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Genetic diversity analysis of local luffa resources in Hubei province

LI Qingke"*®, YI Licong™’, WANG Yungiang>®, ZHOU Wei*’, WU Na*’, XU Jinsong', DAI Zhaoyi*”
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hancement and Genetic Improvement, Wuhan 430064, Hubei, China, 3. Institute of Economic Crops, Hubei Academy of Agricultural Sci-
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Abstract: In order to preliminarily identify the local resources of luffa in Hubei province, genetic diversity analysis was
conducted on 34 phenotypic traits of 46 luffa germplasm resources collected from Hubei province. The average coeffi-
cient of variation of quantitative traits was 20.69%, with the largest coefficient of variation for fruit length(35.41%) and
the smallest coefficient of variation for the number of edges (12.10% ). The average coefficient of variation of quality
traits was 31.66%, with the largest coefficient of variation for fruit stripe color(65.78%) and the smallest coefficient of
variation for leaf margin (6.90% ). The average diversity information indices of quantitative and qualitative traits were
1.829 and 0.686, respectively. Correlation analysis showed that there was a significant or extremely significant correlation
between some traits. There was extremely significant positive correlation between blade length, blade width and cotyle-
don width. The thickness of the main vine was significantly positively correlated with the blade length and blade width,
and the flesh thickness was significantly positively correlated with the fruit transverse diameter. Cluster analysis and prin-
cipal component analysis were performed on 46 luffa germplasm resources using DPS data processing system. The results
showed that the 46 luffa germplasms could be clustered into three categories at the European distance of 124.6. Through
principal component analysis of 34 traits, the result showed that the cumulative contribution rate of the top 10 principal
components with characteristic value greater than 1 was 80.04%. The findings of this study can provide a reference for the
classification and effective utilization of local luffa resources in Hubei province.
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Table 1 Sources of 46 luffa germplasm resources
G P S A4 FR BRI KI5 2 A4 FR
Resource code  Origin Local name Resoure code Origin Local name
2015421004 WG L 23] 2016422511 Bl AW 2K
Tongshan, Hubei Luffa Wuxue, Hubei Luffa
2015421020 IALE 2K 2016422555 Bl s 31\
Tongshan, Hubei Luffa Qichun, Hubei Luffa
2015421045 WAGIE L 22 JN %% 2016423016 Bl RN 22K
Tongshan, Hubei Loofah Hong’an, Hubei Luffa
2015421166 WAL 231\ 2016423024 bz EZA1\N
Xianfeng, Hubei Luffa Hong’an, Hubei Luffa
2015421177 WAL Kegz )i 2016423062 Bl AN S 2K
Xianfeng, Hubei Chang luffa Hong’ an, Hubei Luffa
2015421244 WAL IE IR + 4K 2016423088 Bl RAR7S 22K
Tongcheng, Hubei Tu luffa Hong’an, Hubei Luffa
2015421268 1 ALE I 2JK 2016423250 LRI A1\
Tongcheng, Hubei Luffa Macheng, Hubei Luffa
2015421323 bl ik 2318 2016423269 WAL R 22JK
Tongcheng, Hubei Luffa Macheng, Hubei Luffa
2015422125 WAL Y 231\ 2017421072 WAL E A EZ41\N
Yunxi, Hubei Luffa Huangmei,Hubei Luffa
2015422269 WAL R 24K 2017421104 AL A 22 T
Nanzhang, Hubei Luffa Huangmei, Hubei Langchui luffa
2015422284 LTI 231N 2017421222 ALK EZ41\
Nanzhang, Hubei Luffa Guangshui, Hubei Luffa
2016421206 Wbz 2z VA &3\ 2017422013 AL EZA1\N
Yuan’an, Hubei Six-edged luffa Yingshan, Hubei Luffa
2016421260 ki % EZ41\N 2017422024 WAETEL EZ1\N
Yuan’an, Hubei Luffa Yingshan, Hubei Luffa
2016421398 WAL 3] 2017422247 WALKAE 2K
Songzi, Hubei Luffa Dawu, Hubei Luffa
2016421425 HALRA G £ JK 2017422321 WAL KAE 22JI
Songzi, Hubei Luffa Dawu, Hubei Luffa
2016421429 WAL A +4 K 2017423017 WAL H 41\
Songzi, Hubei Tu luffa Luotian, Hubei Luffa
2016421485 WAL s 2JK 2017423058 LT 1 EZA1\N
Zhongxiang, Hubei Luffa Luotian, Hubei Luffa
2016421494 WAL e 3N 2017423059 WAEZ 2N
Zhongxiang, Hubei Luffa Luotian, Hubei Luffa
2016422247 i l7zR= L4\ P2015421023  #IALHER Bk 22 I
Fangxian, Hubei Luffa Tuanfeng, Hubei Bangtou luffa
2016422279 8 B 7R 22JI P420323007 WIAEAT L N
Fangxian, Hubei Luffa Zhushan, Hubei Lenggua
2016422394 WAL I 2R P421123022 A% H 22K
Gucheng, Hubei Luffa Luotian, Hubei Luffa
2016422487 WAL 231\ P421124066 WAL EZA1\
Gucheng, Hubei Luffa Yingshan, Hubei Luffa
2016422509 AR 2K P421221009 Wb s SYERZAIN
Wuxue, Hubei Luffa Jiayu, Hubei White-seeded luffa

