N B H 274k Chinese Journal of Applied Entomology 2022, 59(3): 587-598. DOI: 10.7679/j.i1ssn.2095-1353.2022.061

% B RIAR AR I ER XT T B K7 B g
DNA HEHX R EZ B W

BHWT RIA B B W MEE Iay FHEE™

CIHARAM R 2= B R 24 B, 284 271018)

B E [B#) ALEEBHERERFEYR Apis mellifera ligustica % HARF A FR - FRX MEME 25 1% DNA
FIAE KRB, [ FiE] Nk fth e 2 B SRSy, Fah 6 4, fTik—4
DL AN SN R 9 il H AR BR AL (CKO), HoAy 5 ORI, /A0 0.02% . 0.04% . 0.06% .
0.08%71 0.10% MR B FELAl ML, 7EE NIRE (34.5+0.5) °C, HIXHEE R 90% = 5% &R, el FE
MRS R KA E G . B3-5 Higmghd, Ml mRfCiFebr & DNA B LA DCHR bR, THE0 R
REDGW, frapkd, [ER] (1) B (FA) KFHR 0.04%0RK564H, 3. 4 fl 5 H k4 digik
NIHAR (FA) F15S-FIFEPUSEMT AR (5-MTHF) &R m TXRAL (P<0.05), I H B S T 4 R
WA — SRR A IR ( DHFR ) JEMH | 22 M B W L4551 ( SHMT ) 35 R HY 366 DU &0 IR 0 i ity
(MTHFR ) #HAERE (P <0.05), BEHRS T MTHFR BFiGME: (P <0.05), (2) SXIRAMEL, &
TR 0.04% iR I B E R T 3 HiR4hdt DNA HHEF4R W 1a( Dnmtla ) 3K &5 & (P<0.05),
HWERET 3 HiSF 4 Hi4) 1) DNA FIEAESEG | (DNMTL) B#EME (P<0.05), BRI 0.04%1) 1
BRI A 2 AR T X B AL ) 2R T 3 H i 4h dt DNA HIEF6R2E 3 ( DNMT3 ) HIBEEPE (P<0.05), W3
FEAR T 4 HIEAH I Drme3 SER B 235 A DNMT3 BEGE (P <0.05 ), MERESIIGI Y 0.04%HHF, 4 Hi%
1R DNA B LML K- B REAR (P < 0.05), (3) SXFIEZAAMIEL, A 0.04%0 AR IR0 20 /Y 2 KR 25 i
FHEEDM (19.95d) BE/NFXIRA (P<0.05), FYHEE (017 ¢) BFERFXIH (P<0.05),
(it ] 7EILaE R P A INGE i ERREERRAIK 4 H I KR % 144 U DNA HIEAKS, JfFRE4R A &
B DT RNRE IE e T, FEARIAR R I 0.04% 1 R AT BT R KR ey s e e T ) AR

KEIRW SARFIEE,; 1R; DNA Bk, &7

Effect of adding folic acid to the larval diet of Apis melliferaligustica
on DNA methylation and female development
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Abstract [Objectives] To investigate the effect of adding folic acid to the larval diet of Apis mellifera ligustica on DNA
methylation and female development. [Methods] Two-day-old female 4. m. ligustica larvae were randomly selected from
sister colonies and divided into six equal-sized groups. The control group (CK) was fed a diet without additional folic acid,
whereas the remaining five groups were fed the same diet with the addition of either 0.02%, 0.04%, 0.06%, 0.08% or 0.10%
folic acid. Larvae were reared at room temperature of (34.5 + 0.5) °C at a relative humidity of 90% + 5% until they emerged.

Indices of folic acid metabolism and DNA methylation related indices were measured in 3- to 5-day-old larvae, and the
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developmental duration and weight of newly emerged bees was recorded. [Results] (1) The 0.04% treatment group had
significantly higher levels of folic acid (FA) and 5-methyltetrahydrofolate (S-MTHF) than the control group at 3, 4 and 5 days
of age (P < 0.05). This group also had significantly higher expression of the dihydrofolate reductase (DHFR) gene, the serine
hydroxymethyltransferase (SHMT) gene and the methylenetetrahydrofolate reductase (MTHFR) gene (P < 0.05), and
significantly higher MTHFR enzyme activity (P < 0.05), in the larval period. (2) This treatment group also had significantly
higher expression of the DNA methyltransferase la (Dnmtla) gene in 3-day-old larvae (P < 0.05), and significantly higher
DNA methyltransferase 1 (DNMT1) enzyme activity in 3- and 4-day-old larvae, than the control group (P < 0.05). The 0.04%
treatment group had significantly lower DNA methyltransferase 3 (DNMT3) enzyme activity in 3-day-old larvae compared to
the control group (P < 0.05), and significantly lower Dnmi3 gene expression and DNMT3 enzyme activity in 4-day-old larvae
(P <0.05). The level of DNA methylation in this treatment group was also significantly lower in 4-day-old bees (P < 0.05). (3)
The average developmental duration (19.95 d) of the 0.04% treatment group was significantly lower (P < 0.05), and the
average weight (0.17 g) of newly emerged bees was, significantly higher, than that of the control group (P < 0.05).
[Conclusion]  The addition of 0.04% folic acid to the larval diet can reduce DNA methylation in 4-day-old 4. m. ligustica
larvae, shorten developmental duration and increase the weight of newly emerged bees. The addition of 0.04% folic acid to the

