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7he achaete-5cute 9ene c0mp1ex (A5-C) 15 a 5er1e5 0f adjacent 9ene5 that p1ay an e55ent1a1 r01e 1n the 
deve10pment 0f the Dr050ph11a nerv0u5 5y5tem. A de1et10n 0f the ent1re c0mp1ex re5u1t5 1n the 1ack 0f a11 
externa1 5en5e 0r9an5 and 0f m05t per1phera1 neur0n5 1n the 1arva. 7he ana1y515 0f rec1pr0ca1 1eft-r19ht de1et10n5 
revea15 that the 1arva1 pattern 0f 5en5e 0r9an5 re5u1t5 fr0m the add1t10n 0f 5evera1 1ndependent 5u6pattern5, each 
0f wh1ch 5pec1f1ca11y re4u1re5 a part1cu1ar 5et 0f A5-C funct10n5. 7w0  0f the 5u6pattern5 p01nt t0 c0ncea1ed 
h0m01091e5 that are c0nf1rmed 6y the ana1y515 0f 6xd mutant5. We c0nc1ude that A5-C def1ne5 the 6a51c 
t0p0109y 0f the pattern, rather than the type 0r prec15e 10cat10n 0f the e1ement5. 

[Key W0rd5: 5en50ry 5y5tem; pattern f0rmat10n; Dr050ph11a 1arva; neur09ene515; achaete-5cute c0mp1ex] 

Rece1ved Decem6er 23, 1986; rev15ed ver510n rece1ved and accepted Fe6ruary 2, 1987. 

H0w repr0duc161e pattern5 are 9enerated dur1n9 the de- 
ve10pment 0f an 0r9an15m rema1n5 an 0pen 4ue5t10n. 1n 
Dr050ph11a, mutat10na1 ana1y5e5 have 1dent1f1ed 5evera1 
9ene5 0r 9ene c0mp1exe5 5pec1f1ca11y 1nv01ved 1n the f0r- 
mat10n 0f 5pat1a1 pattern5. 0ne  0f them 15 the achaete- 
5cute 9ene c0mp1ex (A5-C), wh1ch 15 re4u1red f0r the d1f- 
ferent1at10n 0f 5en5e 0r9an5 at part1cu1ar p051t10n5 0n 
the adu1t ep1derm15. M05t mutat10n5 and rearran9e- 
ment5 affect1n9 th15 c0mp1ex are rece551ve. 7he1r phen0- 
type, pre5uma61y c0rre5p0nd1n9 t0 50me 1055 0f A5-C 
funct10n, 15 a reduct10n 0r 5uppre5510n 0f adu1t 5en5e 
0r9an5 (5ere6r0v5ky and Du61n1n 1930). 1n add1t10n, 
there are a few d0m1nant mutat10n5 that have the 0pp0- 
51te effect and cau5e the deve10pment 0f 5upernumerary 
5en5e 0r9an5, a5 a re5u1t 0f an exce55 0f funct10n 0f A5-C 
(Campu2an0 et a1. 1986; 6arc1a-A10n50 and 6arc1a-8e1- 
11d0 1986). 7h15 5u99e5t5 that A5-C 15 d1rect1y 1nv01ved 
1n the deve10pment dec1510n 6y wh1ch an ep1the11a1 ce11 
6ec0me5 c0mm1tted t0 deve10p 1nt0 a 5en5e 0r9an 
(6arc1a-8e111d0 and 5antamar1a 1978). 

Many A5-C mutat10n5 are rearran9ement5 (5utt0n 
1943; L1nd51ey and 6re11 1968)•w1th 6reakp01nt5 5cat- 
tered 0ver the ent1re c0mp1ex (Carram011n0 et a1. 1982). 
1n 50me ca5e5 the tw0 e1ement5--1eft and r19ht--0f d1f- 
ferent rearran9ement5 can 6e rec0m61ned, there6y 9en- 
erat1n9 a def1c1ency f0r the re910n 6etween the tw0 
6reakp01nt5 (Mu11er and Pr0k0fyeva 1935). 1n 0ther rear- 
ran9ement5, where part 0f the c0mp1ex 15 tran510cated t0 
an0ther chr0m050me, the tw0 e1ement5 0f the 6r0ken 
c0mp1ex can 6e 5eparate1y rec0vered and the1r funct10n 
a55e55ed (6arc1a-8e111d0 1979). 7h15 9enet1c d155ect10n 0f 
the c0mp1ex ha5 1ed t0 the 1dent1f1cat10n 0f f0ur adjacent 

funct10na1 un1t5: achaete (ac), 5cute~ (5cc,), 1etha1 0f 
5cute (1•5c), and 5cutef~ (5c5) fr0m 1eft (d15ta1) t0 r19ht 
(pr0x1ma1 t0 the centr0mere), ac and 5ca def1ne tw0 re- 
c1pr0ca1 5et5 0f 6r15t1e5 0n the adu1t: the 1ack 0f ac af- 
fect5 m05t1y the 5ma11 6r15t1e5 0n the head and th0rax, 
wherea5 the 1ack 0f 5c0L e11m1nate5 the 1ar9e 6r15t1e5 0f 
the head and th0rax a5 we11 a5 a11 a6d0m1na1 6r15t1e5. 
7he a65ence 0f 1•5c re5u1t5 1n a6n0rma1 deve10pment 0f 
the em6ry0n1c centra1 nerv0u5 5y5tem (CN5) (6arc1a- 
8e111d0 and 5antamar1a 1978; J1mene2 and Camp05-0r- 
te9a 1979; Wh1te 1980), and that 0f 5cf~ cau5e5 an adu1t 
phen0type 51m11ar t0 6ut weaker than that 0f 5c0L, p05- 
5161y 6ecau5e 5c13 1e510n5 a1ter the expre5510n 0f 5c~ 
(Campu2an0 et a1. 1985). 1n add1t10n, 0ther 9ene5 t0 the 
r19ht 0f 5c~ are a150 re4u1red f0r the deve10pment 0f the 
CN5 (J1mene2 and Camp05-0rte9a 1979; Wh1te 1980). 
7hu5, the A5-C 9ene5 are re4u1red f0r the deve10pment 
0f tw0 d1fferent 5y5tem5, the adu1t 5en50ry and the em- 
6ry0n1c centra1, 60th 0f wh1ch 1nv01ve the f0rmat10n 0f 
prec15e pattern5 0f neura1 e1ement5.7h15 ra15e5 the 4ue5- 
t10n 0f h0w the5e d1fferent 9ene5 c0m61ne the1r effect5 
t0 ach1eve the deve10pment 0f a n0rma1 nerv0u5 5y5tem, 
and m0re 5pec1f1ca11y, whether A5-C funct10n5 are 1n- 
v01ved 1n def1n1n9 ce11 type5, 0r p051t10n5. 

We have 5tud1ed the funct10n 0f A5-C 1n the f0rma- 
t10n 0f the 1arva1 pattern 0f 5en5e 0r9an5, where 60th the 
type and the p051t10n 0f a11 e1ement5 are def1ned accu- 
rate1y (Camp05-0rte9a and Harten5te1n 1985; Dam61y- 
Chaud1hre and 6hy5en 1986; 6hy5en et a1. 1986; 
80dmer and Jan 1987). 7he 1arva1 5en50ry 5y5tem c0m- 
pr15e5 m0re than 250 externa1 5en5e 0r9an5 0f three d1f- 
ferent type5 wh1ch 0ccupy repr0duc161e 10cat10n5 0n the 
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1arva1 ep1derm15. 7he  ent1re c0mp1ement 0f per1phera1 
neur0n5 can 6e v15ua112ed 6y e1ther ant1-h0r5erad15h per- 
0x1da5e (HRP) ant160d1e5 (Jan and Jan 1982), 0r 6y a 
m0n0c10na1 ant160dy, 21A4 (6hy5en et a1. 1986); m05t 
5en50ry neur0n5 can a150 6e 1dent1f1ed 6y the1r p051t10n 
and typ1ca1 dendr1te. 7he  h19h re501ut10n 0f th15 5y5tem 
a110wed u5 t0 a55e55 the effect 0f var10u5 A5-C de1et10n5 
0n each e1ement 0f the ent1re pattern. 

