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for Low-temperature and Weak-light Tolerance in Melon at the
Seedling Stage
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Abstract: Ten melon germplasm accessions were treated under simulated low-temperature and weak-light conditions in
this study to establish an efficient identification system for low-temperature and weak-light tolerance of melon (Cucumis
melo L.) germplasm at the seedling stage. The relative changes in 8 growth indicators (including plant height, stem di-
ameter, leaf area, etc.) and 10 physiological indicators (including chlorophyll content, root activity, relative electrical
conductivity, etc.) were determined, and the damage indexs were calculated to initially evaluate the low-temperature and
weak-light tolerance of each germplasm. Based on the membership function method in fuzzy mathematics, 19 identifi-
cation indicators were standardized. Dimensionality reduction was performed via principal component analysis (PCA),
and 5 principal components with strong correlations to the low-temperature and weak-light tolerance index, peroxidase
(POD) activity, root length, root activity, and soluble protein content were extracted (cumulative contribution rate:
87.026%). Cluster analysis was conducted on the 10 melon germplasm accessions, which were classified into three
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groups. Group [ including Vedrantais and M18, was classified as strong low-temperature and weak-light tolerant.
Group II includding IranH, Topmark, M4 and Nantais oblong, was classified as moderate low-temperature and
weak-light tolerant. Group III including P1124111, MR1, M76 and PMR5, was classified as weak low-temperature and
weak-light tolerant. Finally, stepwise linear regression was used to establish a prediction model for low-temperature and
weak-light tolerance of melon at the seedling stage, D=-0.058+0.008X;5+0.442Xy+0.058X,—0.017X (R2=0.998,
P<0.001), X5 is proline content; X, is root length; X; is low temperature and low light tolerance index; Xj,is peroxidase
activity. To verify the reliability of the above identification results, the expression patterns of CmADFI and CmCYP195
(key genes responding to low-temperature and weak-light stress) were analyzed in germplasm accessions M4, PI124111
and PMRS at different time points after low-temperature and weak-light treatment. The results showed that the expres-
sion characteristics of CmADFI and CmCYP195 were consistent with the identified low-temperature and weak-light
tolerance types of the germplasm, which further confirmed the reliability of the identification system. The results could
serve as identification criteria for evaluating low-temperature and weak-light tolerance of different melon germplasm
accessions and provide breeding materials for subsequent improvement of melon varieties with low-temperature and
weak-light tolerance.

Keywords: Cucumis melo L.; low-temperature tolerance; weak-light tolerance; appraise; principal component analysis;

membership function; clustering analysis
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Tab. 1 Classification standard for chilling injury
symptoms of melon seedlings
3] IR TEN
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Fig. 1 Standard of chilling injury index

R R, WA GG T, (A Y R
RNA #2£HUX7 & (FOREGENE, China) $#2HUKE
i RNA, #3736 6 71 Thermo Scientific )
72 RNA W AR, DL 1%Bh I B e i Tk A
W5 A R 0 & (NOVA ) 7 I e sk &
A cDNA, H nuclease-free water it % 100 pL,
BHT-20 CHRA7E, &H.
125 WARABELEB&AE qRT-PCR &3 7F
AriaMx [ 347 qRT-PCR., JZ WA Z (10 uL) :
IE W A 51 945 0.2 ul, cDNA 2ulL, Tag
SYBR" Green qPCR Premix ( Universal 2x ) 5 pL
(NOVA, China) ; nuclease-free water 2.6 pL,
B IR : 95 ‘C7AEtE 30s, 95 CZA8PE 10s, 55~
65 ‘CiB X 10s, 72 ‘CHEMH 30 s, 40 PMEHR,
1.3 HEaE

K H1 Excel 2019 3R {451 754 B A1 23 #7 o
S WA 3L Jrik . ) SPSS 27 BFit T4
THorHT e A T I BRAS [F BT B Al PR ] 9 25 57
SR R 1 A X 728 A (X AP 7L 55 6 P A T PR
HHEALIT

A 25 A (= L5 A B (/%6 R ()

FLREIRPR IR PREUE 1(X )= (X = X i)/
K = Xinin)G=1,2,--m) , I, u(X) =5 j L3
BRI E REUE , X, W § A LR AR, Xin
F Xina 53 7856 A E56 F8 AR 1 e /ME i R
{57,

