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Effect of exogenous melatonin on cold resistance of Brassica rapa
seedlings under low temperature stress

SHI Zhong-fei, LIANG Juan-hong, ZHANG Xiao-hua, CHENG Hong-bing,
ZHENG Sheng, WANG Juan, ZHANG Teng-guo
(School of Life Sciences, Northwest Normal University, Lanzhou, Gansu 730070, China)

Abstract: The objective of this study was to investigate the effects of melatonin ( MT) on the resistance of
Brassica rape seedlings under low temperature stress. In this study, Brassica rapa “Longyou 6” was used as experi-
mental material. The effects of exogenous MT on the relative conductivity, chlorophyll content, ROS content, an-
tioxidant enzyme activity, and the expression of MAPK3, MAPK4, and MAPK6 genes of leaves in Brassica rape un-
der low temperature stress were investigated. The results showed that compared with 4 “C stress treatment alone,
under 100 wmol + L™" MT pretreatment then treated with low temperature stress for different time (12, 24, 36, 48
h), the MDA content, relative conductivity and ROS content in Brassica rapa seedlings significantly decreased,
MDA and relative conductivity were reduced by 14.3%, 15.0%, 17.2%, 20.0% and 11.5%, 12.8%, 16.2%,
15.1%, respectively, but chlorophyll content, three antioxidant enzyme activities ( CAT, POD, SOD) and
MAPK3, MAPK4, MAPKG6 genes expression all increased by low temperature stress, the activity of CAT increased
by 28.5%, 23.1%, 7.6%, and 13.1%, respectively, and the activities of POD and SOD increased by 36.0%,
25.3%, 5.9%, 18.7%, and 14.6%, 18.6%, 9.1%, 13.6% , respectively. So, we concluded that 100 pmol - L
exogenous MT pretreatment could significantly decreased the MDA content, reactive oxygen species (ROS) level,

and electrolyte leakage, but increased chlorophyll content and activities of antioxidate system enzymes ( CAT, POD

and SOD) , as induced MAPK3, MAPK4, and MAPKG gene expression, decreased the membrane lipid peroxida-
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tion, maintained membrane integrity, and improved the adaptability of Brassica rape seedlings under low tempera-

ture stress.

Keywords: Brassica rapa; melatonin; low temperature stress; antioxidant enzyme; MAPKs gene expression
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250 gcek

F OMT a
20+ HE4TC

| W4C+MT

O
T T
o

—

[l
T
o

R 2R A5 KT/ %
Relative expression level

w
T

MAPK3 MAPK4 MAPKG

% [ Genes
o SMNEHEEZXHTIRMIE T i3 MAPK3 MAPK4
1 MAPK6 B ERERIFIT
Fig.6  Effects of exogenous melatonin on the expression of
MAPK3, MAPK4 and MAPK6 genes in Brassica rapa

under low temperature stress

3 97w

I W 2P T A K, 2 S BUB NS S AL A
0 LS 2 4 5 P R A5 AR S D 1
5 AL ) A B 3% 07 A S B PR % 3
fb. FWFSTF I, 118 e B S AE 2 s
TE A°C RT3 T 4 P 25 S BB A | 3K I R 2 T
fe 5 S GHITIR 30 B0 TR 45 . 79 % (MDA ) J2
R A S aok AR A B, B R i
TR I B 3 75 56 M A 026 2 B 1 K/ B A
7R 4 SRR T 1 B BRR | B (R T e 0 A
8 TS I PR IR T L3 3o H A 0% T MDA
8 AR L LOE G 2 T R TAR LKD)
B 2 R 24 e B & 50l BB 22 b 80 1 25 5 40
MDA 77 5535 W8 166, V2 T R PR BN 3 SR A R



