O
ht
gl
a

B EiE 39(3): 193~197 (2000)
Korean J. Appl. Entomol.

Wolbachia ¥10|Z& PopcornO| Zmiz|e| W3l A4Alof
ojxl= g

Effect of Popcorn, Wolbachia Variant, on Development and
Reproduction in Drosophila melanogaster
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Abstract - Wolbachia, vertically transmitted bacterial endosymbionts, is known to induce cytoplasmic
incompatibility (CI), parthenogenesis, or feminization in some insect species. The Wolbachia found to
exist symbiotically as a non-virulent form in Drosophila melanogaster, however popcorn is a lethal strain
of Wolbachia, which causes tissue degeneration and early death of its adult host. Popcorn-infected flies
showed the delayed duration of an egg and larvae, and their pupal period and life span reduced. The
oviposition and egg-hatching rate of popcorn-infected flies were decreased 15% and 80%, respectively,
compared to those of the normal Wolbachia-infected flies. The pupation and emergence rates of popcorn-
infected flies were 67% and 65%, respectively. When popcorn-infected flies were crossed with Wolba-
chia-infected flies, and vice versa, both crosses resulted in a significant reduction in egg production, egg-
hatching, pupation, and emergence rate, and their progeny revealed the popcorn syndrome. When
popcorn-infected male flies were crossed with uninfected females, popcorn was not detected in their
progeny. Popcorn also maternally transmitted in flies, but it did not induce CI and affected on its host life
cycle as a virulence.
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AZzA B33, dA4, A3 & Fedidh dA71A]) U8z Wolbachias v QA o] x| 9t
Edo|al popcornd 4F ¢ x5 e] (Drosophila melanogaster)d| 47 7} 9= o] AlZ&2] zx| 3| A}
gl 7] Al 5o HYUAE vebdd) Popcornoll A E 2] &3 §3 @87 7ke] AAE
T, 414 7] 717Ee dEEE e Holn, AEY o] d&H. =3t v|wUA Wolbachia
o 7+d® ALBwo AlelgL 15%, 1382 80% =502 A3 n, L3-8 67%, $IHEge
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AeA S FAAA FA AN ZEAES v AAE
7he]l ZATA = Gukd dAAdolH, S5 FAA 7
ols] A o wiel Ale]FA, HejFAY, 18] 742 3
712 BANA] B 4 ¢)v}(Tanada and Kaya, 1992). ©|
E FAAZE A97H =27 4214 (inheritance) 7}
4% A (infection) 1 7}el] whe} FA43A o]
b Jape o)2ch meby B4 B AshA s
A A E 43514 "o} (Hacker et al., 1997).

Z2ag]e ZAsH= Az A Mgl Wolbachia
£ rickettsia®] & & (B)oz £Fo YAAAE F
stel 44 Aa=e, A ZAEIGA (cytoplasmic in-
compatibility) &A}e] veh}= vjwdAdom e
8t} (Werren, 1997; Stouthamer et al., 1999). =3+ £7}
F (EME)S $7& Wolbachiad 93 244 3} (femi-
nization)”7} H-=% o} (O’Neill et al., 1992; Bourtzis et
al., 1996; Giordano et al., 1997). ¥ A B-3}3}Al-e. o
Ay 5 g 5, w0 5,8 58] & 5o &3
oA o] areix 93, vhu] Feol M w9 A4 (par-
thenogenesis)2 8- =3}, Wolbachiadl 7Z3€ 73}
AAE A ke dFe] el FAHo| YT
(Giordano et al., 1995).

