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The effects of cadmium on expression of the dDnmt2 and
dMBD2/3 genes in Drosophila melanogaster
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Abstract [Objectives] To investigate the effects of heavy metal cadmium (Cd) on the expression of DNA methylation-related
genes, and discuss potential epigenetic variation caused by cadmium stress and its heritability in Drosophila melanogaster.
[Methods] Unmated male and female flies < 8 h old were collected and incubated in culture medium containing different
concentrations of Cd (0.0, 0.9375, 1.875, 3.75, 7.5, 15.0, 30.0, 60.0 mg/kg) for 10 days. Quantitative Real-time PCR was used to
detect the mRNA expression of the DNA methylation-related genes, dDnmt2 and dMBD2/3 in the reproductive system of parental
(Fo) flies with Cd treatment and their offspring (Fi) without Cd. [Results] Cadmium stress can up-regulate the expresion of
dDnmt2 and dMBD2/3 in the ovaries and testes and these changes continue to the next generation (F;). [Conclusion]
Expression of dDnmt2 and dMBD2/3 in D. melanogaster is positively correlated with cadmium exposure. This may due to the
DNA methylation modification process associated with epigenetic variation in D. melanogaster.
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Table 1 Primers used for RT-PCR amplication

Gene Sequences Expected size
a0 F: GCTAAGCTGTCGCACAAA 165
P R: TCCGGTGGGCAGCATGTG P
F:AAAGGGACACGGAAGACAAG
dDnmt2 R:GCTCCAGCGATTCAATAAACT 184 bp
F:CTCACTGCCCAAGACCATAC
dMBD2/3 R:TAGCGGTTGTTCAGGATTCA 172 bp
Real-time PCR SYBR Green | dDnmt2 dMBD2/3
95°C mRNA
3min 95C 10s 60°C 30s 40 P<0.05 dDnmt2
2—AACt
mRNA P<0.05 dMBD2/3
1.2.6 L IBM SPSS20.0 dDnmt2
X *s
LSD-¢ dDnmt2
P<0.01
2 GHRE
ARG T dDnmt2  dMBD2/3
21 WYWERKR (F) RBEERLG dDnm2 & P<0.05
dMBD2/3 BEERIEH D
1 Cd DNA
DNA DNA
dDnmt2
dMBD2/3 dDnmt2 23 HEMER (F) RPREEANE dDnm2 B
dMBD2/3 mRNA dMBD2/3 BEERIZF I
0.9375 mg/k
gke 3 cd
P<0.05 dDnmt2
DNA
dDnmt2 dMBD2/3
P<0.05
dDnmt2  dMBD2/3
P<0.05
DNA
DNA
dDnmt2 >
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n=3, P<0.05

Histograms with different letters and numbers mean significant difference between each other, n=3, P<0.05.

The same below.



- 464- Chinese Journal of Applied Entomology 51

hl

0.12 - gl
| EESTES
0.10 Ovary removal
. 2 @ e
T

0.08 -~ dli el Tesis removal

0.06 -
g2

B3

cl
bl c2
0.04 d2
0.02 al ﬁ
0 _—.n L] T T T

0 09375 1.875 3.75 7.5 15 30 60

DNMT2AXT N B RP49FK &
Realtive abundance of DNMT?2 against RP49

B2k i2 5 & Dose (mg/kg)

)

035 A

h1h2
030 - T
[ ESTES
gl |
025 - f1 Ovary remova

@ ERR

dl 2 Tesis removal

020 -~

H S5
H

0.15 -~ d2
e2

MBD2/3F1%t NZ RP4935145
Realtive abundance of MBD2/3 against RP49

0.05 - a1 32 IH
. |

0 0.9375 1.875 3.75 7.5 15 30 60

AR & Dose (mg/kg)

2 FRREBRERLEE FoRRIBIELEBRFEMAI dDnme2 (A) . dMBD2/3 (B) HHMRIEE
Fig.2 Relative abundance of dDnmt2 (A) ,dMBD2/3 (B) in F, flies body cells (reproductive system removed)
after Cd treatment



2 : dDnmt2 dMBD2/3 - 465-

A 0.16 ~

2 0.14 - ol hl

[~ [ RN

7] 0.12 -
E@ -§D Intact female
w2 4 ST
g § 0.10 O
& S 008 - h2 Intact male
Z %5 a T
E 8 el
= 2 0.06 -
8 2 fl 2
S o g
= 2 004 bl ol
Qe d2

= i al c2 e2

) n Ml

O - n T T - T B T T T 1
0 09375 1.875 3.75 7.5 15 30 60
7R & Dose (mg/kg)
B
035 hi