BLEARBE W, = p; /2, (=12.n) ,
W, 5 j A GERIRETA A te T B
FREE, BIRLE ; p MASFRETRES j LR Hatnn ot
fikR,

£ R BT B 2R S T R (E D= [u(x,)x W]
(G=1,2,---,n) , D N5 B o KR 55 6 25 A 1T
(a4,

2 HERESH
21 KBEXIETZEERKEMKEE
IEH

SRl E e RIS Eia e, 2 B A i
. BAEABKEE, HRRSEAR T A SE TSR
R CE 2) , HEEE RrZ RS EAL P, ASIR]
Aol AL AR 20 0l 1 A TR] ) e B 22 5, DA RIS ] A
JRORAR it 55 D 38 B i 52 BE S AP AE I I 22 5 . R
Pa AT & o bR, XFAS [ B TR B7E ARG 55 D'



448 o AE A F AR

5475

PI124111

M4

M76

Nantais oblong

PMR5
0d X Abz 0d X Ab
15d 15d 15d 15d

B2 {REFEXHET 10 HEHLMRSENEESTL
Fig. 2 Morphological changes in 10 genotypes of melon
seedlings under low-temperature and weak-light tolerance
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Tab. 2 Relative changes value in growth indicators and low temperature and low light tolerance index of different melon
germplasms under low temperature and weak-light tolerance

Genﬂnism X X * X . o o . v

PI124111 1.294+0.038°  0.023£0.007% 0.327+£0.202° 0.115£0.102° 0.179+0.036% 0.175+0.039°  0.085+0.004° 0.157+0.037% 0.618+0.125%
IranH 237740438 0.025+0.021°® 0.106+0.058° 0.095+0.051°  0.361::0.002% 0.155+0.065% 0.177+0.019™ 0.200+0.050° 0.677+0.293®
M4 5.000° 0.230£0.077*  0.289+0.154™ 0.368+0.111°  0.628+0.094" 0.424+0.041° 0.247+0.024°  0.420£0.043°  0.617+0.183"
MI8 4333+1.155®  0.095+0.063° 0.426£0.425" 0.605£0.317° 0.512+0.114% 0.802+£0.052° 0.231+0.052° 0.616+0.087* 0.963+0.274*
M76 1.275£0.170°  0.059+0.061** 0.080+£0.126°  0.0340.044°  0.150+0.028"  0.071+0.024"  0.082+0.021¢  0.104+£0.0157 0.23120.054°
MR1 1.23040.034°  0.054+0.025*¢ 0.106+0.057% 0.114+0.117°  0.200+0.049°" 0.289+0.056°  0.131+0.049*¢ 0.243+0.062°  0.666+0.395"

Nantais oblong 3.333£0.412°  0.041+0.022°% 0.182+0.128°¢ 0.157+0.123°

PMRS5 1.294+0.038°  0.062+0.017°¢ 0.080+0.035%  0.081::0.036°

Topmark 5.000° 0.007+0.008°  0.276£0.093™ 0.090+0.114°

Vedrantais 3.730+1.125%  0.069+0.048" 0.091+0.101  0.151+0.152°

0.308+0.031%  0.190+0.016°
0.281+0.013%" 0.073+0.004"
0.342+0.172°  0.231£0.119%  0.197+0.128™ 0.147+0.013%" 0.405+0.229"
0.4810.021%  0.639+0.042"

0.116+0.019*¢ 0.195+0.022%  0.613+0.083"
0.096+0.019°  0.070+£0.013"  0.445+0.058"

0.259+0.024*  0.438+0.024°  0.899+0.114°

W X AR S IR R X0 bk X 25K, X M AR X6 S BT X M R BB X S BT B X
TTRE; Xo MR, ARRVNG FREFR RN FE R BT 22 5 B3 (P<0.05) o

Note: X; is low temperature and low light tolerance index; X; is plant height; X; is stem diameter; X, is leaf area; Xs is shoot fresh mass;
Xs is root fresh mass; X7 is shoot drought mass; X; is root drought mass; X, is root length. Different lowercase letters indicate significant

difference among different germplasms (P<0.05).
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Tab. 3 Relative change value of physiological indicators of different melon germplasms under

low-temperature and weak-light tolerance

XIZ

Xi3

Xl4

Gerﬁ}?liasm Ko X
PI124111 0.694+0.046 0.088+0.0168
IranH 0.692+0.024* 0.093:0.008¢
M4 0.796+0.097* 0.223+0.022%
Mi18 0.792+0.116° 0.389+0.050°
M76 0.746+0.114 0.221£0.007%
MRI1 0.495+0.028" 0.136+0.012%

