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Expression of the p38 MAPK genein different overwintering
stages of Apis mellifera
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Abstract [Objectives] To investigate the expression of the p38 MAPK gene, which plays an important role in the insect
cold response mechanism, in different overwintering stages of the western honeybee Apis mellifera. [Methods] The amino
acid sequence of the Apis mellifera p38 MAPK gene was analyzed and its mRNA expression in different overwinter stages of
Apis mellifera ligustica, Apis mellifera mellifera, Apis mellifera caucasica and Apis mellifera carnica detected using RT-qPCR.
[Results] The p38 MAPK gene of A. mellifera includes a 1 083 bp open reading frame, encodes a polypeptide with 360
amino acids and contains a putative dual phosphorylation motif TGY and a phosphorylated activating ring sequence. P38
MAPK was expressed in all honeybee tissues. Highest and lowest expression occurred in the thorax and abdomen, respectively.

Expression varied in different overwintering stages and subspecies. Expression was higher outdoors than indoors in all four
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subspecies P<0.05). In winter, p38 MAPK mRNA expression first increased then decreased in 4. mellifera ligustica and A.

mellifera mellifera which have different overwintering strategies. Expression increased in both outdoor and indoor

overwintering colonies of A. mellifera caucasica. Unlike these three subspecies, expression remained constant in indoor

overwintering colonies of A. mellifera carnica and tended to decrease after an initial increase in outdoor overwintering

colonies of this subspecies. Overwintering expression levels varied among subspecies except in January of the second year

(P<0.05). [Conclusion] The p38 MAPK gene plays an important physiological role in the overwintering processes of the

western honeybee. The p38 MAPK signal pathway could be a candidate signal pathway for further study of the honeybee cold

resistance mechanism.
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Fig. 2 Theresultsof bioinformatics analysis of Apis mellifera p38 MAPK

A. VU7 ¥ p38 MAPK i X AZR P91 5 @ HEMRIF S ; B, VU7 % % p38 MAPK HYLRSFES MBI A5 R . IriERoR
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A. Nucleotide and deduced amino acid sequences of Apis mellifera p38 MAPK; B. Result of predicted conserved domains of
Apis mellifera p38 MAPK. The predicted phosphorylation sites are shown by the boxes; the phosphorylation activating ring
is underscored; the putative dual phosphorylation motif is grey shaded; the stop codon is marked by *.
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A A. mell fera p38 X1 pPQFHKkEINRTENEVPERYQMLTPVGSGAYGQVCSALDTKTGQKVAIKKLARPFQEAVMKI_I‘_I'YIIEL 100
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VN 2B X D WA THLIMGADLNNIVRTQKL SDDHVQFLVYQIFRGLKYIH TLDFGLARPTENENTGYVAT
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A ceranap38 X2 (AN A S A J
A, cerana p38 X3 HPYLAQYADPTDEPVSLPYDQSFEDMDLPVEKWKELVYHEVINFVPQQLPTI

hpylaqyadptdepvslpydqsfedmdlpvekwkelvyhev1nfquqlpt1asg1est

B @ #mi%fl Apoidae

B F} Formicidae

@ Vi) 814 Apis mellifera (XP_003250351.1)

® 1715} Megachilinae [ ® RITE M Apis cerana (XP_016904081)

¥ &R} Tenthredidae
A 15145} Braconidae
& B} Culicidae

m 35 B3k 5 Camponotus floridanus (XP_011258788.1)
ES ML ASEIY Ooceraea biroi (XP_011330509.1)
m 2L Pogonomyrmex barbatus (XP_011645517.1)

mEIRRI Formica exsecta (XP_029671431.1)

m %E/NFE B Monomorium pharaonis (XP_012533446.1)

m BRI Temnothorax curvispinosus (XP_024889153.1)

® ZI )& Osmia bicornis (XP_029051198.1)

¥ FEEM & Athalia rosae (XP_012263335.1)
AR Diachasma alloeum (XP_015119850.1)

