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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 cylotype and P activily, about 47% of tested
lines were characterized as M cytotype (M’ strains) and the remaining
lines (53%) 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 PstI 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 elementsy= Drosophila melanogasterd|Al 713 2 47 HojAl <1z} (trans-
posable elements) 24 ZA complete P element$} incomplete P elements® 745
I e, FFHOE o]52 DNA &5 ok 9]¢ 31 bpe] inverted repeat (IR)
FZ2E AUe 30| At} (Engels, 1989). £3] complete P elementi= 2907 bpE
e A GrIMEe B3t e, Aol 7AA Sl 4 7€) open reading
frame (ORF)9) 23l 4% 87 kD (751 o}v|54h) Ho] g4 (transposase) & ©| &3}
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o GAA YA &2 oS d o7ty (O’Hare and Rubin, 1983). Incomplete
P elementsw complete P element2 -8 Y5 Gr|AFe] 37} A4Age] 47 o}
Fot Hoje] ZE P elements2A B4 Holgas AY4keiA] £aly) mjio] AAg
Holg 4 gk, 12y o] 5L U= Uddof| IRE ¥ 313 ofE} Ho|FAo}o) 218 B
e AYL A7) ol complete P elementoll 4] FAE HolgAE FFLow
(trans-acting) Zo]7} 7153}t (O’Hare and Rubin, 1983; Rio, 1990).

o]2gt P elementsi= M A X & 27 (M AlF) dtollA Ho|7t &AdstEo] o7}
A G#1F o)A e Yot (Engels, 1979; Bingham er al., 1982 ; Kidwell,
1985). P elementsE 7131 P Al5-2] 313} P elements7} gl M A 59| o Aol
A7 Frd 52 Edol g & v £ty M A5 B, 4 Az, vFE st
& A (segregation distortion : SD), YA A o)A St 7+ ‘hybrid dysgenesis’ &4
< 9 ozt}t (Kidwell et al., 1977). 281} P (£) X M () == P (%) X P ()
2] wujollA] 7] Felld= P elements?] Aol7} o] o] hybrid dysgenesis 314}
o] dojitA] gt}

D. melanogaster= A& w2} hybrid dysgenesis 42 5284 A 8k= 7)
Foll zbol7} Aw=dl, ol AR 3led P, Q 28] M AEE R BHEHY. P A%
Ho PAIXEAL A1 9o P elements F ool W& hybrid dysgenesis A4S &
et e 71%5E BAskal Aok JE P AlE-2 haploid genome & 9F 25-55
copy®] P elements7} Eal3lu, o5 2k 1/3 Hx7} 2.9 kb2] complete P elemento]
t} (O’Hare and Rubin, 1983). Q A1%-& P A%} H]<4=35) copy 9] P elements®} P
AEZAZ 7] Jdoh, M A% A e o) M5 BYvhe f
34 ¢+ Ho| P A% tt2o} (Kidwell, 1981 ; Engels and Preston, 1981). M #)
22 A M AE (true M) & M’ (pseudo-M) Ao 8 8 4 gt} I M A
%ol¢t genome Wol| P elementsS A3 7}X) AL 9JA] ¢toH =3 M YA AL
A AG o ZA 4009 o] AN FA o] & YH AlFM T o} B 4 9}
S B, vl e AL yeR}A] et (Bingham er al., 1982). L2} M )
%9 genomeol= Y% complete P elementS ¥3+sle] =& incomplete P
elements2 A% 9F 504 copy?] P elements7} AT} (Black et al., 1987). tj{-+-2]
M’ AEE P AEARE 249 E 9YF= 2 7] 724 hybrid dysgenesis 42
AAE 7 U= A= el A Aot (Kidwell, 1985; Black ez al., 1987).

o]2| g P-M systemol| 23} D. melanogaster A FB 2] )3 B X A BE A
A7kl gt zpo| 7} ok P AISE FE &, Folgt F ok} Ao B-x
U= WO M A S f/, Holze]Fl, gl obro} XYl SAetA B
(Anxolabehere er al., 1988). frE}r|o} R HolMe M FHo R HE 5% ofro}
AQof o]z 7] 7kA] Q AFoA A M’ AT o E X7 ks TS "ol
24t} (Anxolabehere et al., 1985). T3t TFol| M= FRaIHS we} B oA Yo
olzy] 7kX] P AR E FH Hzal Q AlF3 M AEog Il Male Fujd o]
vebdt} (Boussy, 1987).

