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L1ke many 0r9an15m5, the fru1t f1y, Dr050ph11a me1an0- 
9a5ter, ha5 a 5e9mented 60dy. 5u6d1v1510n 1nt0 5e9ment5 
15 c0ntr011ed 6y the 5e9mentat10n 9ene5 (N11551e1n -V01- 
hard and W1e5chau5 1980), wh11e the h0me0t1c 9ene5 de- 
term1ne 5e9menta1 1dent1ty. H0me0t1c mutat10n5 a1ter 
the 1dent1ty 0f part1cu1ar 5e9ment5, tran5f0rm1n9 them 
1nt0 c0p1e5 0f 0ther 5e9ment5. 7he h0me0t1c 9ene5 
c1u5ter 1n tw0 c0mp1ex 10c1. 7he Antennaped1a c0mp1ex 
(Kaufman et a1. 1980) 15 re5p0n5161e f0r d1fferent1at10n 0f 
the head, and the f1r5t th0rac1c and anter10r 5ec0nd th0- 
rac1c 5e9ment5 (71 and a72), wh11e the 61th0rax c0mp1ex 
(8X-C; Lew15 1978) 15 re5p0n5161e f0r d1fferent1at10n 0f 
the rema1n1n9 th0rac1c (p05ter10r 72, and 73) and e19ht 
a6d0m1na1 5e9ment5 A1-A8). 1n the a65ence 0f 60th 
c0mp1exe5, the em6ry0 deve10p5 a5 a 5er1e5 0f 1dent1ca1 
th0rac1c 5e9ment5.7hu5, the AN7-C and the 8X-C are 
apparent1y the 0n1y 10c1 that rece1ve (0r remem6er) the 
p051t10na1 1nf0rmat10n that 1n1t1a11y num6er5 the 5e9- 
ment5. 

7he 9enet1c ana1y515 0f the 8X-C ha5 6een rev1ewed 
recent1y (Duncan 1987), 50 we w111 c0nf1ne th15 art1c1e t0 
a m0de1 0f 8X-C funct10n. 7h15 m0de1 1nv0ke5 re9u1a- 
t0ry re910n5 0f an unprecedented 512e. C0mp1ex c15-re9u- 
1at10n and tran5-re9u1at0ry 1nteract10n5 6etween the d1f- 
ferent 8X-C pr0duct5 pr0duce 5e9ment5, each 0f wh1ch 
15 a m05a1c 0f ce115 expre551n9 d1fferent h0me0t1c pr0- 
te1n5. 7he un14ue m05a1c 0f pattem e1ement5 pr0duce5 
the d15t1nct1ve 5tructure5 0f a part1cu1ar 5e9ment. 7h15 
m0de1 exp1a1n5 much 0f the 9enet1c and m01ecu1ar c0m- 
p1ex1ty 0f the 8X-C. 

N0menc1ature 

We 6e91n 6y c1ar1fy1n9 tw0 p01nt5 0f n0menc1ature. Re- 
cent1y 1t ha5 6een pr0p05ed that 8X-C re9u1at10n 0ccur5 
n0t thr0u9h 5e9ment5 6ut thr0u9h para5e9ment5, each 
c0mp05ed 0f the p05ter10r c0mpartment 0f 0ne 5e9ment 
thr0u9h the anter10r c0mpartment 0f the next 5e9ment 
(Haye5 et a1. 1984; 5truh1 1984; Mart1ne2-Ar1a5 and 
Lawrence 1985). 7hu5, f0r examp1e, para5e9ment 5 (P5 5) 
c0mpr15e5 p72 and a73, wh11e para5e9ment 6 (P5 6) 
c0mpr15e5 p73 and aA1.7h15 v1ew ha5 5u65tant1a1 ex- 
per1menta1 5upp0rt, and we w111 u5e 1t t0 de5cr16e many 
0f the 065ervat10n5. 

7w0 n0menc1ature5 ex15t 1n the 11terature f0r de- 
5cr161n9 the mutat10n5 0f the 8X-C (Karch et a1. 1985; 
5anche2-Herrer0 et a1. 1985). We w111 u5e 1n th15 rev1ew, 
and 1n 0ur 5u65e4uent w0rk, a c0mpr0m15e term1n0109Y, 
6a5ed 0n the m01ecu1ar data current1y ava11a61e. We w111 

ca11 mutat10n5 that affect pr0te1n-c0d1n9 un1t5 U1tra- 
61th0rax (U6x), a6d0m1na1-A (a6d-A), and A6d0m1na1- 
8 1A6d-8}, wh11e mutat10n5 that affect the1r re9u1at10n 
reta1n the de519nat10n5 anter061th0rax (a6x), 61th0rax 
(6x), 61th0rax01d (6xd), p05t61th0rax (p6x), and 1nfra6- 
d0m1na1-2 (1a6-2) t0 1nfra6d0m1na1-8,9 (1a6-8,9) 
(Duncan 1987). 7he a6x and 6x mutat10n5 0ver1ap 1n 
phen0type, a5 d0 the 6xd and p6x mutat10n5.8ecau5e 0f 
the 0ver1ap, we w111 0ften d15cu55 the5e a5 the a6x/6x 
and 6xd/p6x mutat10na1 c1a55e5. 

