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Analysis of antioxidant enzyme activity and gene expression of European
Dark Bee ( Apis mellifera mellifera) and Xinjiang Black Bee during

wintering period
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Abstract: To explored antioxidant enzymes function and gene expression characteristics of European Dark
Bee ( Apis mellifera mellifera) and Xinjiang Black Bee during overwintering period, the indexes of
overwintering performances, such as honeybee quantity loss and forage consumption were measured, the
activity of antioxidant enzymes T-AOC, T-SOD, CAT and genes expression of SOD, CAT, Grxl, MsrA and

Vg were analyzed. The result showed that the honeybee quantity loss and forage consumption of European
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Dark Bee and Xinjiang Black Bee were 32. 86% , 32. 91% and 23.41% , 23.91%. In terms of the rule of
antioxidant enzyme activity, the activity of T-AOC in these two species of honeybees increased gradually;
the activity of T-SOD showed a trend of descending first and then ascending, reached the lowest value in
the middle of overwintering period; the activity of CAT showed a trend of ascending first, then descending
and then ascending during the overwintering period. In terms of mRNA expression of genes related to
antioxidant function, the gene expression of SOD and CAT of two species reached the lowest value in the
middle of overwintering period; The gene expression of Grxl increased sharply and reached the peak in the
late overwintering period; The gene expression of MsrA decreased first and then increased; The gene
expression of Vg increased gradually in the middle and early stage of overwintering. These results indicated
that the antioxidant enzyme system of two species may play an important defense role in the low temperature
stress, there is a certain cold tolerance adaptation mechanism, and the middle overwintering period may be
a special stage of significant changes in enzyme activity and gene expression. The research provided new
clues for the study on the mechanism of resistant to low temperature in honeybees, and provided basic
research data for further research on the molecular mechanism of cold tolerance and the selection for
breeding of cold—resistant honeybee species.

Key words: FEuropean Dark Bee; Xinjiang Black Bee; overwintering; antioxidant enzyme activity;

antioxidant enzyme gene expression

Kk BB 4% Apis mellifera mellifera ( European
Dark Bee) 27477 % W Apis mellifera Linnaeus [ —
ANEA, T T B 2R B AG L DL AL Y U
X, FLH R A BN S B ARG ML Ak o A 2 A i 5
PUA () [ e . e,k A (R b
SRR T ICUH SR 4 b 5 i A (RS D5 B, 1995) o
2007 4, FeEEH — Yl B 7 R 1E E T | R
MR HEME T AR TR R AT ST I AR 7 A i
K5 FEFR s, B E AP ik DA 355 AR (A7 4 o
WU M 70 FE (X EF4E, 2018) o

HEER M (Xinjiang Black Bee) 2K E LA T
T R — T SRR, 7R 20 T 2040 th R E S A
T [ s O AL BT i s M X, 2 KR SR A
RIS N TR TG, BWIE WL — >3 1 B it
b YRR U S P A e v e T R (R as I
2017) , 2006 AL FIIA - (ERHF &L
TRARY 2 55 Do L BT i 2 0 1) % 00 S R
bR A ™, WA Ab T AE RS (5K U,
2018) .

DA P e 0 B L 0 35 R TV o e ) R
MR, BARVEN X, WMHEAN, AH5YIF (F
AR, 2017; XIEFEAE, 2018) , (HENFEAESA
DT HA 7Y J7 8 0t P (0 O R AR, B o vk
FIGUR F1 50 T FEPEGr Az = Pk AR A0 dk & R RE A
S T HE R AR S S IR A AR W) A R
JEHIRAE 45 1) S A I A5 1 e B Y 5 )