0.02

& B8R dedes albopictus (XP_029724314.1)

B3 REIREELLXS Rt i

Fig. 3 Multiple sequences alignment and phylogeny evolution analysis

A. ¥ p38 MAPK AR SHIARES AT ; B, LIS E R TR EMR T AR R p38 MAPK RS LK EW .

A. mellifera p38 X1-X3: P4J7 % p38 MAPK 1 14 1-3;
A. cerana p38 X1-X3: RJ7# ¥ p38 MAPK i H M4 1-3,

A. Alignment of different isomers of p38 MAPK in honeybee; B. Phylogenetic tree of insect p38 MAPKSs constructed by
neighbor-joining method based on amino acid sequences. 4. mellifera p38 X1-X3: Apis mellifera p38 MAPK

isomer X1-X3; 4. cerana p38 X1-X3: Apis cerana p38 MAPK isomer X1-X3.
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% p38 MAPK mRNA ¥ H 7% TG R
IR (& 5: A ) EIMEARTIZIER T4
i 12 Ak d i (P<0.05), TERAE 2 A1t
(1) 2235 B A 5 725 N A BHZ I R YRAR 1 H
MIFER R, E44E 11 AR RRMK. &
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Fig. 4 Relative expression levels of p38 MAPK mRNA
in different tissues of Apis mellifera ligustica
overwinter workers
AN: filif; HE: 3k#B; TH: Mif; AB: JE#; LE:
B WL 3B, A B AR B R S % SE R A R 4
LR RBTFIEREZES (P<0.05),
AN: Antennae; HE: Head; TH: Thorax; AB: Abodem; LE:

Legs; WI: Wings. Histograms with different letters indicate
significant difference between different tissues at 0.05 level.
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B)ﬂﬁ%%ﬁ%iﬂF?W%%ii% H

IR E A A TR ANERA I 44 12 AR
%WtRMmﬁlﬂ IR S e 2 S PR 7 28 Mk
207NN RIS 5 03 T E A (P<0.05 ).
FINEREE p38 MAPK TEMFERA T U B 3
R bR RBEE (B 5: C), HAEM4E 11
AR BRI (P<0.05), 7ERAE 2 ARfsE
ikt (P<0.05), RifNEREE p38 MAPK H:H
RN MREEREERTE A
(P<0.05), RJeShhiss p3s8 MAPK ik 5 I
b 3 AR R e AN R A AR A (1 S
D), HAEFEINELRNE TR TG L
FHAR AL B , Hw e AR A 2 35 2F 43 A7
FWAEM 1 AFSAER) 12 A MifEE A
THOLT, ZHE R R E LA RRFHEE (P>0.05),
5 At #e P — A [R] 9 2 R JE SR p38 MAPK
HEHRAERIIBELTATHRIERESTEN
4 (P<0.05),

25 p38 MAPK ZEARFEEMZINEZRIRIAE
ERL®

AN 7 B e 2 ANER A BT p38 MAPK mRNA
PR EE SR LI 6. MR 6 FIAT, BR 2019 4F 1
A Ak, AR e Fh e £ B BN p38 MAPK
mRNA WIRBRBEFER E2 S (P<0.05), 7F
2018 4F 11 HMAMRIGHT B, BOAFE . <
JEERRL I FNRR I SA M (6] p38 MAPK HIFIA TG
FE25 (P>0.05), HETFEmaRg, A% 2018
12 AR, 4 ANWEFPIR] p38 MAPK k&
FIMIAR YR Ay T R R s > R ) L e > 3 T 4% e
RJeERhidE (P<0.05), 7£ 2019 4F 1 AR, 44
WERR AL R A s R L 225 (P>0.05 ).
{BFEMAC R 2019 4E 2 AR, p38 MAPK ()3
KB TEAN A R 25 5, R RINER
B L 2 B e > iU 2R I B K R 2R