55 4 39

srrp AR AN IRAE R FOIRIR M T ISR BT AR 169

Garcia %52 HF 7 /1%, 48 S 3% A A% XoF 40 it I JE 414
T sh PR 2 e e ke 1, Tl IR 3 i s A 2 1 R 2 g
()R fF — 8 R L B T 40 A %) HIR AR AE
(] -t A F 5 2% B A D4 B 2R 4h 381 1Y) o ST il oo
FEERR i KO B R AR ok, SR IR 52
eGP N R S B e R o R (1 ) STE R )\ ]
MR SRR S RO A R A TR, A
5T, HAR A R T3S FREAT 4°C IR IR AL 2 i
SEGTEIRN MDA 5 1 | B 115 T 28 10 38 fin Fn -
R E 5 24 0 20 T Bt ) IR A Ak 3 G g
SRR 8 ELR ) SRR A R ] LR A AR IR 18
3 | JE 18 200 R RS A R I 2 2 1) 4 ik, 38 I = 4 i
HTIENE

HYITEIE H 40 N A K, BB 4 +F ROS 1Y°F
iy AR R AR A Y e 38 vT DL IR 4 B AR A O
SHECROS i =R, AL, H L, R
L2k ZFh ROS W& BRALE 38 52 e AT b A Ak
JOE I, S AL A A 7 AR R BT A R AT Ak
A, WMBLIF MR A BEH KR CAT  POD ,SOD, K f#
YA a2 AR ARSY B AR ST, R A
NHTE AL R G5 POD  CAT 1 SOD = [a] Bk & '%
B SRR N BT SRR B AR R S Y ARG A
Xt T 4R ROS KR B ZAMEHY . MokikE i
UEHEZRI , MT 75 —Fh A 80 Ho 40 350 F B g 5
THERA, B RE S B AU bR B i 2, BT A Ak il il
PrELEE S M bR % ok R AL B IR AL AR,
T/ D ZR A S A R b 3 2 v i H i R i
AR FRCR, I T EY AR R ' A
B A FhER BT e 2 i B SR AR A B BE S 1
SEESE T ROS KRR, JuHIE H,0,, 17 7R AR
BRI, B8 B 0 AU B T H, 0, 1 7
A IEE T SR AR B S At SR A W R T
A S AR IR B 3 A 3T SR 40 A [RD 9 ] ik S
RN H,0,.0; M5 H1 CAT,POD SOD 1
it 5 30 S [) P39 R AN W R R RS (R AR R R
Tk P 5 T E AT A P 0 Ak 38 S A AR
H,0, .0, W5 it B AR R Bl 30 B[] A 38 i 2 1 F
B HX B AT A A A TR M b B TS A
MY JEE A0 BRAH H, CAT ,POD (SOD 113 P 34 fi 2
B0, 2 B AR AR 2R 2R T DL i AR Ak T A
BRI G T AR ROS , 28 A AR IR X I 32 4 i
T B A B

MAPK ZH IR A8 2 e A L AP AR 5 78 20 L oY
PR R BB 515 Fim R HE S 51U
IF K FE RN 2 0 45 22 P P 6 A 4 R E A 0 T3 1

iYL A WESE B AtMAPKG BERE AR T 5 4%
Z R IR A W W 3l AR TEY s H, S Al DL Y
AtMPK4 P 9 2235 | 38400 ma I WA I B 38 7 T
2, AT B G b 1 R EE Y 5 SN H, 0, B
i AtIMPK3 AtMPK6 JEIR 23510 | Ak iR b
et LRGN & JE ) COR15a A% I6 31 55 it 7 5%
SEF CAMTAL DL Kt S8 AL 3L ZAT10/ZAT12 ()
TR IESE T AR R MR E I BES MAPK 9
3% 72 A OG, A F 58 IR W 38 R v S A
MAPK3 MAPK4 MAPK6 &[R35 1, H MAPK3 |
MAPKG6 H R 3k 3] 5k 27K 7 1 FH AR 2R 3R A 3L
PEAT RV Ab R MAPK3 \MAPK4 MAPK6 H:[H
IR T A IR TR M 38 (RS () 56 B A b R AR
TEAE 22 5%, & WK 76 Wb 38 F, MAPK3 | MAPK4
MAPK6 K 246 e o7 AR i 368 , {5 MAPK3 . MAPK6
LR L MAPK4 35 PRUG ARG 0 B 088 ; 1 foff FH AR
RAEEW A S MRIE M0 MAPK3 . MAPK4 . MAPK6 3
PRIk L], AN ) 366 D %o Aol 2 278 S 1 i) b R
FETEZE 5, 3R IR P 2% 7 Mgk I ek Joln 20 XoF ek =52 4 i 4
Uittt 5 MAP SRS 53R A ¢ (H 2 AR
HYIE T HLRLE A i — DAY

