
Drosophila melanogaster !..~HLHg,j Deleted P Elements2,J- Hybrid Dysgenesis !:!~ 

HYBRID DYSGENESIS AND DELETED P ELEMENTS IN A 
KOREAN POPULATION OF D. MELANOGAST ER 

WOOK KIM§, Ml OK KIM and JVNG SOO KIM* 

Department 4 Biology, Dankook University, Cheonan, 330-714 Korea 
*Department of Biology, Sungkyunkwan University, Suwon, 440-746 Korea 

ABSTRACT 

A total of 209 lines derived from a Korean population (Cheonan) of 
Drosophila melanogaster were tested with respect to the P-M system of 
hybrid dysgenesis. The P factor activity appeared to be nearly inactive 
or null. In the tests for cytotype and P activity. about 47% of tested 
lines were characterized as M cytotype (M' strains) and the remaining 

lines (53°/t,) as P cytotype (Q strains). Based on in situ hybridization 
with a full-sized 2.9 kb P element probe, the Q and M' strains were 

found to have 35.6 ± 10.3 and 34.5 ± 9.7 copies of P elements in the 
genome, respectively. Among these P elements in the genome, Q and M' 
strains were found to have 2.4 ± 0.5 and 2.1 ± 1.6 copies of complete 
P element. showing on hybridization with a 0.67 kb Pst! probe derived 
from internal region of a full-sized P element. On the basis of results for 
the genomic distribution of P elements and strain types, Korean 
populations of D. melanogaster appeared to have a mixed population 
structure similar to that of the coastal areas of China and the continen­
tal areas of Central Asia. 
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P elements~ Drosophila melanogaster01Vi 7}AJ- ~ ~C;jz! ~o]AcJ '?]7.} (trans­
posable elements).£.;.1 .3../l] complete P element~ incomplete P elements.£. -=(-~~ 
J7.. 'V,.2_oj, -:g..Jt-?;j.Q_.£. o]~~ DNA 0~ ~B -!f-.!f101] 31 bp£1 inverted repeat (IR) 
-=(-3':~ 7.]Y~ =i::>do] 'V,q (Engels, 1989). =i-5'] complete P element~ 2907 bpS:'.. -=jl-
-"'cl~ ~~~ ~7Vi'?il ~ .!t.%15}2 'V,i=:-t-11. 7.}{1°] 7}7.]JI.. 'V.-E 4 7H£1 open reading 
frame (ORF)01] £1-8H ~-"'cl~ 87 kD (751 o}u]_I_{}-) ~o].:B:_:l: (transposase)~ o]-§-15} 
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O:j ~~i1)LJ101]A1 .A~%-3J'i'l ~ 0] ~ ~..Q...Z}q (O'Hare and Rubin, 1983). Incomplete 
P elements:= complete P elements:'- .!f-£1 Ljj..!f- ~7)Ai~..<?-J ~..!f-7~ ::@.~5'-jo] ;.gz! q 
0J=~ ~o]Q] ®-~ P elements£Ai ~Ad ~o)_R~~ ~.g~<S-~7-) .!k<S-~7) uJl¥c~J ~A.£. 
~:!o)-q[ 'T \ftc:} . .::r~1Y- og~.s:_ 0d4 W\101] IR~ £W~ O:jE} ~o]_K~9.}2-] -3.}% .!f­
~ ~ 7-)L.j.::.JI ~7] uJl¥011 complete P element01]Ai ~Ad-tl. ~o)_R~~ ~ift&..Q...~ 
(trans-acting) ~o)7~ 7~'o<S-~q (O'Hare and Rubin, 1983; Rio, 1990). 

0]~1~ P elements~ M ;.~)£~ ~~ (M 71]~) t>~01Vi ~o]7~ .:~Vd:.&Sl<>l O:j~-17~ 
.A) -R-~l-3J 0!-"·J~-"J~ ~..Q...Z}q (Engels, 1979; Bingham et a!., 1982; Kidwell, 
1985). P elements~ 7~~ P 71!~91 'T~:Jt P elements?~ 'itt~ M 711%91 'i}~ ;.~o]01! 
;.gzr f,~ ~~ %~\i'!oJ%% uJ*-t>~e:j ~.g.~·H:!51:& ~~.%Ad fiH::t:w, HJTI--'6- llH~.:.z.~ 
tgAd (segregation distortion: SO), '?')~;i,~) op-J ~:J} 7J~ 'hybrid dysgenesis' ~.AJ 
~ ~.Q.Z}q (Kidwell et a!., 1977). -=r~1Y- P (-'f-) X M (~).!'E.~ P (-'f-) X P ( ~) 
'g..<?-) 2llH01).Ai ;.gzr f,01).Ai ~ P elements.Q] {1°]7~ Q:)AJ]:£]<>] hybrid dysgenesis ~.AJ 
o] ~clLt.A] Cf~:q. 