Very 1ar9e re9u1at0ry re910n5 

0ne 0f the m05t 5tr1k1n9 feature5 0f the 8X-C 15 1t5 512e; 
1t c0ver5 m0re than 300 k6 (8ender et a1. 1985; Karch et 
a1. 1985). 6enet1c 5creen5 have revea1ed three c1a55e5 0f 
1etha1 mutat10n5 1n the 8X-C: U6x, a6d-A, A6d- 8 (5an- 
che2-Herrer0 et a1. 1985; 710n9 et a1. 1985). 7he5e muta- 
t10n5 def1ne three tran5cr1pt10n un1t5; a11 three c0nta1n 
h0me0 60xe5 (Re9u1a5k1 et a1. 1985), and pr06a61y en- 
c0de fam111e5 0f DNA 61nd1n9 pr0te1n5 (Lau9h0n and 
5c0tt 1984; 6ehr1n9 1987), pr0duced 6y a1temate 
5p11c1n9. 7ran5cr1pt10na1 ana1y515 15 5t1111nc0mp1ete, 6ut 
the5e pr0te1n5 pr06a61y 0n1y re4u1re 10-20 k6 0f c0d1n9 
5e4uence c0n51dered t09ether. 7he three tran5cr1pt10n 
un1t5 may we11 6e the 0n1y pr0te1n-c0d1n9 un1t5 1n the 
8X-C; th15 15 5upp0rted 6y the rep0rt that the em6ry0n1c 
1etha1 phen0type 0f an U6x, a6d-A, A6d-8 tr1p1e p01nt 
mutant 15 1dent1ca1 t0 that 0f a de1et10n 0f the ent1re 
8X-C (Ca5an0va et a1. 1987). We n0te that 0ther RNA 
pr0duct5 are tran5cr16ed fr0m the c0mp1ex (L1p5h1t2 et 
a1. 1987), 6ut m05t 0f the5e apparent1y d0 n0t c0de f0r 
pr0te1n5, and they have n0 kn0wn funct10n5. 

5u6tract1n9 the DNA re4u1red t0 enc0de the three 
pr0te1n fam111e5 5t111 1eave5 m0re than 250 k6 1n the 
c0mp1ex. Un11ke mamma11an 9ene5, 1n wh1ch 1ar9e 1n- 
tr0n5 are c0mm0np1ace, m05t ••51mp1e•• Dr050ph11a 
9ene5 5pan 1e55 than 10 k6. We 6e11eve that the ••exce55•• 
DNA 1n the 8X-C c0mpr15e5 re9u1at0ry re910n5 0f 9reat 
512e and c0mp1ex1ty. 7he5e re9u1at0ry re910n5 affect 
tran5cr1pt10n fr0m up5tream, d0wn5tream, 0r w1th1n the 
1ntr0n5 0f tran5cr1pt10n un1t5; 1n 50me ca5e5 the re9u1a- 
t0ry 5e4uence5 are m0re than 50 k6 fr0m the tran5cr1p- 
t10n 5tart 51te. 

F19ure 1 0ut11ne5 the m01ecu1ar 0r9an12at10n 0f the 
8X-C (8ender et a1. 1983; Karch et a1. 1985; Duncan 
1987). 7he three tran5cr1pt10n un1t5 enc0d1n9 pr0te1n 
{U6x, a6d-A, and A6d-8) are 1nd1cated 6e10w the 5ca1e. 
A60ve the 5ca1e are the putat1ve re9u1at0ry re910n5, a5 
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F19ure 1. Mutat10n5 1n the 61th0rax c0mp1ex. 7he c0nt1nu0u5 11ne 5h0w5 the 300-k6 DNA map 0f the 8X-C. 8e10w the 11ne are 
5h0wn the three tran5cr1pt10n un1t5 enc0d1n9 h0me0t1c pr0te1n5. A11 are tran5cr16ed fr0m r19ht t0 1eft, and a11 1nc1ude a h0me0 60x 
5e4uence 1de519nated H} near the1r 3• end5.7he 5tructure 0f the A6d-8 tran5cr1pt10n un1t 15 5t111 uncerta1n. 8e10w the tran5cr1pt10n 
un1t5 are 5h0wn mutant 1e510n5 wh1ch 1nact1vate that tran5cr1pt. Arr0w5 1nd1cate rearran9ement 6reakp01nt5, h0r120nta16ar5 1nd1cate 
de1et10n5, and tr1an91e51nd1cate 1n5ert10n5 0f m0611e e1ement5. A60ve the DNA 11ne are 5h0wn 1e510n5 0f re9u1at0ry mutat10n5.7he5e 
are 9r0uped acc0rd1n9 t0 the m05t anter10r para5e9ment 0f the f1y wh1ch they affect, and the arr0w5 1nd1cate the p0rt10n 0f an adu1t 
fema1e f1y c0rre5p0nd1n9 t0 each 0f the5e para5e9ment5. 

def1ned 6y the 1nd1cated mutat10n5. Wh11e mutat10n5 1n 
a 5pec1f1c re9u1at0ry re910n affect m0re than 0ne para- 
5e9ment, we have 1nd1cated 0n1y the m05t anter10r para- 
5e9ment 0f the f1y wh1ch 5uch a mutat10n affect5.7h1515 
typ1ca11y the para5e9ment 1n wh1ch the mutat10n•5 effect 
15 m05t 5tr1k1n9. 7he 1e510n5 0f a 91ven c1a55 c1u5ter 1n a 
re1at1ve1y 5ma11 part 0f the 8X-C, and d1fferent c1a55e5 d0 
n0t 0ver1ap 0n the DNA. A5 1n1t1a1 rec0m61nat10na1 
mapP1n9 5u99e5ted {Lew15 1978}, there 15 an a1m05t per- 
fect c0rre5p0ndence 6etween the 0rder 0f the mutant 1e- 
510n5 and that 0f the 5e9ment5 that they affect. 