4 45 it

ARWFFE 5 B ) 4°C 8 TR R 30 A0 FEAH He
100 pmol + L' AMJEAR A 2R i kb B )5 £ 4T 4°C AR IR
JEARTE SR MDA & AR L S 3RA ROS &
oA AN T B AU U W 3 A B SR B
i AL S (CAT) i A AL PG (POD) &AL
157 £k fiff (SOD) ¥ M 4 34 i, H MAPK3 . MAPK4
MAPK6 3 3235 1, 2 BI# FH 100 pumol - L' 4
U MT AL 3 S8 4 1, 7T LA SR IR TR e
MDA 5 3  HLff 18 e A ROS B, i 4 %
HF i, i S MAPK3 .MAPK4 .MAPK6 & [H ik I
R TG 5 S S 4 A BT FE I, 28 A IR b 38
B AP

& % X Wk:

[1] Nahar K, Hasanuzzaman M, Alam M M, et al. Roles of exogenous glu-
tathione in antioxidant defense system and methylglyoxal detoxification
during salt stress in mung bean[ ] ]. Biologia Plantarum, 2015, 59(4) .
745-756.

[2] FErdal S, Genisel M, Turk H, et al. Modulation of alternative oxidase
to enhance tolerance against cold stress of chickpea by chemical treat-
ments[ J]. Journal of Plant Physiology, 2015, 175:95-101.

[3] DuX, JinZ, Liu D, et al. Hydrogen sulfide alleviates the cold stress
through MPK4 in Arabidopsis thaliana[J]. Plant Physiology and Bio-
chemistry, 2017, 120:112-119.



170

T F XA 5T

o537 &

[4]

(5]

[10]

[11]

[14]

[19]

(20]

Wang L, Zhao R, Li R, et al. Enhanced drought tolerance in tomato
plants by overexpression of SIMAPK1[J]. Plant Cell Tissue & Organ
Culture, 2018, 133(1):1-12.
Wang J, Ding H, Zhang A, et al. A novel mitogen-activated protein
kinase gene in maize (Zea mays), ZmMPK3, is involved in response
to diverse environmental cues[J]. Journal of integrative plant biology,
2010, 52(5) :442-452.
Xiong L, Yang Y. Disease resistance and abiotic stress tolerance in
rice are inversely modulated by an abscisic acid-inducible mitogen-ac-
tivated protein kinase[ J]. Plant Cell, 2003, 15(3) ;745-759.
Jing S, Liang Z, An H, et al. GhMPK16, a novel stress-responsive
group DMAPK gene from cotton, is involved in disease resistance and
drought sensitivity[ J ]. Bmc Molecular Biology, 2011, 12(1) ;22-22.
Van Tassel D L, Roberts N, Lewy A, et al. Melatonin in plant organs
[J]. Journal of pineal research, 2001, 31(1) ;8-15.
Arnao M B, Herndndezruiz J. Protective effect of melatonin against
chlorophyll degradation during thesenescence of barley leaves [ ] ].
Journal of Pineal Research, 2010, 46(1) :58-63.
Arnao M B, Hernandez-Ruiz J. Functions of melatonin in plants: a
review|[ J ]. Journal of Pineal Research, 2015, 59(2) :133-150.
Ke Q, Ye J, Wang B, et al. Melatoninmitigates salt stress in wheat
seedlings by modulating polyamine metabolism[ J]. Frontiers in plant
science, 2018, 9.914.
B/INCL, BIRER, Gert. SNBRR IR R AR MR ME T X 2RS4
Rt ]. L £, 2017, (14) ; 55-59.
R, KRG, REA, S SN R R XTI IMA T4
WK RS E AU SA L R SR [ 1], PUAbRE 24k,
2017, 37(12) ; 2427-2434.
Kolodziejezyk I, Dzitko K, Szewczyk R, et al. Exogenous melatonin
improves corn (Zea mays L.) embryo proteome in seeds subjected to
chilling stress[ J]. Journal of Plant Physiology, 2016, 193:47-56.
TRLLHE, SRR, 250, 2. AUREOHIRIEI SRR F T BT PR
AP (], PUAE R 24 ( B AR BE2A M), 2013, 43(2):
238-242.
. MY E A SR I BEAEOR [ M. U S35 EH R
11, 2000.
R YRR R M. duat. mAEEE B RA:, 2006.
Gao X, Chen X, Lin W, et al. Bifurcation of Arabidopsis NLR im-
mune signaling via Ca®*-dependent protein kinases[ J]. PLoS patho-
gens, 2013, 9(1) :e1003127.

