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Grading of Quantitative Traits and Assessment of Genetic Diversity in

Dendrobium Based on DUS Testing
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(Crop Research Institute, Fujian Academy of Agricultural Sciences/ Fuzhou Sub-center for New Plant Variety Tests, Ministry of Agriculture and Rural
Affairs, Fuzhou 350013)

Abstract: In order to provide reference for more objective and scientific description of quantitative traits, 85 Dendrobium
varieties were used as research objects. According to the distribution characteristics of 20 quantitative traits in the Dendrobium testing
guidelines, the least significant difference method and the range method were used to determine the grading range. In addition, the
level of genetic diversity was evaluated through the methods of coefficient of variation, genetic diversity index and the analysis of

correlation, principal component and clustering. The results of K-S normality test showed that 15 quantitative traits which
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included plant size, pseudobulb length, pseudobulb diameter, blade length, blade width, pedicel length, pedicel diameter, flower
longitudinal diameter, flower transverse diameter, middle sepal length, lateral sepal length, lateral sepal width, petal length, petal width,
lip petal length conformed to normal distribution and were graded by the least significant difference method, while the other
quantitative traits which included number of flowers, peduncle length, peduncle diameter, middle sepal width, lip petal width were
graded by the range method, and the grading range of the 20 quantitative traits were determined as the basis for describing and grading
the quantitative traits of Dendrobium DUS (Distinctness, Uniformity and Stability) testing in the future. The performance of each
quantitative trait was stable within the varieties, and the variation among the varieties was rich, with the coefficients of variation of
quantitative traits within and among varieties ranging from 5.44% ~ 17.33% and 24.99% ~ 124.03%, respectively. Additionally, the
genetic diversity indexes of 20 quantitative traits were between 1.16 ~ 2.02. Therefore, 85 Dendrobium varieties were suitable for
quantitative traits grading studies. The correlation analysis results indicated that the correlation coefficients were generally highly
significant or significantly correlated and the absolute values of the correlation coefficients were large among the quantitative traits.
Especially, the correlation coefficients between flower longitudinal diameter and flower transverse diameter, lateral sepal length, petal
length, middle sepal length and lateral sepal length, petal length, lateral sepal length and petal length are all above 0.95, which showed
a high degree of correlation. In this situation, such traits with high degree of correlation could consider to reduce in the varieties
DUS testing process to improve the testing efficiency. Principal component analysis showed that the cumulative contribution rate of
the first two principal components was 84.78%, including 73.54% for the first principal component, representing the flower size, and
11.24% for the second principal component, representing the number of flower and plant height. The clustering analysis results
showed that the 85 Dendrobium varieties could be divided into two groups at the Euclidean distance of 25, which mainly reflected the
differences in plant size, flower longitudinal diameters and flower transverse diameters. Moreover, the second group could be divided
into two subgroups at the Euclidean distance of 18, which mainly showed the differences in the number of flower and peduncle length.
Combining the results of principal components analysis and cluster analysis, the number of flower has a strong distinguishing ability
among varieties and can be added as a grouping trait for DUS testing of Dendrobium.
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Table 1 List of Dendrobium varieties tested

i ATEL Y| eV ETRe s A Y| PRV
Code Cultivar Type Origin Code Cultivar Type Origin
\! AR/ A Licke4 V44 FATFFRE R A fish i)
V2 SRS A HA V45 AR A fish IR
V3 fEAES A dexg V46 =k Fof it J2R
V4 FEBELH A dext V47 ) Fof it J2R
V5 EEA A EEN \ZH /NIT 24 FCF it fin¥-:
V6 Brilliant Smile Royal A H4 V49 AR A fish fink=d
\ HAE A HA V50 AN A fish fink=d
V8 Comet King Aktsuki A HA V51 By LBy 41 A fish fink=d
V9 R R I A dext V52 355 Fof it fir}-:
V10 AL A Jeat V53 AR A fish fink=d
Vil JUE 223 A H4 V54 KSR A fish fink=d
V12 Den Joyful Day FA HA V55 P EPN A AR
V13 BT AL D) A HA V56 =ERHY A fish fink=d
V14 Sweet Pinky Nomoko A HA V57 A 15 A Wi