R 030 - h2

S el T B st
g é 025 A 22 Intact female
@J 5 el fl 1

i\ dl d2 e }
N N 020 S = N O A
X xq Intact male
Q3 -
X 5 0.15 A
= s c2
= g cl
L5 010 - bl
o~
Q 2
ST 1 b2

2005 4%,

in A

~ 0 1 n T T T T T 1

0 0.9375 1.875 3.75 7.5 15 30 60

A=

7 EE 7 & Dose (mg/kg)

3 TRREBRERLER FoKRIBTEANK dDnme2 (A) - dMBD2/3

(B) HAXFRIEE

Fig.3 Relative abundance of dDnmt2 (A) ,dMBD2/3 (B) in Fy flies intact body cells after Cd treatment

24 FXFR (Fi) 48 dDnme2 F1 dAMBD2/3
BEERZMEE

4 dDnmt2

Fi

dMBD2/3

DNA



. 466-

Chinese Journal of Applied Entomology 51
P<0.05
Fo DNA dDNMT2 dMBD2/3
P<0.05
A 0.08
2 0.07 gl
& hl
- 2 1
g Z 006 - fl ke B F
S| g" el h2 F, female
® S 005 A I
< = 2 O F
K 0.04 €2 F, male
<3 i
= [ -
= 3 0.03 di
85 2 d2
S E 002 - 12 c2
= —% cl
S 20000 aly,
b
m 0 L T T T T T T 1
0 09375 1.875 3.75 7.5 15 30 60
FRRETET R Dose (mg/kg)
B 025 -
gl
N , M
E 0.20 ] 1 gI h2 & Fllﬂﬁ
i el T
X = F. female
_ 2
E § o di By i 0o F i
d2
& ‘g I F, male
()
=% o010 A
= o
m =
s =
& E b2 c2
S 2 bl cl
QEQ < 0.05 A
.E al 52
=
&) 0 _'_.l-l T T T T 1
0 0.9375 1.875 3.75 7.5 15 30 60

]

FA#& 5 7 & Dose (mg/kg)

B4 AREEREFLERE F R dDnme2 (A) . dMBD2/3 (B) tHMERIEE

Fig. 4 Relative abundance of dDnmt2 A

,dMBD2/3 B in F; flies after Cd treatment



Chinese Journal of Applied Entomology

2014, 51(2): 460-468.

DOI: 10.7679/j.issn.2095-1353.2014.054

3 Zig5itie

DNA
DNA
Lionel et al., 2002
Cd DNA
DNA
Takiguchi ef al.,
2003a 8 h
Cd 10d DNA
dDnmt2
dMBD2/3 0.9375
mg/kg
P<0.05
Gao et al. 2012 Emre et al.
2013 Cd
Reactive oxygen species ROS
DNA

Filipic ez al. 2012 Takiguchi et al. 2003b
Northern blotting

D.melanogaster ~ dDnmt2

dDnmt2 ORF2

Lyko et al. 2000
DNA
DNA
* : 2012JQ3012
** , E-mail: zhangmin451@snnu.edu.cn
:2013-09-04, :2013-11-12

DNA
mRNA
Daxinger et al., 2012 Cd
Fi
Fi dDnmt2
dMBD2/3 mRNA Fo
Cd

Cd

dDnmt2 dMBD2/3 mRNA

DNA

Cd DNA

SEZ#k (References)

Brama M, Politi L, Santini P, Migliaccio S, Scandurra R, 2012.
Cadmium-induced apoptosis and necrosis in human osteoblasts:
role of caspases and mitogen-activated protein kinases pathways.
J. Endocrinol. Invest., 35(2): 198.

Castillo P, Ibanez F, Guajardo A, Llanos MN, Ronco AM, 2012.

Impact of cadmium exposure during pregnancy on hepatic

GK201402026



468- Chinese Journal of Applied Entomology 51

glucocorticoid receptor methylation and expression in rat fetus.
PLoS ONE, 7(9): e44139.

Chen N, He Y, Su Y, Li XM, Huang Q, Wang HF, Tai RZ, Zhang
XZ, Fan CH, 2012. The cytotoxicity of cadmium-based quantum
dots. Biomaterials, 33(5): 1238—1244.

Cuypers A, Plusquin M, Remans T, Jozefczak M, Keunen E, Gielen
H, Opdenakker K, Nair AR, Munters E, Artois TJ, Nawrot T,
Vangronsveld J, Smeets K, 2010. Cadmium stress: an oxidative
challenge. Biometals, 23(5): 927-940.

Daxinger L, Whitelaw E, 2012.Understanding transgenerational
epigenetic inheritance via the gametes in mammals. Nat. Rev.
Genet., 13(3): 153-162.

