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N0ve1 tran5cr1pt5 fr0m the U1tra61th0rax 
d0ma1n 0f the 61th0rax c0mp1ex 
H0ward D. L1p5h1t2,1 De6ra A. Peatt1e, 2 and Dav1d 5. H09ne55 

Department 0f 810chem15try, 5tanf0rd Un1ver51ty 5ch001 0f Med1c1ne, 5tanf0rd, Ca11f0rn1a 94305 U5A 

We pre5ent a deta11ed ana1y515 0f the tran5cr1pt10na1 pr0duct5 0f the Mth0rax01d (6xd) re910n 0f the 
U1tra61th0rax d0ma1n 1n the 61th0rax c0mp1ex 0f Dr050ph11a me1an09a5ter. 7h15 re910n 15 tran5cr16ed tw1ce 
dur1n9 deve10pment: 6etween 3 and 6 hr 0f em6ry09ene515, a 5et 0f ear1y tran5cr1pt5, 1.1 t0 1.3 k6  1n 512e, 15 
5ynthe512ed; fr0m the m1dth1rd 1arva1 1n5tar thr0u9h the adu1t 5ta9e5, a fate 0.8-k6 tran5cr1pt 15 5ynthe512ed. We 
have 5e4uenced f1ve c10ned cDNA5 repre5ent1n9 ear1y tran5cr1pt5 and three cDNA5 repre5ent1n9 the 1ate 
tran5cr1pt and have 10cated the1r ex0n5 w1th1n the 40 k6 0f DNA c0mpr151n9 the 6xd re910n. 51 nuc1ea5e 
pr0tect10n and pr1mer exten510n 0f 60th the ear1y and 1ate tran5cr1pt5 were u5ed t0 further e1uc1date the1r 
5tructure. 7he  ear1y RNA5 are pr0duced 6y c0mp1ex d1fferent1a1 5p11c1n9 0f a 5er1e5 0f ex0n5 der1ved fr0m a 26- 
k6 pr1mary tran5cr1pt. Cur10u51y, the5e RNA5 d0 n0t p055e55 519n1f1cant pr0te1n c0d1n9 p0tent1a1. 7he  1ate 6xd 
RNA c0mpr15e5 a 51n91e ex0n tran5cr16ed fr0m an 1ntr0n1c re910n 0f the ear1y tran5cr1pt10n un1t. 7h15 RNA, 6y 
c0ntra5t, p055e55e5 exce11ent c0d1n9 p0tent1a1 and, 1f tran51ated, w0u1d y1e1d a 101-am1n0-ac1d p01ypept1de. 

[Key W0rd5: H0me0t1c 9ene5; U1tra61th0rax (U6x); 61th0rax01d (6xd); 61th0rax c0mp1ex; Dr050ph11a 
deve10pment; tran5cr1pt10n] 

Rece1ved•Fe6ruary 6, 1987; rev15ed ver510n rece1ved and acce~ted March 4, 1987. 

7he 61th0rax c0mp1ex (8X-C) 0f Dr050ph11a me1an0- 
9a5ter c0n515t5 0f a c1u5ter 0f h0me0t1c 9ene5 that tran5- 
duce p051t10na1 1nf0rmat10n 1nt0 5e9menta1 1dent1ty f0r 
para5e9ment5 5 -13  0f the deve10p1n9 1arva and adu1t 
(p05ter10r 5ec0nd th0rac1c 5e9ment thr0u9h the e19hth 
a6d0m1na1 5e9ment; Mart1ne2-Ar1a5 and Lawrence 
1985). 7he  8X-C can 6e 5u6d1v1ded 9enet1ca11y 1nt0 1nd1- 
v1dua1 1dent1ty funct10n5 (Lew15 1978, 1981; M0rata and 
Kerr1d9e 1981; Ca5an0va et a1. 1985; Karch et a1. 1985) 
that can 6e 9r0uped 1nt0 three c0mp1ementat10n 9r0up5 
0r funct10na1 d0ma1n5: the U1tra61th0rax (U6x) d0ma1n, 
a6d0mma1-A (a6d-A) d0ma1n, and A6d0m1na1-8 (A6d- 
8) d0ma1n (5anche2-Herrer0 et a1. 1985; 710n9 et a1. 
1985). 7he  ent1re 8X-C ha5 6een c10ned and many 0f 1t5 
mutat10n5 mapped m01ecu1ar1y (8ender et a1. 1983; 
Karch et a1. 1985). Each funct10na1 d0ma1n ha5 6een 
5h0wn t0 c0nta1n a 51n91e h0me0 60x (5c0tt and We1ner 
1984; Mc61nn15 et a1. 1984; 8eachy et a1. 1985; Karch et 
a1. 1985; Re9u15k1 et a1. 1985). 