V15 Wave King Akebono FA HA V58 D001 FA Wit



V16 i 5 A HA V59 Ul E A WL

V17 Yellow Song Candy A HA V60 B AN A Wi
V18 37N A Licke4 V6l D25 A Wi
V19 WKLY A Eiye V62 2L Al figt A fin}-:
V20 Al A ek V63 Al A Wi
V21 B L A fickad V64 W15 A Wi
V22 MFenTF A TR V65 KH—% A Wi
V23 £ A TR V66 W3 5 A fink=d
V24 wey A TR V67 W15 A fink=d
V25 KL DI6017 A = V68 gt 15 A fink=d
V26 i 1 A Fizy= V69 Wi 4 A fin¥-:
V27 ZURSERE A J7R V70 Wi 5 A fir}-:
V28 ZIRE % A J7R V71 Wit 6 = A fin¥-:
V29 i) A TR V72 B75 A Wi
V30 B i A TR V73 Mt 6 5 A TR
V31 Tt A IR V74 M2 5 A TR
V32 et A IR V75 1S A fink=d
V33 BT A J7HR V76 AR cR i A fin¥-:
V34 EAE ] A IR V77 =25 A fink=d
V35 5% A J7HR V78 i A vl
V36 G IERE A IR V79 W7 5 A fink=d
V37 PN ] A IR V80 Wi 8 5 A fink=d
V38 RAREL FCf it J7HR V81 filfist 4 =5 A fin¥-:
V39 AR A fish IR V82 filfig} 5 5 A fink=d
V40 K A fish TR V83 W2 5 A fink=d
V4l £/ A A IR V84 HERAE 1T A fink=d
V42 £ it A A IR V85 w1 A fink=d
V43 Rk A A IR
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Table 2 Quantitative traits of Dendrobium

%5 Code AR Traits 45 Code AR Traits

Cl1 Mk KN (em)  PS Cl1 M (em) FLD
C2 MRBEZEK ¥ (em) PBL C12 12 (em) FTD
C3 %2 EH4% (mm) PBD Cl13 K (em) MSL
C4 HKE (em) BL Cl4 FEE R (em)  MSW
Cs B (cm) BW Cl5 M= K F (em) LSL
c6 WHE (5 NF Cl16 M35 95 % (em) LSW
c7 WHFHKE (cm) PUL c17 EPKSE (ecm) PL
c8 WHFHMEE (mm) PUD Cl18 MWL (ecm) PW

9 K (ecm) PIL Cl19 JEMKEE (cm) LPL




C10 A B (mm) PID C20 JEEEE (cm) LPW

PS: Plant size; PBL: Pseudobulb length; PBD: Pseudobulb diameter; BL: Blade length; BW: Blade width; NF: Number of flowers; PUL: Peduncle length; PUD:
Peduncle diameter; PIL: Pedicel length; PID: Pedicel diameter;FLD: Flower longitudinal diameter; FTD: Flower transverse diameter; MSL: Middle sepal length;
MSW: Middle sepal width; LSL: Lateral sepal length; LSW: Lateral sepal width; PL: Petal length; PW: Petal width; LPL: Lip petal length; LPW: Lip petal width;

The same as below
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Table 3 K-S normal test of quantitative traits of Dendrobium

LERIN WA RME IEARZE B 7= K-S f& Sig {H T e i

iz
Traits Absolute value Positive Negative K-S value Sig. value Skewness Kurtosis
RN PS 0.09 0.09 -0.07 0.83 0.50 0.31 -0.90
k2K % PBL 0.10 0.10 -0.08 0.95 0.33 0.80 0.03
B2 H % PBD 0.14 0.14 -0.08 1.31 0.07 0.14 -1.28
K BL 0.15 0.15 0.12 1.35 0.05 -0.17 -1.36
Wi BW 0.12 0.12 -0.09 1.06 0.21 0.07 -1.33
1EHE NF 0.26 0.26 0.18 2.37 0.00 2.43 7.10
WHHKE PUL 0.35 0.35 -0.25 3.20 0.00 1.62 1.07
WHHHRE PUD 0.16 0.16 -0.11 1.45 0.03 0.16 -1.30
TEREKE PIL 0.13 0.13 -0.07 1.20 0.11 0.77 0.21