Gtah R 3, NI 5] PR I &) B v oy
79.55% CJK 8 ¥ 51 BE AL A0 B 4 51 15 29.55% Al
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Table 3 Distribution frequency and coefficient of variation of luffa quality traits
PR HilZR Frequency/% AR5 R
Trait 0 1 2 3 4 5 6 7 8 9 CV/i%
=& & {f Primary color 0.00 870 91.30 9.67
{4, Leaf color 0.00 435 4130 5435 16.59
" Leaf shape 0.00 52.17 47.83 20.16
%% Leaf margin 0.00 435 95.65 6.90
M Jem 2R Blade tip shape 13.04  26.09 6087 28.83
35 2E A FE Petiole angle 5435 4565  0.00 34.20
45 )N >J 1% Fruit habit 79.55 455 1591 54.37
JIA% Fruit edge 0.00 10.87 84.78 435 19.88
JRJE Melon shape 2456 3509 7.2 2281 0.00 526 3.51 1.75 0.00 65.30
1R 3 AR Shape of fruit end 870 73.91 17.39 24.12
JRIGHZIR Shape of fruit top 69.57 1522 15.22 51.03
JI R 7 Fruit skin color 0.00  0.00 1522 63.04 1957 217 15.99
I 5 Fruit end color 0.00  0.00 1522 6739 13.04 435 16.54
JRBEGL2EM Fruit stripe type 435 9348 000 0.00 217 47.81
JRBELLE Fruit stripe color 435 6739 217 21.74 435 0.00  0.00 0.00 65.78
JIIHIF635 Fruit surface glossy 71.74 2826 0.00 35.11
JH4FAE Fruit surface character 2.17 9348 435 12.59
JRJR 5% Density of fruit tumor 0.00 7826 17.39 435 54.18
JKA 7 Fruit flesh color 71.74 2826  0.00  0.00 35.11
IAlJ3 Fruit flesh quality 227 227 9545 11.26
JRE 2] Fruit color uniformity 29.55 2045 50.00  0.00 39.38

5 69.57% » JIV 7 B €8 1 B2 R 4 £4.(63.04%) , JNBE
LU LL A (67.39%) A 4 . (21.74%) N FE . R
T DL AR 2 (35.09%) KA AR (24.56% ) i [ 7
TE(22.81%) 9 3, 71.74% JWTHI Y6 2R A G 5 T TH
TETLAR 5 93.48% , JIN A B €8 DA (1 €5 (71.74%) N
FL AT 95.45%

21 AN E MR A S5 R ST (54.37%) L JRTTTEZAR

(51.03%) JIHZ (65.30%) « JRBELL£4.(65.78%) < JILJE
i %5 (54.18%) I 22 5 REUEIE 1 50% , R IFIX JLA
JiT B IRAFAE S T8 WA s HAR MR AR e 2R3
BIARIE 50% » 2% B ax Le PR 138 4% 25 1 VAR X 4
IS, T e 32 A AR B = R R R 521
22 ZMRFFHEHRNTREH