FZoll 2e]AM A" Wolbachia ¥ 0] %<] pop-
corng $2 ARG, &3] e} {3, W7
M EBolgt WAle] vJeplA] ot AFe] A
ol ol o, &8, Watel] 7t FAFHe =z B
o} A 27 AFEHAI7I = HUAAAE Bl (Min and
Benzer, 1997). o]# &} popcorn®] 732 AAIA <l E
A Mol Moz A3HE 7L AT7E 4 9
F rdeA & Fo4E 2 R

B A Wolbachia ¥ o]%&Ql popcorndl] FaH
z3e]e] AEE 2 ARIES zAbSE 9, A
2 Wolbachiael 748 2ofel7be] Holg s}
3,7 wbg oA 77 g e Akl o = at
popcorn X Wolbachia®l| 9% Z32]7ke] wArxid
ol A W7o AL " AL
o] W]t ARRAE s

Mz o LY

23} popcorn

1. A =25

Wolbachia ¥ 01 &< WAA popcornd 733 =3}
2] (Drosophila melanogaster)$} ¥1¥ 14l Wolbachia
o 2+ d =de] 3 HRF=2 Wolbachiad] ZFHH A
oF2 =3a]E APAWA FHufA 2. 25°C 3-&7]
oA dxAo = FARSEle ARl

2 W 7|2t U Y
A
N

<3} 2o oF 4 7 2l 4 FUNATL Bl
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A Beha" AW (@1OXTcm)eE $7]3, 14
AAT B 242 BAez AAEn)
HAR A7e 2T B, 23
SERRISERER SN
A AgEhE, 2447 DAz WAE mAshe

o

3. mHf 9 Abet

Popcorn 73 z3}2], Wolbachia 7} =3}g], Wol-
bachias] AR e z3kezre] weh 7] 33
2604 £3 F ¢ 8 TR Aeloprn ¢
s % 3 Ivfelst 27 20kel e FUsked welsted
o}
o] 33l W77 2 AVl AFE =
F AAT G, N2 35 AAE o oHE R
3l 7}7] 1etejd e A7) Bei9lye EepadE A}
S (el 0xTecm)o2 HA A8 F9 AAE o
Az Aotz wld M2 A2 wIspHA FHn)
73t Al mull Fol A4S RARIAH-.

4. 238 YU B3E, HE A

B3lg2 g7 Inie]d AREEE 2AMEE 3o At
7R 7A] B3 4 $F 7FoE 3T

4318 9 $31g2 o £ 19y 93 2 Ff A
2 AgHe g &7 1, 6417 0] At F wl x]of| A
AAG &, 38 R B wd ] &
W 7]l A A slE A3 $8 vijd ARSI

5.16S rRNA PCR &4

2| WA Wolbachia EAE F<3l7] $3le
Wolbachia 16S rRNA2] $-HA}2 Polymerase Chain
Reaction (PCR) 8-S A}-&-3}ed Z=ZE3)le] o], Wolba-
chia 168 IRNA 2] §A =)o) E-0]3t primerE AMS-31%]
t}h(O’Neill et al., 1992). Template DNA¥X =3}g] A&
10u}2]& STE buffer (100 mM NaCl, 10 mM Tris-Cl pH
8.0, 1 mM EDTA pH 8.0) YjeilA] w}a]3}e] proteinase
KE 91 37°CollM 30 53t uH-e-3k 3 95°CellA] 5
27 dx)8]skw, 12,000 pmol A 33-7F 94 B e
AN g ARt BES-A-2 Premix™.-Taq (Takara,
Korea)& o]88}3, PCRE7-2 95°CellA 30%, 55°C
ol A 30x%,72°C 12 302 30cycle 3 314}

Ha 5 nFE

1. ¢ 95 % Holvle WK
AF&-2-% 25°Co| A popcorn3} Wolbachiao| 7}YE=
Zz9}2), Wolbachias] A &2 dzT 2329
o 92 1) Wdr] 717-& 248 A3 Table 134
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Table 1. Duration (hours) of egg, larva, and pupa of Drosophila melanogaster infected with popcorn and Wolbachia, and

uninfected Wolbachia

Laval stage

Total duration

D. melanogaster Egg

Pupa

1st instar 2nd instar 3rd instar (days)
Popcorn-infected 294048 30+0.21 33+0.20 54+0.12 89+0.18 9.8
Wolbachia-infected 26+0.16 28+0.21 31+0.17 53+0.60 91+0.74 9.5
Wolbachia-uninfected 25+0.11 28+04 30+0.93 52+0.36 92+045 94

* All values are means + SE of 100 insects.