Nantais oblong

PMRS5

0.781+0.040*
0.450+0.031°

0.319+0.004°
0.251+0.036

1.671+0.062¢
1.669+0.177¢
1.0870.050°
1.97620.110°
2.046+0.127°
2.352+0.047°
2.049+0.103¢
2.731+0.158"

2.646+0.053"
2.384+0.246°
1.799+0.123¢
2.045+0.267¢
5.434+0.254°
2.816+0.175
2.760+0.193°
2.961+0.141°

1.312+0.1008
4.523+0.304°
9.761+0.299°
3.279+0.097¢
2.21240.115°
1.809+0.055"
6.772+0.328°
1.95420.114°

Topmark 0.808+0.073* 0.493+0.092° 1.544+0.102¢ 1.898+0.193¢ 3.365+0.030¢
Vedrantais 0.810+0.080° 0.168+0.057°F 1.937+0.133¢ 1.270+0.056° 1.77120.140"
Gerﬁfliasm Xis Xis Xy Xis Koo
PI124111 5.639+0.420" 1.647+0.117%" 0.771+0.050" 0.851+0.028¢ 2.600+0.130°
IranH 12.227+0.622° 3.494+0.059° 1.672+0.148¢ 1.246+0.072° 2.539+0.085°
M4 8.455+0.039° 1.949+0.020° 1.304+0.041° 1.7040.046" 2.093+0.197¢
Mi8 9.785+0.531°¢ 3.091+0.252° 1.456+0.074% 1.305+0.100° 1.631£0.054°
M76 5.703+0.109" 1.884+0.056% 0.850+0.065° 1.005£0.107¢ 1.347+0.068°"
MRI1 3.296+0.2798 1.707£0.071°% 0.723+0.075" 0.964+0.018¢ 1.318+0.088"

Nantais oblong
PMRS
Topmark

Vedrantais

20.075+1.115°
2.565+0.154¢
9.305+0.465%

10.297+0.428¢

1.546+0.061°
1.389+0.081"
1.766+0.254°%
1.531+0.198°

4.835+0.376"
0.3720.067¢
3.490+0.109°
2.207+0.280°

2.562+0.210°
0.527+0.086°
1.2494+0.118°
1.2534+0.084°

4.384+0.288"
1.422+0.092°"
3.650+0.306"
1.265+0.085"

e X AR EE; X ARERE S Xo MHMESE; X AN AR, X A TEEESE; Xs ARERSE; X A

BRI X B A BTG ;X id AL RRHETE; Xoo il ALY RGN . ARG B3R AN [ R St (8] 22 55 ik 25

(P<0.05) ,

Note: Xjo is chlorophyll content; X;; is root vitality; X, is reletive conductivity; Xi; is malondialdehyde content; X;4 is soluble solids
content; X5 is proline content; X is soluble protein content; Xj; is superoxide dismutase activity; Xjs is catalase activity; Xo is peroxidase
activity. Different lowercase letters indicate significant difference among different germplasms (P<0.05).
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Tab. 5 Principal component analysis of 19 single indexes