Re5u1t5 

7he n0rma1 pattern 0f 5en50ry neur0n5 

7h15 pat tern ha5 6een de5cr16ed e15ewhere (Camp05-0r- 
te9a and Harten5te1n 1985; 6hy5en  et a1. 1986); we w111 
5ummar12e 1t5 maj0r fea ture5 .7hree  type5 0f per1phera1 
neur0n5 can 6e rec09n12ed: (1) e5 neur0n5, wh1ch 1nner- 
vate the externa1 5en5e 0r9an5; (2) ch neur0n5, wh1ch 1n- 
nervate the ch0rd0t0na1 5en5e 0r9an5; and (3) nd neu- 
r0n5, wh1ch 1ater d1fferent1ate numer0u5 dendr1te5 and 
are pr06a61y pr0pr10cept1ve. 1n add1t10n, m05t 5e9ment5 
c0nta1n a few neur0n5 that  1nnervate trachea1 6ranche5, 
and a few 61p01ar neur0n5 0f unkn0wn  funct10n (80dmer 
and Jan 1987). 7he  c0mp1ete pat tern 0f per1phera1 neu- 
r0n5 1n an a6d0m1na1 5e9ment 15 111u5trated 1n F19ure 1 a. 

7 h e  5en50ry neur0n5 are 5e9menta11y arran9ed ac- 
c0rd1n9 t0 the f1ve pattern5 5h0wn 1n F19ure 2 (upper 
pane1): 71, 1n the pr0th0rac1c 5e9ment; 7, 1n the me50- 
and metath0rac1c 5e9ment5; A, repeated 1n the f1r5t 
5even a6d0m1na1 5e9ment5; A8, 1n the e19hth a6d0m1na1 
5e9ment; and A9 c0mpr151n9 the n1nth and tenth a6d0m- 
1na1 neur0n5. W1th1n m05t 5e9ment5, the ce11 60d1e5 are 
arran9ed 1n f0ur c1u5ter5 named v, v•, 1, and d fr0m the 
m05t ventra1 t0 the m05t d0r5a1. 7he  pr0th0rac1c 5e9- 
men t  c0nta1n5 an add1t10na1 c1u5ter, v~1 the c1u5ter5 
f0und 1n the A8 and A9 pattem5 are a11 d0r5a1. Each pe- 
r1phera1 neur0n 15 1dent1f1ed 6y the 5e9menta1 pa t t em t0 
wh1ch 1t 6e10n95 (71, 7, A, A8, A9), 1t5 c1u5ter (v, v•, v••, 1, 
d), 1t5 nature (e5, ch, nd), and 1t5 p051t10n w1th1n the 
c1u5ter (A, 8 . . .  fr0m ventra1 t0 d0r5a1). When tw0 0r 
three adjacent neur0n5 j01n the1r dendr1te5 and 1nnervate 
a c0mm0n  5en5e 0r9an, 1t 15 n0t p055161e t0 te11 them 
apart and they are named acc0rd1n9 t0 the num6er  0f 
app05ed dendr1te5 (e.9., de52 are the tw0 neur0n5 that  
j01nt1y 1nnervate the d1m1nut1ve d0r5a1 ha1r, h3, 1n the 
a6d0m1na1 5e9ment5). 

Re4u1rement f0r A5-C 1n the em6ry0 

We f1r5t exam1ned whether  A5-C 9ene5 are re4u1red f0r 
the deve10pment 0f the 1arva1 5en50ry 5y5tem. A11 
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F19ure 1. 7he per1phera1 neur0n5 1n an a6d0m1na1 5e9ment 0f 
n0rma1 (a) and mutant (6) Dr050ph11a em6ry05. Per1phera1 neu- 
r0n5 are 0f d1fferent type5 (5ee text): e5 neur0n5 (61ack), ch neu- 
r0n5 (5tr1ped), nd neur0n5 (wh1te), and trachea1 and 61p01ar neu- 
r0n5 (d0tted 0ut11ne). 7he dendr1te5 0f e5 and nd neur0n5 have 
6een 0m1tted f0r c1ar1ty. 1n the w11d type, the neur0n5 are ar- 
ran9ed 1n f0ur c1u5ter5 named, v, v•, 1, and d fr0m ventra1 t0 
d0r5a1; w1th1n each c1u5ter, 1nd1v1dua1 e5 neur0n5 are 1dent1f1ed 
6y a 1etter 0r a num6er (6hy5en et a1. 1986). 7he Df260.1 pat- 
tern 111u5trated 1n 6 15 atyp1ca11y we11 0r9an12ed; th15 part1cu1ar 
5e9ment wa5 5e1ected t0 fac111tate the c0mpar150n w1th the w11d 
type. 1n m05t ca5e5 the pattern 15 m0re 0r 1e55 d15rupted, ma5- 
51ve ax0na1 m15r0ut1n95 may 0ccur, and 50me 0f the trachea1 0r 
61p01ar neur0n5 may 6e m1551n9. 7he5e defect5 are m0re pr0- 
n0unced 1n 1ar9er def1c1enc1e5. Even 1n Df8]d, h0wever, each 
5e9ment reta1n5 at 1ea5t three per1phera1 neur0n5 (0ne 0f wh1ch 
15 the d0r5a1 61p01ar neur0n) 1n add1t10n t0 the u5ua11y c0mp1ete 
5et 0f ch neur0n5. 

F19ure 2. 7he 5u6pattern5 0f e5 neur0n5 c0rre5p0nd1n9 t0 the f0ur c1a55e5 A,8,C, and D def1ned 1n 7a61e 1. (Upper pane]) F1ve 
5e9menta1 pattern5 065erved 1n n0rma1 em6ry05 and 1arvae (adapted fr0m 6hy5en et a1. 1986 and Dam61y-Chaud16re and 6hy5en 
1986). 5pA-D: 5p1racu1ar 5en50ry neur0n5. (L0wer pane]5) F0r each c1a55 A-D, the 5en5e 0r9an5 that 6e10n9 t0 that c1a55 and the 
dendr1te5 0f the 1nnervat1n9 neur0n5.7he d0tted 11ne5 are a 5tandard d1a9ram 0f the c1u5ter5 0f neura1 ce11 60d1e5 and ax0n 6und1e5; n0 
attempt wa5 made t0 repre5ent the actua1 512e 0f the ce11 c1u5ter5 1n the d1fferent c1a55e5.1n the ca5e 0f the Ke111n 0r9an5, the neur0n5 
are d1ff1cu1t t0 te11 apart (5ee 1e9end t0 7a61e 1), and the a110cat10n 0f 5pec1f1c neur0n5 t0 c1a55e5 A, C, and D 15 tentat1ve. 1n A and C, 
the arr0w5 p01nt t0 d0u61y 1nnervated a6d0m1na1 5tructure5, re5pect1ve1y, the pap111a p6 (A) and the d1m1nut1ve ha1r h3 (C), that are 
tran5f0rmed 1n 6xd mutant5, a5 5h0wn 1n F195.4 and 5. 
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kn0wn A5-C re910n5 are de1eted 1n D f 2 6 0 . 1 ,  a term1na1 
def1c1ency 0f the f1r5t chr0m050me (L1nd51ey and 6re11 
1968). 7he  re5u1t1n9 phen0type 15 111u5trated 1n F19ure 16 
1n the ca5e 0f the A pattern. A11 e5 neur0n5 and m05t 0f 
the nd neur0n5 are rem0ved; the ch neur0n5 are n0t af- 
fected. 7 h e  1ack 0f effect 0n ch neur0n5 c0u1d 1nd1cate 
that 50me e1ement5 0f A5-C are 5t111 pre5ent 1n D f 2 6 0 . 1 .  
We ana1y2ed tw0 1ar9er def1c1enc1e5, D f 5 v r  and  Df81d ,  
the 1atter 0f wh1ch de1ete5 m0re than 10 6and5 pr0x1ma1 
t0 A5-C. 7 h e  phen0type5 0f 60th def1c1enc1e5 rema1n 
very 51m11ar t0 that 0f D f 2 6 0 . 1 ,  except that the neur0n5 
tend t0 6e m0re d150r9an12ed, m05t1y 1n the ventra1 re- 
910n. 7hu5, we c0nc1ude that the A5-C 5y5tem 15 an e5- 
5ent1a1 e1ement 0f the deve10pment 0f e5 and nd neu- 
r0n5, 6ut n0t 0f ch n e u r 0 n 5 . 7 h e  f0110w1n9 ana1y515 w111 
6e re5tr1cted t0 the e5 neur0n5, each 0f wh1ch can 6e 
un14ue1y rec09n12ed 0n the 6a515 0f 1t5 p051t10n and typ- 
1ca1 dendr1te (6hy5en et a1. 1986). 1n add1t10n, the c0m- 
p1ete pattern 0f externa1 5en5e 0r9an5 ha5 6een de- 
5cr16ed, and the e5 neur0n5 1nnervat1n9 each 0r9an have 
6een 1dent1f1ed unam619u0u51y (Dam61y-Chaud1hre and 
6hy5en  1986), a110w1n9 u5 t0 re1y 0n tw0 1ndependent 
de5cr1pt10n5 0f mutan t  phen0type5. 