22K 13 M EMIR A S S L 4 s,

x4 LZNBEMKRIBTRESZH

Table 4 Distribution of quantitative traits and coefficient of variation of luffa

PEIR FME Frift 22 I UN:] w/ME ez 5 2
Trait Mean SD Max value Minvalue  Range CVI%
MK Cotyledon length/cm 542 0.89 7.80 2.70 5.10 16.36
T M5 Cotyledon width/cm 2.80 0.52 5.17 1.80 3.37 18.44
5 Internode length of main vine/cm 19.32 3.85 26.33 10.03 16.30 19.93
2 & Main vine thickness/cm 0.53 0.07 0.80 0.45 0.35 12.76
I Fr K Blade length/cm 19.19 2.40 25.10 14.77 10.33 12.50
i} % Blade width/cm 22.83 3.38 32.10 17.67 14.43 14.80
4 Petiole length/cm 14.95 3.52 25.20 8.73 16.47 23.57
16K Peduncle length/cm 12.59 3.81 22.03 5.40 16.63 30.27
55— WEAE T L Frist female flower node position 15.17 4.54 26.00 5.00 21.00 29.94
¥ $1 Edges number 10.26 1.24 18.00 9.00 9.00 12.10
JRK: Fruit length/cm 3321 11.76 63.05 12.30 50.75 35.41
JIUH#E 4% Fruit transverse diameter/cm 5.25 0.88 7.50 3.70 3.80 16.68
JRPAJE Flesh thickness/cm 1.09 0.29 1.80 0.60 1.20 26.16
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XF 46 1y 22 AN R BT YR 1 34 AR B R 3T
IR, G R, 22 JINFR 5 (1 R B R R H T 3
BIZ . 21 MREMERN S 2 G B

N 0.686, HH NI 1) 2 FEVEAS B i s, N
1.579, JAbh, 35 5] BEI 2 AR 1EAE BAR St KT
1 25 (1 2 REVEGS AR EURAK, N 0.179,

22 JIF T 28 VR A B PR I 2 FE VRS B AR ER
HIE A 0.489~2.040, 2 FF A5 B 46 Hlom = (12 K
K 2.040, AR 2 1 % 0.489, 21 {E N 1.829,
I g T 2 IR T o 2 IR ) 22 R A R R 4, 1
2 N RMERM Z R E T, LK S,

x5 REMRMBEHRKNZHMEESEL

Table 5 Diversity information index of qualitative and quantitative traits of luffa

Jo PR ZHMERERS H R ZRMERRSE
Qualitative trait Diversity index Quantitative trait Diversity index
F & {4 Primary color 0.295 T Cotyledon length 1.898
It Leaf color 0.833 FIH5E Cotyledon width 1.758
] Leaf shape 0.692 EE 5K Internode length of main vine 2.034
4% Leaf margin 0.179 = £ #] Main vine thickness 1.668
2R IR Blade tip shape 0.918 i Fr K Blade length 1.957
A7 A £ Petiole angle 0.689 i3 Blade width 1.941
45 R >J M Fruit habit 0.615 K Petiole length 1.978
JIH% Fruit edge 0.518 164K Peduncle length 2.001
JIUE Melon shape 1.579 ZB—MEAE T AL Frist female flower node position 1.991
TR u AR Shape of fruit end 0.740 %1 Edges number 0.489
JRIJEZAR Shape of fruit top 0.825 JIK: Fruit length 2.040
JIUBZ £ Fruit skin color 0.980 JIH# 42 Fruit transverse diameter 2.020
T Bty €S Fruit end color 0.954 JIXA & Flesh thickness 2.007
JRBELSZE T Fruit stripe type 0.283

JRBESL {2, Fruit stripe color 0.954

JITHI Y63 Fruit surface glossy 0.595

JNTHI4FAE Fruit surface character 0.283

JRJEH5 2% Density of fruit tumor 0.632

JRPI S Fruit flesh color 0.595

[R5 Fruit flesh quality 0.216

JR 1421 ¥ Fruit color uniformity 1.031

24 Z\FREFFEBEXEDH

XPIAL At 46 22 JINFh 5T B2 R 1 34 MR A
PEARBEAT M M i, BB 1 A, o K
e I 5 A B2 [A] 2R S IR A O, A SR Ry
WO R K S B 0.80, A K5 TR 0.47,
MRS 048 i K K EEHE
W2 25 IEAH O, AH IR RECH 0.48.0.55, i K 518
R A 508 38 TR A G, MO8 R 40 o 033,
0.32; M 7 55 5 3 SO K A 35 IEAH ¢, A %
ZE R 073,041, 5F K R 2 R 2 A
XK, FR R E 5N 0.37.0.36, 51 A AR AR R
o o) RN E MK, MR R
9-0.39.-0.57; JINE 5 AR K TR R K B AR 3 6