larval diet helps female A. m. ligustica larvae develop into Queens.
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B RHME Y Apis mellifera ligustica B A X &
AT e R T AT A P A2 B9 A T A
PRI, PIE ARSI BT, Bl T AR IR
AR B YRR B 2 R, S5 RS M AN
IAESMIE RS E2ERARK, M HAEAFERE )T . &
fir AT AT TSR AN [F] (8 7, 2009, 2020 ),

DNA H Ak 2876 W 5% % # ( DNA
methyltransferase, Dnmt ) AL T, DNA
CpG A% TR 19 L g g g e 8 1 b 3 HR 35,
A S-HEAEmERE (5-mC ) By, /bR
CpG WAk (£, 2017 ). #W¥HA 3 ' DNA
HISEH AL . R0 2 & DNMTI, 1157 DNA HIJ&
L 4Edr; 1 DNMT2, figidlE CpG H 34k ;
1 f DNMT3, 155 DNA #9 Mk 3E4L ( Wang
et al., 2006; Schaefer and Lyko, 2007 ), ¥T4F¥,
EANFEUEN] DNA HEAL 5 B e 1 & B T 28
BB, Kucharski 25 (2008 ) f#i ] RNA T4k
FR BRI 1 14 2R DNMT3, 253 72%11
SR R 120-190 AR OP SL/NVE HLOP SL L F 5¢
T, HAR 28% M E K A KA 2-6 HRON
INE H RS A B AW T, Elango 58 (2009 )
KA T T B KR % % DNA W iy
SRR, JRREEE IR CpG AT IR & ik
i CpG IR & IR, BRI CpG
PRIk 00 Sy v HH AR 38 2 5 A0 DA S BE H 3%

ISR ZIE R DIRE, & CpG &R Bk 1ot
KRR IS S5 T R E R 40 AR
T, I H AT 5m B GR S 2 28 i 1) 118) 6 TR ' 4
TEfR CpG 2. Lyko 55 (2010) FFH AR AR
A FRM P E A HIEMIIEE (mC ) 7E AT 1%
TR 0 oA, AR 550 S EERITE
B F RN T 0 2 o] o B i R Ak 22 5 (Wl
20 R AR AR R B 12037 5 2 [A] A AR 58 14 A G
P Foret 4 (2012) fEXT4l AL Sy B AL
FPARE R B, 4 H &I 1A T4 ST 22
S AR BB N 2 399 4, Mt 80% A 257
FH b A A AR B AE T4y sl 19 . Shi
25 (2013 ) XF 2. 4 F1 6 H A T 4 b T %
AT T DNA SR, & 4
DNA HIEALKSEAE 2-4 HIB TR, 6 HIRITFE
i, T4 s DNA B3Ik /K S Bifi 25 45 5 1Y) 48
KM, Wang %5 (2020) o8 7 F AT 0
HIH 3. 4 F1 5 HIRW 2R HAW A IEN, &
PR 08 T 0 )y e R 2 R LA Y SR AR R AR AH
[F] , (L84 RN T 04 4y U 640 /KO BfAT I 2 AN ()
fat, 3 H a1 4l B SR KO & T T )
A, 4 HIREHME T THeghd, 5 HIRES TH4)
B ALK AL . X SEFST I UESE DNA H 3%
bR 5 B e K T YR I EE AL
MR — UK EPER) B R4 R NS5
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— AR5 DNA ARG/ N, 2014 ),
R T SE M 2 DNA H AR s2 il o Z S 7E
AW Lo BN, FEBE 01 KD - FR ek
55 1 # 5 T EOM RYBE L fJIRJiG th CCGG AL s Y
DNA Ik 1 Bk Fi g AR BR AR ARk, Rl Eshosd s 1
EOM X2 5 DNA H EAL Y5 ) Dnmel 1 Dmnt4
SR RILMFEM (Jiang et al., 2019 ), FEXT AR
KRB [P fn L [H 240 DNA H 364k 2 [B] ¢ 2
s A, RESH 0. 4.5 5 18 pmol/kg
MERI R (3l MR Z 40 . TE R 4 R
BAMbTEAL ), F) 20 FAEE R G = 21 | IEFHEN
ZH AN AN FELH K B IE DNA F AL B s
R, R R R R R A LA S 4] DNA
34k (Choietal., 2005), FJEH2, TEMHER
XoF K B35 1 A DRI 2 7 s T AR P S e i g v,
Rtk = IF A TESE A rhids & B W 9 L 4 DNA
R AL, HRAEilsmrpiy, pRE= 1 45
Wb 40 DNA HUEA RS, i ELAR AN 78
R I A IR 45 g rP AT AR I ) SR R R A
DNA H134k (Sohn e al., 2003 ), 7ER AL,
MR R AR AT B IR R B ASEERI, 23 FE
HCESE 6 N H) ERE SA MR WG
TR = MR B EATE S E 7, H
= AR R 1 A AR I ZE T W L Rhizoptera
dominica FISEWE Blatella germanica W4, T
W 84 Oryzaephilus mercator FI%f ML Myzus persicae
ANZHERRIFE (Noland ef al., 1949; Raccah
etal., 1973; Saxena and Kaul, 1974; Anand and
Pant, 1988 ), FHIFA 51 7 i — L8 B Hunl iR M2
PR B B AR AR iR 15 2 (Harington, 1960 ),
SCRAERIBRFFE R, A Y B 4 a2 A
BT AE R RIERT, — SR A R B R A A R
( Harington, 1960; Jordan and Trewern, 1973;
Baker, 1975), e I, Blatch 5% (2015)
Pra: R DL S IR T2 ) P R 08 ol 4 1 SR
I TRER AT, S5 5R A, 5 IRA A IR A R
FLEh2El, Rigg) R KR DNA & %I
WA TR T, MR E R MBS AT
IANTERE o A 1k 7 2 i 4y o Bl ) i PR
INAS IR B2 (R R, AR5 IR X 3 O e 4 oy