D155ect10n 0 f  A 5 - C  

7 h e  c1a551ca1 way t0 a55e55 the funct10n 0f the d1fferent 
9ene5 1n the A5-C re910n 15 t0 u5e 5ynthet1c def1c1enc1e5 
that  rem0ve c0n5ecut1ve 5tretche5 0f that re910n (Mu11er 
and Pr0k0fyeva 1935). H0wever, 5uch 5ynthet1c def1- 
c1enc1e5 are u5ua11y der1ved fr0m rearran9ement5 that 
6r1n9 A5-C 9ene5 1n c0ntact w1th heter0chr0mat1n 
(Raffe1 and Mu11er 1940), re5u1t1n9 1n var1e9at10n 0f 
near6y 9ene5. Pre11m1nary exper1ment5 1nd1cated that 
the 5ynthet1c def1c1enc1e5 c1a551ca11y u5ed t0 def1ne ac, 
5c~, and 1•5c (Mu11er and Pr0k0fyeva 1935) 5h0w a 5tr0n9 
1nact1vat10n 0f adjacent 9ene5 1n the em6ry0, 1ead1n9 t0 
1nc0n515tent 0r 1nc0rrect a5519nment5. 

7 h e  pre5ent ana1y515 re11e5 m05t1y 0n the ava11a6111ty 
0f rearran9ement5 that 5p11t the c0mp1ex 1nt0 tw0 rec1p- 
r0ca1 fra9ment5 that can 6e rec0vered 5eparate1y 
(6arc1a-8e111d0 1979). 1f a 5en5e 0r9an 15 f0rmed when  
e1ther fra9ment 15 pre5ent, 0ne can c0nc1ude that the 
tw0 p1ece5 expre55 repet1t1ve funct10n5 that can 5u65t1- 
tute f0r each 0ther. 1f 1t 15 f0rmed 0n1y when 60th fra9- 
ment5 are pre5ent, th15 5u99e5t5 that the tw0 rec1pr0ca1 
p1ece5 expre55 d1fferent funct10n5 wh1ch are a11 re4u1red 
6y th15 0r9an. F1na11y, 1f a 91ven 5en5e 0r9an 15 f0rmed 
whenever  0ne fra9ment 15 pre5ent, and 15 m1551n9 when 
0n1y the rec1pr0ca1 fra9ment 15 pre5ent, 0ne can c0n- 
c1ude that the deve10pment 0f th15 0r9an 5pec1f1ca11y re- 
4u1re5 a funct10n expre55ed 6y the f1r5t fra9ment. 

5u6d1v1510n 0 f  A 5 - C  6 y  5cute H 

We 5p11t the A5-C 1nt0 tw0 p1ece5 6y mean5 0f the tran5- 
10cat10n 7(1 ,4)5c  n, where the 1eft part 0f the c0mp1ex 
(5c HL) ha5 m0ved t0 the f0urth chr0m050me, wh11e the 
r19ht part (5c HR) ha5 rema1ned 0n the f1r5t chr0m050me 
(F19. 3). 1nd1v1dua15 that  have 5c nL 0n the f0urth chr0m0- 
50me (and that are de1eted f0r A5-C 0n the f1r5t) w111 
c0nta1n the 9ene5 ac, 5c~, and 1•5c 6ut n0t 5c~, wh11e 

300 6ENE5 • DEVEL0PMEN7 

1nd1v1dua15 that  have 5c HR 0n the f1r5t chr0m050me w111 
c0nta1n 5cf~ and the 9ene5 t0 1t5 r19ht 6ut n0t ac, 5ca, n0r 
1•5c. 7 h e  phen0type5 re5u1t1n9 fr0m the pre5ence and a6- 
5ence 0f each fra9ment are pre5ented 1n 7a61e 1 (f1r5t tw0 
11ne5). 1n m05t ca5e5, a 91ven neur0n 5tr1ct1y depend5 0n 
0ne 0f the tw0 fra9ment5, that  15, 1t w111 6e c0mp1ete1y 
a65ent when  that fra9ment 15 m1551n9 and 5u65tant1a11y 
pre5ent when  that fra9ment 15 reta1ned. 7hu5, m05t 5en- 
50ry neur0n5 fa11 1nt0 tw0 rec1pr0ca1 c1a55e5: 0ne de- 
pend5 ent1re1y 0n 5c nL, and the 0ther depend5 ent1re1y 0n 
the rec1pr0ca1 fra9ment, 5c nR. A th1rd c1a55 c0mpr15e5 
the 5even 71 and f1ve 7 neur0n5 that are m1551n9 1n 60th 
Ca5e5. 

5u6d1v1510n 0 f  5c HL 6 y  5cute 8 

7 h e  5c HL part 0f A5-C c0nta1n5 tw0 9ene5 that are e55en- 
t1a1 f0r the deve10pment 0f c0mp1ementary 5et5 0f adu1t 
6r15t1e5, ac and 5c~, 1n add1t10n t0 a 9ene that 15 n0t 1n- 
v01ved 1n 6r15t1e d1fferent1at10n, 1•5c. We u5ed an0ther 
rearran9ement, 5c 8, t0 5u6d1v1de th15 re910n further. 5c 8 
6reak5 A5-C 6etween ac and 5c~, y1e1d1n9 tw0 ha1ve5 
that can 6e rec0vered 5eparate1y: 5c 8L, wh1ch c0nta1n5 
0n1y ac, and 5c 5a, wh1ch c0nta1n5 a11 0ther A5-C 9ene5 
(F19.3). 7 h e  phen0type5 0f em6ry051ack1n9 e1ther 5c 8L 0r 
5c 8a are 5ummar12ed 1n 7a61e 1 (11ne5 3-4).  