A%, FH 9% R B I N-0.42.-0.38, 5K £ B 2%
iM%, A9 RBUN-0.37; KK 5 HJE L £ &5
K AR 52 ARG, A O RECH 0.2910.30,
0.34; N JE 5 B 42 S0 2 3 IEAH O, FE R RECK
0.61, 5758 % JITH 65 TP 6 5 56 25 TE AH
X, MR 2B N 0.35.0.31.0.31.0.31
25 Z\MRFRFEHORLESH

FIF 46 fr 22 IR 52 U5 1 34 A>3 20 1R 2
i, {1 H DPS B A% % B AT hr v A A 22, R H
R QPR B | B8 22~ 5 AT SR 2B b . 35 LARRGREE
3 124.6 NG, WAKE 46 4y 22 IR AT R R =K
7, 2.

SEERAEE 15 MR, XK 22 N VE 2 vk
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FIK Cotyledon length

T 5 Cotyledon width

& 4 Primary color

I Leaf color

IHJ¥ Leaf shape

%% Leaf margin

I 2R JER Blade tip shape

F &5 Internode length of main vine
2 &4 Main vine thickness

I Fr 4 Blade length

¥ »

i 7 5 Blade width

MR K: Petiole length

1EMIK: Peduncle length

45 A A1 FE Petiole angle

5 MEAETAL Frist female flower node position
45K >J1E Fruit habit

JIH2 Fruit edge

1% Edges number

JIJE Melon shape

JRA Fruit length

JIAE4% Fruit transverse diameter
1R i PR Shape of fruit end
JRTGZAR Shape of fruit top
JI% €8, Fruit skin color

I I Ui € Fruit end color
JRPESLHS Y Fruit stripe type
JRBESL S Fruit stripe color

JIII Y6 Fruit surface glossy
JRIFI4FAE Fruit surface character
JIJET A% Density of fruit tumor
JIAI {6, Fruit flesh color
JRAJE Flesh thickness
A5 Fruit flesh quality
JIEE34)%] FE Fruit color uniformity
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¥ Leaf shape [§ « % 3

%% Leaf margin

i 2R3 IR Blade tip shape [#

-4 Leaf color
E &A1) Internode length of main vine |%

4, Primary color |#
I Petiole leng

{EHE & Peduncle leng

WA A £ BE Petiole ang]

IH 58 Blade wid
55— WEAEATAT Frist female flower node position |#

ER
i} J5& Blade leng

FIH1K Cotyledon length [#
T 58 Cotyledon width |
HH Main vine thickness |#

EX 1

JIH Fruit edge
%1 Edges number |4
JIK Fruit length [

I Melon shape
JIH#4% Fruit transverse diameter

s

45 )R )44 Fruit habit
JAIJ Fruit flesh quality

JIPAJE Flesh thickness
JREEI4%] % Fruit color uniformity

JI £ Fruit skin color
JRPA 2 Fruit flesh color

I B4 Fruit end color
JRBELEAY Fruit stripe type
JRBELES Fruit stripe color
JIIE Y5 Fruit surface glossy
JITHE4FE Fruit surface character
JIJR i % Density of fruit tumor