D. melanogaster~ 71]~01] u:}c} hybrid dysgenesis ~.AJ~ -R-W<S-~~Y- ~fi~]<S-~~ 7] 
'o01] ~~o]7~ ~~rl], o] ~ "2-7-l£ tl~O:j P, Q .:::1~.::.12 M 71]%tg.2...£. ~fj--tJ.cJ-. P 71]~ 
tg ~ P ;.~]£~~- .7-]l...jJl ~.2..ttj P elements ~ 0]01] u:}-E hybrid dysgenesis ·1].-"-J~ -R­
WW 'T ~~ 7]~-~ _lil_-R-<5~.::.12 ~ct. 7J~ P :.zJ]%~ haploid genome tJ Q{ 25-55 
copy..<?-] P elements7~ ~fiij<S"~ttj, o]% Q{ 1/3 7-j£7~ 2.9 kb..<?-] complete P elemento] 
cj- (O'Hare and Rubin, 1983). Q 71]~~ P 711%:4 l:l]~~ copy 'T91 P elements9.} P 
;.~]£~£ -=;ud5']cl ~.2..Y-, M 711%91 'iJ-')!:J} .llllH~~ uJl .AJ~l<-i~:& ~~I?}~ -R-~ 
tl~.A] t',f~ {lo] P 71]%:4 q 2 cj- (Kidwell, 1981; Engels and Preston, 1981). M :.zJ] 
%;'. z!Acl M 71]% (true M) :J} M' (pseudo-M) 71]%.2..£ -T~~ 'T ~}q. ~~ M :.zJ! 
% 0 ] ~ genome L.J101] P elements~ ~15:j 7~?.].::.12 ~}.A] t',f.Q.ttj .!'E.~ M .A~]£1-J ~~ ~ 
;.z.j \-! 711 ~ .2..£ Ai 400:j \:! o j.AJ ~ ~ ~ 011 Ai -R-;.z.J s:_] <>1 -& ~.!f. 71] %01V1 '1 ~o ~ ~ "f=- ~ 
~ Jfr'!-, 7:~~~~}01]"-1 ~ 7-j.9) L-j-E.j-L-j-.7-J Cf~cj- (Bingham eta/., 1982) . .:=7.211-}- M' Jl] 
%.91 genomeLJ101l ~ ~-¥- complete P element~ YW<S-~O:j "T-£ incomplete P 
elements£ -T.Acl -tl. Q.)= 500:j copy.9] P elements?~ ~ cj- (Black et a!., 1987). r::l1-¥-*91 
M' JJ!%~ P ;.~]£~£ ~~~~ t~J~."i!}:::: ct:': 7]-T£MJ hybrid dysgenesis ~.AJ~ 
<;>:jAJ]W "f=- ~~ ~.2..£ ~c=j~ ~cj- (Kidwell, 1985; Black eta!., 1987). 

0]~H'} P-M system01] ..'?-]~D. melanogaster 71]%tg91 .A]~-3j ~£ .AJEJl ~ _5l_t,l! .7-] 
~Z}-01] .AJt:J~ j~o]7~ <jcj-. p 71]%~ "T-£ '*· 'i}u]9.]- % 0J o~E~7~ 7.]Q:j01] ~£<5~.::.12 
~~ \U-t,l!01] M' 71]%~ -R-i%l. '*o~E~-7}, -=ri:1.2 op.jo~ .A]Q:j01] ~;.~]<5~711 ~£~q 
(Anxolabehere eta!., 1988). -R-c}A]o~ 7.]~01]Ai::= Ail]!- -R-i%l.2..£ .!f-£1 % 0J o~Ajo~ 
7.]~01] 0]~7] TJ~.A) Q 71]%01]Ai ~~~ M' 71]%_2_S_ *£7}- ~<5~~ -TllH~.AJ·l~- _l;l_o].::.JI 
~q (Anxolabehere et a!., 1985) . .!'E.~ ~ "T-01Vi ~ %.!f-i>H~ g_ u:}c} '*lf-01!J·1 'ii¥011 
o]27] 7!~.7-] P 71]~.2..£ ¥£11:Jj~ Q 71]~:;r~ M' ll]%.2..£ ~£7~ ~ti~~ -=JLllH~.AJ-o] 
Y-E}\fq (Boussy, 1987). 

i-1"2- Anxolabehere eta!. (!990).91 %~rJJ~g rjJ.AJ..Q...£~ ~.A~01] .Qj<S-~t,J! "T-£% 
..!f-i>H~:A]~ ~ Q 71]%:4 weak P ll]%0 ] *£<5]-ttj .:=7.~{2-] L.J1~7-]~ rJl¥*~ M' 71]~ 
o] ~£<5~~ ~.2..£ L-j-E.j-';;l:q. '; <5] %~LJ1~ .A] ~011 ~;.~]<5~711 ~£5'.]<>1 ~~ M' Jl] 
%g..<?-] genome L.J101]~ KP element~ incomplete P element7~ q"f=- _l;l_-R-s=.JD-1 ~~ 
~_Q__£ L-j-E}';;l:q. 0]~ Black eta!. 0987)01] 9~i>H % 0J o~Ajo~ .A]~:J} 'i'li"Ji~ ~1A]o~ 
£ ..!f-£1 :.<H~-tl. M' :.zJ]% (Krasnodar)01)Ai KP element7}- i-Jj:_£ ~J-~-tl_ l:l~ ~~t:~] 