A11 neur0n5 0f the 5c HL c1a55 are f0und 1n at 1ea5t 60% 
0f the ca5e5 1n the pre5ence 0f the 5c 8L fra9ment (11ne 3), 
5u99e5t1n9 that the pre5ence 0f achaete 15 5uff1c1ent f0r 
the deve10pment 0f th15 c1a55 0f neur0n5. H0wever, m05t 
0f the5e neur0n5 are a150 f0und, a16e1t at a 10wer fre- 
4uency, 1n em6ry05 where 0n1y 5c 8R 15 pre5ent (11ne 4), 
1mp1y1n9 that 9ene5 10cated t0 the r19ht 0f 5c 8 can t0 
50me extent pa111ate f0r the 1ack 0f ac. 51nce we have 
5een that the re910n t0 the r19ht 0f 5c H 15 una61e t0 1n- 
duce the f0rmat10n 0f the5e neur0n5, 1t f0110w5 that the 
9ene5 that can part1y 5u65t1tute f0r achaete are 10cated 
6etween 5c 8 and 5c H, that 15, they are 5c~ and/0r 1•5c. We 
c0nf1rmed and ref1ned th15 re5u1t 6y ana1y21n9 the ex- 
terna1 5en5e 0r9an5 0f 1arvae de1eted f0r 5c~ (5c8L5c4a), 
de1eted f0r ac (ac1), 0r de1eted f0r 60th ac and 5c~ 
(y3Pr~5c51R), and 0f em6ry05 de1eted f0r a11 three 9ene5 ac, 
5c~, and 1•5c (Df5cH). 1n a11 ca5e5 0n1y the 5en5e 0r9an5 
1nnervated 6y neur0n5 0f the 5c HL c1a55 are affected; 
the5e 5en5e 0r9an5 are f0und at an avera9e fre4uency 0f 
0.9 1n 5c8L5c 4a, 0f 0.5 1n ac 1, 0f 0.2 1n y3PL5c51a, and 0f 0 1n 
Df5c  H em6ry05.7hu5,  thece 0f 5c~ ha5 11tt1e 1f any 
effect 6y 1t5e1f, 6ut marked1y 1ncrea5e5 the 1ack 0f 5en5e 
0r9an5 re5u1t1n9 fr0m the a65ence 0f ac, c0nf1rm1n9 that 
5ca can t0 50me extent 5u65t1tute f0r ac. Furtherm0re, 
even 1n the a65ence 0f 60th ac and 5ce~, m a n y  5en5e 
0r9an5 0f th15 c1a55 are 5t111 pre5ent, a16e1t at a very 10w 
fre4uency, 5u99e5t1n9 that 1•5c can a150 5u65t1tute f0r ac, 
th0u9h rather 1neff1c1ent1y. 

7 h e  5even 71 and f1ve 7 neur0n5 that are m1551n9 
when  e1ther 5c HL 0r 5c Ha are pre5ent depend ent1re1y 0n 
the pre5ence 0f the 5c 5R fra9ment. A5 expected, a11 neu- 
r0n5 that depend 0n the 5c Ha fra9ment are a150 f0und 1n 
the pre5ence 0f 5c 8R. 



7a61e 1. 7he  phen0 type5  0f part1a1 def1c1enc1e5 f0r A 5 - C  

achaete-5cute phen0type 1n Dr050ph11a 1arvae 

7 ve5 
A - E  

7 v•e5 7 1e5 7 de5 71v••e5 71 1e5 71 de5 

A 8 3 A 8 C 3 A 8 C D E A 8 A 8 C D A 2 8 C D E 

5c nL .4 .9 0 .9 1 0 0 0 0 1 0 1 0 0 0 .7 .7 0 0 0 0 .9 0 1 0 
5c HR 2 0 0 0 0 .9 .4 .6 0 0 0 0 .5 0 0 0 0 .9 .5 0 .7 0 0 0 .7 
5c 5L .6 .8 0 .9 .7 0 0 0 0 .9 0 .9 0 0 0 .7 .7 0 0 0 0 .9 0 .8 0 
5c 5R 4.7 .5 .7 .3 0 .7 .8 1 .8 .8 1 .3 1 1 .9 0 0 1 .9 1 1 .4 1 .2 1 
5c wL 4.7 .9 .8 .9 .8 .3 .5 .5 1 1 1 1 .5 1 1 .8 .8 0 .6 .8 1 1 1 1 .7 
5c wR 1.2 0 0 0 0 .8 .1 .7 0 0 0 0 .3 0 0 0 0 .8 .2 0 .7 0 0 0 .5 

1A,2D,2C A D A A C C C D A D A C D D A A C C D C A D A C 

A ve5 A v•e5 A 1e5 A de5 A8 de5 A8 5p 

A 8 C A 8 2 A 8 C 2 8 C D 3 1 n A 8 C 

A9 A9 de5 

D M 3 + 2  3 + 1  3 1 

5c nL .7 0 0 .7 0 .8 .9 0 0 0 .8 .6 0 1 .8 0 0 0 .6 0 1 0 0 0 1 1 0 
5c Ha 0 .6 .3 0 .8 0 0 .7 .9 .4 0 0 .6 0 0 .2 .6 1 0 1 0 1 .2 .8 0 0 .6 
5c 5L .6 0 0 .7 0 .6 .7 0 0 0 .6 .6 0 1 .6 0 0 0 .8 0 .8 0 .3 0 .9 1 0 
5c 5R .6 .7 .8 .3 .9 .4 .4 .8 .9 .6 0 .4 .9 1 .4 1 1 .9 1 1 0 1 .8 1 .2 .5 1 
5~  0L .9 .9 .9 .9 0 1 1 .2 .9 .3 .8 .7 .8 1 .9 .2 1 .4 1 1 .8 0 .4 .1 .8 1 .6 
5~  9R 0 0 0 0 .5 0 0 .6 0 .6 0 0 0 0 0 .2 0 .6 0 0 0 .9 .3 .9 0 0 .2 

A 8 8 A C A A C 8 C A A 8 A A C 8 C A 8 A C A/C C A A C 

7he  upper 11ne 115t5 the e5 neur0n5 1n the 7, 71, A, A8 and A9 pattem5 (5ee F19. 2, upper pane1). 1n 71 and 7, the v and v• c1u5ter5 are 
1dent1ca1, and theref0re the data were p001ed and 91ven f0r 7. 7he  v c1u5ter c0nta1n5 f1ve neur0n5, A-E ,  that  1nnervate the Ke111n 
0r9an: 7 h e  pr0x1m1ty 0f the1r dendr1te5 make5 1t d1ff1cu1t t0 dec1de wh1ch 15 wh1ch when  0n1y 0ne 0r tw0 are pre5ent, and theref0re 
the f1ve were c0n51dered t09ether. 7he  5ec0nd t0 5eventh 11ne5 91ve the fre4uency 0f each neur0n 1n the pre5ence 0f the fra9ment 0f 
A5-C ment10ned 1n the 1eftm05t c01umn. 1n m05t ca5e5 the neur0n 15 e1ther ent1re1y a65ent, 0r detected 1n m0re than ha1f 0f the ca5e5 
(5ee Exper1menta1 pr0cedure5). 7he  9en0type5 are a5 f0110w5: 5c HL, Df(1)260.1/Y;Dp(1;4)5cH/ + ; 5c ~R, Df(1)5cH/Y; 5c 5L, Df(1)260.1/  
Dp(1;Y)5c5; 5c 8R, Df(1)5c5/Y; 5c 19L, Df(1)260.1/Y;Dp(1;2)5cw/ + ; 5c wR, Df(1)5~9/Y. La5t 11ne: a5519nment 0f each neur0n t0 0ne 0f f0ur 
c1a55e5, A, 8, C, 0r D (5ee text). 