A3 DNA AL DR S 8 0 300 R s 2 1)
SR, ARR IR I R B RIS %

1 MRERE

11 #iER

T RO 2 0 W P 4 R Ll AR AR R 2R
Ll ciem

12 FEMHEMAFH

Total RNA Kit I &MWH OMEGA 2
A, Evo M-MLV s fiR e A 3R A= 4
BHEAH /AT, Real Time PCR iH| &4 H 4
S AE], BCA R e B I a0 65 1 )RR
JH AT RA R, PR ( THF ) B sk
A& R (FA) MR fRzein & . 5-H A
M2 (5-MTHF ) B el & . W BP0
MR R (MTHFR ) BEBCA8 50 & A
MR IA G ( DHFR ) B G2 1500 & [ V5
fgta Sl AR AR, HIEEZE 1 (DNMTI)
it 106 fo e i) & N H LR AL 3 ( DNMT3) i
BX A el R & A i A Y R A BR A F
HHER( ZHRE 98% I A R FEAEVPHLA R .

HWS-328 HUTE R FRA W A T 3 VL (AR
], BS 124S BT RF- A FE 2 A8 (b))
BRFA RS A BRA T, 7500 B S2IF 58 5658 B
M3 E ABI A A,

13 BERITRAFREE

AW NI IR IERE e 2 H I KR
WEHEMEL AL 1 440 K, T 6 41, Y S A
HE, BAEL 48 Kyl Hrh—4 X il
(CK ), TmAEnul H M ( Vandenberg and
Shimanuki, 1987), ANERAMRINER, Hax 54
kg, HERES K43 0.02% . 0.04% .
0.06%. 0.08%71 0.10%, TaARHl 7 I3 1,

MIETE R RS AT RS B 2 H il HUcrE 48
FLANMRE T PR SR, FAS R A B A R 5
AFLHINA 150 pL B4 d R, AL
BA—Had, #iduk PR ERERAE T, &
JEH (34.5+£0.5) °C, FXHRE N 90% £ 5%,
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B RIS A4 4 HUEE 7S 22 A T i 4y SR HAR
i 48 FLANMIEFRAR o FEfE IR TR IR IR A
Fr B HRIRBRER I, 15 PR A 1 MR 21 I 4y

W R 24 FLANRLESE SR P e fL R, B IE
FEARAR , BB N 75% £ 5%, HFR M}
EHAET B

R1 HHEAITRMES EHERAMAKFE
Table1l Artificial diet formulation and folic acid addition level for larvae

Bk (%) AbPH Treatments
Ingredients (%) CK 0.02% 0.04% 0.06% 0.08% 0.10%
# F 3 Royal jelly 50.00 50.00 50.00 50.00 50.00 50.00
HiZHE Glucose 6.00 6.00 6.00 6.00 6.00 6.00
R FA 0.00 0.02 0.04 0.06 0.08 0.10
8% Fructose 6.00 6.00 6.00 6.00 6.00 6.00
EEEE LY Yeast extract 1.00 1.00 1.00 1.00 1.00 1.00
FHi7K Sterile water 37.00 36.98 36.96 36.94 36.92 36.90
J3t Total 100.00 100.00 100.00 100.00 100.00 100.00