o]2} Ai£ ~~~<5~.2 ~cj- . .!'E.~ Black eta!. (1987)~ o]~1~ Krasnodar .7-]~01] ~y 
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il~~ M' 111 ~~ genomet.l1 011 ~ ~~~1 complete P element .21011 ';ill KP element7} 
'4 30cij copy ::>:cJ::;::_ .!i!..%:£1<>1 ~.Q..~, or~ KP element~ complete P element~ 
808-2560 nucleotide -!f-{E-o 1 ~ ~ :£1 <>1 (1753 bp) ;.~ zl 1.15 kb element 5U·i hybrid 
dysgenesis ~-"J- g '2:j~lil~~ 71 ';; g 7};>;12 <;J,q2 ~q. ~~1Jtl-~ /cl-'f-, ~-¥- {ltl-
011;,1 P 111~0 1 ~{j-:£171~ il}L} t:Jl-¥-{E- Q 111~0 1 _<f-;.~lil~7ll {E-_¥.il~~ M' 111~~ q~ 
'?!"~ ~:5::..£ s=;,}.{i tl} ~q (Takada eta!., 1983;Yamamoto eta!., 1984;S. I. 
Chigusa, unpublished results).~.;;-~ D. melanogaster 7-}~1)tl-g t:Jl-"J-.Q...£ s:;,}~ 
l:l}01l ~<5};:! 7-li}l)! P 111~~ ~~:£1;>;1 \?i"~.Q..~, Q 11l~:;r} M' 111~0 1 z}z} J:Jl~~ 
~."'I..£ L}E{-1-}2 ~q (Choo eta!., 1986; Paik eta!., 1989; Sung eta!., 1988). :f. 
~ ~.;;- 7-}~1]tl-t.J1~l Q 11l~:;r} M' 111~ .£.9-7} ~~~ complete P element.Q} t:ll-¥­
{E-o1 KP element£ .!1!. 0 1 ~ incomplete P elements~ _¥.~t5}cij genome tJ '4 25-40 
copy~::;::_~ P elements;;;. .!i!..%<5}~ ~.Q...£ .!:2.2:£]Sj.c} (Paik et a! .. 1991 ; Paik et 
a!., 1992; Sung and Kim, 1993). 

D. melanogaster011;,1 P elements7} ;>;1'2.13:J.Q...£ *-H-~<5}711 {E-¥.:£1<>1 Y.Ef-Y.~. :f. 
~ _2.~71:z! ~~~011),1 %;>;1-{i 111~011),1~ ~~:£1;>;1 \?i-2 tl-;>;1 7-}~{lti-011),-lli'!- Y."Et 
Y.~ o]%011 :t!il}cij ~~t Engels (1981)~ 'stochastic loss hypothesis'.£Ml -"~!:§~ 
ct. ~. o1u1 _2.C1j{i -!jl-E-j D. melanogaster ;>;}~1]tl"t.J101l P elements~o1 ~:ARil}2 
9],5'J.Q.L} o1~ 111~-~o1 _2.'ili71:z! ~~{J~011;,-J %;>;1:£1~ :;r}~%011 cijt:-j7};>;1 ~~~ 
s=z!olL} ~il1 %{i-3:J -¥-%(genetic drift) ~-"J- %.Q...£ ~t5}cij P elements~o1 ~~:£] 
Sj.t:}~ 7}~o1q. ~3(! o1.2}~ ~'2.1 Kidwell (1983)~ 'recent invasion hypothesis' 
.£M-j ~'2.1 -"~1:§<5}2 ~q. o1 7h~011 ~il};:! P elements7} ~-2- 40-50cij\'! {1011 D. 
melanogaster9l genomet.J1.£. ~.!f..{i o1~ cijcj7};>;1 1Jtl"~~ :;r}~:;r} ~ill ~-IT-~ ~ 
%:il~ ~7Jll ~~.Q..£ {i ).~1741011 {E-¥.:£1<>1 L}:z} ~.Q..£ ~1:§"6~2 ~q. _2.C1j!8_ ~~~ 
111~011;,1~ P elements7} ~.Q..~ :f.~ ;>;le1~.Q..£ Y."Et\:! P elements~ {E-_¥.-"J-£11Y., 
D. melanogaster *~01]Ai~ P element sequence -"J-%-"a, .:z.C12 D. melanogaster~ 
7-}0R%~ D. simulans011;,1~ P elements7} ~~:£1;>;1 \?i-2 _2.il1t:';j -2-~:t!-1117} tti D. 
willistoni :f.~ D. obscura group ~01]Ai -"J-%-"aol uR-'f- 3f~ P elements~ol Y."EtY. 
~ 13 %.Q...£ .!I!_o} recent invasion 7}A~o1 ;>;l;>;l:£12 ~q (Kidwell, 1983; Kidwell et 
a!., 1983; Anxolabehere, eta!., 1988). c-J*ol Houck et al. (1991)~ P element7} 
D. willistoni£ lf-E-J .:t.ll}'2.101l 7lA~t5}~ mite (Proctolaelaps rega!is DeLeon)01l ~?;B 
D. melanogaster 1Jti-.Q..£ horizontal transfer :£1Sj.q~ {J~3:j Cfl~ g ~1"'l~.Q...£M-j 
o1c.1~ 7}-"~ol c-J* 7-1;>;1:£]J?.. ~q. 
~ ~-T-011;,1~ %']:} ~~7-lQ:J.Q..£ lj!-E-j )(B1J.{i 209 line~ D. melanogaster{k t:Jl-"J­