5u6d1v1510n  0 f  5c H9 6 y  5cute  19 

7he r19ht part 0f A5-C, pre5ent 1n the 5c  HR fra9ment, can 
6e 5u6d1v1ded 1nt0 tw0 5u6re910n5 6y u51n9 an0ther 
tran510cat10n, 7 ( 1 ; 2 ) 5 ~  9 (F19. 3). 7he 5u6re910n 6etween 
the 5c  H and the 5 ~  9 6reakp01nt5 c0rre5p0nd5 t0 the 5cf~ 
9ene def1ned ear11er (6arc1a-8e111d0 1979), wh11e the 5u6- 
re910n 6 e t w e e n  t h e  6 reakp01nt5  0f 5 ~  9 a n d  0f D f ( 1 ) 2 6 0 . 1  

def1ne5 a n e w  A5-C e 1 e m e n t  t h a t  w e  ca115c~. 7 h e  p h e n 0 -  
type5 0f e m 6 r y 0 5  carry1n9 e1ther  par t  0f t h e  7 ( 1 ; 2 ) 5 ~  9 

t ran510cat10n,  5 ~  9L (1nc1ud1n9 a11 A5-C  9ene5 e x c e p t  f0r 
5c% 0r 5 ~  9R (c0nta1n1n9 0n1y 5c~/) are  91ven 1n 7a61e  1 
(11ne5 5 a n d  6). 7 w 0  6ehav10r5 are  065erved  a m 0 n 9  t h e  

neur0n5 0f the 5c  HR c1a55.50me neur0n5 depend ent1re1y 
0n the pre5ence 0f the 5c  19L fra9ment; 51nce they are a150 
f0rmed 1n the pre5ence 0f 5c  HR, they pr06a61y depend 0n 
the 9ene that 15 10cated 6etween the 5c  H and 5 ~  9 6reak- 
p01nt5, 5cute[~. A 5ec0nd 9r0up 0f neur0n5 may f0rm 
when e1ther the 5 ~  9L 0r the 5c  19R fra9ment 15 pre5ent. 
7h15 9r0up 15 50mewhat heter09ene0u5, 1n that the c0n- 
tr16ut10n 0f the tw0 re910n5 5c[~ and 5c~/15 4u1te var1a61e. 
7hree neur0n5 5eem t0 depend 0n1y 0n 5c~/; whether 0r 
n0t they repre5ent a 5eparate c1a55 15 n0t c1ear. 

A11 neur0n5 that depend 0n the 5c  HL fra9ment 5h0u1d 
a150 6e f0und 1n the pre5ence 0f 5 ~  9L, 51nce the 1atter 
fra9ment 1nc1ude5 the f0rmer; th15 15 1ndeed the ca5e. 

y3P 5C 8 5 c  51 5 c  H 5 c  ~9 2 6 0 . 1  

1 a c  ~ 5 c ~  1 1•5c 1 5c13 ~ 5 c ~  . . . . .  

5C HL 
5C HR 

5C 8L 

5C 8R 
5C 19L 

5C19 R 
5C 51R 

F19ure 3. 7he  5u6d1v1510n 0f A5-C. 7he  f1r5t 11ne 5h0w5 the 10cat10n 0f the 6reakp01nt5 u5ed t0 d1v1de the c0mp1ex 1n f1ve adjacent 
re910n5, acc0rd1n9 t0 the m01ecu1ar map 0f A5-C (Campu2an0 et a1. 1985). 7he  d15tance 6etween y3v and 5c w 15 appr0x1mate1y 87 k6; 
the 6reakp01nt 0f Df260.1 ha5 n0t yet 6een mapped. 7he  f0110w1n9 11ne5 5h0w the extent 0f the fra9ment5 u5ed 1n th15 w0rk. 7he  
6reakp01nt 0f 5c a 15 very c105e t0 that 0f 5c 51 50 that 5c8L5c 4R 15 e4u1va1ent t0 5~L5c 51R, that  15, de1eted f0r 5c~ (Raffe1 and Mu11er 19401. 
F1ve tran5cr1pt5 have 6een 1dent1f1ed 50 far (Campu2an0 et a1. 1985; J. M0d01e11, per5. c0mm.): 71a, tran5cr16ed fr0m the 5c~/re910n, 72 
fr0m the 5c8, 73 fr0m 1•5c, 74 fr0m 5c% and 75 fr0m ac. A11 6ut 72 5hare a very c0n5erved 5e4uence, and are made 1n the em6ry0, 
ra151n9 the p05516111ty that  72 15 unre1ated t0 A5-C funct10n, and that 5c[3 act5 6y a1ter1n9 the expre5510n 0f 0ther A5-C 9ene5. 
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Dam61y-Chaud16re and 6hy5en 

7he 12 neur0n5 that are m1551n9 w1th 60th 5c H fra9- 
ment5 depend ent1re1y 0n the pre5ence 0f 5c ~9£, 1nd1- 
cat1n9 that they re4u1re a re910n 0f A5-C 10cated 6e- 
tween 5c 8 and 5c 19. 

A5519nment  0f  e5 neur0n5 t0 A 5 - C  re910n5 

7he prev10u5 re5u1t5 5h0w that d1fferent 1arva1 5en5e 
0r9an5 re4u1re d1fferent re910n5 0f A5-C t0 deve10p. 0n  
the 6a515 0f the data 1n 7a61e 1, 0ne can def1ne f0ur 
c1a55e5 0f 5en5e 0r9an5 and neur0n5 that 5h0w very d15- 
t1nct re4u1rement5 f0r A5-C e1ement5 (1a5t 11ne 0f 7a61e 
1, and F19. 2). 7he pre5ence 0f the 1eftm05t re910n, ac, 15 
5uff1c1ent f0r the deve10pment 0f the f1r5t c1a55, wh1ch 
w111 6e ca11ed A (f0r ac). 7he ac funct10n can t0 50me 
extent 6e 5u65t1tuted 6y 5c~, and p055161y 6y 1•5c, 6ut 
n0t 6y the 0ther 9ene5 5c~ 0r 5c~/. 7he pre5ence 0f the 
r19htm05t re910n 5c7 15 5uff1c1ent f0r the deve10pment 0f 
the 5ec0nd c1a55, wh1ch w111 6e ca11ed C (f0r 5c7). 7hu5, 
C neur0n5 deve10p whenever 5c7 15 pre5ent, even 1f a11 
0ther re910n5 are a65ent. 7he 5c~/funct10n can 6e 5u65t1- 
tuted t0 a var1a61e extent 6y 5c[3, 6ut n0t at a11 6y the 
1eftm05t 9ene5 ac, 5ca, 0r 1•5c. A th1rd c1a55, ca11ed 8 (f0r 
5c~) deve10p5 whenever 5cf3 15 pre5ent; h0wever, we 
cann0t 5ay whether the pre5ence 0f 5c~ 15 5uff1c1ent, 
51nce there ex15t5 n0 9en0type where 5c[3 15 pre5ent and 
a11 0ther A5-C re910n5 are a65ent. 7he f0urth c1a55, D, 
re4u1re5 the 1nte9r1ty 0f the re910n 6etween the 6reak- 
p01nt5 5c 8 and 5c~9: the5e 0r9an5 w111 n0t f0rm when 0n1y 
ac 0r 5c7 are pre5ent, n0r when 0n1y part 0f the centra1 
re910n 15 pre5ent. 