14 WM ERACEY S BrImlE

BEHLE U AR PEZHAY 3. 4 A1 S HiR
G 2 H, S RlE TR OE T, R
1: 9 IMATR ) PBS oA T4HZ 50K, T
B 10%21380, 4 °C&MFT 5 000 t/min 5.0
10 min J5 B EIHRAE RN o b3 AR ik B
FH BCA iE#Hf I, Mk (FA) &, 5-
FH 3 U &R ( 5-MTHF )5 12 P & #2( THF )
B R M (ELISA ) kil s
(A0 I P AR B v B R A A B 5 A
HHE,

15 EEEMEBRIEE DNA FEASRBAEE
ERiEERNE

BEMLE BRI AN AL BRZHAY 3. 4 F1 5 HiR
G 1 H, A 5 ANEE , SRR ST
XK AN RIS RN ( DHFR ) JEH | 4R
H LRl (SHMT ) 32 PRI Y 3% pU S iR 8
Jif (MTHFR ) JEH LI K DNA H AL
DNA H 546740 1a ( Dnmtla ) KL F DNA HI
FLEEREHE 3 (Dnmt3 ) R Ak B E o
K S5 2 PCR ( qQRT-PCR ) A6 3L K]
fyZeikhEr . 3R RNA $2 B0 & 3 BUkE A
24 RNA; FI/H Evo M-MLV [ 4% ¢ R RO RNA

RS HR cDNA, R SREAELIRINT . 10 pL
KRIRA)G, AE 37 °CRUY 15 min, 85 °CRW
5s, 4 CZ&kR i, 41 3, HiEH cDNA
FE SR B M AIRIKSE IS, - 20 CHR-AFRF.
%M Real Time PCR iR & /EFE B BC & 20 L
K%, {81 7500 Real-Time PCR {¥ ( ABI 7500,
USA ) Kl SEPR AT ki, RV 94 °C
30s; 94 °C 55, 60 °C 345, 40 MEH., FIH
2 M B AR DR AR Pk, ARG
i A BT A 51 93 B 4T A T AR A R
NEE R, SR SIE B L 2.

16 MERREHE DNA BENHEXEEHNE

REHLE IR ME AN R BRAL 0 3. 4 A1 5 AR
G 2 H, S alE TEOE T, R
1: 9 IN AR PBS SEriilb A 221515, i
B 10%213 W, 4 CAAFF 5 000 r/min 2.0
10 min J5 B E I WRAE W RF I o VWA ik
FH BCA L Tl , — & M R4 J5 i ( DHFR ).
7 PO S R ik B ( MTHEFR ), DNA - H
A0 1| (DNMTL) DI DNA HIEFRSREE 3

( DNMT3 ) [ & B S8 73 A (ELISA ) 7
PR o B AR 1 B B A TR . R
Lh¥E s ANEE
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x2 519F5
Table2 Primer sequence
H SIPF5 (5-3") PR (bp) RS
Target genes Primer sequence (5'-3") Product length (bp) GenBank number
DHFR F: CCATGGAAACTCAAAAGTGAATTGGC 102 XM 393902
R: CCATGTTCTACGTCCCATCAATACAA
SHMT F: TCAACGCTGTTTTCGATTGGTTGA 114 XM_006562405
R: TTGAGATTCGAAACGCCGCG
MTHFR F: TCCATTTGTGTTGCTGGTTATCCA 95 XM 006566916
R: GCTCCTGCATCAACTTTTTCTTTCA
Dnmtla F: AGTAAGCGTGCGTGAATGTG 113 NM_001171051
R: CAAGTGGTGGAGGAACTGC
Dnmt3 F: CGGCATTTGTTCTGGTTGTA 162 NM_001190421
R: TGGCTCTATGGGAAAGTTGTG
B-actin F: GTTTTCCCATCTATCGTCGG 142 NM 001185145
R: TTTTCTCCATATCATCCCAG

1.7 &4k DNA BHELEFRAE

Rt AL BRI RS R AL FRAE /Y 4 H #8445 2
H, fiif] QIAGEN I ML DNA 42 B
A&, R U I A5 43 B A () Ak 3 Y e R
N2l DNA. MG 43{EH] EPIGENTEK
MethylFlash Global DNA methylation #£17 5-H %t
HImEE ( 5-methylcytosine, 5-mC ) 43087, F4l
YRS DNA (100 ng ) FIAR 34 (AP ) XF
M DNA FE& L 5% T R iR — & iR
B, DMEDE DNA 256 RS LRI . FF&
FEM) 5-mC il AR DU B 44 Ak JHAE it L LU
DNA 1B ER Y, 45 558 o Wl bn S AT A I
AP 3 ANEHE .,