.Q...£ I) P-M system011 ~~ GD sterility :~Pel ctJ-~011 u:}c.} 111~15S ~ {E-~<5}2, 2) in 
situ hybridization011 ~ -6B 0 1 ~ 111~ ~ ~ genome~ 011 {E-_¥.-{i P elements~ *-ff-.2} 
copy~;;;_ s:;,}il}cij ~.;;-{)tl-~011 -T%g 0 1-'f-.J?.. ~~ Q ~ M' 111~136~ ~-"j:;r}~:;r} 
.:z. 71~011 ~il}cij ~~t5}~q. 

I. ~~li "Jl A~ 
~ ~~oJP·i~ 1993tC 9-%/'FoJ1 %'8" ~'i! -2-Jil..'?.l ~.:s:. .J!!-"f=-~.Q..£ .!f-E-l ;;R~t5}Cl:J ~~~t.JH 

A-j isofemale lin~£. %:Al£1o1.g. 209 line£1 Drosophila melanogaste~ ~~.fi.£.. A}%"6}~q. 
o] ~ j:JI}i.O.]~ 23 ± I OC ~ 60 ± 5%.£. %7-].£1~ -8J.g.~Ljjoj]Ai ;,~£j<;ct.£.uj, GD sterility 
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~1)A]oJ]!c:- ~1)7]{!- %~ 28 ± I OC ~ 50 ± 5%5!] ~J-.g_7]t.J1oJ]Ai Jil.llH -"'!--*<'>}~4. GD ster­
ility ~11-"'loJ]!c:- Harwichw.2} Canton-S~ 44 P ~ M f'l]%~5!1 .R~ f'l]%£.£ -"'}-%<5}~4 
(Black et al., 1987). "'-l 0 ]!c:- 3:_ll}c.J .R~ corn mealllH7.J (0.5% propionic acid .¥..'V-)~ o]-§-
99.4 

2. P-M systemoJ] 5!1~ Ail.¥..~~ '3l f'll%~ .~A 

"H1Jl8 445!] lineoJ] t11~ GO sterility ~1JoJl u}i":- P element t(A,j (P factor activity: 
cross A) ~ Ail.¥..~~ (P susceptibility: cross A*)S!j Jl}-1).g.. Kidwell (1986) llJ-'iJoJ] uj-c} ~A] 
99,£.uj, GD sterilityoJl t11~ Jll-;;~a7]~.g.. 10%£ <5}~4. 

3. In situ hybridization llJ-'iJ 

GD sterility ~1]oJ] 5!1-&-H f'l]%~ 0 1 ~'dl8 209 line 7]-&-Lil M' f'll%1§ 8 line:>!} Q ;<1].!5-t§_Q_ 
S. Jll-1)!8 5 line%.!]'-~~£ ~J;lji>}e:j o]% f'll%t>JS!] genomet.J1oJl-!E-.¥..!8 P elements~~ -!E-~<'>} 
~4. ~.Kim and Kidwell (1994)5!1 llJ-'i)oJ] n:j-c} Digoxigenin-11-dUTP£ Jl7.]!8 P element 
probe (Fig. I)~ ol-§-<'>}e:j polytene chromosome AJ-oJl in situ hybridization <'>}~ c:}. 0 1 !IJ1 
probe!c- 2 **~ A}%99_!c:-r:i1 '3l~t P elementsS!j ~-!"11 copy T-~ ~:-"'t-.5}71 -'flc5H prr25. I 
plasmid (2.9 kb complete P element insert: O'Hare and Rubin, 1983)£ 1f-E1 inverted re­
peat (IR) primer [(12/2896) AACATAAGGTGGTCCCGTCG (31/2877)]~ 0]%~} PCR 
(polymerase chain reaction) llJ-'iJ (Kim and Kidwell, 1994)01] S!jc5H ~~ '3) -!E-c.Jc5H ';tl 2.9 kb 
P element probe (probe I)~ -"'}-§-<'>}e:j polytene chromosome AJ-oJl in situ hybridization <'>}~ 
q (Fig. 2). %~t 7-]S!] t:l-1-i'--!E-S!] incomplete P element%5!] ~Jf- internal deletion£101 ~71 !IJ1 
-t:-oJ1 complete P elementS!] copy "]='-'{}-% .~AW T- ~!c:- llJ-'iJ£.s.M] pn:25.1 plasmid AJoJ1 {[ 
~!8 complete P element~ -lf:-2.1~} +. ol~ Pstl A-ll~.R.:::::.S. 7.-jc.j<'>}e:j ~01';11 0.67 kb frag­
ment (Fig. 1 )~ random primed DNA labeling llJ'iJ oJl 5!1-&-H probe (probe 2)£ All ~~<'>}e:j in 
situ hybridizationoJ1 -"'}-%<5'}~4 (Fig. 3). Random primed DNA labeling Jlj-1).g.. Boehringer 
Mannheim -"'}5!1 DIG DNA labeling llJ'iJ oJl n:j-c} T-"~ <'>}~ !:}. 