Aefindye ltn, BRI S H e s e, Hr
PRI AT H RS M-8 ae )1, TR
WA Z X, HAbE R R A %, A
SR, MRS (T, 1995) 5 B
BRI K, A iR IR - 40°C 1Y H 4R
ST, AEE S A fEE WA R H
S AR LU S ZE RN AR, AR R AR AR 8°C
Zedy, BT ECRAE (Mg RTE R, 2009) o
I, AT 0 i b S I v R b B 3 AL B R
WA A7 R E R Rl R T T
EIEMAR PR ALRE ) SRR TR o PUR
FIFGTEVEATE HAERR R ( HE8r, 2010) , %
AT P D) B A2 T8 BRATLAAR P o 3 1) 05 P 4, DR P AL
1% 52 ¥4 5% W 38 1) f& F  ( Bolter and Chefurka,
1990) , Ui MRl LA () 3k o] 7E— B B 1 IR
IR AE AP AR DL (AR FE A F (X AE 76 5,
2017) o BRHRAEMREA R T, KRS RS
IR T, 2 G P ) 4R O TR M R A
(YRR, 2016) , X M € B4 4 F1 8 drB 4 4 1
VR AL BT S 2R, A B STk i P BT
Xf B HUJF R 3 il SR A 51 45 ( Marcelo and Tania,
2002) ; Xof BACHA R OR A B I A TE R ], A [a] ik
2T Bl T 2 v B 2% 0 v i A 0 SR RE
M TR a 24 FMIEMH A (X FESF,
2017) o BEBEN (Grx) . HARAREIGESEE A
(MsrA) MIBREJREH (V) 2R BIEANTEL
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ity T Y B B B, TR RE RN RO R R i
FEh IR E AL T . S 52 MERBE
I ML e 52 S A 30 00 B9 PR D (X 20 8 4%,
2010; U&7, 2011 WkAAUE, 2014) o #iged &
HOHER Gral F1 Gra2 WIASEE, T AT EA
5350 50 A 240 i BT A Lok i (LR, 2011)
Z: 5 AEFr A0 N AR SRR S S A A i RN 4
T3 ( Damdimopoulos et al. , 2002; 45
FERAEE, 2010) o MsrA JEPRUEA WK P (i A Ak
LEABEIT (Levine et al. , 1999) , HA7 A4
HIBTEACVEH], TEXS rh AR s g MsrA PR %) 5 B e
HRIR 3 Hr g o h eI, & 7R HRPT AEE Ab
LA F A S B AR T HEAEH (AR,
2011) o Vg DX 7E % ¥ 19 IR IG5 % ( Rutz and
Liischer, 1974 ) . 47 & ¥ # ( Engels and
Fahrenhorst, 1974) . #E K %5 fiy ( Amdam et al. ,
2005; Seehuus et al. , 2006) FNSA%IE N ( Fluri
et al. , 1977) FJ)rH LHEHZEEN, HAMRCE
HIWfh Ve B& DA T 5 Bly W 8 0 aE 7 IR R B BE
( Amdam et al. , 2005) , M I 5 0 1 00 P FE BE
Jio BRI E N EENE, HHEN
B TR JBR A RIUR B R S T AR I R A e A
T A %) T € P DU 2 22 A R A (R G BE I R 22—
BRI, T WO 8 i R 5 FR e AR A 32 B AR JEVR
IS5 R I T A B T 1 SR O S IR R R A BT 1Y
WA WA IE -

AT 1 HBC 7 A% R S5 A RO i R e R 5 R e
PEAT A RE 48 A 1) TN 2 R 7T S A Tl R 22 Ak
AHOCTRE e K 3R (1 43 A, DA VP 79 1 e o i)
ZNERE, WA 8 A A I P A A A T R
TG R L K Y KB AE 00, R 8 B LA AE 2
AR TR PR i 38 4R PN A7 7 8 0 S8 Ak 7 A 4 R AL
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HETT AT Rh (1 18 7 BIFFE B0 B2 LAl o

1 HRSHE

1.1 RIedkat

TR T FH 2 06 Sy 2 KR U R 06 LR i DR
F AR % 0 R 27 F 5 iy 6 e 35t A% 0 D R AL £ 4
A
1.2 RIGRHE RO S

2017 4510 H % 2018 4 3 H, H A FH &R
AN S T B W A O TR D AR U RS L

1.3 EERFIFNEE

BPUEALRE S (T -A0C) k&, MEE L
YLl (T - SOD) il 1) & i i %8 Ak & Bl
( CAT) {5 &4 A re a9 TR Y BT
PrimeScriptTM RT Master Mix Jx 7% 787 &+ SYBR
Premix Ex Taq"™ [l 9% % &E il &0 Q49 T
B (KR&E) ARAFA: B RNA $2 P05 Trizol,
Wy B 2& & Invitrogen 2\ ) o