1.8 &RKEHHERNE

73l A B2 A5 L 2H rh BELIE R 2 H
gl 120 2, fes NIERAERR IR B, %)
2 HR IR = UG , R e 5% 2 A Al
A, A S A RS A S AR A S o
T E Al HOA I R 4 B EO T r L RS A
Fr, HBIFATEPAL, PHEE AR
BOE AR AR H B R e B By
J5 . ARLHREALEIR 38 HMGE e, eI

TR E T ER, PR EER AL,
R e 2 0 R T %) T, ik 2 LAY T
AR, Bt B )E, fdIREPLEER 38
PR EE DI, BB DTN 2 H k4l d ik i
FREPE R BOm - 4 d (3 d IR L
1d4iH),

19 HEKESSH

I B ok HIF- S H AR HE1R (Mean +
SE ) Fn, BHEGITRH SAS 9.2 Ffht 4T H A
72501 ( One-way ANOVA ) il Tukey’s #:56:
AT MM, P<0.05 BRnEFRE,

2 HREHH

2.1 $AIHR o iR hn i R o T K 2 e 4 FR I ER AR
5740 B R

mk 3 Fros, FmhH R R R A
0.04%It}, J3#r FA Fl 5-MTHF & &%, 3
H 4 il ik FA 520 (2.00 + 0.04) pL/L,
5-MTHF &8 (32.06+1.18) ng/g, HBHE
TXTHEZ (P < 0.05); 4 HigZ ik FA &
3 (1.52+0.06) uL/L, 5-MTHF &k (24.81 +
0.83) ng/g, [AIFERZE B TXHA (P<0.05); 5
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H i 4 Ak FA &8 (091 £ 0.01) pL/L,

5-MTHF &8 (21.29+0.30) ng/lg, BEET
R (P < 0.05), X} THF Wi &3, AR
AEFEXT 3 H 4 Hge R THF 5 5 052 i A RR
HMHHZERARE (P>0.05); 2hd 4 HRE,
0.10%IR5e4 T 4 Hid4h iR r) THF &80
(0.37 +0.08 )uL/L, (KT X HRZH( P < 0.05),
HEeBAdS5xBAMEER A B E (P >
0.05); 4t 5 HIBH, 0.02%iX54HH 5 Hik%)
MR THF %53 & TR (P>0.05),
HEeBmAS5xBAMLEERARE (P >
0.05 ), SRR, AR P AR 0.04% /Y R i 2
PET 3.4 5 HIRMEKER FA SEM
5-MTHF & (P <0.05), fied 7 iR m- AR

2.2 AR AR N ER X R K F B i 4h FR M ER R
B X B ERIZHI AT

Wz 4 s, W 3-5 B4 fug fant
AR AR AH SC L R (A A i, &L DHFR,
SHMT Fl MTHFR SR BIBEMFRR S N 2, &
R ISET R R LR S M RRES Ny
0.04%HK}, 3 Hik4 Rk DHFR. SHMT Fl
MTHFR 3 F ) 3¢ 1k 2 50 BRAE A HE B 35 3 e P
<0.05); 4 Hit%ik DHFR . SHMT F MTHFR
FEPR ) Rk i AR i 2 v TR IR (P < 0.05),
SEXT RRZH Y 2.49 f5 . 1.15 £5F0 1.20 £ 5
H i ik DHFR . SHMT #1 MTHFR 5K 13
SRR BRLE Y 1.53 4% . 1.89 1351 1.38 1%,
SR, AR RN 0.04% 0 MR B E SR T
3-5 H ¢4l diig{k DHFR SHMT 1 MTHFR $:[H
fFiEE (P<0.05),

2.3 AR AR N ER XY B K F B i 4 B ER X
1048 X ER S B RS0

mZ 5 o, hl 3 B, mRrREsn
0.10%MI MR, M T XTI, WEMIKT 3 H
W4 WA ) DHFR BEEYE (P <0.05), 1 0.04%7F1
0.06% 1 I R VS Jin 25 8 I T 3 H i e Ak
MTHEFR G (P <0.05); 4hdi 4 Hige, a9
FREHFAR I 0.02% I, At BEZH A Hb 58 25 14 m
T 4 Hig%{KH DHFR BiEE (P < 0.05), H

0.04%iX 541" MTHFR BG4 B &4 (P <
0.05); & HL 5 HIBRHET, KA 0.02% ) iR
WEWMT 5 HiREARR DHFR BN (P <
0.05 ), TMij H AR KL FR A 0.04% ) iR . & 4 i 1
5 Hil ¥R f) MTHFR B#IG1E (P <0.05), BH
d, MRREEANFIE N 0.04%K}, 3-5 H ik
) MTHFR 75 M &2/ (P <0.05),

24 FARPRMITBXYEAFZELSH DNA
REAEXERRENR M

m#E 6 fr, ghd 3 HigR, AFEALET
Dnmtla FEPR) 58 AT A AR Hey B 4h
B4 HIER, KRR Dnme3 FEF Y FRIEE
U FRAIAH L T, iR A &R 0.04%
i, BERE T 3 HRER Damela FEH B FR K
(P <0.05), BEFMKT 4 HBEAK Dnme3
AR EE (P<0.05),