( Pl) 

1<-----------:2.9 kb -----------~ 

A 

B 

Fig. 1. Map of complete P element and KP element. A : Restriction map of the 
complete P element, showing the structure of complete P element probe (PI) 
and 0.67 kb Pstl fragment probe (P2). B: Restriction map of the KP element. 
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Fig. 2. Photograph of the polytene chromosome squash of a Q strain larva derived 
from a Korean population of D. melanogaster. Multiple positive hybridizations 
to the 2.9 kb prr25.1 probe labeled by DIG-11-dUTP were stained deep blue in 
the polytene chromosomes. 

Fig. 3. Photograph of the polytene chromosome squash of a M' strain larva derived 
from a Korean population of D. melanogaster. Three positive hybridizations to 
the 0.67 kb Pstl fragment probe labeled by DIG-11-dUTP were stained deep 
blue in the polytene chromosomes. 
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I. P factor~"'cl ~ A~].¥.~-8J ~~ 
GD sterility~~ t!JlfloJ] ~-5H ~A¥:! D. melanogaster~ 209 isofemale lineoJ] t:J1 

~ P factor ~"'cl-"4 o]c~~ P elementoJ] t:J1~ A~].¥.~~ {}'T-"'cl ~.:S:.~ .5!.;:! (Table 1), 
cross A~ ~-"4oJJAi ~~¥:! %- 4159 F, female 7Hf:-t-l] 9-f 1.5% ~.:S:.7} GD sterility 
~ t..j-s}~t:.]-. o]~ ~A}¥:) ~:;il] line~Ol]"'i P factor ~"'cJo] 7-j~ \fig~ .s!_O:j-"f-.2 ~ 
.Q.o:j ~fij]£ P 71].!8--8J ~ t..J-s}t..j-7-] U'V:t:.J- . .5':.~~ cross A*~ ~-"40ll"'i ::=: %- 4136 F, 
female ~Ol]"'i 9-f 23.9%7} GD sterility~ t..j-s}~.Q.£,Y,i P elementoJ] t:J1~ A~].¥.~~ 

~'T-"'cl o] ~-=- ~ .:S:. ~ g ~ .s!_O:j-"f-.2 ~ t:.]-. 
~:;il] isofemale line~oJl r11~ A~].¥.~"8j.9-] ~.¥.::::: Figure 4oJ] t..j-s}t..j- ~t:.]-. Pel­

ement~ ~"'cl ~ ~~-5}::::: 'o~oJ] ~~ 71]~~!oJl ~}o] ~ .s!.O:j-'T-.2 ~:=r-J], P A-j].¥_~"8j 
.Q.£ lf-E~ M A-j].¥_~"8joJ] o]27] 77}.7-] t:.j-0J:~ polymorphism ~-"-d-~ t..j-s}Y]JI ~t:.]-. 

:'i<'>l P element-2-] ~"'cl ~ Q:jfij] ((10% GD sterility) W y ~~ PA-l].¥.~-8J (-l'!:- ~-"4 
Ol]"'i::::: Q 71].!8-"8J).Q.£¥:! 71]%~ ~:;il] 209 71].!8-- ~Ol]"'i Ill 71].!8-- 0 ] ~A}!@.Q.£,Y,i 9-f 
53.1%~ ~}.A]9:9,.Q.o:j, O:js} t..j-oj.A] (46.9%) 71]%~~ P element~ ~"'cl~ 'T-%W 'T­
~:= M A-j].¥_~"8j (M' 71].!8--8J).Q.£ ~~~<;dq (Fig. 4). rr}c.}"'i P-M systemoJ] ~~ 
71].!8--8J-"4 A-j].¥_~"8j~ ~:4£ ~ uJl ~<j- 7.]"')~ D. melanogaster 7.}~~-g.~ z.)-z.j- Q 
71].!8--8J (53.1%):4 M' 71]%-8J (46.9%).Q.£ -T"'cl~~ ~~ ?>!.Q.£ ~~~<;dq 0 ]cH"} 
~:4::::: .A]~~ ~~.9-] O:js} q~ 7.}~~-g.~ t:J1-"-d-.Q.£ ~A}¥:! ~-9-- (Paik eta/., 1989 
; Sung eta/., 1988)Q} 7-j~ %A}~ ~.Q.£ t..j-s});}:t:.]-. 