7he U6x d0ma1n c0ntr015 the 1dent1ty 0f para5e9- 
ment5 5 and 6 (p5 5 and 6) and, t0 a 1e55er extent, that 0f 
p5 7-13,  wh05e maj0r 1dent1ty funct10n5 der1ve fr0m the 
a6d-A and A6d-8 d0ma1n5. U6x mutat10n5 1nact1vate 
a11 1dent1ty funct10n5 0f the U6x d0ma1n, 5u65et5 0f 
wh1ch are 1nact1vated 6y f0ur 0ther c1a55e5 0f rece551ve 

~Pre5ent addre55: D1v1510n 0f 810109y 156-29, Ca11f0rn1a 1n5t1tute 0f 
7echn0109Y, Pa5adena, Ca11f0rn1a 91125 U5A. 
2pre5ent addre55: Department 0f 7r0p1ca1 Pu611c Hea1th, Harvard 5ch001 
0f Pu611c Hea1th, 665 Hunt1n9t0n Avenue, 805t0n, Ma55achu5ett5 02115 
U5A. 

mutat10n5 w1th1n the d0ma1n; thu5, anter061th0rax 
(a6x) and 61th0rax (6x) mutat10n5 def1ne the p5 5 1den- 
t1ty funct10n5, wh11e p05t61th0rax (p6x) and 61th0rax01d 
(6xd) mutat10n5 def1ne the p5 6 1dent1ty funct10n5, a5 
we11 a5 the 1e55er p5 7-13 funct10n5 0f the d0ma1n (f0r 
rev1ew, 5ee H09ne55 et a1. 1985). 

F19ure 1 5h0w5 that the U6x d0ma1n 15 phy51ca11y d1- 
v15161e 1nt0 tw0 re910n5: a 75-k6 U6x re910n def1ned 6y 
the 51te5 0f the U6x mutat10n5 and c0nta1n1n9 the a6x 
and 6x mutat10n5 (n0t 5h0wn), and a 40-k6 6xd re910n 
def1ned 6y the 51te5 0f the 6xd mutat10n5 and c0nta1n1n9 
DNA de1eted 6y the tw0 kn0wn p6x mutat10n5. 7he 
U6x re910n 15 c0exten51ve w1th a 10n9 tran5cr1pt10n un1t 
(U6x un1t), wh05e pr1mary tran5cr1pt 15 d1fferent1a11y 
pr0ce55ed t0 y1e1d at 1ea5t f1ve mRNA5 (8eachy et a1. 
1985; H09ne55 et a1. 1985; K. K0rnfe1d and D.5. H09ne55, 
unpu61.). 7he5e mRNA5 enc0de a fam11y 0f U6x pr0- 
te1n5 character12ed 6y a var1a61e 1nterna1 re910n that 
j01n5 c0n5tant am1n0- and car60xy-term1na1 re910n5, 0f 
wh1ch the 1atter c0nta1n5 the h0me0 d0ma1n enc0ded 6y 
the U6x h0me0 60x. 8eachy et a1. (1985) pr0p05ed that 
0ne 0r m0re 0f the5e U6x pr0te1n5 15 re4u1red f0r the 
execut10n 0f each 0f the 1dent1ty funct10n5 0f the U6x 
d0ma1n. 5u65e4uent 065ervat10n5 0n the effect5 0f a6x, 
6x, p6x, and 6xd mutat10n5 0n the metamer1c d15tr16u- 
t10n 0f th15 pr0te1n fam11y are c0n515tent w1th th15 pr0- 
p05a1 (H09ne55 et a1. 1985; Wh1te and W11c0x 1985; Ca- 
6rera et a1. 1985; 5.L. He1fand and D.5. H09ne55, 1n 
prep.). 