7he d15t1nct10n 6etween pr0te1n-c0d1n9 and re9u1a- 
t0ry re910n5 exp1a1n5 the c0mp1ex c0mp1ementat10n 
am0n9 the 10c1 0f the 8X-C. 7he pattem 0f c0mp1emen- 
tat10n 1n the 8X-C can 6e 0r9an12ed ar0und U6x, a6d-A, 
and A6d-8. U6x mutat10n5 re5u1t 1n c0mp1ete tran5f0r- 
mat10n 0f P5 5 and P5 6 t0 P5 J4, and have m0re 5u6t1e 
phen0typ1c effect5 0n pattem 1n the a6d0men {Lew15 
19781 Haye5 et a1. 19841. D1fferent 5u65et5 0f the U6x 
tran5f0rmat10n are 5een 1n the mutat10na1 c1a55e5 a6x/ 
6x and 6xd/p6x. a6x/6x mutat10n5 part1a11y c0mp1e- 
ment 6xd/p6x mutat10n5, 6ut 60th c1a55e5 fa11 t0 c0m- 
p1ement U6x {Lew15 1978}. 7he5e mutat10n5 have 6een 
de5cr16ed a5 affect1n9 1ndependent funct10n5, each 0f 
wh1ch 15 "c15-1nact1vated•• 6y a U6x mutat10n. 1t 15 
51mp1er t0 5u99e5t that a6x/6x and 6xd/p6x mutat10n5 
affect d15t1nct re9u1at0ry re910n5 re5p0n5161e f0r the ac- 

t1vat10n 0f U6x pr0te1n 1n part1cu1ar part5 0f the f1y. A 
mutat10n affect1n9 the c0d1n9 5e4uence f0r the U6x pr0- 
te1n (a U6x mutat10n1 w0u1d fa11 t0 c0mp1ement a11 0f 
the re9u1at0ry mutat10n5 wh1ch affect U6x expre5510n. 
1n c0ntra5t, mutat10n5 1n d15t1nct re9u1at0ry re910n5 
w0u1d 6e expected t0 c0mp1ement each 0ther. Recent 
w0rk w1th ant160d1e5 t0 U6x pr0te1n c0nf1rm5 that a6x, 
6x, 6xd, and p6x mutat10n5 a11 affect the pattem 0f U6x 
expre5510n {5ee 6e10w). 

A 51m11ar ar9ument exp1a1n5 the c0mp1ementat10n 
pattern5 0f mutat10n5 affect1n9 the a6d0men, a6d-A 
mutat10n5 affect P5 7 t0 P5 13 {5e9ment5 A2-A8) 
1M0rata et a1. 1983}. When te5ted 1n tran5, a6d-A muta- 
t10n5 fa11 t0 c0mp1ement 1a6-2, 1a6-3, 1a6-4, and, 1n 
50me ca5e5, 1a6-5 mutat10n5 (Karch et a1. 1985}. A6d-8 
mutat10n5 {wh1ch when h0m02Y90u5 affect P5 10 t0 P5 
14 {5anche2-Herrer0 et a1. 19851 710n9 et a1. 19851 fa11 t0 
c0mp1ement 1a6-5, -6, -7, and -8,9 (Karch et a1. 19851. 
0nce a9a1n, we p05tu1ate that the5e c0mp1ementat10n 
1nteract10n5 are exp1a1ned 6y the fact that a mutat10n 1n 
a pr0te1n pr0duct w111 fa11 t0 c0mp1ement a11 mutat10n5 
that affect expre5510n 0f the pr0te1n. 

A11 mutat10n5 affect1n9 the th0rax 1U6x, etc.1 fu11y 
c0mp1ement mutat10n5 affect1n9 the a6d0men (a6d-A, 
A6d-8, and 1a6-2-1a6-8,91 5truh1 19841. C0mp1ementa- 
t10n 6etween a6d0m1na1 mutat10n5 15 m0re c0mp1ex. 1n- 
d1rect ev1dence fr0m 9enet1c c0mp1ementat10n {Karch et 
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a1. 1985) and fr0m exam1nat10n 0f U6x and a6d-A ex- 
pre5510n (F. Karch and W. 8ender, unpu61.) 5u99e5t5 that 
the re9u1at0ry re910n5 1a6-2 t0 1a6-7 may a11 re9u1ate t0 
50me extent 60th a6c1-A and A6d-8. Def1n1t1ve ev1dence 
w111 c0me fr0m the de5cr1pt10n 0f a6d-A and A6d-8 pr0- 
te1n expre5510n 1n mutant an1ma15. 

••M05a1c•• 5e9ment5 

7he f1ne tun1n9 med1ated 6y the5e 1ar9e re9u1at0ry re- 
910n5 re5u1t5 1n an 1ntr1cate pattern 0f 9ene expre5510n, 
a5 revea1ed 6y 1n-51tu hy6r1d12at10n t0 U6x RNA and 6y 
1mmun01091ca1 detect10n 0f U6x pr0te1n (Akam and 
Mart1ne2-Ar1a5 1985; Wh1te and W11c0x 1984, 1985a; 
8eachy et a1. 1985). F0r examp1e, 1n the 9erm-6and re- 
tracted em6ry0, the pattern 0f U6x expre5510n 15 re1a- 

t1ve1y 51mp1e 1n P5 5.1n P5 6 new ce115 expre55 U6x and 
0ther5 chan9e 1n 1nten51ty re1at1ve t0 P5 5. U6x expre5- 
510n 15 pr09re551ve1y d1m1n15hed 1n m0re p05ter10r para- 
5e9ment5.7he rea50n f0r the d1m1nut10n 0f U6x expre5- 
510n 1n the a6d0m1na1 5e9ment5 15 the act1vat10n 0f the 
0ther tw0 pr0te1n5 0f the 8X- C, a6d-A and A6d-8. E1- 
ther 0f the5e tw0 pr0te1n5 can repre55 U6x (5truh1 and 
Wh1te 1985). 7he expre5510n 0f a6d-A, a5 a55ayed 6y an- 
t160dy 5ta1n1n9 {F. Karch and W. 8ender, unpu61.}, 15 51m- 
11ar 1n many way5 t0 that 0f U3x. Expre5510n 1n the 
9erm-6and retracted em6ry0 15 f1r5t act1vated 1n P5 7, 1t 
1ncrea5e5 1n m0re p05ter10r para5e9ment5, and then 15 
d1m1n15hed 1n P5 13 and P5 14, pre5uma61y 6y the 
pr0duct 0f A6d-8. 