25 FARPRMITBYEAFZELSE DNA
RAELEXEBEEN RN

Wk 7 pon, 4 3 HEEE, 0.04%iR54H
[ 84 DNMTI Bgd R (29.60 +4.26 ) Ulg,
B E T AL (P <0.05), DNMT3 & 1EH
(12.79 +0.21)U/g, BEALT X HELI( P <0.05);
4 BT, ARAEEET DNMT S P AT
TRZAAR S B, 0.04%IR 50 4H () #/K DNMT3
Fifg %k (9.40 £0.15 ) Ulg, BEM TR (P
<0.05); G S HERET, AFEALLFEXT S H itk
DNMT1 B P 452 W) G REZE A B 22 57 A8 3
(P>0.05),0.02%iX5 40 5 H itk DNMT3
Fi 1P T (P <0.05), HAEH i ZH
ML ZESARRE (P>0.05), MESEE, HRE
TNFIEA 0.04%0F, 2 3 HE A 4 H kA ik
DNMT! ARG MR Em (P < 0.05), H
DNMT3 s P 3 A (P < 0.05 ).

26 fAMPHEMHEI 4 HREXRFZES R
4k DNA FHELKFERIF I

W1 FTR RIS NG & 0.04%F1 0.06%
Bf, 4 HiBEAR DNA H 5 b /K F B 2T X0 1E
H (P<0.05)
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x5 {ARPHERMAFR 3-5 B g 4h B8 548 X EE RN
Table5 Effect of folic acid addition level in the diet on folic acid metabolism-related
enzyme activities of 3- to 5-day-old larvae
ENGILIS: “ S M A5G (U/g) DHFR (Ulg) P F 3 U S0 A 5 (U/g ) MTHEFR (Ulg)
Different 3 H iy 4 Bk 5 H iy 3 [k 4 Bk 5 H iy
treatments 3-day-old 4-day-old 5-day-old 3-day-old 4-day-old 5-day-old
CK 62.81 £0.29ab  46.61 = 0.00b 37.38+3.89b 50.94 +2.87cd 46.51 £0.97b 37.75+1.10b
0.02% 66.45+0.0la  55.67 + 1.85a 49.76 £2.46a 5570 £ 6.12bc  43.48 +£0.27b  40.45+3.65b
0.04% 67.15+0.09a  40.45+3.19b¢c  31.92+2.87b 71.00+3.87a 60.83 £ 1.58a 52.93 +3.63a
0.06% 60.97 + 3.88ab  38.05 +4.32¢ 1936 £2.85¢c 66.86+5.35ab  36.53 +1.81c 18.21 £ 2.55¢
0.08% 5833+£0.78b 3330+ 1.22cd  19.30+£3.08c 24.40=+4.67¢ 33.83 £ 0.85¢ 35.54 + 7.70b
0.10% 46.11 +2.44c  27.54+0.67d 18.17+0.28c  38.62 +2.84d 17.13+1.36d  21.77 + 0.40¢
%* 6 {AMRHPMHEARMAFEX 3-5 Hig4 B DNA REABEXEEFRIENZ M
Table6 Effect of folic acid addition level in the diet on DNA methylation related
gene expression of 3- to 5-day-old larvae
ENGILOEL DNA W B4R 1a FE[K Dnmtla DNA HUIEEE RSl 3 JEIK Dnmi3
Different 3 HE 4 i 5 A 3 A 4 Bl 5 Hilty
treatments 3-day-old 4-day-old 5-day-old 3-day-old 4-day-old 5-day-old
CK 1.00 + 0.09b 1.00 £ 0.17a 1.00 £ 0.19a 1.00 + 0.09a 1.00 + 0.06a 1.00 £ 0.07¢
0.02% 1.80 £ 0.14a 0.89+0.13a 1.13+0.11a 1.14+0.11a 0.52+0.02¢ 1.47 £0.15b
0.04% 2.20+0.43a 0.85+0.12a 1.15+0.08a 1.17 £0.08a 0.60 + 0.05bc 2.04 £0.09a
0.06% 2.47 +£0.20a 0.68 +0.10a 0.99 +0.12a 0.95 + 0.06a 0.49 +0.03c 1.71 £0.13b
0.08% 2.02 £0.28a 1.02 £ 0.08a 0.47 + 0.04b 0.62 £0.03b 0.74 £ 0.06b 0.93 £0.07¢
0.10% 1.72+0.26ab  0.24 +£0.03b 0.54 + 0.05b 0.63 + 0.06b 0.32 £ 0.04d 0.74 + 0.03¢c
x7 (AMBPHERMAES 3-5 Hid4) 2 DNA BELHEXEFRENZ M
Table7 Effect of folic acid addition level in the diet on DNA methylation related enzyme
activities of 3- to 5-day-old larvae
PN DNA HUEERF£ME 1 (U/g) DNMTI (U/g) DNA HUER:F4E 3 (U/g) DNMT3 (U/g)
Different 3 A 4 Bk 5 HE 3 Hih 4 Bl 5 Hi
treatments 3-day-old 4-day-old 5-day-old 3-day-old 4-day-old 5-day-old
CK 17.58 £ 0.10b 20.69 + 0.48¢  27.94 + 1.98ab 16.76 £ 0.15a  12.71 +£1.00b  10.56 + 0.40bc
0.02% 22.12 +£0.49b 30.21+0.38b  34.53+7.73a 16.35+0.63a 1571 +£0.57a 14.50 + 1.26a
0.04% 29.60 £ 4.26a 26.58 +0.86b  20.67 £ 1.19b 12.79 £ 0.21b 9.40+0.15¢ 8.76 + 0.06¢
0.06% 22.95+1.14b 35.73 £ 1.50a 19.45 £ 2.48b 15.94 + 0.98a 12.62 £ 0.20b 10.54 + 0.19bc
0.08% 18.62 + 0.24b 21.73 £0.96¢c  22.16 + 1.73ab 16.84 + 0.06a  13.22+0.53ab  8.87 £ 0.25¢
0.10% 21.00 + 0.03b 27.30+247b  28.79 £4.79ab 1548 +0.20a  11.29+1.70bc  13.02 + 1.49ab
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Fig.1 Effect of folic acid addition level in the diet on
total DNA methylation level of 4-day-old larvae
FEEARA M F R R 2 A R (P> 0.05),
AP RFRRER R (P<0.05), B2,
Histograms with the same letters indicate no significant