Ultrospec 7000 25 4h ] WL 73 600G EE T, 3 [ A
A PR/ F]; Thermo Scientific Sorvall Stratos i &
im0 Ml 75000 FAST A3 S 2% ) 8 & Y
( ABI); 9902 Alfi 55, PCR {{ ( ABI); Invitrogen
Qubit 3.0 Fluorometer 7¢ Y E X ( £ H Life 2y
H) o
L4 RKWHE
1.4.1 FEARE

TE I BF R A FTBR A0 2 A OB Hh B Y T
AN EAME HIE (5A W21 H) #17
—WRKE R, BT - 80°C MK IR VK AH AR AF
#H
1.4.2 HRAMHAS I

VIR Y A 8 (RES el O ESHL ES37.
ES-54 HI ESH47)  HUBr g R A (HES 0 5ok
X542+ X5407. X516 1 X5443) L5 i FF 4%
4 BE, TEBACHTANEBRAC IR, 2% Rl e LR
5 HEME PR UE AT A, SEAZ TR, b
A S Ao oA B R TR A TS, PRAIFRESR A . AE
A 4 TP A it A e T ] B PR B M A, 3R
TE[A) — A B4 . I e E T 2018 4 11 A
21 HAZEMA, WH3 A 21 H AR .
1.4.3 HANEREREARINE
1.4.3.1 BRI R

IO 3B T IR R (HE) o A 25 TR R AL
(HE) , THEA AR 2 %R
1.4.3.2 GRHHAER

IR NEIERE R (k) . BUA S A
Hig (kg) , THABA IR R FERR
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Bl (i AAC ) BRI I I AR A A3
APATAEEE, BT FRIREAS  [F] 4K
1.4.5 HeEALRE S AHICHE R Rk B E
1.4.5.1 5 RNA 42IUF cDNA 55— 195 ik

F A R R EWTE 5, 2218 Trizol 15050 &
BEHTAR PR IR RNA, FEZEOLE A g 0D,/
ODyy,, FEIMSRIAY RNA KRS IR B MLERE , FEARYE

PrimeScript' " RT Master Mix i & V800 4 s 64 554
Ji cDNA #5iffz, 4CAORAFE ] -
1.4.5.2 5|¥i&kil

LA BHLBIE H ( Bactin) NNSIEN, HIY
SRS HE A0k A T NCBI#di %, &4t
A TAE R A BR A R e, HE R 51T 8
k1 fs.

F1 REATERKSIY

Table 1 Primers used in the experiment

HAYEEA

Target genes

1978 (5°-3)

Primer sequence

PR (bp)

Product size

cDNA 2% 75

c¢DNA reference sequence

ALY F: TCAACTTCAAGGACCACATAGTG
BALY LR 135 NM_001178027
SOD R: ATAACACCACAAGCAAGACGAG
o S AL S F: TTTTCGGATAGAGGTATTCTGATGG
LA 125 NM_001178069
CAT R: TTCCTTGATCGGTCTTGTAATGG
AR F: TGCTATCGAACTGAATGAAAGG 129
FRIEEH XP_003250703
Gral R: TTCACATCTGTTCCACCTCCT
Wi T R B A F: GCCAGGACAATTCGAAGAAA
P ARG A 126 NP 001171518
MsrA R: CCACCTGCATATCCAACACA
B SR F: GCAGAATACATGGACGGTGT » NM_001011578
Vg R: GAACAGTCTTCGGAAGCTTG
NS A F: CCGTGATTTGACTGACTACCT

142 NM_001185145
Bractin R: AGTTGCCATTTCCTGTTC

1.4.5.3 sEAtHGER PCR A

F4ft TaKaRa [ SYBR Premix Ex Taq™ II &7
GV BTS2 B 9O 5 PCR, Il 28 0 il 4
T W HT A AL D RE AH G SE ) SOD. CAT. Grxl
MsrA Fl Vg FEPH ) mRNA AN #5845 L
KBk 20 pL, {34 cDNA #i#g 2 pL, SYBR
Premix Ex Taq™ II 10 wL, ROX Reference Dye I
0.4 pL, I« T894 0.8 uL, ddH,0 6 pL.
S A R 95°C WA 1 30 s, 95°C AR 5 s,
60C iR K N IEAH 34 s, 45 DEIR. FHMHARL
M5E 3 K
L5 HIEQRESSH