2t

Popcorndll 7+dd zuEle] o 7|72 Wolbachia
9 29 B 3A7 Ax dAE e, f27)7
= 1%,2%,33] §FoM 2F
Zehd Hd7] 7)1 238 24
7Z43g o

3 F AAF7AY B&717H popeorn 7} &3}
27} 98d A=, viwHdA Wolbachia 7} =3}
2= 959 ool Wolbachia Y25 A 4L dxF
9] 943} v|w& W popcorn X Wolbachia 7} F-o1A
T U877 dAe] dA =AU
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Popcorn 7}d Z3}2]e] Al 158702 Wolba-
chia®) 799 =3}2]9) 1020709 1/5¢] B-a}aldc}
(Table 2). 2v}e|e] HF,HE w3t 1Y ARRSE
Hl a3 of, gl 1042l popeorn 733 Z3}e]
= 158705 AFEHEF wbd, 3099l Wolbachia 733 &
s}l 34708 ARkt webA popeornel] 24 E
zstels 19 ARiae] Ul E Wolbachia 79 =
s2le) do% pEez Fashe AL welth 19
o Wolbachias) A e zzele] A=At
79002, 14 AFS= 197703, Wolbachia 7+ 9]
740 Alebgo] ok}

&e] B3 N &3 (92%) > Wolbachia 7t
% (85%) > popcorn 7} (68%) 5-2] <A 2 A popcorn
e z9tele] R3bgo] dAsA A= gt} (Table
2). 22}, At} B3hES heldt Ao #3539 4
£ Wolbachia 7} (867) > v]7}<3 (726) > popcorn 7}
A (107)8] S 3A 7} dAH %

3 83 9l g M5 Y

Wolbachia®| Q=R o2 Z9e]9) g 438
2 87%=2 A, Wolbachiao 73 &3} 85%%} &
ztol 7t glont, popcornell g E 3= 67%2)
ZHke] WH 72 F o (Fig. ).

$3Hgoll M= Wolbachiad)l FE¥ zIle]=
91%, Wolbachia®ll 7FH=A] 942 Z238E= 92%2A

Table 2. Number of eggs and hatching ratio in Drosophila
melanogaster infected with popcorn and Wolbachia, and
uninfected Wolbachia

D. melanogaster Number of eggs  Egg hatch (%)
Popcorn-infected 158+51 68+t56
Wolbachia-infected 1,020+32 85+4.8
Wolbachia-uninfected 790433 92+39

* All values are means + SE of 100 insects.
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Fig. 1. Pupation ration and adult emergence Drosophila
melanogaster with infected popcorn (O0) and non-pathogen-
ic Wolbachia (B), and uninfected (H).

55 af $3&& oyt popcorn 3 z3}e] WY
71% 66%7te] 3= gvk (Fig. 1). Fe) ®3hg 9 &
318, $-3182] 79 Wolbachia 7Y% R} popcorn 7}
92) Aol 25% Fh e AGE vehict

Popcorn 7¥Y3 4 Wolbachia 739 z3}2]2} Wolba-
chiaol] FYHA Rz 4 sue 2R
A= Fig. 29} 2w} Popcorn 7} 298] 231 &
24217t ollel o 4% Awsh AAbshalon, My ¥
8¢ A=rt AANE o 50% ol Abstgl.en, 20
d AHF A|AAME 10% v)9re] zsle)r) J&=s)
At

Wolbachia 7} 23]y A 3 8U7x|:= fy
Feo] Abolgla 32U = 50%7) &3k, 469 o
F7HA] 10% A =71 Y Z=slgdo}.
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Fig. 2. Life-span of Drosophila melanogaster in Wolbachia strains of popcorn (A), non pathogenic (B), and uninfected control
(C) : survival curves represented mean SE from 20 replicates of 100 population per each.