A 51mp11f1ed and 5chemat1c repre5entat10n 0f the5e 
pattern5 15 pre5ented 1n F19ure 2, a10n9 w1th a m0de1 0f 

(A) a6x6x~ 
- 1 0 0  - 5 0  

1 1 • * • • • • • t 

~ U 6 x  

. ~ 0 0  a X 
• 1 1 1 • 1 1 1 1 1 • 1 1 

-100 0 
1 n , • , • . • • . m 

a6dA 

(D), .,00, ,a~6x ,~.3,1 
~/U6x a6dA 

Para5e9ment5: 
P54  P 5 5  P 5 6  P 5 7  P58  

> 
> 

72 73 A1 A2 A3 
5e9ment5" 

F19ure 2. 8u11dup 0f m05a1c pattern5. 0 n  the 1eft are d1a9ram5 0f 5ucce551ve1y 1ar9er p0rt10n5 0f the 8X-C, w1th tran5cr1pt10n and 
re9u1at0ry un1t5 marked. 0 n  the r19ht are cart00n5 0f a 5e4uence 0f f1ve para5e9ment5, w1th c1rc1e5 repre5ent1n9 1nd1v1dua1 ce115 0f the 
ect0derm and nerv0u5 5y5tem. 7he 60undar1e5 0f tw0 th0rac1c and three a6d0m1na15e9ment5 are 5h0wn at the 60tt0m, t0 1nd1cate the 
re1at10n 6etween 5e9menta1 and para5e9menta1 60undar1e5. C1rc1e5 f111ed 1n 9rey repre5ent ce115 expre551n9 U6x pr0te1n, and th05e 1n 
61ack repre5ent ce115 expre551n9 a6d-A pr0te1n. 7he5e cart00n5 are 6a5ed pr1mar11y 0n the pattern5 0f U6x and a6d-A pr0te1n 1n 
em6rY05 w1th de1et10n5 extend1n9 fr0m the r19ht end 0f the 8X-C. 7he pattem5 are n0t meant t0 repre5ent the actua1 pattern 0f 
expre5510n. (A) 7he 1eftm05t 80 k6 0f the 8X-C c0nta1n5 0n1y the a6x/6x re9u1at0ry d0ma1n and the U6x tran5cr1pt10n un1t. U6x f1r5t 
appear5 1n P5 5, and repeat5 1n the 5ame pattem 1n the m0re p05ter10r para5e9ment5. (8) When 130 k6 15 pre5ent, the 6xd/p6x 
re9u1at0ry d0ma1n turn5 0n U6x pr0te1n 1n add1t10na1 ce115 1n P5 6, and the c0rre5p0nd1n9 ce115 expre55 U6x 1n the m0re p05ter10r 
para5e9ment5. (C) W1th 170 k6 pre5ent, a6d-A pr0te1n 15 n0w expre55ed 1n P5 7 and m0re p05ter10r para5e9ment5, under c0ntr01 0f 
1a6-2. When a6d-A pr0te1n 15 made 1n a ce11 that w0u1d 0therw15e expre55 U6x pr0te1n, expre5510n 0f U6x 15 repre55ed. {D) W1th 190 
k6, a6d-A pr0te1n 15 expre55ed 1n add1t10na1 ce115 1n P5 8, and 1n m0re p05ter10r para5e9ment5. 
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h0w they are pr0duced. Each c1rc1e repre5ent5 a ce11 1n 
the 1nd1cated para5e9ment. 6enera11y, a ce11 expre55e5 
5tr0n91y 0n1y 0ne h0me0t1c pr0duct; 1n th15 repre5enta- 
t10n we are 0n1y 0ut11n1n9 the expre5510n 0f tw0 0f the5e 
pr0duct5, U6x (9rey c1rc1e5) and a6d-A (f111ed c1rc1e5). 
Wh11e the pattern 0f expre5510n 1n a w11d-type em6ry05 
15 c0mp1ex, 1t can 6e 6u11t up 6y p05tu1at1n9 a re1at1ve1y 
51mp1e 5et 0f c15- and tran5- re9u1at0ry 1nteract10n5. 1f 
0ne exam1ned an em6ry0 carry1n9 0n1y the U6x tran- 
5cr1pt10n un1t a10n9 w1th 1t5 a550c1ated a6x/6x re9u1a- 
t0ry re910n, 0ne w0u1d 5ee the pattern 0f expre5510n 1n 
F19ure 2A. Expre5510n 0f U6x w0u1d 6e act1vated 1n P5 5, 
and th15 5ame pattern w0u1d 6e 5een 1n a11 m0re p05te- 
r10r para5e9ment5. When 0ne add5 t0 th15 the 6xd/p6x 
re9u1at0ry re910n, 0ne 06ta1n5 the m0re c0mp1ex pattem 
1n F19ure 28. 7he re9u1at0ry e1ement5 0f the 6xd/p6x 
re910n enhance expre5510n 0f U6x 1n P5 6, turn1n9 1t 0n 
1n new ce115 and 1ncrea51n9 1t5 expre5510n 1n 0ther5.7h15 
pattern 15 0nce a9a1n repeated 1n a11 m0re p05ter10r para- 
5e9ment5. 

7he add1t10n 0f the a6d-A tran5cr1pt10n un1t, a10n9 
w1th 1t5 a550c1ated re9u1at0ry 5e4uence5 1n 1a6-2, re5u1t5 
1n tw0 further chan9e5 t0 the pattern (F19. 2C). F1r5t, 
1a6-2 act1vate5 a6d-A expre5510n 1n certa1n ce115 0f P5 7, 
and the m0re p05ter10r para5e9ment5. 5ec0nd, the a6d-A 
pr0duct thu5 pr0duced reduce5 the expre5510n 0f U6x, 
when a6d-A and U6x appear 1n the 5ame ce11.7he effect 
0f the 1a6-3 re9u1at0ry re910n 15 add1t10na1 e1a60rat10n 0f 
the a6d-A pattern 1n P5 8 and m0re p05ter10r para5e9- 
ment5 (F19. 2D). Add1t10n 0f the 0ther re9u1at0ry e1e- 
ment5 0f a6d-A, a10n9 w1th the c0ntr16ut10n 0f A6d-8, 
and 1t5 a550c1ated re9u1at0ry e1ement5, re5u1t5 1n the 
c0mp1ex pattern 5een 1n the w11d type f1y. 1t 15 p055161e 
that F19ure 2 5h0u1d a150 1nd1cate 50me ce115 expre551n9 
A6d-8 1n P5 7 and P5 8. We have a150 0m1tted, f0r 