Here, we f0cu5 0n the 6xd re910n and, m0re part1cu- 
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F19ure 1. M01ecu1ar map 0f the U6x d0ma1n w1th empha515 0n the 6xd re910n. 7he 10cat10n5 0f rearran9ement 6reakp01nt5 are 
5h0wn a60ve the h0r120nta1 11ne wh1ch ha5 the wa1k c00rd1nate5 1nd1cated 1n k1106a5e5 (8ender et a1. 1983). 7he tran5p05a61e e1ement 
1n5ert10n 51te5 (tr1an91e5) and de1et10n5 (0pen 60xe5) are 5h0wn 6e10w th15 11ne. 7he extent5 0f uncerta1nty 1n map 10cat10n are 
1nd1cated 6y h0r120nta1 6ar5. A11 10cat10n5 are a5 1n 8ender et a1. (1983) w1th the f0110w1n9 except10n5: U6x 1, U6x 6-25, U6x 549, U6x 922 
(Akam et a1. 1985); Hm, 6xd 266, 6xd 65, C6x 2 (8ender et a1. 1985), and 6xd 11° (th15 5tudy). 7he extent 0f the U6x (8eachy et a1. 1985), 
6xd ear1y, and 6xd 1ate (th15 5tudy) tran5cr1pt10n un1t5 are 1nd1cated 6y the f111ed arr0w5 6e10w the m01ecu1ar map. 

1ar1y, 0n 1t5 tran5cr1pt5 (F19. 1). 7h15 re910n 11e5 1mmed1- 
ate1y up5tream fr0m the U 6 x  un1t and appear5 t0 exert a 
c15-re9u1at0ry c0ntr01 0ver the 4uant1tat1ve and 5pat1a1 
expre5510n 0f that un1t. Cur10u51y, the c0ntr01 e1ement5 
w1th1n the 6 x d  re910n, a5 def1ned 6y the phen0type5 and 
10cat10n5 0f the 6 x d  mutat10n5, mu5t 6e d15tr16uted 0ver 
the ent1re 40 k6 0f the re910n (H09ne55 et a1. 1985; 
8ender et a1. 1985; 5.L. He1fand and D.5. H09ne55, 1n 
prep.). Furtherm0re, the5e c15-re9u1at0ry funct10n5 0f the 
6xd  re910n d0 n0t appear t0 6e dependent up0n 1t5 tran- 
5cr1pt10n (H09ne55 et a1. 1985). 

7ran5cr1pt10n 0f the 6 x d  re910n wa5 detected 6y 
N0rthern 610t hy6r1d12at10n exper1ment5, wh1ch re- 

vea1ed that part5 0f the re910n are tran5cr1pt10na11y ac- 
t1ve 60th ear1y (3-6 hr 0f em6ry09ene515) and 1ate 
(m1dth1rd 1arva1 1n5tar thr0u9h the adu1t 5ta9e) 1n deve1- 
0pment (H09ne55 et a1. 1985). 7he5e exper1ment5 and 
pre11m1nary ana1y515 0f tw0 ear1y c10ned cDNA5 (3600 
and 3601) at the 1eve1 0f 50uthern 610t hy6r1d12at10n re- 
vea1ed that the ear1y tran5cr1pt5 are p01yadeny1ated, 
ran9e 1n 512e fr0m 1.1 t0 1.3 k6, and der1ve, apparent1y 
6y d1fferent1a1 5p11c1n9, f r0m a 27.5-k6 re910n that we 
refer t0 a5 the 6 x d  ear1y un1t. Late p01yadeny1ated tran- 
5cr1pt5 0f a60ut 0.8 k6 were 51m11ar1y detected w1th a 
9en0m1c DNA pr06e fr0m a re910n w1th1n the ear1y un1t 
- - a  re910n that we refer t0 a5 the 6xd  1ate un1t (F19. 1). 
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F19ure 2. 6xd ear1y RNA 51 pr0tected fra9ment5 and ear1y and 1ate cDNA ex0n5 10ca112ed 0n the m01ecu1ar map 0f the 6xd re910n. 
Map c00rd1nate5 are a5 1n F19. 1 .7he ex0n num6er5 are 5h0wn a60ve the f111ed 60xe5 repre5ent1n9 them. 7he 512e5 0f the ex0n5 (1n 6p) 
are 91ven 6e10w 0r t0 the 51de 0f the 60xe5. 7he f111ed arr0w repre5ent5 the extent 0f the ear1y tran5cr1pt10n un1t. 1n the ca5e 0f the 
cDNA5, 5h0wn 6e10w th15 arr0w, a11 ex0n5 have 6een 10ca112ed 0n the 9en0m1c DNA 5e4uenCe (5ee F19. 5) and 512e5 are 91ven t0 the 
nuc1e0t1de. 7he 10cat10n 0f the 9en0m1c c10ne5 and 5u6c10ne5 u5ed f0r 51 pr0tect10n exper1ment5 a9a1n5t p01y(A) + RNA are 5h0wn 
6e10w the map c00rd1nate5 at the t0p 0f the f19ure. 7he fra9ment5 pr0tected are 5h0wn 6e10w the5e c10ne5 a10n9 w1th the1r ca1cu1ated 
512e5.7he1r 10cat10n5 are 6a5ed 60th 0n mapp1n9 w1th the de1et10n 5u6c10ne5 u5ed f0r 51 pr0tect10n and 0n the a55umpt10n that they 
repre5ent the ex0n5 {wh05e num6er5 are 5h0wn a60Ve the 60xe5) pre5ent 1n the cDNA5. H0r120nta1 6ar5 1nd1cate the 11m1t5 0f re501u- 
t10n f0r the p051t10n 0f the Y fra9ment. 7he X ex0n1c re910n 0f cDNA 3604 fr0m the 42A re910n 0f chr0m050me 2 15 5h0wn a5 an 0pen 
60x. 7he E27 cDNA (n0t 5h0wn) map5 ent1re1y w1th1n 9en0m1c c10ne 3106, 15 3 k6 10n9 and mu5t repre5ent a 5p11ced RNA 51nce 1t 
1nc1ude5 5e4uence5 der1ved fr0m 9en0m1c fra9ment5 mapp1n9 9reater than 3 k6 apart: the Ec0R1-X6a1 fra9ment (-26.5 t0 - 2 5  k6), 
the X6a1-Ec0RV fra9ment, and the Ec0RV-Ec0R1 fra9ment ( -21 t0 - 2 0  k6). A66rev1at10n5: (8) 8amH1; (82) 89111; (H1) Hpa1; (H2) 
H1nc11; (H3) H1nd111; (N) Nc01; (R) Ec0R1; (R5) Ec0RV; (X)X6a1. 

