L) Jiutianhongyun 39 =4 Toyonoka
3 T Jingningxiang 40 2£ 75 Shengxue
4 32 % Third Princess 41 T4 Akihime
5 2.7k Hongyu 42 Z 1 Kaorino
6 B/ H Jingjiaoxiaobai 43 21 il Benihoppe
7 H A Jingzangxiang 44 Bk # Toukun
8 il Jingshuo 45 3E7r Sachinoka
9 K4 Tianxiang 46 Wi 2.4 Tochiotome
10 G Jingyixiang 47 F A H A Hokowase
11 H# Ganlu 48 £ Dianxue
12 73 Ningfeng i[5 Korea 49 EWELT Ssanta
13 1% /A2 & Snow White 50 F L4 Xuelixiang
14 4% 1 5 Qianmei No.1 % [X America 51 $¢JBFL Tenira
15 #r 41 4% N\ Fenhongjiaren 52 S HF 5 Monterey
16 {154 A Pretty Beauty 53 22485 1 San Andreas
17 7 Ningyu 54 B RFRE Portola
18 AN Shuoli 55 RUE 75 Camorosa
19 1 5% Baicaomei 56 Ril 71355 Albion
20 it & Jingyu 57 % J& Honeoye
21 75 I Xiuli 58 WA Allstar
22 0y Yuexin 59 IRILZ Pajaro
23 #4173 2 Fenhonggongzhu 60 Gento
24 #14E \ Pink Beauty 61 131CV
25 fn BE Jingyao 62 111CV
26 HURTF Jingquanxiang 63 fill 25 3 Sweet Charlie
27 7 K- 3K Ningyu-cripsr- 64 BF3
28 W5 75 Miaoxiang No.7 65 2% 13 Honai
29 F4 25 Danmei No.2 PHHLZF Spain 66 4847 Tudla
30 K %% 2008 Taikong2008 67 “R/R%F Kart
31 T4 Yutu 68 A Fujiliya
32 TS Yuexiu Jn£= K Canada 69 S IR Veestar
33 fm it Jingyue 70 BURPEE
34 07-D-5 1[5 Germany 71 AN . AL Senga Sengana
35 N Yanli faf = Netherland 72 H L Riva
HA 36 1% 7 Sagahonoka % [E France 73 L FESETLHF Darselect
Japan 37 [ % /T Baixuexiaoding
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Table 2 Forty-one descriptive traits and their assignment
H AR {H Assignment of each number
PEAR Trait . £
0 1 2 3 4 5 7

TR IR rha] Ik
Plant architecture (PA) Erect Semi erect Patulous
TR A IR gL F RRUENEEN Ui
Foliar state(Foliar S) Key shape Edge up Flat Flat and point down Edge down
AR € G E 18
Petiole color(Pet C) Olivine Magenta
L ok &k IREE Wk
Leaf color(LC) Olivine Green Dark green Blue green
AR LA RIEDE g7 CAA 15151 54 )
Leaf shape(Lshape) Round Ellipse Rhombus Oval Obovate
M Bt T Eigiibic BN
Leaf texture (LText) Soft Leathery Leathery and

and coarse smooth
FEM-Bith ek KA AN
Stipule color(Stipule C) Light Green  Pale red Dark red
B b T HER RN A
Ear lobes (EL) None  Flat Funnel-shaped Both
TEEEL 5 7
Petal numbers (PN)
TEFFRA CFHE  FFHE AT
Inflorescences higher or lower Lower Same Higher
than leaf(Inflo H L)
TFELERES Har ERRaE
Inflorescences Architecture(Inflo A) Erect Slanting
Tt =l gl AN
Flower color(Flower C) White Pink Red
TEIEAE Tz B HE T T
Relative position of petals(RPP) Separate Adjacent Overlapped
HEERA G CTHEE  FTHE RTHE
Stamen higher or lower than Lower Same Higher
pistil(SHL)
I 1E T 2 " el i
Trichome density of the upper leaf Dense Medium Sparse
surface(TDULS)
-5 T H B % el i
Trichome density of the lower leaf Dense Medium Sparse
surface(TDLLS)
ML @ o i
Trichome density of petiole(TDP) Dense Medium Sparse
EREE Vi H A
Subcalyx coloration(SubcalyxC) Easy Medium Difficult
A IR T T TEPERRE RE
Persistent calyx (PC) Appressed Flat Primary calyx flat ~ Rolling

from secondary tract
b/ i 7 7N H N
Seedless belt(SB) None Small Medium Big
ESIA [E3 HE TE B HEE FL I HE T 2% UayA
Fruit shape(FS) Conical Long conical ~ Short conical Wedge Misshapen
RHIRAS o ki EAES Wb W%
Fruit surface state (FSS) Flat Less shallow ~ More Shallow Less deep groove ~ More deep
groove groove groove