(A) 

1 1 1 1 • • 1 1 1 1 • • • • • • • • • 

U6x a6dA 

, . • . ,  . . . , ,  . . ..0. • 

06x a6dA 
(c) 

a6x 6x 6xd p6x 1 a ~ - 3  

a6dA 

rea50n5 0f 51mp11c1ty, ment10n 0f the Antennaped1a pr0- 
te1n. 7h15 pr0te1n appear5 1n ce115 0f P5 4 -P5  12; a1- 
th0u9h 1t 15 turned 0ff 1n many ce115 0f P5 5-P5 12 6y 
pr0duct5 0f the 8X-C (Carr011 et a1. 1986; W1r2 et a1. 
1986). 7hu5 each para5e9ment 15 m05a1c 1n nature, c0n- 
ta1n1n9 d1fferent ce115 expre551n9 5evera1 d1fferent h0- 
me0t1c pr0te1n5. 

1nterpretat10n 0f mutant phen0type5 

A5 can 6e 5een 1n F19ure 3, the 1055 0f a 91ven pr0te1n 
re5u1t5 1n maj0r chan9e5 1n the m05a1c pattem 0f expre5- 
510n 1n a num6er 0f para5e9ment5. 7he5e effect5 5tem 
60th fr0m the 1055 0f that pr0te1n fr0m the pattem, and 
fr0m the expan510n 0f the expre5510n 0f 0ther h0me0t1c 
pr0duct5 m0re p05ter10ra11y, due t0 the rem0va1 0f 
tran5-repre5510n. 7h15 15 c1ear1y 111u5trated 6y the ex- 
amp1e 0f U6x. 1n 1t5 a65ence, the pattern 0f h0me0t1c 
9ene expre5510n 1n P5 5 and P5 6 15 dramat1ca11y a1tered 
(F19. 3C). When U6x expre5510n 15 a60115hed, the expre5- 
510n 0f Antennaped1a pr0te1n (n0t 5h0wn 1n the f19ure5) 
expand5 1nt0 P5 5 and 6, 1n a pattern 1dent1ca1 t0 that 1n 
P5 4 (Carr01 et a1. 1986). A5 a re5u1t, P5 5 and P5 6 are 
tran5f0rmed 1nt0 c0p1e5 0f P5 4. 5uch a 5evere tran5f0r- 
mat10n 15 1etha1. 1n add1t10n t0 the5e dramat1c effect5, 
1055 0f U6x ha5 a m0re 5u6t1e effect 0n the m0re p05te- 
r10r para5e9ment5. F0r examp1e, Lew15 (1978) n0t1ced 
that 1n U6x mutant5, th0rac1c 5en5e 0r9an5 0f the 1arva, 
ca11ed ventra1 p1t5, are n0w f0und 0n the a6d0m1na1 5e9- 
ment5 a5 we11. 7h15 15 a150 c0n515tent w1th the m0de1, 
51nce a6d0m1na1 para5e9ment5 are m05a1c5 1n wh1ch a 
5ma11 6ut 519n1f1cant num6er 0f ce115 expre55 U6x. 7hu5, 
1n 0ne 0f the a6d0m1na1 para5e9ment5, U6x funct10n5 1n 
50me ce115 t0 5uppre55 th0rac1c 5en5e 0r9an5, wh11e 0ther 

P8r85e9ment5: 

P54 

P54 

P55 

P55 

P56 

N 
P56  

P57 

P 5 7  

P58 

P58 

P54  P55 P56  P57  P58 

F19ure 3. M05a1c pattern5 1n U6x and 6xd mutat10n5.7he d1a9ram5 are ana1090u5 t0 th05e 1n F19. 2. (A) 7he w11d-type pattem {a5 1n 
F19. 2D). (8) An extreme 6xd mutat10n, a rearran9ement that 6reak5 the chr0m050me ju5t up5tream 0f the U6x 5• end, and 5eparate5 
the wh01e 6xd/p6x re9u1at0ry re910n fr0m the U6x tran5cr1pt10n un1t. 7he U6x pr0te1n pattern 15 dramat1ca11y effected 1n P5 6, and 
a150 chan9ed 1n m0re p05ter10r para5e9ment5. (C) An extreme U6x mutat10n (a rearran9ement that 6reak5 w1th1n the U6x tran5cr1p- 
t10n un1t) rem0ve5 U6x pr0te1n 1n a11 5e9ment5. P5 5 and P5 6 are m05t 06v10u51y affected, 6ut the pattern 1n m0re p05ter10r para5e9- 
ment5 15 a150 chan9ed. 
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5en5e 0r9an5 appear fr0m mutat10na1 ana1y515 t0 ar15e 
fr0m ce115 expre551n9 a6d-A. 

Re9u1at0ry mutat10n5 cau5e m0re 11m1ted phen0typ1c 
effect5.7he5e mutat10n5 a1ter expre5510n 0f a h0me0t1c 
pr0te1n 1n part1cu1ar ce115 1n part1cu1ar para5e9ment5. 
U5ua11y a c1a55 0f mutat10n5 affect5 0ne para5e9ment 
m05t dramat1ca11y, tran5f0rm1n9 1t t0ward the 1mmed1- 
ate1y m0re anter10r para5e9ment; each c1a55 a150 ha5 
m0re 5u6t1e effect5 0n m0re p05ter10r para5e9rnent5. 
7h15 15 ea51e5t t0 v15ua112e 1n the ca5e 0f the 6xd/p6x 
mutat10n5 (F19. 38). 7he5e mutant5 have dramat1c ef- 
fect5 0n P5 6, re5u1t1n9 1n tran5f0rmat10n t0 P5 5 (p73 
and aA1 t0ward p72 and a73). 1n add1t10n, m0re 5u6t1e 
chan9e5 are 5een 1n the a6d0m1na1 5e9ment5, 1nc1ud1n9 
effect5 0n 1arva1 5en5e 0r9an5 (Lew15 1978). 7he effect 0f 
6xd/p6x mutat10n5 0n U6x expre5510n 15 c0n515tent 
w1th th15 phen0type: they 10wer U6x expre5510n dramat- 
1ca11y 1n P5 6 {8eachy et a1. 1985; Wh1te and W11c0x 
19856). 1n the ca5e 0f an extreme 6xd mutat10n, P5 6 ha5 
near1y the 5ame pattern 0f U6x expre5510n a5 P5 5; th15 
re51dua1 expre5510n 15 pre5uma61y d1rected 6y a6x/6x 
(W. 8ender, 1n prep.). 5tr0n9 6xd/p6x mutat10n5 a150 
have m0re m11d effect5 0n U6x pattern 1n the a6d0men. 