W ARAT I S N SPSS 19. 0 Bk i 4k
L, SRHVEAE 3BT Y one-way ANOVA 347 K]
BHESH (P <0.05 KR_EZEFVE), MER
JH Tukeys HSD 47 Z HAGKy; 7% & PCR 1,
FRAE bR i 28 LA R 2R G Cr fB, SR 275

LAY AR /38T B GraphPad Prism 8. 0 i
Fr PRI -

2 #RS5HMH

2.1 MBS

T RICHH S 08 11 35 i L e ) bt 4 30T 1), N
WA LRI i D 6 1Y e B AT R 3R 43 0 Ol 32.86% Al
32.91% , fARHE B> 9 H 23.41% Fl 23.91%
(#£2) o ML, BIAMERh AR R I 1H
KA
2.2 HMEHENRENEEETL
2.2.1 BPTEfLEE (T-AOC) ik

IO 2 A R s P e 4 45 B B T-AOC g
T AR A 5 R A TR, AR A
(1A AFRNE, ZEgLT e, Elg)Ei
BEREM, HESEE (P<0.05) (F1).
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Table 2 Statistical table of overwintering bee population of European Dark Bee and Xinjiang Black Bee

W s (e ()

WERFR R R (%)

HERE (kg

AEFT (k) RBHIHER (%

) ) Population of ) i Weight of )
Group Population of entering o Bee quantity loss Weight of entering o Forage consumption
Remaining Remaining
ES4 3.0 2.0 33.33 20. 80 16.32 21.54
E5-37 3.0 2.2 26. 67 23.30 16. 82 27. 81
E5-54 3.5 2.4 31.43 24.70 19. 60 20. 65
E51447 3.0 1.8 40. 00 22.50 17.18 23. 64
X542 3.5 2.3 34.29 24.92 18. 02 27.69
X5407 3.3 2.5 24.24 24.00 18.24 24.00
X516 3.5 2.0 42. 86 24.40 18. 82 22.87
X543 4.3 3.0 30. 23 28.20 22.26 21. 06
S - ek Luropean Dark Bee % 600 - W U Kuropean Dark Bee
[
~o - e BEE Xinjian Black Bee ;—L? 550 —® HrEERIE Xinjian Black Bee
S, ~ €500 ///
5 ‘_d 3 i% g /
> =2 450
& g3 .
= &g
%‘f = 2 B 5400
&g 8 E
=& L = 2350
= 3 "=
o = ; | ; ; | ; T L | | | | !
0FA - 12 2F 3F
T T R Da. Now e T Feb
ol ov. . HIl. eh. Mar. 4 Az It . . - i
4[5 Cmonth ) Overwintering period M%7 M (month) Overwintering period
P2 AU PR e AU S5 PR e Y T-SOD g 72 1k

P AU SR I B e AR e 9 T-AOC Rigs V2 1k
Fig. 1 Changes of T-AOC activity of European Dark Bee

and Xinjiang Black Bee during overwintering period
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DM e R S s PR e T B AT S, R Y
T-SOD Jiff i P4 34 522 F P e 3 Tfiﬂiéi"#%ﬁ (L H
) REARME, FEEAEHANAE, HERD
% (P<0.05) ([&2).
2.2.3  CAT %M

NG I S e R i P e A £ B B2 Y CAT il
TIEIET = FRRAC T m e, e
(1 A e, HESEE (P<0.05)
(El3) .
2.3 HEBHERRESAENEXERNRZET
o th
2.3.1 SOD #:[H mRNA %k

G I L 0 RTIHT i  E AE BAC AS B B SOD B
mRNA FX FRIA I FEA ] (12 AF H)

'