HAEE A PID 0.14 0.14 -0.09 1.24 0.09 0.36 -0.66
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Table 4 Normal distribution quantitative traits grading standards

[E27N 4325 Grading range
LSDo.os

Traits 1 2 3 4 5 6 7 8 9
KA Cem)

<5.10 5.11~12.10 12.11~19.10 19.11~26.10 26.11~33.10 33.11~40.10 40.11~47.10 47.11~54.10 >54.11 2.00
PS
et 25K E (em)

<4.60 4.61~12.60 12.61~20.60 20.61~28.60 28.61~36.60 36.61~44.60 44.61~52.60 52.61~60.60 >60.61 3.00
PBL
fB2 % 25 B 4% (mm)

<2.50 2.51~6.50 6.51~10.50 10.51~14.50 14.51~18.50 18.51~22.50 22.51~26.50  26.51~30.50 >30.51 1.38
PBD
M E (em)

<2.20 2.21~4.20 4.21~6.20 6.21~8.20 8.21~10.20 10.21~12.20 12.21~14.20 14.21~16.20 >16.21 0.68
BL
MPERE (em)

<0.30 0.31~1.30 1.31~2.30 2.31~3.30 3.31~4.30 4.31~5.30 5.31~6.30 6.31~7.30 >7.31 0.24
BW
WHKE (ecm)

<0.95 0.96~1.45 1.46~1.95 1.96~2.45 2.46~2.95 2.96~3.45 3.46~3.95 3.96~4.45 >4.46 0.23
PIL
M ER (mm)

<0.60 0.61~1.20 1.21~1.80 1.81~2.40 2.41~3.00 3.01~3.60 3.61~4.20 4.21~4.80 >4.81 0.18
PID
EHE (em)

<0.95 0.96~1.95 1.96~2.95 2.96~3.95 3.96~4.95 4.96~5.95 5.96~6.95 6.96~7.95 >7.96 0.31
FLD
1Ei4% (em)

<2.50 2.51~3.50 3.51~4.50 4.51~5.50 5.51~6.50 6.51~7.50 7.51~8.50 8.51~9.50 >9.51 0.35
FTD
FE K (em)

<0.95 0.96~1.45 1.46~1.95 1.96~2.45 2.46~2.95 2.96~3.45 3.46~3.95 3.96~4.45 >4.46 0.17
MSL
M= K (em)

<1.05 1.06~1.55 1.56~2.05 2.06~2.55 2.56~3.05 3.06~3.55 3.56~4.05 4.06~4.55 >4.56 0.17
LSL
MR 58 % (em)  <0.60 0.61~0.90 0.91~1.20 1.21~1.50 1.51~1.80 1.81~2.10 2.11~2.40 2.41~2.70 >2.71 0.09




LSW
EMKSE (ecm)

<0.95 0.96~1.45 1.46~1.95 1.96~2.45 2.46~2.95 2.96~3.45 3.46~3.95
PL
MEE (em)

<0.45 0.46~1.05 1.06~1.65 1.66~2.25 2.26~2.85 2.86~3.45 3.46~4.05
PW
EMKE (ecm)

<0.80 0.81~1.30 1.31~1.80 1.81~2.30 2.31~2.80 2.81~3.30 3.31~3.80
LPL

3.96~4.45

4.06~4.65

3.81~4.30

>4.46 0.17
>4.66 0.15
>4.31 0.14
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Table 5 Non-normal distribution quantitative traits grading standards

434% 3 # Grading range

PR W7
Traits 1 2 3 4 5 6 7 8 9 Step
wHE (50

<2.50 2.51~4.10 4.11~5.70  5.71~6.30 6.31~7.90 7.91~9.50 9.51~11.00 11.01~12.60 >12.61 1.59
NF
TP HKE (em)

<1.15 1.16~4.25 4.26~7.35 7.36~10.45 10.46~13.55 13.56~16.65 16.66~19.75 19.76~22.85 >22.86 3.10
PUL
P E AR (mm)