( P<0.05 ),
3 itig

p38 MAPK & 151548 MAPK % 1) 5
BRGL, TEA AN T SR SR AR — R
i B kA EEEYEA ( Zhang and Storey,
2017 ). Y24 M1k, p38 MAPK E7EMFLah .
e, BA, Y. MRS 5%
JE . p38 MAPK HATRE YIRS, A AT
KW, p38 MAPK — el 360 N2 FERR, il
HEHA RN A kuihy, mEHRAWHRNE
FIEEHARAE, 41 p38 MAPK W B 4647 1Y
“TGY” WU S BEIR A — ki, Hix — kit
L s ]
W7 =5, 455 MAPK G RO T 1R 2%
PIAROG , TE R 2 O B R TG i i i b
P EE PR (ZFRERZE, 1999) o AHF
5% P & VY 5 ¥ p38 MAPK 25 44 7% 360 1~
MR, BINEE TR 41 ka, §F “TGY”
XU TR K = K ¥ 97 FZA e i 7 1) i R A6 B0
IGEMY, 754 p38 MAPK WYZR IS5 HRE, 516
FLANEEXTER Litopenaeus vannamei ( Yan et al.,
2013 ), HFiE4tY; Crassostrea hongkongensis
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Fig. 5 Relative expression levels of p38 MAPK mRNA at different overwinter stages,
overwinter strategies and species of Apis mellifera

A. p38 MAPK TE B KR H I R A B 25 i B. p38 MAPK 7RI R ARl 4 i W 1 3k 15 C. p38 MAPK

TE MR AR W R 5 D. p38 MAPK 16K JE SR A Rl BAC I 1 i ek i o AE BFRA AR P RR 1% 0%

PRIE ] — R4 )7k R R AR A e B2 5 (P<0.05 ), *Fm M AFE TR — AR ATk F 1y
RIMFE W EZS (P<0.05),

A. Relative expression levels of p38 MAPK mRNA at different overwinter stages of Apis mellifera ligustica; B. Relative
expression levels of p38 MAPK mRNA at different overwinter stages of Apis mellifera mellifera; C. Relative expression
levels of p38 MAPK mRNA at different overwinter stages of Apis mellifera caucasica; D. Relative expression levels of p38
MAPK mRNA at different overwinter stages of Apis mellifera carnica. Histograms with different letters indicate significant

difference between different overwinter stages in the same overwinter strategy at 0.05 level. * indicates significant difference
between different overwinter strategies at the same overwinter stages at 0.05 level.

(Quetal., 2016 ) W Drosophila( Han et al.,
1998 ). /N3 Plutella xylostella ( ¥ 8%,
2013 ), #iEH Helicoverpa armigera ( X|/)NK,
2019) MBS 45 /A —2 [RlEAME LexT 5 R gt
A 5 R FBIZE R P9 53 H R H p38
MAPK (F81— kT 90%, BA RERHR
SEPE, W p38 MAPK 7EAN R B L Hh HA AH X
PRAFIVIHEE R o

AW DO EE 8 PCR BRI P 7 %
¥ p38 MAPK TEE AR H LT FRIRIE L, 45

R p38 MAPK TR I KA A LU G Rk,
M H R BB i 2122 57 (P<0.05 ), 45 HR
HHAMME A p38 MAPK #HZR 3K sh FAl—
O (XN/NE, 2019 )0 1236 PR 7E 28 06 114 Bl 350 S
R R A, TR R Ak, X5
SRR HE 5 7 Oy 2 e b A< I 4 A IR BE AR AE 4
UM, — GO, BN iR R,
1 ELX A PR AR 3o UK (Tosi et al.,

2016 )o JUILAERRACHTHA, 28 e M A Sk 50 A it
JE R T EER, AR YRR A 0 A T A AN TR
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Fig. 6 Relative expression levels of p38 MAPK mRNA
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Histograms with different letters indicate significant

difference between different species at the same
overwinter stages at 0.05 level.