Fig. 2 Changes of T-SOD activity of European Dark

Bee and Xinjiang Black Bee during overwintering period
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Fig. 3 Changes of CAT activity of European Dark Bee

and Xinjiang Black Bee during overwintering period
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IRFIRAR(E, 5 SOD g 1 4 22 A LA K oA 7]
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Fig. 4 Changes of gene SOD expression of European Dark
Bee and Xinjiang Black Bee during overwintering period
T BEITPOR[R] A R RN T2 RE IR 7 ] A% I 3 1 e 1K
BEALFEES (P<0.05) . FKEE. Note: Data with
different letters indicated significant difference between

different overwintering period at 0. 05 level. The same below.
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Fig. 5 Changes of gene CAT expression of European Dark

Bee and Xinjiang Black Bee during overwintering period

2.3.3 Grxl 34 mRNA Fiki
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Fig. 6 Changes of gene Grxl expression of European Dark

Bee and Xinjiang Black Bee during overwintering period

2.3.4 MsrA 3:[F mRNA Fihk&

MR R0 F) MsrA JEPR] mRNA AH X 2235 i 2
SRR TS R E S, APl (12 1) Bk
A Hram R () MsrA JE IR 363k B S BUAH [A) 19 3%
B, WAEBA R (1 ) KB ERAKE
(E7)
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Tl w |
e 4 !
ﬁ E .[ il ih 6
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| | | | 1
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=
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Fig. 7 Changes of gene MsrA expression of European Dark

Bee and Xinjiang Black Bee during overwintering period
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2.3.5 Vg [N mRNA Fik&

DA L e TR s R e 7 A A5 B B 1Y) Vg R A
mRNA A FRA AR BA P RTI (10 . 11 A1
12 ) ¥EZUEF &G 758 n sl
(LAS2AM3A), ERMBIEER Ve FFKiLE
SIBIG G, e ) B R e B, R IR
ZHIFNE ], AP AT RE S Ve BRI RA R —
AMFET A (E8) o

L5 — ERIM B European Dark Bee
Hr48 B UE Xinjian Black Bee

b
]
a
¢ ]’ ¢
c
1 b
x
[ c
It :
. ¢ 2
™ =
| | | | 1
0.0

mRNA #i3f 258

Relalive expression level

10A 1A 121 L1 2H 34
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P8 A I PR e AU i PR e Ve SR Rk Al
Fig. 8 Changes of gene Vg expression of European Dark Bee

and Xinjiang Black Bee during overwintering period

3 @RSt

B EAO AR Y T A7 A AL A Y, SR
Sl AN e Al B R R AR (X R,
2011) o MR A L2 A0 2 X AR Y IR I A 7 2 00
B, OEA T, WERELIAR S T a0 A5
AL 1 77 FORARAE ™8, IR v O e A
A7 FI T e ) B2 AR A 0 50 ol D B e
SRR OURA BRI €, 8 HA R A
PERE, 1A AT BB A 20 AR B A A R X T R
PORRAFIX P S 5L B A B IR G E B

F U A 1A T S A B A 2R e AR D LR kA S
PO A WA ) — B B2k, TEA iR o A 2
R BT, — BT A A B A AL 3T
F A7 ARl 2 22, DT 5| A6 S Ak 45 4
( RIFAIAELE, 2014) o SHTEILRES) (T-AOC)
e WE IR NPT RE ) 0 B E AR AR, AL
YIEi AL (SOD) i AL =B ( CAT) W&+
B AU N A 7 O PR 4P 8 R 48 ( Fridovich, 1977)
HHEL P A 41 45 39 5t LA B T 3P (00 A A 2

2018) o Grx FE[E . MsrA FERIFN Vg JER R R U7E
AFNZAE T 45 2 AR T R T A AL D) g ik 1A
(Ruan et al. , 2002; Anetal. , 2013; 5K T EFF
fR4g, 2014) .

