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Phenotypic Diversity Analysis of Cultivated
Radish ( Raphanus sativus L. )
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Abstract: Radish( Raphanus sativus L. )is an important vegetable crop which has undergone significant chan-
ges during domestication and has rich variability. The objective of this study is to understand the diversity of R. saii-
vus germplasm resources conserved in the national mid-term genebank of vegetable germplasm in China, with the
aim of further effective research and utilization. We screened 635 cultivated radish accessions with representative
characteristics from different countries or regions based on preliminary catalog data in the existing database, and
here we systematically investigated 39 phenotypic traits on the upper parts. With that,the diversity analysis, princi-
ple component analysis and clustering analysis were performed. Among the 19 qualitative traits, The Shannon-Wein-

er diversity index of hypocotyl color (1. 72) was highest and the Silique setting posture was the least(0.47) , the
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average of diversity index was 1. 11. The variable coefficient( CV) of 20 quantitative traits were from 13.33% to
93.97% ,the average variable coefficient was 37. 96% . The CV of Distance between blobelets was the highest and
the least variability was calyx length; The Shannon-Weiner diversity index (/) of 20 quantitative traits was varied
from 1. 20 to 2. 15 and the average was 1. 94. The diversity index of petal width and 1000-seed weight was the high-
est(2.15) ,followed by flower width 2. 14 | cotyledon length 2. 13 and petal length 2. 13, sepal length 2. 12 and coty-
ledon notch depth 2. 11 ;the diversity index of leaf width was the least( 1. 20). The principle components analysis on
20 quantitative traits indicated that the accumulative contribution of 7 principle components accounted for 72. 87 %
of total variation. UPGMA clustering analysis elucidated that the 635 radish germplasms could be divided into 5
groups, the group I had one accession. Its silique color was purple,the length of the silique(204. 70 mm)and the
proboscis length(122. 90 mm ) was the longest respectively. The group II had 4 accessions, the average of silique
length , Length of beak ,Number of seed per silique,petal length, petal width,flower width,6 quantitative traits values
were the least in the 5 groups. The group Il had one accession with purple vein and purple Petiole ,cotyledon width,
cotyledon petiole length, petal length, petal width, calyx length, flower width were the highest in the 5 groups. The
eroup IV had 428 accessions, being classified into 2 subgroups. One subgroup had 50 accessions, mainly being long pod
radish ( Raphanus sativus L. var. caudatus (L. ) Hook. f. & T. Anderson ) and oil radish ( Raphanus sativus L. var. Oleifor-
mis Pers) ;and another subgroup had 378 accessions among which,98.94% was the leaf with lobelets. The group V
had 201 accessions and all of them was leaf without lobelets. Thus, this study provided phenotypic information being

valuable for identification and better utilization of cultivated radish germplasm resources.
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Table 1 Description and data standard for radish germplasm
PR SRR
Morphological -
characters Criterion
T ce L.Hes 2.0k 3.4t 4.8
R HC 151 2:.%k&% 3.8 4.4 5.3k 6%
FHARE M LRI 2. PR 3T
R LT LA 2780t
HIE LS LR 2. KOIE 3B 4 K@ S.MER 6. KMER 7. 44
IR SLA LB 2.8 3 4 fEE
e LG s 2.k& 3.4 4.R’%
ik Ve g 2.k% 3.8 4.4 5.%E 6%
i THRE LP 0.6 1. 2.4 3.%
% LM L&% 2.0k 3.4
4% LI 0. JC 1R 2. B’ 3.3
A PC &g 2.4 3.4 4.4 5.ERE 6%
1t Fe 1 2:8% 3.0R4 4.4 5% 6% TARE 8.EM 9.A6
AEHTEAR PS AR 2.80pE 3. K E0EE
FEL K SL .k 2:F 3.4
KMmAEieE sc s 2.8 3.REE 4.8 5%
KRR Ss 1o 2.0k 3.4
FIREALSSSP 1. HY 2.8 3. FE
Tl £, RSC 1.8 2.8% 3.8 4.4 5.8

CC; Cotyledon color,HC ; Hypocotyl color,CM ; Cotyledon maintenance, LT Leaf type, LS: Leaf shape,SLA ; Shape of leaf apex, LC: Leaf color, VC: Vein

color,LP; Leaf pubescence, LM Leaf margin,LI:Leaf incision, PC: Petiole color, FC: Flower color, PS; Petal shape, SL: Stigma length, SC: Silique color,