2. In situ hybridizationoJ] .9-J ~ P elements ~~ 
GenomeYloJl ~.¥.¥:! P elements~ ~:;ill copy "T-~ ~A}-5}7] .!f1-5}0:j M' 71].!8--8J ~ {i 
~ -5}0:j 2.9 kb~ P element probe l.Q.£ in situ hybridization~ ~ -"4 (Table 2), 
genome ra- JJ8-i!- 34.50 ± 9.70 (S. D.) copy~ P elements7} -e-AH<'>}:= ?>!.Q.£ Y-st'* 
t:.]- . .5':.~ ~.J,}j:;il] arm~£~.¥.¥:! P elements-2-] copy 'T-::::: X '€j.J,}j:;il]7} -2-~~ ~}£ 
q~ tl§o] t..j-s}Y]JI ~.Q.t..j- (X) 3L) 2R) 2L) 3R) O:js} '€j.J,}j:;il]oJ]Ai.:S:. ti]Ji1..3j .2 
2/j] ~.¥. ~~ ~~ ?>!.Q.£ Y-st'*t:.J-- ~.J{! complete P element~ copy 'T-~~ ~"'} 
-5}7] .!f1-5}0:j 0.67 kb~ P element probe 2~ A}%9:9,~ u:Jl, genome ra- JJ8-i!- 2.13 ± 

Table 1 
Frequencies of GD sterility in the tests for P factor activity (cross A) 

and M cytotype (cross A*) in isofemale lines collected at Cheonan population 
of D. melanogaster 

Cross A Cross A* 

Pop. No.tcstcd f, female scored f, female scored 

Sn %GD s, So %GD 

Cheonan 209 4071 54 34 1.47 3029 234 873 23.94 

s,, s, and So: the number of normal ovaries is two, one or zero. 
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Table 2 
Copy numbers of P elements per chromosome arm in 8 M' strains detected by in situ hybridization using 2.9 Kb complete 

P clement probe and 0.67 kb Pstl fragment probe 

Chromosome Arms 
Line Total 

X 2L 2R 3L 3R :r: 
-< 
t:ll 

KC-18 6 4(1) 3 6 3(1) 22(2) 
;:o 

0 
KC-21 13( I) 8 9 8(1) 10 48(2) 0 

-< 
Cll 

KC-40 8(1) 8 3 9 8 36(1) 0 
t'T1 
z 

KC-106 12(2) 7 8 16 6 49(2) t'T1 
Cll 

KC-211 9 6(1) 9 
Vi 

3 3 30(1) )> 

0 z 
V1 KC-251 10 8 6 6 5(1) 35(1) 0 

0 
KC-271 4 2(1) II 6(1) 6 29(2) t'T1 

r 
m 

KC-304 6(3) 8(2) 4 5 4(1) 27(6) 
-l 
t'T1 
0 
"tl 

Mean 8.50 6.38 6.63 7.38 5.63 34.50 m 
r 
m 

(0.88) (0.63) (0) (0.25) (0.38) (2.13) s:: 
t'T1 z 
-l 
Cll 

S.D. 3.12 2.26 3.07 3.96 2.45 9.70 

( 1.60) 

Copy numbers of in situ hybridization band detected by 0.67 kb Pstl probe are in parentheses. 



Table 3 
Copy numbers of P elements per chromosome arm in 5 Q strains detected by in situ hybridization using 2.9 Kb complete 

P element probe and 0.67 kb Psti fragment probe 

Chromosome Arms 
Line Total 

X 2L 2R 3L 3R 

KC-34 10 8 10(2) II (I) 13 52(3) 

KC-46 8 4(1) 2 9(1) 6 29(2) 

KC-114 9 6(1) 7 9 5(1) 36(2) 
~ 
~ 

KC-222 8(3) 3 10 8 7 36(3) 
:E 0 

0\ 
~ 

KC-263 6 6(1) 4(1) 3 6 25(2) 2. 

Mean 8.20 5.40 6.60 8.00 7.40 35.60 

(0.60) (0.60) (0.60) (0.40) (0.20) (2.40) 

S.D. 1.48 1.95 3.58 3.00 3.21 10.31 

(0.50) 

Copy numbers of in situ hybridization band detected by 0.67 kb Pst! probe are in parentheses. 
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Fig. 4. Distribution of GD sterility frequencies in the test for cytotype in isofemale 
lines collected Cheonan population of D. melanogaster. 

1.60 (S.D.) copy7} 5:"-}Q~q (Table 2). u}?f"-i M' lll-'8-~oJl"-i 1-fs}\:~ IIa-IT ~ 35 
copy.91 P element 41 -¥-~ ~ incomplete P element~ 01 oj, complete P element.91 1 
+~ ~'T copy(~ 2 copy)~o1 -e-AH~q.:JI ~ 'T 9J.q. 