7 0  def1ne 6e t te r  the  5tructure  and p055161e funct10n5 
0f the5e 6xd tran5cr1pt10n un1t5, we pre5ent  here  a de- 
ta11ed ana1y515 0f 60 th  the  ear1y and 1ate t ran5cr1pt5 .7he  

re5u1t5 0f 51 nuc1ea5e pr0tect10n and pr1mer exten510n 
5tud1e5, a5 we11 a5 the  c0mp1ete 5e4uence 0f f1ve ear1y 
cDNA5, y1e1d a c0mp1ex p1cture 0f d1fferent1a11y 5p11ced 
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ear1y tran5cr1pt5 wh1ch, cur10u51y, d0 n0t appear t0 p05- 
5e55 pr0te1n c0d1n9 p0tent1a1. 51m11ar ana1y5e5 dem0n- 
5trate that 1ate 6xd tran5cr1pt10n pr0duce5 a 51mp1e tran- 
5cr1pt that 15 1n1t1ated w1th1n an 1ntr0n1c re910n 0f the 
ear1y tran5cr1pt10n un1t. 7h15 1ate RNA, 1n c0ntra5t t0 
the ear1y RNA5, 15 un5p11ced and c0nta1n5 an 0pen 
read1n9 frame (0RF) that p0tent1a11y enc0de5 a 101- 
am1n0-ac1d p01ypept1de. 

Re5u1t5 

C0mp1ex 5p11c1n9 pattern5 0f the ear1y RNA5 revea1ed 
6y cDNA ana1y5e5 

We have 5e4uenced f1ve ear1y 6xd cDNA5 (cDNA5 3600, 
3601, 3603, 3604, and E10). 7he5e cDNA5 ran9e 1n 512e 
fr0m 778 6p (E10) t0 1533 6p (3603). We have a150 deter- 
m1ned the 5e4uence 0f 35 k6 0f 9en0m1c DNA fr0m the 
6xd re910n, wh1ch 1nc1ude5 the ear1y 6xd tran5cr1pt10n 
un1t (D.A. Peatt1e, H.D. L1p5h1t2, L. Pre5t1d9e, and D.5. 
H09ne55, 1n prep.). 7he5e ana1y5e5 have made 1t p055161e 
t0 10cate prec15e1y a11 ex0n5 1n the ear1y cDNA5 and 
hence t0 determ1ne the ex0n1c 5tructure 0f the ear1y 6xd 
RNA5 (F195. 2 and 5). E19ht ex0n5 (named ex0n5 1-8), 
ran91n9 1n 512e fr0m 50 6a5e5 (2) t0 994 6a5e5 (5), are 
5p11ced d1fferent1a11y t0 pr0duce the 1.1- t0 1.3-k6 ear1y 
6xd RNA5. cDNA 3604 15 unu5ua1 1n that 1t 1nc1ude5 
5e4uence5 der1ved fr0m chr0m050me 2 (5ee 6e10w). 