Mutat10n5 1n 0ther re9u1at0ry re910n5 5h0w a 51m11ar 
c0rre1at10n 6etween effect5 0n expre5510n and phen0- 
typ1c c0n5e4uence5. 1n a6x/6x mutant5, P5 5 15 tran5- 
f0rmed 1nt0 P5 4 (Ca5an0va et a1. 1985; Pe1fer and 
8ender 1986); U6x expre5510n 1n a6x/6x mutant5 15 re- 
duced 1n P5 5 (Ca6rera et a1. 1985; Wh1te and W11c0x 
19856). 7he 1a6 mutant5 have ana1090u5 phen0typ1c ef- 
fect5 0n the a6d0m1na1 para5e9ment5. Pre11m1nary ana1- 
y515•5u99e5t5 that the 1a6 mutat10n5 a1ter the expre5510n 
0f a6d-A 1n the expected para5e9ment (F. Karch and W. 
8ender, unpu61.); the 1a6 mutat10n5 pre5uma61y a150 ef- 
fect expre5510n 0f A6d-8. 

D0ma1n5 0f re9u1at10n 

7he re9u1at0ry re910n5 0f the 8X-C are arran9ed 0n the 
chr0m050me 1n the 5ame 0rder a5 the anter10rm05t af- 
fected para5e9ment5 are arran9ed 0n the 60dy ax15 (F19. 
1). 1n each m0re p05ter10r para5e9ment, new re9u1at0ry 
d0ma1n5 are act1vated 5e4uent1a11y a10n9 the chr0m0- 
50me. 7hu5, 1n P5 5, 0n1y the a6x/6x re910n 15 act1ve. 1n 
P5 6, 1t rema1n5 act1ve, wh11e the next adjacent re9u1a- 
t0ry d0ma1n, 6xd/p6x 15 a150 act1vated. 7h15 act1vat10n 
c0nt1nue5, w1th each m0re p05ter10r para5e9ment 5ee1n9 
the act1vat10n 0f the next adjacent re9u1at0ry re910n. 
7he c0ncept 0f 5e4uent1a1 act1vat10n 0f 8X-C funct10n5 
wa5 part 0f the 0r191na1 m0de1 0f the 8X-C pr0p05ed 6y 
Lew15 (1978). 1n 1t5 0r191na1 f0rmu1at10n, Lew15 pr0p05ed 
that new 9ene pr0duct5 are tumed 0n 1n each 5ucce551ve 
5e9ment. 0ur  re1nterpretat10n 1nv0ke5, 1n5tead, the act1- 
vat10n 0f 5ucce551ve re9u1at0ry re910n5, pr0duc1n9 a 
un14ue pattern 0f the three 9ene pr0duct51n each 5ucce5- 
51ve 5e9ment. 

7he ev1dence 5u99e5t5 that each re9u1at0ry re910n 
c0nta1n5 5evera1 e1ement5 wh1ch t09ether 5pec1fy the 
pattern 0f pr0te1n expre5510n. Mutat10n5 1n the 6xd/p6x 
re910n m05t c1ear1y 111u5trate th15. Mapp1n9 revea1ed a 

5er1e5 0f rearran9ement 6reak5 wh1ch 5pan the ent1re 50 
k6 up5tream 0f U6x. 7he c105er a rearran9ement 6reak 15 
t0 the 5• end 0f U6x, the m0re 5evere 1t5 6xd phen0type 
{8ender et a1. 19851.7he 6xd mutat10n5 have a150 6een 
exam1ned f0r expre5510n 0f U6x pr0te1n, u51n9 U6x ant1- 
60dy (W. 8ender, 1n prep.). 7he m0re 6xd DNA rem0ved, 
the fewer ce115 1n P5 6 expre55 U6x. 709ether, phen0- 
type5 and ana1y515 0f U6x pr0te1n pattern5 5u99e5t that 
there are mu1t1p1e, 1ndependent e1ement5 (perhap5 
e4u1va1ent t0 enhancer5) pre5ent 1n the 6xd/p6x re910n 
wh1ch act1vate U6x expre5510n 1n P5 6 and the m0re p05- 
ter10r para5e9ment5. 

7he 5tandard def1n1t10n 0f an enhancer 1nc1ude5 the 
a6111ty t0 funct10n 1n a var1ety 0f p051t10n5 w1th re5pect 
t0 the tran5cr1pt10n 5tart. 1f the re9u1at10n 0f the 8X-C 
wa5 acc0mp115hed 0n1y 6y 5uch enhancer5, there w0u1d 
6e n0 need f0r the apparent c1u5ter1n9 0f e1ement5 re- 
4u1red 1n a part1cu1ar 5et 0f para5e9ment5, 11ke th05e 1n 
the 6xd/p6x re910n. A pr06a61e rea50n f0r th15 c1u5ter1n9 
15 111u5trated 6y the 1nf0rmat1ve mutant5 C6x ~ and p6x 1. 
1n C6x 1 p6x 1 an1ma15, a p1ece 0f DNA fr0m up5tream 0f 
U6x 15 exc15ed, and 1n5erted 1n the 0pp051te 0r1entat10n 
1n the 5ec0nd 1ntr0n (F19. 4; 8ender et a1. 1983). 7he de- 
1et10n a10ne {p6x 1) tran5f0rm5 p05ter10r ha1tere t0 p05te- 
r10r w1n9 (F19. 4). 7he 1n5ert10n, C6x ~, d0e5 the 0pp051te, 
tran5f0rm1n9 w1n9 t0 ha1tere, and a150 re5cue5 the phe- 
n0type 0f the de1et10n (Lew15 1963). 7he5e mutat10n5 
cau5e the expected a1terat10n 1n U6x expre5510n. 7he 
de1et10n a60115he5 U6x expre5510n 1n the p05ter10r ha1- 
tere d15c, wh11e the 1n5ert10n act1vate5 U6x ect0p1ca11y 
1n the p05ter10r w1n9 d15c (F19. 4; Ca6rera et a1. 1985; 
Wh1te and Akam 1985; Wh1te and W11c0x 19856). 