Hobang K, Hyoungseok L, Changjae O, et al. Postembryonic
seedling lethality in the sterol-deficient Arabidopsis cypS1A2 mutant
is partially mediated by the composite action of ethylene and reactive
oxygen species[ J]. Plant Physiology, 2010, 152(1) :192-205.
Demmig-Adams B, Adams Iii W W. Photoprotection and other re-

sponses of plants to high light stress[ J]. Annual review of plant biolo-

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

gy, 1992, 43(1) :599-626.

Murch S J, Alan A R, Cao J, et al. Melatonin and serotonin in flow-
ers and fruits of Datura metel L[ J]. Journal of Pineal Research, 2010,
47(3) . 277-283.

Tan D X, Manchester L. C, Reiter R J, et al. Significance of Melato-
nin in Antioxidative Defense System; Reactions and Products| J ]. Bi-
ological Signals & Receptors, 2000, 9(3-4) :137-159.

Garcia J J, Reiter R J, Guerrero ] M, et al. Melatonin prevents chan-
ges in  microsomal membrane fluidity during induced lipid
peroxidation[ J ]. Febs Letters, 1997, 408(3) ;297-300.

Posmyk M M, Batabusta M, Wieczorek M, et al. Melatonin applied
to cucumber ( Cucumis sativus 1..) seeds improves germination during
chilling stress[ J]. Journal of Pineal Research, 2010, 46(2) ;214-223.
Zhang Y P, Yang S J, Chen Y Y. Effects of melatonin on photosyn-
thetic performance and antioxidants in melon during cold and recovery
[J]. Biologia Plantarum, 2017, 61(3) :1-8.

Ma X, Wang G, Zhao W, et al. SICOR413IM1: A novel cold-regula-
tion gene from tomato, enhances drought stress tolerance in tobacco
[J]. Journal of Plant Physiology, 2017, 216.88.

Talbi S, Romero-Puertas M C, Hernandez A, et al. Drought
tolerance in a Saharian plant Oudneya africana ; Role of antioxidant
defences[ J ]. Environmental & Experimental Botany, 2015, 111;
114-126.

AT, 1R, PR 5. NaCl MR EAR R R4k R
TP B R RS Rsm [T]. 20274, 2018,45(1) :30-40.
Zhang N, Zhao B, Zhang H J, et al. Melatonin promotes water-stress
tolerance , lateral root formation, and seed germination in cucumber
( Cucumis sativus 1..)[J]. Journal of Pineal Research, 2012, 54(1):
15-23.

Li C, Wang P, Wei Z, et al. The mitigation effects of exogenous me-
latonin on salinity-induced stress inMalus hupehensis[ J ]. Journal of
Pineal Research, 2012, 53(3) :298-306.

Raja V, Majeed U, Kang H, et al. Abiotic stress: Interplay between
ROS, hormones and MAPKs[ J]. Environmental & Experimental Bot-
any, 2017, 137.142-157.

Colcombet J, Hirt H. Arabidopsis MAPKs: a complex signalling net-
work involved in multiple biological processes[J]. Biochemical Jour-
nal, 2008, 413(2) :217-226.

Kovtun Y, Chiu W L, Tena G, et al. Functional analysis of oxidative
stress-activated mitogen-activated protein kinase cascade in plants
[J]. Proceedings of the National Academy of Sciences of the United
States of America, 2000, 97(6) :2940-2945.

Bajwa V S, Shukla M R, Sherif S M, et al. Role of melatonin in alle-
viating cold stress in Arabidopsis thaliana[ J ]. Journal of Pineal Re-

search, 2014, 56(3) :238-245.