Q lll-'8-~ g_ r.ll-'-J_2_~ 2.9 kb P element probe I g_ ;,.~~ ~:L1} (Table 3), genome 
~ Di:l-IT 35.60 ± 10.31 (S.D.) copy.Qj P elements7} -e-AHi>}:= ~_2_~ 5:;,.}.£]~q. 
'€)~~1 arm~£ ~¥.08 P elements9-1 copy c:f::= M' lll-'8-~oJl"-i ~Hl X '€J4:i.1]7} -2 
~~ ~}~ q~ mo1 1-fsj-t.Jl.:JI ~_2_1-)- (X ) 3R ) 3L ) 2R ) 2L) q~ 'i':/~jj1oJ]"-i_'C 
tl].lil~ .:JIE..Jl] ~¥-Qcj 'U:= ~_2_~ 1-fs}xtq. st:_~ 0.67 kb P element probe 2~ "-} 
%~ g_ n:Jl, genome~ Di:lTI- 2.40 ± 0.50 (S. D.) copy7} 5:;,.}s:]~q (Table 3). u}?-} 
"-i Q lll-'8-~.9] 1+0ll.:s=.. genome~ Di:lTI- ~ 36 copy.9] P elements 7},£-r1] ~ 2 copy 
~!:C..Q] complete P element~ ~]Q]i5}J!. 71.9] 41-lf-~o] incomplete P elements~~ 
¥-s:j cj 'll :-:= ~.2-£ 1-fsJ-xtq. ~3{1 in situ hybridizationoJl .9] ~ ~ :i1}£ ~ n:Jl, Q -'4 
M' lll%~41.91 P element ~¥.-'-JEll:::: ¥ ll]-'8-Z}-oJ] ~cg~ ~}o] ~ .!i!_017-1 '2i':::: ~_2_~ 
Y-sJ-xtq. oJ:::: GD sterility ~~HJ!fjoj] .Qj<5H -TT-~08 Q -'4 M' lll%~.9] ~l\±7]~o] 
genomet.Jl.Q] P elements ~¥.-'-JEll£~ rrH ;;(a%l'~o]7-1 -¥-~ ~2..£ ~<>:j.£]~q. 
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~ ~-T011A1 ~A}~ ~:!~ 7.1~.9.1 D. melanogaster :A}~~lil2. P factor.9.1 W"'ao1 
7~.9-j ~.Q..9, Q (53.1 %) ~ M' li1~t@ (46.9%)o1 l:l1;:~ Jti.££ ~..¥.<5'}.2 <;Jq. o1 
c-j~ ~~~ 7.1~~ ~~.9.1 O:jsj- q;=: 7.1 ~ g rl1"'J.Q..£ ~A} .!1!..2~ ~~ (Choo et 
a/., 1986; Paik eta/., 1989; Sung eta/., 1988)9} ~.9-j ~~1'8'}.2 <;Jq. u}c.}A1 ~~.9-j 
D. melanogaster 7.}~~lil2. ~7.1~011 ~~ Q li1~t@~ M' li1~t@o1 A1£ l:l1;:~ ~l 
S:.£ ~..¥.~~ <;Jq.2 Jtl:lil~r:t. ~~Q] 7cH-, (~-¥- ~lil011A1 P li1%o1 ~:cts:J71S:. ii} 
.2 q].!f-~ Q li1% 0 1 -'f-.A11ii}711 ~.¥.'8'}9 M' li1%2. ~;:, JtiS:.£ ~J-}!f:! ~ (Takada 
eta/., 1983; Yamamoto eta/., 1984; S. I. Chigusa, unpublished results).Q..£ .!J!.o} 
~~~lil~.C q~ q;=: ~lil-T~~ L.}sj-';l!q.J:!. ~ "1=- <Uti-. ~-2- Anxolabehere et 
at. (1990)011 .9-l?>H %-~qj~g rl1"'J.Q..£~ ~J-}011 .9-lii}~ T-£ %-¥- ?>H~7.1~;:, Q li1 
~~ weak P li1~0 1 ~.¥.3}9 .=:1.~{011 1..)1~7.1 ~ q].!f-~2. M' li1~o1 ~.¥.i>H:- 3!.Q..£ 
L.}sj-)±q. 0 1~111 ~ uJl. D. melanogaster ~.;;-~lil2. %-~.9.1 %-¥- i>H~7.1~~ %'0J 
o}A1og~ ..¥.~~ 1..)1~7.1~~.9-j ~~~~lil-T~:~ .!i!.'?_lt:}.2 Jtl-lil~q. 

O:j c-j7}7.1 {), ~ ~ -2-~ (Kidwell, 1983 ; Kidwell et a! .. 1983 ; Anxolabehere, et a! .. 
1988)£ .!J!.o} D. melanogaster.Qj P elements 71~-!011 -t!-ii}O:j 'recent invasion hy­
pothesis'7} ~;,;(H£A1 ~ 7}7.J %?:1 ii}q .2 ·*- "1=- ';] t:}. o 1 ~ 7}:Aa '8'}011 ~-2-
Anxolabehere et a/. (1990)2. u1~ 'i=}.!f-7.1~.Q..£ .!f-E.-j 71~~ P li1·*.9.l D. 
melanogaster7} %ctA1o} qj~.Q..£ migration t}~ ~:Aa011A1 .A~7-j\± weak P ~~ Q 
li1~t@o1 *u1q]~~ 7}7!}-& A1-¥- %\'l ~ %-.;~.9.1 %.!f-isH~ 7.1~011 fl.Q..9, ·'6- 0Jo}A1 