0 n  what feature 0f the 5en50ry 5y5tem 15 th15 d1v1510n 
1n f0ur c1a55e5 6a5ed• Pr06a61y n0t 0n temp0ra1 d1ffer- 
ence5, 51nce a11 e5 neur0n5 d1fferent1ate near1y 
5ynchr0n0u51y. N0r 15 1t re1ated t0 the nature 0f 5en5e 
0r9an5: 0f  the three type5 0f externa1 5en5e 0r9an5 f0und 
0n the 60dy 5e9ment5 0f Dr050ph11a 1arvae, ha1r5 (tr1- 
ch01d 5en5111a) and pap111ae (campan1f0rm 5en5111a) are 
pre5ent 1n a11 f0ur c1a55e5, and mu1t1p1y 1nnervated pe95 
(6a51c0n1c 5en5111a) are pre5ent 1n c1a55e5 A and C. What 
5eem5 t0 6e 1mp0rtant 15 the 5pat1a1 arran9ement 0f the 
5en5e 0r9an5 w1th1n each c1a55, a5 appear5 1n F19ure 2 
where we pre5ent the 5u6pattern5 0f neur0n5 and 5en5e 
0r9an5 that c0rre5p0nd t0 each c1a55. C1a55 A appear5 t0 
def1ne a 6a51c 5u6pattern that 15 repeated 1n a11 th0rac1c 
and a6d0m1na1 5e9ment5 (except that the 1e5 neur0n 15 
dup11cated 1n 71). 7h15 5u6pattern 1nc1ude5 0ne e1ement 
1n the ventra1m05t c1u5ter, v, tw0 (0f wh1ch 0ne 15 mu1- 
t1p1y 1nnervated) 1n the next c1u5ter, v•, 0ne 1n the 1atera1 
c1u5ter, and tw0 1n the d0r5a1 c1u5ter. 50me e1ement5 0f 
th15 5u6pattern are a150 reta1ned 1n the term1na1 5e9ment 
re5u1t1n9 fr0m the fu510n 0f the e19hth, the n1nth, and 
the ve5t191a1 tenth a6d0m1na1 5e9ment5, m05t n0ta61y 
the mu1t1p1y 1nnervated pe95 1n A8 and A9. C1a55 C c0n- 
ta1n5 a 5ec0nd 5et 0f 5e9menta11y repeated mu1t1-1nner- 
vated 5tructure5 a5 we11 a5 5evera1 m0n0-1nnervated 
5en5e 0r9an5. C1a55 8 c0mpr15e5 a 5ma11 num6er 0f 5en5e 
0r9an5 re5tr1cted t0 the A and A8 pattern5. 7aken t0- 
9ether, 8 and C def1ne a 5ec0nd 6a51c 5u6pattern that 15 
repeated 1n m05t 60dy 5e9ment5.7h15 8 + C 5u6pattern 
1nc1ude5 tw0 5en5e 0r9an5 1n the v c1u5ter, tw0 1n the 1 
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c1u5ter, and 0ne 1n the d c1u5ter, 1n add1t10n t0 the 
mu1t1-1nnervated 5tructure5 ment10ned a60ve. F1na11y, 
c1a55 D 1nc1ude5 a few add1t10na1 5en5e 0r9an5 pre5ent 
0n1y 1n the th0rac1c 5e9ment5. 

H1dden h0m01091e5 exp05ed 1n 6xd m u t a n t 5  

7he hyp0the515 that c1a55 A def1ne5 a 6a51c 5u6pattern 
repeated 1n m05t 60dy 5e9ment5 1mp11e5 that, 1n 5p1te 0f 
the c0mp1ete1y d1fferent m0rph0109Y and the m0re 
d0r5a1 10cat10n, the d0u61y 1nnervated pap111a 0f the A 
pattern (p6, arr0w 1n F19. 2A and 4a,6) and 1t5 tw0 neu- 
r0n5 (v•e52) 15 h0m01090u5 t0 the ventra1 pe9 0f the 7 
pattern and 1t5 three neur0n5 v•e53. We have u5ed the 
mutat10n 61th0rax01d (6xd) t0 revea1 th15 h1dden h0- 
m0109y. 1t 15 kn0wn that, 1n the 1arva, the mutat10n 6xd  
make5 ventra1 pe95 deve10p 1n 5e9ment5 A2-A7 (Lew15 
1978, where the5e 0r9an5 are ca11ed ••ventra1 p1t5••). We 
065erved that the pre5ence 0f 5uch pe95 15 a1way5 a550- 
c1ated w1th the a65ence 0f p6 (6ut n0t 0f the 5urr0und1n9 
a6d0m1na1 5en5e 0r9an5). Furtherm0re, the 10cat10n (F19. 
4d-f) and m0rph0109Y 0f the5e pe95 are 1n many ca5e5 
1ntermed1ate 6etween th05e 0f a th0rac1c pe9 and th05e 
0f a p6 pap111a, dem0n5trat1n9 the 1nferred h0m0109y 6e- 
tween the5e tw0 5tructure5. 

A 5ec0nd ca5e 0f c0ncea1ed h0m0109y 1nv01ve5 the 
mu1t1p1y 1nnervated 5tructure5 0f c1a55 C. 1t ha5 a1ready 
6een ar9ued that the th0rac1c d0r5a1 pe95 (mu1t1p1y 1n- 
nervated d0r5a1 5tructure5 1n 71 and 7; F19. 2) are h0m01- 
090u5 t0 the term1na1 pe95 t1 and t2 (tr1p1y 1nnervated 
5tructure5 1n A9; F19. 2) (5at0 et a1. 1985; Dam61y-Chau- 
d1hre and 6hy5en 1986). 7he fact that the 5ma11 d0r5a1 
ha1r 0f the a6d0m1na1 5e9ment5 (h3, arr0w 1n F19.2C and 
F19. 5a,6) 15 d0u61y 1nnervated 6y neur0n5 de52 5u99e5t5 
a p055161e h0m0109y w1th the d0r5a1 th0rac1c and ter- 
m1na1 pe95.7he ana1y515 0f 6xd  1arvae 5h0w5 that h3 15 
1ndeed 0ften tran5f0rmed 1nt0 a th0rac1c pe91n 5e9ment5 
A2-A7. 1n many ca5e5 the tran5f0rmat10n affect5 0n1y 
the m0rph0109y 0f the 5en5e 0r9an (F19. 5c) 0r 1t5 10ca- 
t10n (F19. 5d); 1n 50me ca5e5 60th the m0rph0109y and 
10cat10n are affected (F19. 5e, f). A part1a1 tran5f0rmat10n 
15 065erved f0r a60ut 0ne-ha1f 0f the 0r9an5, and a c0m- 
p1ete tran5f0rmat10n f0r a60ut 0ne-tenth, 1n 6xd1°°/ 
DfP10  1arvae. 

D15cu5510n 

1n adu1t f11e5, the deve10pment 0f 5en5e 0r9an5 acc0rd1n9 
t0 a def1ned pattern depend5 0n the c0mp1ex 10cu5 A5-C. 
0ur  re5u1t5 5h0w that 1n the 1arva, A5-C 15 re4u1red f0r 
the deve10pment 0f the d1fferent type5 0f externa1 5en5e 
0r9an5 and the1r a550c1ated neur0n5 {e5 neur0n5}. 1n ad- 
d1t10n, A5-C c0ntr015 the deve10pment 0f a 5ec0nd cate- 
90ry 0f per1phera1 neur0n5, the p01ydendr1t1c type 2 5en- 
50ry neur0n5 (nd neur0n5}, wh1ch are n0t a550c1ated 
w1th 5pec1a112ed 5en5e 0r9an5. A th1rd cate90ry 0f pe- 
r1phera1 neur0n5 rema1n5 unaffected, the ch neur0n5, 
wh1ch 1nnervate ch0rd0t0na1 0r9an5. 1nd1rect ev1dence 
6a5ed 0n the ana1y515 0f 5en50ry pr0ject10n5 5u99e5t5 
that adu1t ch neur0n5 are a150 1ndependent 0f A5-C (A. 
6hy5en, unpu61.). 1ntere5t1n91y, L.Y. Jan and Y.N. Jan 
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F19ure 4. 7ran5f0rmat10n 0f the pap111a p6 (arr0w, F19. 2a) 1nt0 a ventra1 pe9. (a and 6) N0rma1 p6 (arr0w5) 1n an a6d0m1na1 5e9ment 0f 
a w11d-type 1arva at tw0 f0ca1 1eve15.7he pap111a p6, typ1ca11y 5urr0unded 6y a ruff1ed annu1u5, 15 1n f0cu5 w1th the 50cket 0f the 1atera1 
ha1r, h1 (*). When the ha1r 1t5e1f 15 1n f0cu5, p6 15 5119ht1y 0ut 0f f0cu5 6ut 5t111 c1ear1y detecta61e (6). (c-f) D1fferent examp1e5 0f the 
tran5f0rmat10n 0f p6 1n 6xd 1arvae. 1n a11 ca5e5 the 1atera1 ha1r h1 15 f0und at 1t5 appr0pr1ate 10cat10n (*), wh11e p6 15 var1a61y tran5- 
f0rmed t0ward a ventra1 pe9 (arr0whead5). 1n the m05t extreme ca5e5 the pe9 15 part1y 6ur1ed 1n a p1t (e), a5 are 1t5 th0rac1c h0m01095, 
and 15 5u65tant1a11y d15p1aced ventra11y fr0m the n0rma1 p6 10cat10n. 

have f0und a 9ene 0n the th1rd chr0m050me that  5eem5 
5pec1f1ca11y re4u1red f0r the deve10pment 0f ch neur0n5 
(per5. c0mm.). 