SS: Silique surface ,SSP; Silique setting posture , RSC ; Radish seed color,the same as below
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Table 2 Numeric variation for R. sativus germplasm resources

K, M 93.97% , Hof Ptk A9 A48 53 R BN, AR 57
FEEE LARAIG, AR SRR B fr/ N PRI O R K R R R
B 13.33% V34978 5 REBCK 41.32% s 1E 2 FEPE
FEHOT T, AEIETE | TR A 2 REVERR B, Yo
2,15, HUORAEE T R 1S eI i 7 U4
TR F AR AR 0 2R R i A 2. 10,
SR ZRHEERR B 1. 94, B MR B 2 A
FEE S v T MR AR R AR B, DR BB R
AR SN E

R ¥ bR 2z fe/IME IFNE] 5 RE(%) ZRPERREL
Traits Mean SD Min. Max. cVv H
F (mm) CL 23.30 4.21 11.43 39. 60 18. 06 2.13
FI5E (mm) CW 26. 30 4.36 14. 86 40. 62 16. 56 2.10
T RS R (mm) CNW 4.30 0.98 1.39 7.17 22.79 2.11
% 5 B (mm) HH 14.70 5.93 4.31 40.71 40. 40 2.02
T A% (mm) CPL 28. 60 6.73 10. 12 54. 04 23.52 2.11
JNZ R R NL 2.31 1.94 0 8 83.98 1.74
/NZ4F[E]HE (mm) DB 1. 16 1.09 0 9.30 93.97 1.71
FeAEMK (em) LL 18. 40 4.33 7.93 62 23.55 1.85
FEAEMFE (em) LW 5.82 3.45 3 17. 30 59.28 1.20
FAHAF K (em) PL 4.50 1.93 1.20 15.30 42.89 1.91
£ K (mm) SLR 58.30 25.41 23.81 328.90 43.58 1. 64
£ 595 (mm ) SW 8.25 1.82 4.45 32.06 13.88 1.92
%+ (mm) LB 27. 60 15.57 5.83 198. 60 56.43 1.61
£ RIEL NSPS 4.20 1.61 1 9 38.33 2.09
277 4 (g) SYPP 11. 80 10. 68 0.21 123. 46 90. 82 1.96
B (mm) RPL 17.90 2.58 10. 39 25.46 14.39 2.13
M TE (mm) PW 6.75 1.15 3.06 110. 05 17. 04 2.15
K (mm) CLR 8.25 1. 10 5.25 12.93 13.33 2.12
AT JEE (mm) FW 19.30 2.77 7.55 26. 69 14. 38 2. 14
T-Hi (g) 1000-SW 10. 40 3.31 0.91 26. 18 31.92 2.15
FiFEif cC 1.89 0.96 1 5 50.79 1.12
T RN @ HC 3.55 1.84 1 6 51.83 1.72
FHREES CM 2.27 0.76 1 3 33.48 1.07
A LT 1. 66 0.47 1 2 28.31 0.65
HE LS 4.95 1.48 1 7 29.90 1.50
HHRIEZAR SLA 2.55 0. 64 1 4 25.10 0.96
-t LC 2.45 1. 10 1 4 44.90 1.30
ik, Ve 2.48 1.14 1 6 45.97 1.14
i ) E LP 0.83 0.37 0 3 44.57 1.19
2 LM 2.12 0.76 1 3 35.85 1.09
2% L1 1.98 1.33 0 3 67.17 1.01
AR PC 2.14 1.77 1 6 82.71 1.06
1E(a FC 4.44 3.58 1 9 80. 63 1.27
EHIEAR PS 1.90 0.71 1 3 37.37 1.05
FEL A SL 1.90 0.81 1 3 42.63 1.10
KAMmEREE SC 1.85 0.79 1 6 42.70 1.04
KA SR SS 1.67 0. 60 1 3 35.93 0.90
KA R R R SSp 1.17 0.47 1 3 40. 17 0.47
Tl iz i 5, RSC 3.13 1.01 1 5 32.27 1.53

CL: Cotyledon length,CW ; Cotyledon width, CNW ; Cotyledon notch depth, HH : Hypocotyl height, CPL: Cotyledon petiole length, NL: Number of lobelets,
DB : Distance between blobelets, LL: Leaf length, LW ; Leaf width, PL; Petiole length,SLR ; Silique length of radish,SW :Silique width, LB ; Length of beak,
NSPS : Number of seed per silique, SYPP; Seed yield per plant, RPL: Radish petal length, PW ; Petal width, CLR ; Calyx length of radish ; FW . Flower width,