#:2 Anxolabehere e al. (1990)8] F= &S A O 2T ZAlol] A3l T2 F
Ha|etA|He Q AlFH weak P AlF0] £ 18te] YEXY dif-2S M A%
of ®¥dl= A0 E ekt 53] FUE G SAA £25H U= M A
EE9] genome Wolli= KP element2h= incomplete P element7} Tl H45o] gl
Ao g2 Yept). o= Black ef al. (1987)) &J3)) 5 obAlot A3} A E iAo}
2 2 4" M A% (Krasnodar)olA] KP element7} 32 2ZAME v} &)
o9} A2 U8kl Jrh. g Black et al. (1987) ©]2]@ Krasnodar A 9o 5%
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3= M’ A% 2] genomeoll= 4<2] complete P element £]9)) £3] KP element7}
°F 3043 copy AXE HAEO] Ao, o]& KP element= complete P element?)
808-2560 nucleotide F-%-o] AAE o] (1753 bp) 471 1.15 kb element 4] hybrid
dysgenesis ©3-S AAsle 715E 7R T ot dEAT] AS, A8 M
oA P AlEo] HARY= s 2 Q AlEo] $-AM3HA X3 M A% ta

2wz FAME v} Qu} (Takada er al., 1983 ; Yamamoto et al., 1984 ;S. 1.
Chigusa, unpublished results). $+=2] D. melanogaster AAH{ G oz ZALEH
gl o3t 2 FA P ASS SR Zdor, Q ASH M’ AlFo] 7z} H|xd
W2 Yeld2 ot (Choo er al., 1986 ; Paik er al., 1989 ; Sung ef al., 1988). &
3l g A o] Q Al M A% R 259 complete P element9} tf %
F-o] KP element® Ho]+ incomplete P elementsE X313l genome T F 25-40
copy AE2] P elementsE B3k 7102 B Ech (Paik er al., 1991 ; Paik er
al., 1992 ; Sung and Kim, 1993).

D. melanogasterd|X] P elements’} X|&]& o2 BH#5&A4 EX o] VJehte, &
g QU7 APHNA FAIE AFM e DAHA] 3 B2 A oA wr e
U o)) B3l 3A, Engels (1981)% ‘stochastic loss hypothesis’ 24 A &)
k. & ol LA ¥H D. melanogaster AAAH ol P elementsEo] £t
URo} o] AlEEo] QM7 AFHAUANM FAEHE F T Jrx] AFA
Z70l B3| 4F 5% (genetic drift) 4} 502 23l P elementsEo] A4 5
tte 7Moot 3 o9t ) Kidwell (1983)-2 ‘recent invasion hypothesis’
24 g8 Ayt ot o] 7HAdel 93P P elementsy} 2 40-5093 Aol D.
melanogaster®] genomell & HFE o|F Agjrix] Yhwst A3} 53] 7ol &
T3 A FHoZ A AAlel] BRH Ut oz MYty o Q| AEA
AZN M= P elements’} glom Tdk x)2]Z 0 2 JERY P elements?] 5 XAFELY,
D. melanogaster oA 2] P element sequence 4574, 21811 D. melanogaster®]
AHf Q) D. simulanso A= P elements7t WAER) 91 @38 ZABAZ H D.
willistoni 25 D. obscura group oA AgAlo] o] F& P elementsEo] UL}
= A 502 Hol recent invasion 7Hdo] XA H 2 2t} (Kidwell, 1983 ; Kidwell et
al., 1983 ; Anxolabehere, et al., 1988). T]-2-0] Houck et al. (1991} P element’}
D. willistoni2 Y-8 Zsla]oll 7148} mite (Proctolaelaps regalis DeLeon)oll 2|3}
D. melanogaster 2.2 horizontal transfer EAThH= 283 g AAFo2ZH
oleigh 7Hd o] B & A A HIL Ut

B AdRoAM e 9 MekRFH o2 By AR E 209 line®] D. melanogasterZ 7y
© 2 1) P-M systemol] 2]3} GD sterility 44 wol we} AEE S 232, 2) in
situ hybridizationol] 2J8} ©]& A5 H ] genomelol] £ X H P elements?] F7F9}
copy 58 ZAIY =P diid FFL o]F3L A= QE M ASE A
72 7140 B3t =2 E )

M o Uy
LAg 9 AR
2 AgAME 19939 9939 S A 2ao ¥k ArUo s BH A st dFddHA

A isofemale line® 2 FAE o} 209 line®) Drosophila melanogasters M JEZ AR 3HHTH
ol g 23 = 1T B 60 £ 5%2 FASHE F2AMNAA ASEHALH, GD sterility
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ARl A7 5228 £ 1T 2 50 £ 5%2] &271olA wuf AR&sla Tt GD ster-
ility A Alell= Harwich*9} Canton-SE z}z} P 2 M AEY ) ¥F AEow ARy}
(Black er al., 1987). Ho|= Z3}2) £ corn meal WlA] (0.5% propionic acid £3H)E o}&
Hrt.