Rt 59 ol i
Fruit surface gloss(FSG) Weak Medium Strong
RIEZE Sl AN AN IRZL E 18
Fruit surface color(FSC) White Orange-red Red Dark red Magenta
RRFEE Vi el b3
Fruit tip coloring(FTC) Easy Medium Difficult
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%2 (%) Table2 (Continued)

- HRAUHAE Assignment of each number

AR Trait
0 1 2 3 4 5 6 7
Ty g G g AN HeH Both
Seed color (SeedC) Yellow Olivine Red
AT E i i i
Seed density (SD) Sparse Medium Dense
T EAERES ] (Bl F ot b
Seed-bearing condition(SBC) Concave Little concave Flat Little convex Convex
RAZE =l oA PELL AN AN
Flesh color(FleshC) White Tiny orange ~ Orange-red Red Dark red
B O H oAy [iEAN AN IR
Pith color(PithC) White Tiny orange ~ Orange-red Red Dark red
RN 7N i PN
Pith size(PiS) Small Medium Big
0o 2 7 2N h N
Hollow pith(HP) None Small Medium Big
= 7 b3 w
Fruit aroma(FA) None Faint Thick
FPA R 4 7S Il i
Pulp texture(PT) Mellowest Spongy Tougher Crisp
LS i3 il [izipetdl i) it
Fruit flavor(FF) Sour Sweet-sour Moderate sour Sour-sweet Sweet
and sweet
15 =gt S il
Calyx color(CalyxC) Green Dry yellow
L apuke <] R Bt
Blade margin serrated(BMS) Sharp Blunt
NGRS 3 5 3F05
Lobular number(LN) Three Five Three and five
etk (RS HELE HEAE
Flower sex(FSex) hermaphrodite Female flower Male flower
flower
TEITEAR i [ % B J % H % YR
Petals shape(PS) Oblate Round Fan-shaped Oval Spindly
S M R ] - m
Degree of concavity of calyx Concave Flat Convex
center(CCCD)

PO IR (D V18 ZF A (50 O (D, Kok
SUAMEIR REURFIFRE R 2, 607 34 /M
RAIPRARAT 17 N EUE MR (B D

F IR PR AL A 16 AN FE P 22 A0 MR A 18 A
SRR, FETHARI H 34 ARG 115 AN S 287,
SRR AR BT BN 3.38 4. Horp, B SR
RE Fh B AR R BE SO XK AR 7
KMEIRZ A 54 1 v Bt 67 S AR 7 o5
ARSI S R R /D, & 24 1L Z R 4R
BH BAZ TG N 0.24~1.49, ¥ {E % 3 0.85, % B
PR R IR IR B R o . RSP
P304 22 B FR B0 1.05, Hodr S SRR 1 34 £
FEME TR A =, o 1.49; H UG AU, 845 24
PEFREON 1.46; FL DA 5 b R 56 O 31 €60 1) 358 A% 22 FE 1
Te N 1.35. Btk 2 FE e SO AR I 2 o fl 71

70.62. 5 HSZHRA B, R SR SR (s AL 2 R
PEFR B AR T SR 0 0.61. o MRS
T T TH B R I A 2 PR R R =, Y08 1,01,
FLR AR B B T i, 5 0.80. A€ ORI 4
HR I 2 R R EUR K, 9 0.24, AR SL
HARZ RN EE .