o} 1..)1~.Q..£ :Q-"1=-~ M' li1~t@o1 T-£ ~.¥.?}t:}.2 .!i!..J:!.ii}~q. u}c.}A1 ~-~9.1 D. 
melanogaster 7.}~~lilQ1 -'i:l-9-, Q ~ M' li1%t@o1t11;:~ JtiS:.£ ~,:;t,ii}.2 9)g ,<:, %­
~ %-¥- i>H~7.1~~ %-oJ o}A1o} 1..)1~.Q..£ .!f-&1 T-£ OJtsJ=g ~';]-.g- 7}'o"'ao1 3.t:}.2 
~ "1=- 'Uti-. 

In situ hybridization~~£~ uJl. {i~~tg-.9-j Q ~ M' li1~t@t.J1011~ genome~ 
Q{ 2 copy 7.,3.£.9-j 2.9 kb.Qj complete P element7} -E-;;(Hii}9 .:7.~011 q].!f-~2. incom­
plete P elements~£ -T"'a~~ <;Jq. o1 ~ ~.;~ 7.}~~lilt.J19.1 Q li1~~ M' li1~ 5'.. 
-T-7} ~"1=-.9.1 complete P element.Q} qj.!j!-~o1 KP element£ .!J!.o1.C incomplete P 
elements~ .¥.Wii}O:j genome~ Q{ 25-40 copy ;;;js=_Qj P elements~ .!i!.%'8'}.2 <;Jq 
.C .!1!..2 (Paik et a/., 1991; Paik eta/., 1992; Sung and Kim, 1993)9} ~;<.1~.2 <;] 
t:}. ~'51 ~ ~-T011A1 ~A}~ Q ~ M' li1~~t.J1011 ~ KP element7} -'f-.A11ii}l11 ~.¥.'8'} 
.2 <;]~ 3!.Q..£ ~~~ l:l} <;J~r:11 (Kim, W. and Kim, J. S. unpublished data), o1c-1 
~ ~~~ Anxolabehere et a/. (1990)011 .9-j?>H %' 0J o}A1o} ~ %'~7.1~011""1 ~;,}~ 
M' ~ Q li1%~ o1 .5'.--T KP elementc.}~ incomplete P elements~ -'f-kJ1ii}711 .!i!.%'8'} 
.2 <;Jq~ ~-6:j~ ~~1~ti-. ~~Black eta/. (1987) ,<:, ~0J o}A1o}9} 1:l~ c-1A1o}.Qj 
Krasnodar ~lil.Q..£ .!f-E.1 !\H~~ M' li1~011~: ~"1=-.9.1 complete P element Q]011 ~ 
'8'1 KP element7} haploid genome~ Q{ 30 copy :Ajs=_ .!i!.%~~ <;J.Q..9, o1~ KP el­
ement~ complete P elementQ1 808-2560 nucleotide .!f-~o1 ~{)_~~ (1753 bp) .A~ 
;j 1.15 kb element £A1 hybrid dysgenesis ~"'Jg ~~1'8'}~ 71';; g 7}7.1.2 'Uti-.2 
~r:t. 

~1{1 Q ~ M' li1~t@Qj genomic DNA1..)1011 -E-AHii}~ P elementsQ] ~..¥.£ ~ uJl 
(Tables 2-'i!} 3), -T li1~zl-011 ~%~'~ ;<,}o17} ~o1 ~.9-j l:l1;:ii}711 L.}sj-)±q. o19}~ ~ 
c.] GO sterility ~.Pcl011 u}c.} -T~!f:! Q ~ M' li1~~zl-011 L.}E}'d hybrid dysgenesis 
~"'J9.1 ;<.}o1 ~ o}u}s=.. ~~~11..)1011 {]-'iJ~ KP element.Qj position effect ;<.}o1£ .A~~ 
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~ 7}';;"-"'a 0 l <Vr:t. ~.Simmons eta!. (1990)::'_ !::Jill'?] {)li:!-_2_£ -!f-E~ ?.HJ-'8. M' lll 
%~'?.1 Sexi lll%01l.A1 KP ~~-¥-incomplete P element ~ 0 1 'i:l~~lll101l.A11f~B 
~~1011 u:t4 P factor~ ~-"'a Q:j~l ~£7} M' lll%~{!-011 t:j-0,}5}111 Y.Et'it ~ 'Vt1-2 
~q. u:}c}J-1 ~ 3':.A}.01l.A1 Y.E.}\:1- Q ~ M' lll%~~ T-~~ ~ 28'~'?.1 ~ 0 1 °}yoj 0 1 
~ lll%~~ genomell101l ~;;~Ht>H::- KP element.9} ~:='_incomplete P element~ 0 l 'i:l 
~?.~lll10111f~-'8 ~~1011 u:t4 GO sterility~ ~a£~ ~~~ ~:i!l-42 "'~Zf-'8t1-. 

u:}c}J-1 oP·J~ ~:>!}~ ~W"8"H ~ uJ1, P-M system01l ~~D. melanogaster ~.;;-{) 
B"Yl~ Q ~ M' lll%~9-l ~_¥_"-JEll~~.;;-~%-¥- "8-fl~.Al~:i!} ~0J 0 }.Al 0 } Yl~.Al~ 
~ ~W-'8. 1lli:!T-3':~ Y.E.}\Rt1-.JI ~ ~ <Vr:t. 
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