AMHTEGE AR, RO S e R sk 2 e T e
TR0 < 3 R0 ) R I A 23 1Y) A8 A P i 3R B J T T W
WER, ik 32.86% 23.41% F1 32.91%
23.91%; BFZIESF (2003) 45 3% SE AR X I /R
FRdg. RIESPPise. mmER . Sk, WK
TR A ) A B AT B A, 2R B TR
BT L B €2, 06 R 1) 7B A% TR A 1) 557 5 TR 4% ]
BHEFEAHXI AL, Ay T (0 B (14 T 5 14 RE AR
Wit—L Rk 7 AR SR 4508, B R €5 G B L
A A

TEPTE AL BTG PR B 1, T-AOC i i ) &2
WEZL T maS, EEL T (1 A6 A
JT R, BUA S WA T-SOD il i P 78 8 4
i (1 A y) BEARME, 58X ETHE B
CAT J7% 1) & e T H BT s E s, 78
AR (1 Jy) A EARE . TEPT S 1L B AL A
FIKTTIT, PIDSERRIY SOD JE IR AT CAT ZEIN 1 3%
IR TR P ) A2 A A — B, A A v I
(12 AF 1 J) AR EARAE; Gral B YR IA
TERRAC S I 2R var, IR WA I 8 0 R
S5 PRI [ MisrA R PR 1Y 3% 3K 8 0 ) AR A T 4
(12 AL H) GREARE: BA bR RE R P i
Tt Vg BP9 238 Y IS [B) 7 L, 7R R A TPy B 34 52
BT, BT R, R R Ve
FEDR Rk S 0o 1 A, T i T e D R 8 D
LU BRI, — O, A RS
ZAFRR T L AR T, RN B9 1 R
GeZ B TN, LR A AL SO T Y
TR R T G W AR it 3 A5 A 07 AL A
ERURAE (2019)  7EJE RN S 4 Folb 38 X 22 1] 477 4
AT 11 Ko 1) fi Ak PR 2 3K 14 5 e F 50 v 2 B
WEE M40 4R A T G P 5 L T BB R IR R Gk 2 TB) B A R
P IEAROCME, A Dy e B R I8 /] AR Sy —F
HEMEWIREY . BIRTSE (2019) XK
T A S v A e A N e AR AL AR B B T 9 R A
FORFMHT TR R I, W FEHE R TPS Fi SOD 3%
ik L, CAT ik T, $E7R v 48 8 0 o I I
JEAFAETN FE 0 W A4 AR FALHT, AR AR e iR
AL R GAFAE— & WP AL, 7 HLAR T XF
SRR R EE I PR R SR, SRS R 4598
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—8o T, BA bR T 1 A AR A
ESENIRTE R (AR i (R 13 = 2 E R A & 11| R =
XoF A% v U e R ) A PR AER B o AR A RA T
rh, A TP BRI RS 0T A AR R AR,
FHAZ IRV s o e EH A B, X235
A T A 22 BT AR A T I P R G PR 3R G Gk B
A A

WA, ) by i S 1 5 1 3R B O S e b, K
H B AR s PR e 7 A B0 ) 1 0 SR A Tl
A RIS AL D R R R R A B R B B
B —ECPE . 8 R 8 L 5 AR R A i R P A B
WM B A, T EXHRIREA A A B
G n P, B M [F) mRNA & 38 LA PR
ARTEEELA, T LA Ay 48 7 88 06 A 1A G A0 IR Ik ) i 58
PLEREIE L TR R, A B T 3 e A AR Y
MU YRS AR S SRR B AR A PR
HET Ay 48 75 2 W T 9 73 - BIL I A4 FE e b Y 18
PRALELRI D 5B -

VFZAEZS S R A B2 AIF 9 © 200 1 R o it 17
AR B 7 B A S RIARIR PRBE T 2F A7 1 b 22
%M ( Toth et al., 2009; Wasielewski et al. ,
2014; Dusty et al. , 2016) . TEFEB AT, EE
B2 S 22 1Y) R i ok 4B 47 5N TRLEE A A B i BR AR AR
e R HG I Y AR BT A A7 B by R B A 1 B
B, R e R H R Ay s ((Toth e al.
2009) o P, AKBIBETE TAER B 22 0 TE R R
SR RIS 5 PR A 7 A o R v i o KA DG i v
BRI FRIE A, DLITE 4 LD 20 7K1 0 e
78 A2 5 AT 422 (%) B ) A R S i At o 22 L i
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