e PAT rr ol DX Sl 380 e A AP G 2 A e At S
PR LU IR E s 1.4-2.5 °C, Sy i
B HERE R S HH 0.1-3.0 °C( Stabentheiner et al.,
2003 ). ARHWFFEH p38 MAPK FEMGHS . SHBAIIE
TS [H1] 8 3K B 1) 22 S 5 B A% T e S A A A 41
T B2 0 22 S B AR — B, R B p38 MAPK SEIN 3%
T 5 0 A XA T ) AR DA R AR TN i
K AL B E A (Bordicchia e al., 2012),

RIS L ) R KOR R BEAE A  K
PO ) BRI R (RIS, 2016 ). p38
MAPK B D) R a2 A 53 B 7R B HOW X PR A
TR T i B R e 52 kb R E &
FWIVERH (Fujiwara et al., 2006; Fujiwara and
Shiomi, 2006; Fujiwara and Denlinger, 2007 ),
AT LE RV p38 MAPK FEPITE 4 41 Fl AN ]
A I RIB A AE R E 25570 p38 MAPK
TER G PR N Rk 5 HAD 3 DR
TEROR I 22 57, B RTE 28 N A 1 R 0 T IRy
TEIE , TEE IMNBA T 20T 5/ R R BT 1 28 1k
A, HEMFTREEM T RIESPIE p3s
MAPK /335 512 8 P 7 AN [W] U 85 T 28 23
K, ZAREFE A mEsN, WA S RE
SR B A S 1A N T FE W) B Y B 2 S DT RR
YIAHOG . PR R I RN R e v, TRz Sh

AL SR N, FE B IER, p38
MAPK mRNA [FRIKGFRIL e THE 5 T R
BB, R B e A WO SRR N p38
MAPK W25 2RI FME RS, T HiZRE 3%
K5 PR EE IR RE 1 R S AR OC . R IR e I R
AT TR p38 MAPK Y IAFHE 4 )
AT Y 5 AR AR R A, RIS IR e 1A
P38 MAPK WA ZRRIME A S, (HHFE
& A W PR EEIR B AY BA JFR TR RE I T
AL R IK A R A Bl T S A SR I 3o ML A
i s CRRBHDF A, 2014), PLE 3
AEFPAPY p38 MAPK WIFAYIFRZIEHM
RKIKZHAEWNHES, X5RMW Sarcophaga
crassipalpis ( Fujiwara and Denlinger, 2007 ) #/
WY B Bemisia tabaci FHIWFFE45 R —8 (&
B, 2015), 4 DUERhEIMEA )T X T BN
P38 MAPK f3Rik i B & & TE N4, KU
T #% p38 MAPK Z il , HRIKEM K
R EZARR AR B 1 2 AR G o AN PRS2 HiT B A F
G R IR 3 RO 5 e A TR Ak BT A P 7 2
e kA B (FRELSE, 2018), Pt
FEMIAEAR A, p38 MAPK 38 1 15 74 Jy 2 i
A PR 21 J5 W8 L R 3ol 5 S0 ok 34 i 2 0
B £ ( Fujiwara and Denlinger, 2007 ),
VO 5 A Z AR, T BAS R R ] B
TR BT | AL SRR A B A U A 2 5
A FNEANHTIE ST | O TELL SR T 3%
25 (B, 2000), CABERARTE
B PUIR AL — € 22 5%, W R S e T
ZHPUR RIS T R R AR e S, [
Fip B A TR VA AR 1 B 2 T R IR R
Jeskhite (s, 2003 ), KBS mA
SR SOD i P ik v A s 447 T 2 KF
e (HEDOLRE, 2015), ABFFTIE I LA [F] i
FitE =N T 20N p38 MAPK Wik kL,
BRTE 1 H Ah, A i A [m] e b 14 i B 1A
M FRIB AT 22 57 AFEER SR T Fk
KT A A AP IE VAR Y 22 S UL A, (4
H P S B A [) A i 3B ) B 2 ) R BB AR
F R, Hid st — L g e T 5k
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