1n the adu1t, a 9enet1c d155ect10n 0f A5-C ha5 revea1ed 
that  at 1ea5t tw0 1ndependent 9ene5 are 1nv01ved 1n the 
deve10pment 0f 1nnervated 6r15t1e5. A 51m11ar 51tuat10n 
h01d5 1n the 1arva, where 0ur ana1y515 5h0w5 that  5evera1 
A5-C 9ene5 are re4u1red f0r the deve10pment 0f externa1 
5en5e 0r9an5. Even 5en5e 0r9an5 that  are m0rph01091- 

ca11y 1nd15t1n9u15ha61e, 5uch a5 the var10u5 6r15t1e5, may  
depend 0n d1fferent A5-C 9ene5 and theref0re 6e 9enet1- 
ca11y d1ver5e. 7he5e d1fference5 m19ht p055161y 6e u5ed 
1ater t0 c0ntr01 50me a5pect 0f neur0na1 d1fferent1at10n, 
5uch a5 centra1 pathf1nd1n9 0r tar9etf1nd1n9. 

We have 1dent1f1ed f0ur c1a55e5 0f 5en50ry e1ement5 0n 
the 6a515 0f the1r 5pec1f1c re4u1rement5 f0r A5-C func- 
t10n(5). 7h15 5u6d1v1510n 15 c1ear1y n0t  re1ated t0 h15t0- 
type, 51nce each c1a55 c0nta1n5 5en5e 0r9an5 0f at 1ea5t 
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F19ure 5. 7ran5f0rmat10n 0f the d0r5a1 ha1r h3 (arr0w, F19. 2c) 1nt0 a pe9. (a and 6) 7hc tw0 d0r5a1 ha1r5, h3 and h4, 1n w11d-type 
1arvae. 7he d1m1nut1ve ha1r h3 (arr0w5} 15 u5ua11y 5harp, a5 1n a, 6ut may 0cca510na11y 6c 61unted, a5 1n 6. (c-f) D1fferent examp1e5 0f 
tran5f0rmat10n 0f h3 1n 6xd 1arvae. h3 may 6e m0rph01091ca11y tran5f0rmed 1nt0 a pe9 (c), 0r d15p1aced t0ward the 10cat10n appr0pr1ate 
f0r a th0rac1c pe9 {d), 0r 60th (e,f). 1n 50me ca5e5 (c,f), the pe9 15 part1y 6ur1ed 1n a p1t. 

tw0 and u5ua11y a11 three m0rph01091ca1 type5. 0n  the 
0ther hand, the 5en5e 0r9an5 a5519ned t0 each c1a55 5h0w 
a d15t1nct 5pat1a1 d15tr16ut10n, 50 that the f0ur c1a55e5 
def1ne f0ur c0mp1ementary 5u6pattem5 w1th1n the 
1arva1 pattern (F19. 2). 7he 5u6pattern5 A and C, and pre- 
5uma61y 8 and D a5 we11, can 6e f0rmed 1n the a65ence 
0f the 0ther three 5u6pattern5, 5u99e5t1n9 that the ent1re 
pattern 0f 1arva1 5en5e 0r9an5 re5u1t5 fr0m the add1t10n 
0f f0ur 1ndependent 5u6pattern5. 7hat a 91ven 5en50ry 
5tructure may deve10p n0rma11y 1n the a65ence 0f m05t 
0f 1t5 n0rma1 ne19h60r5 wa5 a1ready 065erved 1n the ca5e 
0f adu1t 6r15t1e5 (6hy5en 1980; He1d and 8ryant 1984). 
7h15 1ndependence 5u99e5t5 that 1f 10ca1 1nteract10n5 are 
1nv01ved 1n the pattern1n9 0f 5en5e 0r9an5 (W1991e5w0rth 
1940; R1che11e and 6hy5en 1979; 6arc1a-8e111d0 1981) 
the5e 1nteract10n5 take p1ace am0n9 unc0mm1tted ep1- 
the11a1 ce115, rather than 6etween pre5umpt1ve 5en5e 
0r9an5. 

7w0 0f the c1a55e5, A and C, def1ne 5u6pattern5 that 
extend a10n9 a11 60dy 5e9ment5, fr0m 71 t0 A9-10.1n the 
ca5e 0f the A 5u6pattern, the prec15e 10cat10n 0f 60th the 
neur0n5 and the externa1 5en50ry 5tructure5 d1ffer 1n d1f- 
ferent 5e9ment5; f0r examp1e, the prec15e p051t10n 0f the 
51n91y and mu1t1p1y 1nnervated e1ement5 1n the v• 
c1u5ter d1ffer 1n the th0rac1c and anter10r a6d0m1na1 5e9- 

ment5. 1n 5p1te 0f the5e d1fference5 1n the prec15e p051- 
t10n, h0wever, the 5pat1a1 d15tr16ut10n 0f 5en50ry e1e- 
ment5 appear5 6a51ca11y 51m11ar 1n a11 5e9ment5 (except 
1n the term1na1 5e9ment, where the ma551ve d0r5a112a- 
t10n 0f the pattern m19ht ref1ect the re5hap1n9 0f the ter- 
m1na1 re910n 0f the 61a5t0derm 1nt0 that 0f the pr05pec- 
t1ve 1arva). 7h15 6a51c 51m11ar1ty 0f the A 5u6pattern 1n 
d1fferent 5e9ment5 m19ht 6e f0rtu1t0u5, 0r 1t m19ht 1nd1- 
cate that ac def1ne5 a 5pat1a1 arran9ement that 15 5e9- 
menta11y repeated. 7he ana1y515 0f part1a1 5e9menta1 
tran5f0rmat10n5 1n 6 x d  1arvae 5h0w5 that the mu1t1p1y 
1nnervated 0r9an5 0f c1a55 A are 1ndeed 5er1a11y h0m010- 
90u5 1n the th0rac1c and anter10r a6d0m1na1 5e9ment5, 
even th0u9h the5e 0r9an5 have very d1fferent m0rph010- 
91e5 and 50mewhat d1fferent 10cat10n 1n d1fferent 5e9- 
ment5.7he C 5u6pattern 15 a150 5u99e5t1ve 0f 5e9menta1 
h0m01091e5, 6etween 5en5e 0r9an5 that d1ffer 60th 1n 
m0rph0109y and prec15e 10cat10n. Here a9a1n the h0- 
m0109y wa5 dem0n5trated 6y the ana1y515 0f 6 x d  1arvae. 