7he5e phen0type5 are m05t ea511y exp1a1ned 1n term5 
0f ce11-5pec1f1c enhancer5 and para5e9ment-5pec1f1c 
DNA d0ma1n5. 7he DNA de1eted 1n p6x 1 pre5uma61y 
c0nta1n5 enhancer5 re5p0n5161e f0r expre5510n 0f U6x 1n 
part1cu1ar ce11 type5 (the D ce115 1n F19. 4). 7he5e en- 
hancer5 are n0rma11y act1ve 1n the D ce115 1n P5 6, wh1ch 
91ve r15e t0 the p05ter10r ha1tere. 7he de1et10n 0f the5e 
enhancer5 1n p6x ~ 1ead5 t0 the 1055 0f expre5510n 0f U6x 
1n the D ce115, and the p05ter10r hahere 15 tran5f0rmed t0 
p05ter10r w1n9 (F19. 4). 1f the5e enhancer5 were re5p0n- 
51ve 60th t0 ce11 type and t0 para5e9menta1 1dent1ty, 
m0v1n9 them up5tream 0f U6x t0 d0wn5tream w0u1d 
pr06a61y n0t effect the1r funct10n. 1n fact, th15 tran5p051- 
t10n 1ead5 t0 the dramat1c d0m1nant phen0type 0f C6x•. 
1n the1r new p051t10n, the enhancer5 are act1vated 1n the 
D ce115 0f P5 5 a5 we11 a5 P5 6, tran5f0rm1n9 the p05ter10r 
w1n9 1nt0 p05ter10r ha1tere (F19. 4). 

7h15 5urpr151n9 re5u1t can 6e acc0mm0dated 6y p05tu- 
1at1n9 that para5e9menta1 addre55 15 c0nferred 6y the 
DNA d0ma1n 1n wh1ch an enhancer re51de5. Each re9u1a- 
t0ry 10cu5 (e.9., a6x/6x 0r 6xd/p6x) w0u1d c0mpr15e a 
DNA d0ma1n (F19. 4). Each d0ma1n, 1n re5p0n5e t0 9ene5 
1nv01ved 1n 5pec1fy1n9 the anter10r-p05ter10r ax15, 
w0u1d 6e acce55161e t0 tran5-re9u1at0ry pr0duct51n 50me 
para5e9ment5 6ut n0t 0ther5. F0r examp1e, 1n P5 5 the 
a6x/6x d0ma1n (119ht 5had1n9 1n F19. 4) w0u1d 6e made 
acce55161e t0 tran5-re9u1at0ry fact0r5, wh11e the 0ther 
d0ma1n5 (e.9., 6xd/p6x; heavy 5had1n9 1n F19. 4) w0u1d 
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W11d 7v0e 
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06x 
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U6x 
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P54 ~1~151 ~1~ 
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P54 1~15::51 ~1~ 
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F19ure 4. Pattem5 and tran5f0rmat10n5 1n p6x and C6x p6x 9en0type5. Re9u1at0ry d0ma1n5 and U6x expre5510n pattern5 are d1a- 
9ramed a5 1n F19. 2, and the phen0type5 0f adu1t f11e5 are d1a9ramed at the 60tt0m. Ha1tere t155ue 15 5haded 9rey 1n the draw1n95 0f the 
f11e5.7he re9u1at0ry d0ma1n5 are d15t1n9u15hed 6y d1fferent 5had1n95; the a6x/6x d0ma1n 15 act1ve 1n P5 5, and the 6xd/p6x d0ma1n 15 
act1ve 1n P5 6. 7he cap1ta1 1etter5, A-D, 1nd1cate 1nd1v1dua1 enhancer-11ke e1ement5 5pec1fy1n9 part1cu1ar ce115 1n the an1ma1; the5e 
ce115 are 1ettered 1n the cart00n5 0f the U6x pr0te1n pattern5.7he p6x mutat10n 15 a de1et10n 0f 17 k6 fr0m the P5 6 re9u1at0ry d0ma1n, 
and the C6x mutat10n 15 an 1n5ert10n 0f that 5ame 17-k6 5e9ment 1n the P5 5 d0ma1n. 7h15 17-k6 DNA 5e9ment n0rma11y tum5 0n 
U6x pr0te1n 1n P5 6 1n ce115 that w111 9enerate the p05ter10r ha1tere {the c1rc1e5 1a6e1ed D). 1n the an1ma1 w1th the 17-k6 5e9ment 
de1eted, U6x pr0te1n 15 n0t made 1n the D ce115, and the p05ter10r ha1tere 15 tran5f0rmed t0 w1n9. 1n the C6x p6x an1ma1, w1th the 17 
k6 tran5p05ed t0 the P5 5 d0ma1n, U6x 15 a6errant1y expre55ed 1n the D ce115 0f P5 5, a5 we11 a5 P5 6.7he D ce115 1n P5 5 n0rma11y 
9enerate p05ter10r w1n9, 6ut n0w, 6ecau5e 0f U6x expre5510n, they make p05ter10r ha1tere. 