difference (P > 0.05), while with the different letters indicate
significant differences (P < 0.05). The same as Fig. 2.
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WA 2 Bz, Bl RS ) 0 0 oE i g
ST A BRI e RS R o
0.04%¥F, B H o 35 = X IR (P < 0.05);
MRS NS &y 0.08%F1 0.10%H, i i iy %
RFXFHRY] (P <0.05),

29 FAHRBFEMHBNEAHNEELEHELN
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D2 DL 3, MRS IR R 0.04%H
R B DI AR T A A e e
(P<0.05), M TXIBAE T 0.79 d; MR
NG R 0.10% M), 4y & & D T
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Table8 Effect of folic acid addition level in the diet on pupation rate and eclosion rate of larvae

WiH 2l %] Groups
Iterms CK 0.02% 0.04% 0.06% 0.08% 0.10%
IR (%
fe ﬁ}: (%) 95.40+0.75a 91.10+4.02a 91.10 £ 1.10a  87.67+2.84a 71.13+£2.94b 68.77 £9.84b
Pupation rate (% )
TP (o
HeE (%) 9540 £0.75a 96.55+0.08a 91.10+£1.10ab 87.63 £2.81b 73.35+1.93¢c 94.33 +2.85a

Eclosion rate ( % )

WA T B E AR AR P RER R E R AR E (P>0.05), FATEIRERA AR FRARELES BE (P<0.05),

Date followed by the same letters in the same row indicate no significant difference (P > 0.05), while followed by the

different letters indicate significant differences (P < 0.05).
A AY
3 g

A AR S = A= DU AR ( THF ). 5, 10-
W L PU S HEZ (5, 10-MTHF ) A 5-F LU
MR (5-MTHF ) “5al=4) . —ix$,; 5 THF
458 DUE T DEAR R S S Z A B A% 4L, S,
10-3F 3L PO & i 5-H 38 PO & f2 A 10-H it
SIS MRS H SRR A YA T RE , G
RS . EAFRIE R R (i [R) A bk A
PR H 364k ) R R & B BT ik — A% 59T ( Ducker
and Rabinowitz, 2016 ), A< SCil i %f A AR
WIS BT AL, TR RN 0.04% M R 1
RIS 3. 4 F1 5 HiSH A 5S-MTHF % i i 3

TR RELH YR 5S-MTHF & S ik & A
WM —iST0, [FRHREE & B SHMT 3L (1) 3%
kR E R TR, UL 2 R H &R L
TR, AR T W AR AT 3 BR A R AR
W, R AT R A R R T,
AR AL FR AN EE BT B, (A IZA 38T 4
ARHRTER, T AR AR,
AT R AR R L L R R I R, HLA
5B S AR SR, AT Ly 24 Py e
WARE AR A R . IR A H LA R, T
e JHF T 137 2 1 BT A5 BRe D, AR R
BEARRIEME BEA . MEAEASET
(BFERS, 2009 ),
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Fig. 2 Effect of folic acid addition level in the diet on
the weight of newly emerged bees
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Fig. 3 Effect of folic acid addition level in the diet on
developmental duration

EIh i MR NE FRRR 2 R A BE (P> 0.05),
NN FERFRRZEFBE (P<0.05),
The same lowercase letters on the map indicate no

significant difference (P > 0.05), while with the different
lowercase letters indicate significant differences (P < 0.05).