<1.28 1.29~1.84 1.85~2.40 2.41~2.96 2.97~3.52 3.53~4.08 4.09~4.64 4.65~5.20 >5.21 0.56
PUD
PSR (em)

<0.50 0.51~0.75  0.76~1.00 1.01~1.25 1.26~1.50 1.51~1.75 1.76~2.00 2.01~2.25 >2.26 0.25
MSW
JEMTERE (em)

<0.60 0.61~1.05 1.06~1.50 1.51~1.95 1.96~2.40 2.41~2.85 2.86~3.30 3.31~3.75 >3.76 0.45
LPW

2.3 HEMRKEA LSt

20 MR MR 78 A BURLS AL ZREMEARBOLER 6. BRACFHKEE LA, ot 19 MO IR 5
SEIMEART, F WAL AR SR 20 A LB o 20 ANKCEH IR I 500 P 28 5 REUTE 5.44%~17.33%, T
164 8.82%, PRI REURK, HUONIEBR AUBEE LK, 5 KRB AN 17.33%. 16.43%
R 13.32%, HARVER K 5PN REO/NT 10%, FISHRIRIE SoFl A RIVBCAR E: WhFhE) 28 5 R %K
£ 24.99%~124.03%, “FHMEN 44.69%, RYIA AR RO E 5, PR R R E UK,
TEREK P A8 53 BB /N o AL SRR MESEHAE 1.16~2.05, FIIME A 1.71, TEFHE B AR0HE 2 REMESE SR K,
RUIHBAE Z R s, TP IS 2 R f e S, RIS AR 5.
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Table 6 Analysis of variations and diversity of the quantitative traits
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Traits
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Varieties Varieties

kKA (em) PS 40.65 8.72 31.93 21.49 22.62 1.96 9.30 40.52 1.64
% 254K % (cm) PBL 58.7 5.08 53.62 22.30 24.68 2.95 13.32 49.30 1.75
%25 E 4% (mm) PBD 23.44 3.90 19.54 12.60 12.47 1.27 9.97 47.83 171
MK (em) BL 16.56 3.19 13.37 9.91 9.20 0.64 7.04 40.68 1.88
% (cm) BW 476 0.50 426 291 2.81 0.24 8.55 42.86 1.55
TEHE (55 NF 15.9 1.60 14.30 3.30 4.07 0.65 16.43 59.30 1.40
FHKE (cm) PUL 28.93 1.02 27.91 271 6.50 0.98 17.33 124.03 1.16
WM E A (mm) PUD 5.87 0.86 5.01 2.67 2.78 0.25 9.49 48.03 2.05
M KZ (cm) PIL 4.38 1.64 2.74 2.58 2.70 0.24 8.92 24.99 1.61
e B4 (mm) PID 4.84 0.83 4.01 2.18 2.13 0.17 8.73 45.77 1.70
14 %% (cm) FLD 7.93 1.86 6.07 4.50 4.45 0.31 7.12 33.43 1.73
1EMi%% (ecm) FTD 8.99 2.65 6.34 485 5.02 0.35 727 29.81 1.72
K E (em) MSL 4.28 1.39 2.89 2.74 2.71 0.17 6.39 27.73 1.74
P EE (em) MSW 2.69 0.42 2.27 1.38 1.25 0.09 7.46 45.70 1.89
M= F K E (em) LSL 4.5 1.50 3.00 2.90 2.83 0.17 6.39 28.50 1.79
MEE 8 (cm) LSW 2.5 0.52 1.98 1.34 1.36 0.09 7.39 34.73 1.81
1EMKSE (ecm) PL 4.69 1.36 333 2.82 2.72 0.17 6.26 31.57 1.81
AEMTEE (ecm) PW 5.2 0.44 4.76 212 1.95 0.14 7.48 59.21 171
JEMKE (cm) LPL 4.25 1.26 2.99 2.61 2.54 0.13 5.44 32.49 1.67
JEMTEE (ecm) LPW 4.75 0.71 4.04 2.63 233 0.14 6.15 47.26 1.90
“FYIE Mean 8.82 44.69 1.71