i *, F R IFRIRAE 0.05 ACF R ZEARICH 0.01 KPR A G
Note: * represented significant correlation at 0.05 level, and ** represented extremely significant correlation at 0.01 level.
1 Z2REMRB XM RE
Fig. 1 Heat map of the correlation of phenotypic traits in luffa
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2015421004 Table 6 A it val f vari f luff:
2016421425 able verage trait values of various types of luffa
2016421398
2017421222 PR EAESIE IS 11BN
2016423016 | | |
5016422509 Trait Cluster  Cluster Clust
2015421268 I 1 er I1I
2016423024 P
2016423062 T Cotyledon length/cm 5.35 5.88 5.25
2015422125 T Cotyledon width/cm 2.76 2.97 274
2017421072 e
2016421206 F & {4 Primary color 2.93 2.80 2.95
F422323007 -2, Leaf color 333 3.80 3.48
2016421485
2015421020 1] Leaf shape 2.40 2.70 2.43
2015422269 ;
2015421045 %% Leaf margin 2.93 3.00 2.95
2017422013 i 2R3 AR Blade tip shape 2.47 230 257
2017422024 N
2015421177 FEAK 17.88 20.91 19.58
P421123022 Internode length of main vine/cm
P421221009 . R
2016421429 F £t Main vine thickness/cm 0.53 0.56 0.52
e od I} K: Blade length/cm 1870 2043 1895
2015422284 4 % Blade width/cm 21.81 25.35 2235
201542132
2812421342 AR Petiole length/cm 13.11 17.43 15.07
2016422511 TEREK: Peduncle length/cm 1089 1542 1251
2017423017
2017421104 4755 4 411 [ Petiole angle 1.40 1.70 1.38
P421124066 e e
2016421260 S WERETAL 1569 14.00 15.35
2016421494 EJ I Frist female flower node position
2016422394 R I
2016422279 :IJ> é’qu(Z ri Fruit hablt 107 160 147
2016422487 JIUK% Fruit edge 2.07 1.90 1.86
2016422247 N
2016422555 ¥ %1 Edges number 10.53 10.40 10.00
2017423059 .
2016423088 JIHE Melon shape 4.80 1.58 2.23
2016423250 - JRK: Fruit length/cm 26.09  48.59 30.87
P2015421023 ) ) i
2017422247 |- JRA#4% Fruit transverse diameter/cm 5.34 5.23 5.19
2017422321 : ! : : : TR BIIR Shape of fruit end 2.00 230 2.05
00 792 L YD RN JRIGAZIR Shape of fruit top 1.33 1.80 1.38
— . JIC € Fruit skin color 4.00 4.30 4.05
2 #[EREBRLERIRE i o )
. ) IR 35U, Fruit end color 427 3.90 4.00
Fig. 2 Cluster tree diagram of luffa resources R
JRBELZEM Fruit stripe type 0.93 1.00 1.10
N TS ™ N JRBELLt Fruit stripe color 1.40 1.90 1.48
MR, BRI OL  GES  RTREE y J—— f 1 . o
JG¥E Fruit surface glossy . . .
ANPS I AU
JIIAHAE Fruit surface character 2.13 2.00 1.95
3 ﬂ‘ L/t\, 5 é%; L/t\, JIJR i % Density of fruit tumor 1.27 1.40 1.00
JKA 7 Fruit flesh color 1.27 1.50 1.19
ﬁﬂﬁﬁ]}ﬁ “ﬁ‘dﬁﬁ‘]iﬁ%%ﬁﬁﬁTﬁ@%ﬂ?ﬁ% JXJE Flesh thickness /cm 1.11 1.16 1.04
IR Z R KT, DA A 28 BRI AZ R A A FR PSR Fruit flesh quality 2.86 3.00 2.95
B s B A B R 0 JR L3551 BE Fruit color uniformity 2.43 1.70 2.30
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Table 7 Principal component analysis of phenotypic traits (eigenvectors, eigenvalues, contribution rate)

PR = il > Principal component

Trait 1 2 3 5 6 7 8 9 10

T K Cotyledon length 0.18 0.13 0.05 0.11 026  —0.04 0.26 0.09 035  -0.18
T % Cotyledon width 0.16 0.16 0.13 0.01 035  —0.04 0.30 0.10  -0.08 0.12
F:E {5 Primary color -0.16 0.02 0.10  -0.02  -0.32 0.13 0.38 0.23 001  -0.13
{7, Leaf color -0.01  -0.11 0.18 023  -0.17 044  -008 -005 —0.13 0.16
117 Leaf shape 0.18 002  -002 024  -0.16 030  -0.10 0.09 0.04 0.19
H4% Leaf margin 0.05 0.27 0.24 0.14  -0.04  -0.04 025 -0.17 030  -0.11
I Fr 2R 55 IR Blade tip shape -0.23 0.08 0.16 0.05 0.02  -0.02 -0.04 -021 0.14 0.23