L DO S R A R B ( MTHFR ) R &
IR A S DHFR )& iR A 9 SC B Wang
et al., 2012; Bhatia et al., 2020), Kitt, AHF
¥ 60 MTHER 1 DHER #E4T43 4 o %145 41 A [l
R I e (R BE DR SRR A B R B, AR RR s
0.04% iR (R g0 20 i 2 4 v T4 A (3. 4
15 HiE WE{AR) DHFR F MTHFR B:H ki,
[l B i 2 i 5 7 4l H ) MTHFR B 6, 0045
FRH 0.04% 11 I 2 V5 1N BE A5 f12 1F 2 0 11 i R AR
e XA BESE YIRS 0.04%HT, e iARE
BB b E AT R ) WM 32, AR B R AN N7
T, MR R SR A 1S B IR R

AT HEAT 16 BR B B AR SR o A0 (2010) (R
TR IIER HAR 2.5 mg/kg MRS INAL 0955 T
WE MTHFR FE R 33k & W 3 m TR RRAL, IF Hoae
AR AT I I 26 10 ) 15 18 5 s A T 9 3R B
R3] 11 RIS A7 I R AL B v 42 A A1 RS (R T
H B Em 1 H A 42 J & RS IFIE MTHFR
FRHEpREE (LW, 2014 ),

HO PR | Sl o RN S50 T 1E
KEFEYIRSL, IR S5 s PRk A B B AR
KABWRE, HRiEA—f B RdgiAxR, HH
5w AT S DNA H 4L B %A ]
SYHEE R (Crider et al., 2012), 5K
Dnmt3 siRNA AbBE 1 &40 s 307 5 Ll 1)
W AR, MELZ T, MWL A F B E AL
Wi T4, Ui Dnmt3 % F & &2 fiiEn
( Kucharski et al., 2008 ); Shi %§ (2011 ) 5Kk
PRAN AR IR & KR A T3, 6 H kAT
Ly d S ERAY DNMT3 G P A BRAR X 658
YRR, Xy ) FE A ek T L A e A
M 10-F23E-2-28 152 ( 10-HDA ) J&—Ffig £ 3¢
A ISR, Wang %5 (2014) #F58 & BLAE
LAl H R TR AN 10-HDA, Bl i 50 & i 34
3L Dnme3 () FRRK -] N2 )5 B,
55 220 0 114 3 B S P Ak R 06 A i S R 4 R A1
B TN (2017 ) M5E T 8 TR T 0 2 Fhg Al
3.4 F1'5 Hi% DNA H AR A OC HY 3 P 3R 3k F it
WEES, KPP 3. 4 F1 S HiRE DNMT3 /Y
B PE R T T, 0 Dnme3 RN Y FKKF
16 3 HIRA 4 H I EAMAR T LM, 5
H I i AN ARAR T TN B R XS L k3R
FI BRI LAE S Dame3 W48 #1440 Ui
PNEZHIREER, XS TLIE Dame3 B9ASIE R
GBI 2 5 TR 1) @ 38 B LI 1 AN 5 3 2%
PREF SN IR A IR 5 AR B 1 R B Y B &
BURERRO A O, H IR AN [R]RAAS [R] 12 35 R 1 g 225
B T BE S AFTE IR 22 5 o AR50 30 o 7F 3L Atk H
IR IR FER = A iR, 3 H & B s s in
0.04% 1R (1) 5 4 1 1A DNMT3 1% i P il 2%
T XTRRAL, 4 H BRI 0.04% M FR 1)
RIGALER Dnme3 BYFER F Ik 2 i K T4 8
20, AHXF N ) DNMT3 AR P 22X iR 4l
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0.04% iR 1A 0 21 1) 2 e % 8 0 10 b S5 RRAIG,
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Ml fiT5E A H 3L DNA e DiveE il P He R & 2t 4
Hi% e T4 DNA H AL HE R AR T T 064
H, Wang 4§ (2020) [RIEEAFSR 28, 4 HEH}
B F 4 U H AR KPR T T4l i, AR
s, FROTHEXT 4 Hi%4) B DNA HIELKFE- 7
Mt B, GRS 0.06% M PR IR IR 4, 1%
1% DNA H ALK [FRE i I TR RRAE, (3
TERR EH MR T T8, 458 Wi 0.06%
MRS 4 H e R i i R A QI T P
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ARIT o
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JIr LA GRS Bl e, e TR 2L 16 d, THERFEL 21 d.
AR I, TR RN 0.04% MR 1355 41 1
I B 0.17 g, MR M 0.15 g5 Tt
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