1000-SW ;1000-seed weight
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(0.4737) , Kt it {4 (0.3722) | HE i B
(0.3372) 5 T A 4R AIE 16) 8 R Fe K0 B (-
0. 4436) , T~ MRS VR ) FEAIE 17 22t B f /1N (0. 0002)
LIRS 3 Ao B M2 B S AR Dy T AR
B 84 ERUTNTTZE TR 9. 06% , Fh T 73
PR )RR AE 18] 2 B K (0. 4460) , HiJE M SR K
(0.4169) , B £ 1Y R AF [0] 2 E 19 46 %5 5 e/,
0. 0046, VLSS 4 E s R E M E 3 N AR
MEE ., 55 BRI 2Z5TH0R N 7. 66% , H
G A RRAE 1) B (B K (0. 5328) , iR M R K,
FEAE TR BN 0. 5212, #1550 B2 1 ARAE ) 12 (B R e/
MR, - 0. 0130, BERASE 5 FE ks =2 R Bl
S MARTTHE R %6 FRArJr 22 5Tk R
R 7. 32% AR R AR ) A R K, R
0. 4573, HR AR 0(0. 4325) , FEIRIF R E Y

Table 3 The principle components analysis about morphological trait of R. sativus accessions

FERIPEAR FWATHFE Eigenvector of the principal component

Phenotype trait 1 2 4 5 6 7
FHAK CL 0.2996 -0.3857 -0.4436 0. 0876 -0.0157 -0. 1556 0. 1356
FI5E CW 0. 2660 -0.3396 -0.0712 0. 1692 0. 0300 0. 0969 -0.0885
FH IR CNW 0. 2424 -0.3143 0. 0002 -0. 0409 -0.0177 -0. 0699 -0. 0688
T R HH 0.2089 -0. 1698 —0.0444 -0. 1249 0. 0368 -0.2601 0. 2400
FH IR CPL 0.2247 -0.3019 —0.0840 0.2041 0. 0465 -0. 1024 0.3078
JINSE R NL 0.1248 -0.1293 0. 4737 -0. 1556 -0.0459 0.3471 0.2126
/N Fr[E]BE DB 0.0798 0. 0051 0. 5698 -0.0127 0.0779 0. 1845 0. 1150
e B K LL 0.1133 0. 1484 0.3722 0. 4082 0. 1993 -0.1978 0.0518
SEAEM 5T LW 0. 1219 0.2112 0.3372 0.1973 0.2813 -0. 1966 -0.0246
FA R PL -0.0474 0.2229 -0.1281 0. 4082 0. 1598 -0.3815 -0. 0844
MK SLR 0.2776 0. 1421 -0.1710 0. 4169 0.5212 0. 0946 0.0156
FARTE SW 0.1717 -0.0574 0. 0903 -0.2706 -0.0130 0. 0468 -0.6377
Bt LB 0. 2498 0.1388 -0.1624 -0. 0046 0.5328 0. 0600 0. 0080
A FRIEL NSPS -0.0237 0. 0335 -0.2580 -0. 3066 0.0783 0. 4325 0.3155
Pl 7275 i SYPP 0.0127 0. 0327 0. 1563 0. 4460 0. 1187 0. 4573 0. 0273
K PL 0.3612 0.3012 -0.0372 0. 0055 -0.2800 -0.0138 0. 1259
EIRTE PW 0.2544 0. 1439 -0.0011 0. 0402 -0.1637 0. 1296 -0.2536
ZK CL 0.3458 0. 2895 -0.0732 -0.0309 -0.2197 0.0319 0. 0485
EMTT R FW 0.3343 0. 3084 -0.0652 0.0109 -0.3356 -0.0038 0. 0801
TR 1000 - SW 0. 1964 -0.2209 -0.2186 0.1921 0.0214 0.2767 -0.3895
FEHEMY Eigenvalue 3. 6952 2. 8474 2.1031 1. 8126 1.5317 1. 4636 1.1196
T ZTIRF (% ) 18. 48 14.24 10.52 9.06 7. 66 7.32 5.60
Variance contribution

B ok (% ) 18. 48 32.71 43.23 52.29 59.95 67.27 72. 87

Accumulative contribution
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Fig.1 Dendrogram of cluster analysis for 635 radish
cultivars based on UPGMA ( See the electronic version)
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