Table 3. Difference in egg production, egg hatch, pupation and adult emergence in crossed with Drosophila melanogaster
infected popcorn, and Wolbachia, and uninfected Wolbachia

Cross (female X male) No. of egg/female* Egg hatch (%) Pupation(%)* Adult emergence (%)
Popcorn-infected X Wolbachia-infected 215+39.29 61+34 58+36 63+85
Wolbachia-infected X Popcorn-infected 458 +85.42 5556 51+28 60+9.2
Popcorn-infected X Wolbachia-uninfected 23749233 59+119 53+5.7 52+£3.9
Wolbachia-uninfected X Popcorn-infected 574+100.74 305+24 60+1.6 68+1.8
Wolbachia-infected X Wolbachia-uninfected 984 +69.1 89+1.6 83+34 87£59
Wolbachia-uninfected X Wolbachia-infected 1,150+£26.43 9+24 90+3.8 88+2.5

a2 All values are mean + SE of a total 20 pairs (female and male) of adult and replicate 30 times.

Wolbachiad) ZtG= A ¢ 2vel: WA F 50Y M 1 2 3 4 6§ 6 M
o) AT ol Fel= 50% ol 4] YE&E BT

wtebd Wolbachia %9-& $A4%4e) 24 5 23
o Aol feishAl AgekAT ohad) 43 £ 1e00bp -
ZaE 2HSIY I, popcorne 5 B ol AE 1,000 bp ——
o) Qe = v)e BesA g Aol #Hal 850 bp
5.

4. Popcorn % Wolbachia Z4dF2te] muldd
Popcorn 2 Wolbachia 7} %3}2), Wolbachia®)| 7t Fig. 3. Detection of Wolbachia 16S rRNA in different com-

A2 oo 329 z3E|7} 23] NALe] bination crossing with popcorn, non pathogenic Wolbachia,
A elale] Aers, 2348 9 o3gs 2AE A} and uninfected Drosophila melanogaster by PCR. Lane: M,
1 Table 33} 7o} Abgb2ol lo]A] popcorn 7 = DNA siz.e marker; 1, popcorn X non-paqlogemc; 2, non-
sbe] QrT} Wolbachia 749 29487} 429 o pathogenic X popcorn; 3, popcorn X non-infected; 4, non-

infected X popcorn; 5, non-pathogenic X non-infected; 6,

1 7}o 0l O = FARES
2157W, Wolbachiasl 457 &2 23t A 237 non-infected X non-pathogenic.

Mz popcorn 7red Z3}2jzhe] mufal 759k & A
o]7} sl =}, Wolbachia 7}<3 Z3}e]v}, Wolba-
chiad] ZFHA & zvtg] A A9 vand gt w Wolbachias| ZF9=A o2 238]zke] =
ol Abgtert 40-50% pEoE w9 Wi M2y FolA B =% vHddE BE3n
B3}-&-2 popcorn 3+ %] 9} Wolbachia 719 = Wolbachiadl Zt=A] o2 h7le] ¥ &9 *

ol



October 2000

< HA3IA 3k

23182 popcorn 7} Z3be] W Wolbachia 7}
zvtgle] ¢F 4 A WA BF 51~58% A £, S
382 60~63%2 kS Buu. a8y} Wolbachia
vz 257k wal ;e M 43le] popeorn
4 S 53%2] 43183, 52%) $-3HE Rel Hb
H, 93 o] popcorn 7t A% 60%, 68%2] 43 3
$-3&-& vebliodoh. Wolbachia 74 el BI3Hed
F7& s AR 984709 oY, o] 2} uld &)
o 2= AREeT) 1,150/ 2 Z7eted o). 3
&o] F3] @2 A2 M= B3FAY Aoz g
Aot 838 9 $382 2% Wolbachia 73}
vz 7o) wuiel A 74 et

a2}, popcorn®} Wolbachia 73 z=3}2], Wolba-
chia®l] ZQ=A] 2 29271 wAF Aoy
Wolbachia 1AL 16S IRNA2] §HA}2] PCRE &
3 Fig. 35} o] #ldld o). Wolbachias] 7+ =]
U 297} 4Fd A$ole Wolbachiarl 712&F)
2] sk, I fel e BF P&

Wolbachia®| 7}9¥ 713} Wolbachia®| Z}E =R &
< &9 e aAAHAME vlS Wolbachiaz} 7
235 A) 4= A$e = popcorn 7} ZvlE)e} $A}3H
Aeld E543€ Jelglew, Wolbachiast 22 pop-
corn G 2o Mz B3PS &
A=A ¢k} (Barr, 1980; Wade and Chang, 1995;
Noda et al., 1997).