1n add1t10n t0 the fact that 5evera1 A5-C 9ene5 6ehave 
a5 4ua11tat1ve1y d1fferent, 1n that each c0rre5p0nd5 t0 a 
5pec1f1c 5u65et 0f 5en5e 0r9an5, 0ur re5u1t5 a150 5h0w 
that 50me 0f the 9ene5 can 5u65t1tute f0r each 0ther, at 
1ea5t part1a11y. F0r examp1e, the a65ence 0f ac 15 t0 50me 
extent c0mpen5ated 6y the pre5ence 0f 5c0L, 0r even 6y 
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the pre5ence 0f 1•5c. 7h15 f1nd1n9 15 1n remarka61e a9ree- 
men t  w1th the recent 065ervat10n that  the pr0te1n5 en- 
c0ded f0r 6y ac, 5cc,, and 1•5c 5hare h19h1y c0n5erved d0- 
ma1n5 (M0d01e11 and Ca6rera, per5. c0mm.). 7hu5, the 
funct10na1 h0m0109y that  we have detected 15 para11e1ed 
6y a h19h 1eve1 0f m01ecu1ar h0m0109y, 5u99e5t1n9 der1- 
vat10n fr0m a c0mm0n ance5t0r. H0wever th15 m01ec- 
u1ar h0m0109y extend5 t0 the 5c7 pr0duct, wh1ch d0e5 
n0t  5u65t1tute f0r ac 1n the 1arva. 7h15 re5em61e5 the 51t- 
uat10n f0und 1n the adu1t, where the m01ecu1ar1y h0m01- 
090u5 9ene5 ac and 5ca are re4u1red f0r d1fferent 5et5 0f 
6r15t1e5 (6arc1a-8e111d0 and 5antamar1a 1978) and 0f 
campan1f0rm 5en5111a (Leyn5, per5. c0mm.). 7hu5, ac and 
5ca def1ne c0mp1ementary 5et5 0f 5en5e 0r9an5 1n the 
adu1t, wh11e 1n the 1arva they affect the 5ame 5u65et; and 
c0nver5e1y 5ca and 5c7 c0rre5p0nd t0 d1fferent 5u65et5 0f 
5en5e 0r9an5 1n the 1arva, wh11e they affect the 5ame 
5u65et 1n the adu1t. 7he5e d1fference5 1n the way A5-C 
9ene5 c0m61ne the1r effect5 1n the 1arva and 1n the adu1t 
1nd1cate that  there 15 n0 51mp1e c0rre5p0ndence 6etween 
each A5-C 9ene and a part1cu1ar 5u65et 0f 5en5e 0r9an5; 
rather, the re5u1t5 5u99e5t that  a11 A5-C 9ene5 perf0rm 
6a51ca11y 51m11ar 0perat10n5 that  are c0m61ned 1n d1f- 
ferent way5 1n the 9enerat10n 0f the var10u5 1arva1 and 
adu1t pattern5. 

7aken  t09ether, the5e re5u1t5 5u99e5t that  A5-C 15 1n- 
v01ved 1n the 6a51c 0r9an12at10n 0f the per1phera1 
nerv0u5 5y5tem, wh11e 60th h15t0type and prec15e 10ca- 
t10n have t0 d0 w1th the f1na1 d1fferent1at10n, and may 
depend 0n 0ther fact0r5. 

C0nc1u510n 

1n c0nc1u510n, 0ur ana1y515 0f A5-C 5h0w5 that  the 1arva1 
pat tern 0f 5en5e 0r9an5 re5u1t5 fr0m the add1t10n 0f 1nde- 
pendent  5u6pattern5 that  5pec1f1ca11y depend 0n d1f- 
ferent 9ene5 0f the c0mp1ex. 7w0  0f the 5u6pattern5, 8 
and D, are 5pat1a11y re5tr1cted, 0ne t0 the th0rac1c 5e9- 
ment5 and the 0ther t0 the a6d0m1na1 5e9ment5 up t0 
A 8 . 7 h e  0ther tw0 5u6pattern5, A and C, extend a10n9 a11 
60dy 5e9ment5, fr0m 71 t0 A10. 80th  A and C 5u6pat- 
tern5 revea1 5e9menta1 h0m01091e5 6etween 5eem1n91y 
4u1te d1fferent neur0n5 1n d1fferent 5e9ment5. 1n tw0 
ca5e5 where 5uch a h1dden h0m0109y c0u1d 6e d1rect1y 
dem0n5trated 1n 6 x d  1arvae, the h0m01090u5 5tructure5 
have very d1fferent m0rph01091e5 and 50mewhat d1f- 
ferent 10cat10n5 1n d1fferent 5e9ment5, mak1n9 1t a11 6ut 
1mp055161e t0 rec09n12e the h0m0109y 1n the n0rma1 
1arva. 7h15 5u99e5t5 that  the e55ence 0f a pattern 11e5 1n 
the 9enet1c5 that  9enerate 1t, 1rre5pect1ve 0f the f1na1 
5hape and 10cat10n 0f 1t5 e1ement5, and that  h0m0109y 
can 0n1y 6e a5certa1ned at that  1eve1. 

M e t h 0 d 5  

Larvae 0r em6ry05 were prepared f0r m1cr05c0p1c exam1nat10n 
0f the externa1 5en5e 0r9an5 a5 de5cr16ed 1n Dam61y-Chaud1hre 
and 6hy5en (1986). 5ta1n1n9 0f the per1phera1 neur0n5 0f em- 
6ry05 w1th the m0n0c10na1 ant160dy 21A4 wa5 perf0rmed a5 1n 
6hy5en et a1. (1986). 7en t0 25 em6ry05 0r th1rd 1n5tar 1arvae 0f 
each 9en0type were exam1ned. 1n the ca5e 0f e5 neur0n5, f1e- 
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4uenc1e5 10wer than 1 d0 n0t nece55ar11y 1mp1y that there 15 an 
effect 0n the deve10pment 0f that neur0n, 51nce 50me dendr1te5 
are 1e55 c0n5p1cu0u5 than 0ther5 and may 0cca510na11y rema1n 
undetected. 1n 9enera1, e5 neur0n5 are e1ther c0mp1ete1y a65ent 
0r pre5ent and detected 1n m0re than 60% 0f the ca5e5.7here 15, 
h0wever, a c1ear decrea5e 1n the fre4uency 0f C neur0n5 when 
the 6reakp01nt 15 c105er t0 the 5c~/ re910n: 7he avera9e fre- 
4uency f0r the 16 C neur0n5 15 0.91 1n 5c 8R, 0.67 1n 5c nR, and 
0.54 1n 5c 19R. A weaker decrea5e 15 065erved 1n the fre4uency 0f 
A neur0n5 when the 6reakp01nt 15 c105er t0 the ac re910n: 7he 
avera9e f0r the 21 A neur0n5 15 0.90 1n 5c 19L, 0.85 1n 5c nL, and 
0.78 1n 5c 82. 

We 065erved that hem12y90u5 def1c1enc1e5 have a m0re ex- 
treme phen0type 1n fema1e5 than 1n ma1e5. F0r examp1e, 
Df(1)5cH/Df(1)260.1 15 m0re extreme than Df(1)5cn/Y. 51nce the 
c0rre5p0nd1n9 dup11cat10n5 were a11 ana1y2ed 1n ma1e em6ry05, 
f0r examp1e a5 Df(1)260.1/Y;Dp(1;4)5cn/+, we u5ed ma1e em- 
6ry05 f0r the ana1y515 0f the def1c1enc1e5 a5 we11. 

A c k n 0 w 1 e d 9 m e n t 5  

7he mutant 5tra1n5 u5ed 1n th15 w0rk were 06ta1ned fr0m Dr8. 
Camp05-0rte9a and 6arc1a-8e111d0, and fr0m the Ca1tech and 
Umea 5t0ck center5. We thank J. M0d01e11 f0r c0mmun1cat1n9 
re5u1t5 and 1dea5 pr10r t0 pu611cat10n, and A. 6arc1a-8e111d0, R. 
7h0ma5, and C. 52p1rer f0r cr1t1ca1 read1n9 0f the manu5cr1pt. 
7h15 w0rk wa5 5upp0rted 6y FNR5 re5earch 9rant5 t0 A.6. and 
C.D.-C. A.6.15 chercheur 4ua11f16 0f the FNR5. 
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