2.4 BAXRMESERS T
20 MECEERFIA R IE ST R I 1. AR Z AR B Z ARG I TEIRIEAT 171 %, 15 90.00%. #H

RABAXMEAE 0.76~0.85 Z A A 57 %, FEEPEEKAN BREBEZES, HRE, EFHER. &
B 5 H A R 2 18] MO R B AHEAE 0.86~0.95 Z KA 46 X, EEAEARLEM T8 69
JEPRACE | JE 58 5 HAR MR Z 18] ARG R XHMEAE 0.95 L ERER T fEAEIMR S AR . M=
PEMAREZ ], P K S KB TR 2 ), OS2 B S B 2 [], R I v A O
Mo AHRHEARRZNA 19X, FEERELHESHAMIERZ 1.

E A (R AR ARRN GTRR 0 2 1 8 E A IR AR LT AR ST LURRAE G KT 1, R TTHREE 80% LA - AE Ayhs
SR Ly . SRR, BT 2 DM FHMEES R T 1, Rt 5T Eas 84.78% (R 7D o BHB— K
TUBREE A 73.54%, ELIE MR RS 22 A B L AR B AL R BE USRI FuA 17 AN B IR, b Lok
FEA B HME B BRI KR R, P KB, MEREER R 2 = E R 5Tk
BN 11.24%, FRHE R AEXHE R MRUCHIE R E . fe80e . B, FBAE T MBI
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Fig. 1 Correlation analysis of the quantitative traits
x 7 BERERDETEKE
Table 7 Factor loading matrix and contribution rate of principal components for each trait
[E27N F &4 Principal components
Traits 1 2
AR RN PS 0.23 0.16
% 25K % PBL 0.17 -0.37
1Ri%2£H 1% PBD 0.24 -0.05
& BL 0.23 0.15
38R BW 0.24 0.00
e NF 0.05 0.60
TEFREKE PUL 0.07 0.62
1 EE PUD 0.23 -0.10
TEREKJE PIL 0.17 0.05
1A HAE PID 0.24 -0.09
1E9\4% FLD 0.25 0.06
e84 FTD 0.24 0.09
PR KEE MSL 0.25 -0.08
R TR MSW 0.25 -0.06
M= F R LSL 0.25 -0.02
= F 96 LSW 0.23 0.14
e PL 0.25 0.04

il % % PW 0.25 0.05




JEMKE LPL 0.25 -0.08
JEM T E LPW 0.25 0.02
FFiF{E Eigen value 14.71 2.25
TTlk#% (%) Contribution rate 73.54 11.24
245k % (%) Cumulative contribution rate 73.54 84.78
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Fig. 2 Two-dimensional loading plots of Principal components
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Table 8 Average of 20 quantitative traits in different groups

PR B 11267 Group

Traits Group I Ia W5 Subgroup Ila IIb W23 Subgroup IIb
Hitk K/ (em)  PS 14.03 30.18 24.66
%254 % (em) PBL 16.97 35.32 18.81
fi%2£H 4% (mm) PBD 6.38 17.18 15.25
% (em) BL 5.29 11.15 13.10
e (em) BW 1.56 3.70 3.54
1eHE (45 NF 3.43 2.78 7.94
AR (em) PUL 3.49 1.94 21.62
WFEEAE (mm) PUD 1.38 4.01 3.13
TAEKSE (em) PIL 225 2.99 3.03
M E%E (mm) PID 1.12 2.98 2.43
WHhE (em) FLD 2.93 5.38 5.60



1EMif% (ecm) FTD 3.57 5.85 6.27

HEE K (em) MSL 1.96 3.29 3.05
REE S (em) MSW 0.65 1.72 1.53
M=K (em)  LSL 2.00 3.41 3.30
M 56 % (em)  LSW 0.91 1.59 1.81
TMKSE (em) PL 1.84 3.27 3.38
TEMWRSE (em) PW 0.74 2.68 291
JEMEKE (em) LPL 1.69 3.23 2.87
JEMTERE (em) LPW 1.14 3.13 3.10
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