UAukA Q) Wolbachia®} Eol&}A popcorng Z3}z)
9] AHubHQl AEALE A o), 43 3,
7] 7]zF 9] W87 zbel] o]AbE ze ], AlRE
52 ¥AF s, 33489 A=z, £3H8, 93189
FAE fEI, A4y 43 5 HAHd 24
oF7]3}¢1 ) (Boyle et al., 1993; Rousset and Solignac,
1995).

e} o] zue]e] UKAAE 7ol wE pop-
corn®| °J&fol] A3} A5 wleto = popcorne] HW
A& AYA @ B 7)zbe) dEA Al
Al el o] FoiA Folr}

ol g 2
Barr, A.R. 1980. Cytoplasmic incompatibility in natural pop-

ulations of a mosquito, Culex pipiens L. Nature. 283: 71~
72,

Korean J. Appl. Entomol. 197

Bourtzis, K., A. Nirgianaki, G. Markakis and C. Savakis.
1996, Wolbachia infections and cytoplasmic incompati-
bility in Drosophila species. Genetics. 144: 1063~1073.

Boyle, L., S.L. O’Neill, HM. Robertson and T.L. Karr, 1993,
Interspecific and intraspecific horizontal transfer of Wolba-
chia in Drosophila. Science. 260: 1796~1799.

Giordano, R., J.J. Jackson and H.M. Robertson. 1997. The
role of Wolbachia bacteria in reproductive incompatibilit-
ies and hybrid zones of Diabrotica beetles and Gryllus cri-
ckets. Proc. Nat’l. Acad. Sci. 94: 11439~11444.

Giordano, R., S.L.O’Neill and H.M. Robertson. 1995. Wol-
bachia infections and the expression of cytoplasmic incom-
patibility in Drosophila sechllia and D. mauritiana. Gene-
tics. 140: 1307~1317.

Hacker, J., G. Blum-Oehler, I. Muhldorfer and H Tschape.
1997. Pathogenicity islands of virulent bacteria : structure,
function and impact on microbial evolution. Molecular Mi-
crobiology. 23: 1089~1097.

Min, K.T. and S. Benzer. 1997. Wolbachia, normally a sym-
biont of Drosophila, can be virulent, causing degeneration
and early death. Proc. Nat’l. Acad. Sci. 94: 10792~10796.

Noda, H., U.G. Munderloh and T.J. Kurtti. 1997. Endosym-
bionts of ticks and their relationship to Wolbachia spp. and
tick-borne pathogens of humans and animals. Appl. Envi-
ron. Microbiol. 63: 3926~3932.

O’Neill, S L., R, Giordano, AM.E. Colbert, T.L. Karr and H.
M. Robertson. 1992. 16S rRNA phylogenetic analysis of
the bacterial endosymbionts associated with cytoplasmic
incompatibility in insects. Proc. Nat’l. Acad. Sci. 89: 2699
~2702.

Rousset, F. and M. Solignac 1995. Evolution of single and
double Wolbacia symbioses during speciation in the Dro-
sophila simulans complex. Proc. Natl. Acad. Sci. 92 : 6389
~6393,

Stouthamer, R., J.AJ. Breeuwer, R.F. Luck and J H. Werren.
1993. Molecular identification of microorganisms associat-
ed with parthenogenesis. Nature. 361: 66~68.

Tanada, Y. and HK. Kaya. 1992. Insect pathology. pp, 12-
51. Academic Press, London.

Wade, J M. and N.W. Chang. 1995. Increased male fertility
in Tribolium confusum beetles after infection with the
intracellular parasite Wolbachia. Nature. 373: 72~76.

Werren, J.H. 1997. Wolbachia run amok. Proc. Nat’l. Acad.
Sci. 94: 11154~11155.

(2000 49 279 AH4,2000 89 289 41))