212 HAEAMR 17 MNMEERE R REGUE
N 10.31%~60.65% (£ 3) , i8££ 2 #f 1 5 208 2
1.68~2.92, 7 W] it 2 % 4 % 5 40008 2 MR AR 3 =
o 3R R E R BE R T,
TR AR 7 R B, N 41.09%, 2 5 1 T &
14.34 g; R LHPIE AL T R BT 30 5 &=
N SR RSN AR 433N 35.38 mm A129.21 mm.
PR AR I8 N 4.44~32.5 cm, A8 5 R BORE A% 2 K
PR B, R E R R EAI S TR EE. 7
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Fig.1 Frequency distribution and diversity index of 34 descriptive traits in 73 cultivated strawberry germplasms
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Table 3 Genetic diversity of 17 quantitative traits in 73 cultivated strawberry germplasms

LRI BfbrifE 2 B A 5 R B ZREESR R
Trait Mean+SD Range CVI% Shannon’s diversity index
Pk Plant height, PH/cm 17.07+6.32 4.44~32.50 37.04 2.39

j&1% Canopy diameter, CD/cm 29.06+7.89 13.16~55.50 27.16 1.74

i K Leaf length, LL/cm 6.20+1.63 3.06~10.83 26.34 2.63

I} 9% Leaf width, LW/cm 5.43+1.37 2.98~9.30 25.16 2.50

i F5 K 5% L Length-width ratio, LAR 1.14£0.12 0.85~1.50 1031 2.19

AR Petiole length, PL/cm 13.69+5.59 3.48~29.96 40.85 2.09

WL Petiole diameter, PD/mm 2.78+0.65 1.52~4.95 23.44 2.34

& M40 Number of compound leaves, CLN 21.5+9.61 4.80~49.4 44.68 2.92

- F J& Leaf thickness, Lthick/mm 0.33+0.05 0.23~0.46 14.17 1.96

1Ef 4 Pedicel length, PcelL/cm 6.23+2.48 0.90~13.20 39.77 225

16134 Pedicel diameter, PcelD/mm 1.65+0.38 0.87~2.90 23.15 1.68

1€ 41 Flower numbers, FN 28.43+17.24 2.00~95.00 60.65 241

1€ 7645 Flower diameter, FD/cm 2.53+0.35 1.50~3.40 14.03 2.83

T E5 % Stamen numbers, SN 26.46+3.40 21.00~36.00 12.87 2.17

S Ji 5 Fruit weight, FW/g 14.34+5.89 3.99~32.03 41.09 2.22

#\4% Fruit longitudinal diameter, FLD/mm 35.38+6.17 20.41~50.98 17.44 2.34

4% Fruit transverse diameter, FTD/mm 29.2145.37 16.37~40.47 18.39 2.14
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MO Py AH SR i R B i B i AR R R
B A8 2 A M FR O Bem, i KR Y
3.06~10.83 cm, P33 E - HR 21,50 1 K B8 LG AN
I JE 5 ) A S 2R ORI I8 A 22 A P i U 2 A1
—F A S 4 9N 0.85~1.50.0.23~0.46 mm. 5
AR R BT 57 R AU 0, B 5T R
N 60.65% , FEME K IR 2, A ME 2 0.90~13.2 cm s
SR S R B 2 FEVEFR B BUIC, A2 R R
FEH21~36.,

2.2 FREMEIREME XM S

51 AR APEIR 5] Pearson AH 5 2 551 A8 S 1 &
9-0.70~0.95 (K 2) , P iy 5 AR K 2 8 38 TE AR G,
FHIR Z%00.95, 9 TEAH OG5y A OC R FERIE TS
B R A 2 R ECN-0.70, 2 T TR A 2 R B4
MHE R R 17 MR 2 IEA SR R, B FE R &
FEAE R B8 K TE B ARG AR
TR R R K AR AR e A A
MRLAS IR R RSPz, Ktk

1.20
0.90
0.60
0.30
0.00
-0.30
-0.60
-0.90

FoliarS
LC
Lshape
LText
StipuleC

InfloA
FlowerC
RPP

SHL
TDULS
TDLLS
TDP
SubcalyxC

FTC
SeedC
SD
SBC
FleshC
PithC
PS

HP

FA

PT

PC
SB
FS
FSS

SubcalyxC

PERA A SRR 2 A1 3.
Trait abbreviations were displayed same in Table 2 and Table 3.
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Fig. 2 Heatmap showing the Pearson correlation coefficients between phenotypic traits
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Table 4 Comprehensive evaluation of strawberry germplasm resources grown in Hubei Province

from different geographic sources
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