2. P-M systemel 913 A ZAY 2 AFY 2A}

A" Z24e] lineol] et GD sterility Aol w& P element ¥4 (P factor activity :
cross A) B HIXAY (P $usceptibility : cross A*)9] 3L Kidwell (1986) ol wh} 44
o, GD sterilityol] th3t ¥ 7152 10%E 33Tt

3. In situ hybridization 3§

GD sterility A& o3 AEH o] geld 209 line 7Ftl M’ AEH 8 linext Q AFHL
2 3H 5 lined 22 deisto o|F AR genomed] EXH P elementsE #43}
%t} Z, Kim and Kidwell (1994)2] ¥ o) w2} Digoxigenin-11-dUTPE H A ¥ P element
probe (Fig. 1)& ©]-83}d polytene chromosome “do) in sirv hybridization sl ch o]m
probe 2 25Z ALt AR, P elements®] AA copy 55 FAI8H7] $18] pa25.1
plasmid (2.9 kb complete P element insert : O'Hare and Rubin, 1983) & 5-E inverted re-
peat (IR) primer [(12/2896) AACATAAGGTGGTCCCGTCG (31/2877)1& ©|-4% PCR
(polymerase chain reaction) ¥ (Kim and Kidwell, 1994)9] ¢Jall ZZ 2 Ealgid 2.9 kb
P element probe (probe 1)& AF&-3}d polytene chromosome %3l in situ hybridization &%)
t} (Fig. 2). 51, A 2] th5-E-2] incomplete P elementE2] 7-$- internal deletion=jo] 2171 o
2o complete P element?] copy U2 A F e WHOZH pn25.1 plasmid “doll
¥ complete P elementE #213F ¥, o|Z Pyl A3ta 42 Ha)sted dojd 0.67 kb frag-
ment (Fig. 1)2 random primed DNA labeling ¥%io)l 2J3] probe (probe 2)& #2381 in
situ hybridizationol| AR&&FH T} (Fig. 3). Random primed DNA labeling 3% -2 Boehringer
Mannheim A+8] DIG DNA labeling 3o} me} =33l o},

2560

i Avanl

B
807 / 2561
0.48—¥e+—— 0.63
1.15 kb

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 (P1)
and 0.67 kb PstI 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 pr25.1 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 Pst1 fragment probe labeled by DIG-11-dUTP were stained deep
blue in the polytene chromosomes.
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2 ¥

l. P factor A 2 M2 A4

GD sterility A 8ol o8] ZALE D. melanogaster?] 209 isofemale lineol] o
%+ P factor A o]213} Pelementol] thgh M| A o] 7+4=A AT E B (Table 1),
cross A2l AxtolA BAE F 4159 Fi female 7Fd] ¢F 1.5% A =7} GD sterility
£ Yetd. ol AR A lineEollA P factor 8/430] A9 P& RAF1 2
o HAZ P AFEE VetA] Zdrt 3 cross A*] ARpoM = F 4136 F
female oA <F 23.9%7} GD sterilityE Vel 2 24 P elemento]] th3l A 2 2]
Dol o Ax USE BT Ut

AA isofemale lineSol 3t MIEAYPel XX = Figure 49 veht glot, P el-
ement®] BA-S A= Tl o] AFTol AelE BoF1 =, PAIEAY
o2 He] M A2AHol| o]27] 7bA] o}t polymorphism #7448 Vel Ut
E3] P elemente] 4E A4 ((10% GD sterility) & & A= P A XA (2 Az
AdME Q AFHE)CRHE AT AA 209 AT oM 111 AlFo] ZAIHCEZH o
53.1%E AP, et U] (46.9%) AEELS P elemente] AL 588 4
AE M AEEY M A2 BHHUC (Fig. 4). @2tA P-M systemol] 9|7t
AT AEAPe A2 & o HF A H9 D. melanogaster AL 242t Q
AFE (53.1%)3 M’ A5 (46.9%)22 FAES e Aoz BAEd) olgF
A= AFR 9 g thE AARGE Qo R A 49 (Paik er al., 1989
;Sung ef al., 1988)2} A FAgE A1 o2 viEliT)