A 51xth ear1y 6xd cDNA (cDNA E27) ha5 6een charac- 
ter12ed 6y 50uthern 610t ana1y515 (F19. 2 1e9end). 1t 1n- 
c1ude5 5e4uence5 der1ved fr0m the - 25- t0 - 26.5-k6 re- 
910n 0f the 9en0m1c map, p1ac1n9 the 3• 11m1t 0f 6xd 
ear1y tran5cr1pt10n w1th1n 5 k6 0f the 5• end 0f the U6x 
tran5cr1pt10n un1t (H09ne55 et a1. 1985). 709ether, the5e 
5tud1e5 5h0w that 6xd ear1y tran5cr1pt10n extend5 0ver 
at 1ea5t 26 k6 0f the 40 k6 0f 6xd re910n DNA and that 
c0mp1ex 5p11c1n9 pattern5 pr0duce the 6xd ear1y RNA5. 

C0nf1rmat10n 0f c0mp1ex ear1y RNA 5tructure 6y 51 
nuc1ea5e pr0tect10n and pr1mer exten510n ana1y5e5 

8ecau5e 0f the c0mp1ex1ty 0f the 5p11c1n9 pattern5 re- 
vea1ed 6y the cDNA ana1y515, we have u5ed 51 nuc1ea5e 
pr0tect10n exper1ment5 t0 c0nf1rm that the cDNA5 are 
repre5entat1ve 0f the ear1y 6xd RNA5 a5 we11 a5 t0 revea1 
add1t10na1 ex0n5 n0t repre5ented 1n the 51x cDNA5. 
51n91e-5tranded 9en0m1c DNA pr06e5 5pann1n9 the ear1y 
tran5cr1pt10n un1t (9en0m1c c10ne5 3101, 3104, 3103, 
3105, and 3106; F19. 2) were u5ed t0 pr0tect p01y(A) + 
RNA pur1f1ed fr0m 3- t0 6-hr-01d em6ry05. 61ven that 
6xd tran5cr1pt5 had prev10u51y 6een detected 0n1y w1th 
pr06e5 5pec1f1c f0r 1eftward tran5cr1pt10n (H09ne55 et a1. 
1985; F195.1 and 2), we u5ed the5e 5ame pr06e5 1n the 51 
pr0tect10n exper1ment5. 8ecau5e the5e pr06e5 5panned 
1ar9e re910n5 0f DNA (5-10 k6), 0n1y a6undant1y repre- 
5ented ex0n5 c0u1d 6e detected. E19ht ex0n5 were f0und 
(ex0n5 1, 3, 7a-7~ 8 and Y; F19. 2) ran91n9 1n 512e fr0m 
120 •+ 10 6a5e5 (ex0n 3) t0 755 + 20 6a5e5 (ex0n 7d). 
F19ure 3a 5h0w5 repre5entat1ve re5u1t5 06ta1ned w1th the 
3106 pr06e u5ed f0r the detect10n 0f ex0n5 7a-7a and 8. 
7he  d1fference 1n 1nten51ty am0n9 the pr0tected f1a9- 
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ment5 wa5 repr0duc161e and 15 a c0n5e4uence 0f the1r 
d1fferent repre5entat10n 1n the pr0ce55ed tran5cr1pt5. 

70 map the ex0n5 at h19her re501ut10n, a 5er1e5 0f de- 
1et10n5 wa5 9enerated un1d1rect10na11y fr0m the 3• end 
(re1at1ve t0 the d1rect10n 0f tran5cr1pt10n) 0f each 0f the 
9en0m1c c10ne5.7he5e de1eted pr06e5 were then u5ed 1n 
51 pr0tect10n exper1ment5 (F195. 2 and 3). 5even 0f the 
e19ht ex0n5 def1ned 6y th15 ana1y515 c0rre5p0nd w1th 
ex0n5 pre5ent 1n the cDNA5 (ex0n5 1, 3, 7a-7d, and 8; F19. 
2). 7he except10n, ex0n Y, wa5 n0t mapped accurate1y 
en0u9h t0 determ1ne whether 0r n0t 1t 0ver1ap5 ex0n5 5 
and 6 (F19. 2). Fra9ment Y 15 detected 6y 3105-der1ved 
pr06e5, 15 pre5ent at r0u9h1y the 5ame a6undance a5 the 
0ther ex0n5, and 15 0f 5u65tant1a1 1en9th (505_ 10 
6a5e5). H0wever, the 3105 pr06e d0e5 n0t detect an RNA 
0f d15crete 512e 0n N0rthern 610t5 0f p01y(A) + RNA, 
whether fr0m the 0re90n-R 0r Cant0n-5 5tra1n5.0ne ex- 
p1anat10n f0r th15 re5u1t 15 that, a1th0u9h ex0n Y 1t5e1f 15 
a6undant, 1t 15 pre5ent 1n a var1ety 0f RNA5 that d1ffer 1n 
512e and each 0f wh1ch 15 re1at1ve1y rare. 