Emre I, Kayis T, Coskun M, Dursun O, Cogun HY, 2013. Changes
in antioxidative enzyme activity, glycogen, lipid, protein, and
malondialdehyde content in Cadmium-treated Galleria
mellonella larvae. Ann. Entomol. Soc. Am., 106(3): 371-377.

Filipic M, 2012.Mechanisms of cadmium induced genomic
instability. Mutation Research/Fundamental and Molecular
Mechanisms of Mutagenesis, 733(1): 69-77.

Gao HH, Zhao HY, Du C, Deng MM, Du EX, Hu ZQ, Hu XS, 2012.
Life table evaluation of survival and reproduction of the aphid,
Sitobion avenae, exposed to cadmium. J. Insect. Sci, 12(44): 1-9.

Lyko F, Whittaker AJ, Orr-Weaver TL, Jaenisch R, 2000. The
putative Drosophila methyltransferase gene dDnmt2 is contained
in a transposon-like element and is expressed specifically in
ovaries. Mech. Dev., 95(1/2): 215-217.

Margueron R, Reinberg D, 2010. Chromatin structure and the
inheritance of epigenetic information. Natz. Rev. Genet., 11(4):
285-296.

Mikhaylova LM, Nurminsky DI, 2012. No severe and global X
chromosome inactivation in meiotic male germline of
Drosophila. BMC Biol., 10(1): 50.Poirier LA, Vlasova TI, 2002.

depend on lineage heterogeneity. Cytology and Genetics, 46(1):
58-61

he prospective role of abnormal methyl metabolism in cadmium
toxicity. Environ. Health Perspect, 110(Suppl 5): 793-795.

Redchuk TA, Rozhok Al Zhuk OW, Kozeretska IA, Mousseau TA,

Stajn A, Ziki¢ RV, Ognjanovi¢ B, Saici¢ ZS, Pavlovi¢ SZ, Kosti¢
MM, 1997. Effect of cadmium and selenium on the antioxidant
defense system in rat kidneys. Comp. Biochem. Physiol. C
Pharmacol. Toxicol .Endocrinol., 117(2): 167-172.

Takiguchi M, Achanzar WE, Qu W, Li G, Waalkes MP, 2003.
Effects of cadmium on DNA-(Cytosine-5) methyltransferase
activity and DNA methylation status during cadmium-induced
cellular transformation. Exp. Cell Res., 286(2): 355-365.

Takiguchi M, William EA, Qu W, Li G, Waalkes MP, 2003. Effects
of cadmium on DNA-(Cytosine-5) methyltransferase activity and
DNA methylation status during cadmium-induced cellular
transformation. Exp. Cell Res., 286(2): 355-365.

Zhang J, Fu Y, Li J, Wang J, He B, Xu S, 2009. Effects of
subchronic cadmium poisoning on DNA methylation in hens.
Environ. Toxicol. Pharmacol., 27(3): 345-349.

,2007.

, 44(5): 743-745. [GUO JM, 2007. Bionomics of fruit flies,
Drosophila melanogaster, damage cherry in Tianshui. Chinese
Journal of Applied Entomology, 44(5):743-745.]

s s ,2009.
,46(1):129-133. [WANG GM, DONG ZH,
HAO ZB, 2009. Effect of steviol glycosides on growth and
reproduction of Drosophila melanogaster. Chinese Journal of
Applied Entomology, 46(1):129—-133.]
> , s , ,2011. 9
,33(5):466 — 467.
[WANGXQ,YANGHC,WEIQN,DINGYL,SUOF,2011.  Heavy
metal pollution monitoring and analysis of 9 kinds of food.
Ningxia Medical Journal, 33(5):466—467.]
s s s s ,2007.
,44(4):585 — 587.
[WUSR,LIJT,LANJQ,SUNY,XIAOC,2007. Effect of Yunnan
Degao on the longevity of drosophila suzukii adults. Chinese

Journal of Applied Entomology, 44(4):585-587.]


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stajn%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ziki%C4%87%20RV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ognjanovi%C4%87%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Saici%C4%87%20ZS%5BAuthor%5D&cauthor=true&cauthor_uid=9214717
http://www.ncbi.nlm.nih.gov/pubmed?term=Pavlovi%C4%87%20SZ%5BAuthor%5D&cauthor=true&cauthor_uid=9214717
http://www.ncbi.nlm.nih.gov/pubmed?term=Kosti%C4%87%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=9214717
http://www.ncbi.nlm.nih.gov/pubmed?term=Kosti%C4%87%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=9214717
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12749863
http://www.ncbi.nlm.nih.gov/pubmed?term=Waalkes%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=12749863
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21783963
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21783963
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21783963