16 H5 Index PC, PC, PC; PC, PC;
X 0.910 0.178 -0.055 0.224 —0.186
X 0.521 —0.364 -0.707 —0.042 -0.191
X 0.623 ~0.068 0.057 0.536 0.355
X, 0.779 —0.400 0.024 0.212 0.177
Xs 0.895 -0.235 -0.196 —0.089 -0.189
X 0.773 —0.498 0.303 0.035 -0.092
X; 0.857 -0.279 0.021 —0.082 -0.199
Xs 0.824 —0.492 0.139 -0.051 0.022
X, 0.633 —0.444 0.473 -0.361 0.029
Xio 0.723 0.344 —0.025 0.105 0.192
X, 0.401 0.356 0.189 0.709 -0.221
X0 —0.623 -0.193 0.448 -0.028 -0.303
Xis -0.691 0.144 -0.269 0.156 0.299
X 0.620 0.353 -0.608 -0.190 ~0.011
Xis 0.555 0.675 0.220 -0.355 0.109
Xie 0.358 -0.212 0.107 —0.163 0.743
X7 0.440 0.821 0.299 —0.066 -0.176
Xis 0.604 0.646 —0.057 —0.282 -0.032
X 0.246 0.900 0.113 0.052 0.112
bESTIRIEN 7.941 4.034 1.710 1.421 1.151
Pt A 43.658 20.945 9.079 7.087 6.258
FHTTIRE/% 43.658 64.603 73.681 80.769 87.026

W X AR S IR R X0 bk X 25K, X M AR X6 S BT X S R BB X S BT B X
TR X MK X SR SR X MIRRTE s X WX SR X W SR X VRS RS X N iiE R
T X AAEER OIS X B E BRI X ik FAL SRS T X il E ALY R

Note: X; is low temperature and low light tolerance index; X; is plant height; X;: is stem diameter; X; is leaf area; X is shoot fresh mass;
X; is root fresh mass; X7 is shoot drought mass; X3 is root drought mass; X, is root length; Xj, is chlorophyll content; X, is root vitality; X, is
reletive conductivity; Xi; is malondialdehyde content; X4 is soluble solids content; Xs is proline content; Xi¢ is soluble protein content; X7 is
superoxide dismutase activity; Xig is catalase activity; Xjo is peroxidase activity.

®6 ARMRHEIENIER. SEHERTNE

Tab. 6 Evaluation indexes, comprehensive ranking and prediction values of different melon germplasms

e A o (i SR (i
i Integri;};‘ jr?d*i{i value Membefh}i ffifin value SGEPE Y Bl
Germplasm D Rank P
PC, PC, PC; PC, PCs 1 1 % m s

PI124111 -0.704 -0.404 -0.521 0.096 0.878 0.275 0.218 0.030 0.454 0.759 0.285 8 0.291
IranH —0.188 0.581 —0.056 —1.411 1.587 0.430 0.506 0.167 0.000 1.000 0.427 5 0.434
M4 0.375 -0.229 2.755 0.055 -0.197 0.601 0.269 1.000 0.442 0.395 0.535 3 0.537
MI18 1.530 -0.492 -0.426 1.362 1379 0.949 0.192 0.058 0.836 0.929 0.663 1 0.670
M76 -1.614 -0.665 0.226 0.086 0.282 0.000 0.141 0.251 0.451 0.558 0.137 10 0.141
MR1 0.108 -0.826 -0.621 -0.817 -0.459 0.520 0.094 0.000 0.179 0.306 0.320 7 0.312
Nantais oblong —0.343  2.271 -0.153 -0.258 -0.453 0.384 1.000 0.139 0.348 0.308 0.498 4 0.492
PMRS —0.449 -1.148 —0.464 —0.164 -1.363 0.352 0.000 0.047 0.376 0.000 0.212 9 0.210
Topmark -0.411 0.761 —-0.317 1.908 —-0.676 0.363 0.558 0.090 1.000 0.233 0.424 6 0.423
Vedrantais 1.698 0.151 -0.422 -0.856 -0.978 1.000 0.380 0.059 0.167 0.130 0.622 2 0.617

RPN E 0.502 0.241 0.104 0.081 0.072
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Fig. 3 Cluster analysis of low-temperature and
weak-light tolerance of 10 melon germplasms
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Fig. 4 Correlation analysis between comprehensive evalu-
ation value (D) and predicted value (P)
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Fig. 5 Relative expression levels of CmADF1 in M4,

PI124111 and PMRS under low temperature and weak light
treatment at different time points
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ns indicates no significant difference; * indicates significant dif-

ference (P<0.05); ** indicates extremely significant difference
(P<0.01); *** indicates extremely significant difference (P<0.001).

6 RIBIHSEALIERE BT E T M4.PI124111 #1 PMRS5
R CmCYP195 IR RIZE
Fig. 6 Relative expression levels of CmCYP 195 in M4,

PI124111 and PMRS under low temperature and weak light
treatment at different time points
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