% & 77 1] £ Internode length of main

vine

0.12 0.00 0.07

0.06 0.02 0.38 0.03 0.14 -0.04 -0.63

F: =4 Main vine thickness 0.24 0.03 0.07 003  -0.06  —0.02 023 008 -0.02  -0.07
i A K Blade length 0.19  -0.03 0.30 009 -0.09 -027 0.21 0.08  -0.07 0.17
I A %5 Blade width 026  —0.01 023  -0.01  -0.07  -0.18 015 013  -0.10 0.10
11475 K Petiole length 012 -0.09 0.36 0.00  -0.09 0.06 011  -030  -0.29 0.01
164 K Peduncle length -0.01  -0.16 040  -0.12 001 009 -0.09 —0.12 0.04  -0.06
#4555 2E £ £ Petiole angle 0.22 0.05  -0.06 0.03  -0.07 0.11 0.04  -027 0.16 0.15
i;ﬁ%mj Fristfemale flowernode_ 17 014 017 003 007 001 048 012 000 009
25K 2 1% Fruit habit -0.05  -0.11 0.10  -0.32 0.18 0.11 0.12 0.24 0.47 0.30
JRF Fruit edge 0.04 037  -0.13 0.07 0.13 0.02 0.14  -0.11 0.00  -0.11
F& ¥ Edges number 0.13 001  -0.13  -0.15 019 -033  -032  —0.06 000 -023
JRJ¥ Melon shape -0.06 024 022 0.10 -021  -0.13  -0.04 029  -0.12 0.25
JRK: Fruit length 0.14  -0.09 024  -0.17 0.09 012  -0.15 0.05 028  -0.07
JIUA# 42 Fruit transverse diameter 0.01 0.14 0.29 -0.27 0.05 -0.08 -0.14 0.33 -0.31 -0.01
TR 5 AR Shape of fruit end 0.10  -0.13 0.02 0.35 0.17 0.31 -0.20 025  —0.01 0.15
JRIGHZIR Shape of fruit top 0.29 0.01  -0.07 0.03 0.09  -0.08  -0.09 0.04  -0.01 0.12
JR 5, Fruit skin color -0.10  -0.01 0.03 0.28 0.48 012 -007 -015 -0.13 0.19
ISR 3 Fruit end color -0.12 0.33 0.03 0.12 0.22 0.12 026  -0.02  -0.13 0.02
JRITLER Fruit stripe type -0.01  -041  -0.13 0.00 0.18  -0.09 0.25 0.15  -0.10 0.01
JRBESLEA, Fruit stripe color 027  -021  -0.17 0.09 0.05  -0.01 0.06 0.09  —0.04 0.02
JH Y65 Fruit surface glossy 0.30 0.06 -0.16  —0.01 -0.07 0.10  -0.04 -0.10  -0.02 0.04
JIIHHFAE Fruit surface character 0.08 0.27 0.13 024  -020  -0.08  -0.05 0.31 0.20 0.01
JIJEG i % Density of fruit tumor 0.23 0.01 0.01 027 017  -0.21 -0.09 0.12 0.02 0.04
JRIA 4 Fruit flesh color 0.30 006 -0.16 -0.01  -0.07 0.10  -0.04  -0.10  -0.02 0.04
JRIAJE Flesh thickness 0.10 0.24 0.09  -0.30 0.18 0.09  -0.19 0.16  -0.34 0.00
P Fruit flesh quality 0.03  -0.31 0.14 0.33 008 -0.18  -0.14 021 002 -0.14
JREIS 5] % Fruit color uniformity -0.28  -0.01 0.03 0.13  -0.04  -0.13 0.03  -0.13  -0.01 -0.15
FE{FH Eigenvalue 9.15 3.76 3.10 2.49 1.82 1.72 1.52 1.44 1.16 1.05
TIRAZ Contributive rate/% 2690  11.06 9.10 7.32 5.35 5.07 448 423 3.41 3.09
FTIIR =

26.90 37.96 47.07
Cumulative contributive rate/%

54.39 59.75 64.82 69.30 73.53 76.95 80.04
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