6e c105ed. We env1510n w1th1n the a6x/6x d0ma1n num- 
6er0u5 enhancer5 {repre5ented 6y A and 8 1n F19. 4), each 
read1n9 the act1v1ty 5tate 0f 9ene5 5pec1fy1n9 ce11 1den- 
t1ty, perhap5 6y juxtap05ed 61nd1n9 51te5 f0r a num6er 0f 
DNA-61nd1n9 pr0te1n5. Each enhancer w0u1d act1vate 
U6x 1n a part1cu1ar ce11 0r 5et 0f ce115 1n P5 5 1the A and 
8 ce115 0f F19. 4, re5pect1ve1y), a5 we11 a5 1n the c0rre- 
5p0nd1n9 ce115 0f m0re p05ter10r para5e9ment5.1n P5 6, 
the 6xd/p6x d0ma1n 15 a150 0pened, 1n re5p0n5e t0 an 
a1tered 5et 0f p051t10na1 cue5. W1th1n th15 d0ma1n are a 
d1fferent 5et 0f enhancer5 {C and D 1n F19. 4), wh1ch act1- 
vate U6x 1n a new pat tem 0f ce115 {the C and D ce115). 
7h15 pattern 15 added 1n P5 6 t0 that 1mp05ed 6y a6x/6x. 
0 u r  m0de1 re4u1re5 that the 5• end 0f U6x 6e acce55161e 
1n a11 ce115 0f P5 5 -P5  13, 6ut 1t 15 0n1y act1vated 1n c0n- 
cert w1th 0ne 0f the re9u1at0ry re910n5. 1n each m0re 
p05ter10r para5e9ment, the next adjacent DNA d0ma1n 
w0u1d 6e 0pened up (1a6-2, 1a6-3, etc.). 7hu5 the 0rder 
0n the chr0m050me ref1ect5 the 0rder 0 f  0pen1n9 0f 
DNA d0ma1n5, and th15 0rder may 6e mechan15t1ca11y 
re4u1red f0r appr0pr1ate funct10n. 

7h15 m0de1 pr0v1de5 an exp1anat10n 0f C6x 1. When 
the enhancer5 fr0m the p6x re910n were tran5p05ed, they 
were m0ved fr0m a d0ma1n act1ve 1n P5 6 t0 a d0ma1n 

act1ve 1n P5 5 . 7 h e y  n0w turn 0n U6x expre5510n 1n the 
D ce115 0f P5 5 {F19. 4), re5u1t1n9 1n the tran5f0rmat10n. 
51nce th15 d0ma1n w0u1d a150 6e 0pen 1n m0re p05ter10r 
5e9ment5, the 1n5ert10n 5h0u1d re5cue the phen0type 0f 
the de1et10n, a pred1ct10n that 15 60rne 0ut. 

C0nc1u510n 

51nce Lew15 pr0p05ed h15 m0de1 0f 8X-C funct10n, there 
have 6een many advance5 1n the character12at10n 0f th15 
re910n. 7h15 ana1y515 ha5 5upp0rted m05t feature5 0f the 
Lew15 m0de1, wh1ch can n0w 6e 5tated 1n m01ecu1ar 
term5. Lew15 11978} 1n1t1a11y env1510ned act1vat10n 0f a 
new 9ene pr0duct 1n each 5e9ment. 7he c0m61nat0r1a1 
act10n 0f the 5pectrum 0f pr0duct5 act1ve 1n a part1cu1ar 
5e9ment determ1ned 1t5 1dent1ty. 1t n0w 5eem5 11ke1y 
that three maj0r 9r0up5 0f re1ated pr0te1n pr0duct5 are 
enc0ded 6y the 8X-C, each act1n9 w1th1n a 5u65et 0f the 
f1y•5 5e9ment5. D15crete 9enet1c un1t5 ex15t, h0wever, 
wh1ch are 5e4uent1a11y act1vated 1n each para5e9ment. 
7he5e un1t5 funct10n a5 tran5cr1pt10n re9u1at0ry re910n5. 
7he  c0mp1ex c15-re9u1at10n that they med1ate and the 
tran5-1nteract10n5 6etween the d1fferent h0me0t1c 9ene5 
re5u1t 1n very 1ntr1cate pattem5 0f expre5510n, 60th 6e- 
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tween and w1th1n para5e9ment5 .7here  are n0t 5e9ment- 
w1de 5tr1p5 0f expre5510n 0f d1fferent 8X-C 9ene 
pr0duct5. 1n5tead, each para5e9ment 15 a m05a1c 0f ce115 
expre551n9 d1fferent h0me0t1c pr0te1n5. Under  the d1rec- 
t10n 0f the5e pr0te1n5, d1fferent ce115 ad0pt d1fferent 
fate5, y1e1d1n9 the c0mp1ex array 0f pattern e1ement5 
wh1ch character12e5 a 91ven para5e9ment. 

Lar9e re9u1at0ry re910n5 may  n0t  6e an unu5ua1 fea- 
ture 0f 9ene5 re9u1at1n9 pat tern f0rmat10n. 5evera1 0ther 
9ene5, 1nc1ud1n9 th05e 0f the en9rafted 10cu5 (Kuner et 
a1. 1985), the decapentap1e91c c0mp1ex (6e16art et a1. 
1985), and the A N 7 - C  (5c0tt et a1. 1983), have 1ar9e re- 
910n5 wh1ch may  6e 1nv01ved 1n re9u1at10n. 7he  un14ue- 
ne55 0f the 8X-C 15 the h19her 0rder 0r9an12at10n 0f 1t5 
D N A  d0ma1n5. 7h15 mach1nery ena61e5 the 8X-C t0 
5pec1fy a c0mp1ex and un14ue pat tern 0f pr0te1n expre5- 
510n 1n each 0f the 5ucce551ve 5e9ment5 0f the th0rax and 
the a6d0men, re9u1at1n9 w1th the pr0duct5 0f 0n1y three 
9ene5 the  5e9menta1 d1fferent1at10n 0f n1ne 5e9ment5. 
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