2. In situ hybridizationol] 2]3} P elements ¥4

GenomeWjol] 22 H P eclements®] AA| copy & ZAH] $3td M’ Al5E S M
eN&lad 29 kbe) P element probe 122 in situ hybridizationd ZA 3} (Table 2),
genome 3 HF 34.50 + 9.70 (S. D.) copy®] P elements7} E33le A o2 Vel
o} =3 M arm HE EXE P elements?] copy £ X GAA| 7} 243G 2
ThA Bo] e 2l (X > 3L » 2R ) 2L ) 3R) o} FAA oM = v|2A] 7
274 BEX 3o] A+ Ao Z et 3 complete P element®] copy =9HS ZA}
&7} ¢138led 0.67 kbe] P element probe 25 A8-31-& o, genome B W 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.ested Fi female scored Fi female scored
S: S Su %GD Sz Si So %GD
Cheonan 209 4071 54 34 1.47 3029 234 873 23.94

S:, Siand So: the number of normal ovaries is two, one or zero.
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Copy numbers of P elements per chromosome arm in 8 M’ strains detected by in situ hybridization using 2.9 Kb complcte

Table 2

P clement probe and 0.67 kb PstI fragment probe

Chromosome Arms

Line Total
X 2L 2R 3L 3R
KC-18 6 4(1) 3 6 3(1) 22(2)
KC-21 13(1) 8 9 8(1) 10 48(2)
KC—-40 8(1) 8 3 9 8 36(1)
KC -106 12(2) 7 8 16 6 49(2)
KC-211 9 6(1) 9 3 3 30(1)
KC-251 10 8 6 6 5(1) 35(1)
KC-271 4 2D 11 6(1) 6 29(2)
KC-—-304 6(3) 8(2) 4 5 4(1) 27(6)
Mean 8.50 6.38 6.63 7.38 5.63 34.50
(0.88) (0.63) (0) (0.25) (0.38) (2.13)
S. D. 312 2.26 3.07 3.96 2.45 9.70
(1.60)

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

SINIWATd d d41374d ANV SISANADSAJ AIYgAH
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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) 11(1) 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)
KC-263 6 6(1) 4(1) 3 6 25(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)

DM

Copy numbers of in situ hybridization band detected by 0.67 kb PstI 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.) copy?} ZAHEI It} (Table 2). Wk M’ AZ oA VERG B3 oF 35
copy?] P element Y¥-EL incomplete P elementE-<]®, complete P element] 7
9= A copy (9F 2 copy)Rte] EA3ht B 4= Qloh

Q AEE-S A S 5 2.9 kb P element probe 1-& AH&8H 23} (Table 3), genome
2 HF 3560 + 10.31 (S. D.) copy®] P elements7} &8l H o2 2ALE QT
HHA arm 2 BXH P elements® copy £ M AEH A g X gA7} 2
A%k 22 oA ol YER R ey (X ) 3R ) 3L > 2R ) 2L) thE FAA oM =
Hl2F TEA EEH] e Ao g Ykttt 3 0.67 kb P element probe 25 A}
23 & o, genome T HF 2.40 + 0.50 (S. D.) copy?} ZAFH AL} (Table 3). e}
A QAIEEH e AN % genome F Hat oF 36 copy®l P elements 7121 2F 2 copy
Az2] complete P elementE #|2]3t2 # 2] tii-F-o] incomplete P elements2 ¥
Zy)o] Ax= Ao Z veldt. M in sitw hybridizationol] 2)3F A7 2 & o, Q 9}
M’ AU 9] Pelement R Xl F Aol £33 Alo] & Bolx] = Ao
LrEbdTE o= GD sterility AWl 9a] #3"H Q 9 M’ A5 2] sy Fo]
genomed] 2] P elements ¥ ¥ /Je| 2 B of AFH o]z X3 7oz AU

1N7
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n F

B Ao 2ALE #Ht A9 D. melanogaster AANGE P factore] &4Jo]
7o) glod, Q (53.1%) 2 M’ AlEH (46.9%)0] H]&3t vz g BE¥& 7 o} o
A A= AR @=9] e} g2 A9S ez A 23" A3 (Choo er
al., 1986 ; Paik et al., 1989 ; Sung et al., 1988)2} A o] x|} Ut} watr] gare)
D. melanogaster ARG A Hel A3 Q ATHFH M AT ol A= H|x3t vl
L2 B3 oty dddnh. g9 739, A5 JAdolA P AlEo] HAN| R &
I EE Q AlFo] FAHSHA X3t M’ AT @ WxZ Ak A (Takada
et al., 1983 ; Yamamoto e al., 1984 ;S. 1. Chigusa, unpublished results)©. 2 Ho}
F=Gde tha g8 AGrEE vERdta & 5 Stk 32 Anxolabehere et
al. (1990)°) 9J8l = FE Ao Z3 Al o3t T2 FH FUMAELS Q A
T3 weak P Ao £t 1t WHAF IR M’ AlFo] X3 o=
ettt o|2A & W, D. melanogaster =G T TH LA A S
otrlots X3g Y SX|9d7e] Eotd J932E Helgy dddt.

og2i7ia] 2182 2A (Kidwell, 1983 ; Kidwell er al., 1983 ; Anxolabehere, et al.,
1988)2 Hol D. melanogaster®] P elements 7]Yol| #3ted ‘recent invasion hy-
pothesis7} @AZAM= 71 fEsidy & 4 Ao old 7PFs H
Anxolabehere er al. (1990)2 v|= FHAHo=z Ry 7|gdd P AE9 D.
melanogaster7} fratAlo} thH 2 2 migration & A PAY weak P £ Q
AZHol HuigE3 717k M3 517 2 T2 TR A Gl Bor, FY4ohA
ol Ho= 742 M AS5Ye F2 BIdty HIsiAn. webr =9 D
melanogaster AFH ] A5, Q L M’ Ao ¥|&3H HIx 2 X3 AL F
= 5 ARG FY olAlot U Fo g FE F2 dTS WS rhsAde] Ak
B 4

In situ hybridization 232 & o, ] Q ¥ M AFFWoll= genome 3
ok 2 copy A =2 2.9 kb2] complete P element’} 23t 18}e]] Of #-2-2 incom-
plete P elementsE2 7A=Y Aot o] st AT Q ASH M AE &
F71 299 complete P element9} thH-E-o] KP element® Ho|& incomplete P
elementsE T3}t genome T 2F 25-40 copy A =2] P elementsE H 732 Aok
= B3 (Paik er al., 1991 ; Paik et al., 1992 ; Sung and Kim, 1993)¢} ¥ x5 9l
t}. §3] 2 A7 24 Q @ M’ A5 o= KP element7} $-Al31A B33}
2 Ae Aeg BAE vl 9l (Kim, W. and Kim, J. S. unpublished data), ¢]&
3t A= Anxolabehere et al. (1990)0]] o)l £ ofr|o} & FZX|AoA] ZALH
M’ 2 Q AlEE0°] 25 KP elementZ}= incomplete P elementsE -$-431A] H-4-3}
T Uthe B3 g x]&heh e d Black er al. (1987)-& 39 ofaote} & 2iA]o}e)
Krasnodar d¥re g K AH3 M’ AlFN v 292 complete P element 2]9l] &
3] KP element’} haploid genome 3 ¥ 30 copy A& Hf-50] 310, o]& KPel-
ementy complete P element2] 808-2560 nucleotide F-+-0] A% o] (1753 bp) A
71 1.15 kb element 2A] hybrid dysgenesis @45 A= 7|5S 7HR 2 Utk
3o}

3 Q@ M AERH genomic DNAW| &2]8}= P elements?] ¥ 2 & of
(Tables 234 3), 5 A7l A=A zlol7t glo] AL vlsEA Yehath. 0|9+ &
2] GD sterility A& wa} ¥ E Q U M’ AlEE 7k Yebd hybrid dysgenesis
&HAlol xlo]= olnpe FAA Yo 49l %E KP element®] position effect xfo] 2 7]

dm
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7Y5Ado) k. &, Simmons et al. (1990)& 2#¢l Aoz HE A8 M A
39l Sexi AlZoA KP ¥ UX incomplete P element E°] GAMHAA AR
iMl@ﬂrwmmuJQﬁehﬂ%Eﬂwim%ﬁﬂﬂcmhpﬂqqgw;ﬂqz
At wEbA £ 2AIA et Q 2 MY ﬂ%aJ%qi J QL Zo] ofiny o]
A58 <] genometiof] EA)3H= KP element2} 72 incomplete P elementEo] &
Aol AYE Hxe wtet GD sterlllty-/] AeE %_}E]?} Axte)z AzbE o
melA o)At AsE 838 £ o, P-M systemoll 3 D. melanogaster 33
%mJth4ﬂ504%£% = 579 T5F AAA A FY Aot WEA Y
o T HErEE ety & 5 Qith

3% o oft oo
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