We determ1ned that the 5• end 0f ex0n 1 15 the 5• end 
0f a11 6xd RNA5 c0nta1n1n9 th15 ex0n 6y annea11n9 a 
5h0rt DNA fra9ment fr0m th15 re910n t0 the RNA and 
extend1n9 1t w1th rever5e tran5cr1pta5e (data n0t 5h0wn). 
7h15 5• end wa5 mapped t0 the nuc1e0t1de 0n the 9e- 
n0m1c DNA 5e4uence 6y e1ectr0ph0re515 0f the 51-pr0- 
tected fra9ment and the pr1mer exten510n pr0duct a10n9- 
51de a d1de0xy-5e4uence 1adder 0f 9en0m1c DNA fr0m 
th15 re910n (data n0t 5h0wn, p051t10n5 91ven 1n F19. 5 
6e10w). 7hu5, E10 and 3601 are 60th near1y fu11-1en9th 
cDNA5, re5pect1ve1y 0n1y 22 and 47 6p 5h0rt 0f fu11 
1en9th at the1r 5• end5 (F195. 2 and 5). 

70 further e5ta6115h the c0rre5p0ndence 6etween the 
cDNA5 and the 5tructure 0f the ear1y tran5cr1pt5, f0ur 0f 
the 51x cDNA5 (cDNA5 3600, 3601, 3603, and 3604) 
were u5ed t0 9enerate 51n91e-5tranded DNA pr06e5 f0r 51 
nuc1ea5e pr0tect10n a9a1n5t the 5ame 3- t0 6-hr p01y(A) + 
RNA preparat10n a5 that u5ed 1n the exper1ment5 w1th 
9en0m1c DNA pr06e5. A11 6xd-h0m01090u5 5e4uence51n 
the cDNA pr06e5 repre5ented ex0n5, wherea5 a5 11tt1e a5 
1% 0f the 6xd-h0m01090u5 5e4uence5 1n the 9en0m1c 
pr06e5 repre5ented ex0n5. C0n5e4uent1y, the 519na1-t0- 
n015e rat10 wa5 1mpr0ved 1n the cDNA exper1ment5. 

N1neteen pr0tected fra9ment5 were f0und. A11 0f the5e 
fra9ment5 repre5ent ex0n5 and ex0n-c0m61nat10n5 f0und 
1n the cDNA5 {F19. 4). 1n 15 ca5e5, c0mp1ete ex0n5 0r 
ex0n-c0m61nat10n5 were pr0tected; 1n f0ur ca5e5 m01ec- 
u1ar p01ym0rph15m5 6etween the 0re90n-R 5tra1n (fr0m 
wh1ch the cDNA5 were der1ved) and the Cant0n-5 5tra1n 
(fr0m wh1ch the RNA wa5 pur1f1ed) 1ed t0 6a5e m15- 
matche5 0f 5uff1c1ent extent {10 0r m0re 6a5e5) that d1- 
9e5t10n 0ccurred 1n the5e re910n5 1ead1n9 t0 fra9ment5 
repre5ent1n9 part1a1 ex0n5 01 ex0n-c0m61nat10n5 (F19. 
4a, c and 5). 7he 1nten51t1e5 0f the fra9ment5 d1ffered 
w1de1y, a9a1n ref1ect1n9 d1fference5 1n the a6undance 0f 
the ex0n5 0r ex0n-c0m61nat10n5 repre5ented 6y them. 
Certa1n ex0n5 are f0und 0n1y 1n c0m61nat10n w1th 
0ther5 and 50 are n0t pr0tected 1nd1v1dua11y 6y the 
cDNA pr06e5. F0r examp1e, ex0n 8 15 detected 6y the 
cDNA 3601 pr06e 0n1y 1n c0m61nat10n w1th ex0n5 1 and 
3, never a10ne; 51m11ar1y, ex0n 1 15 detected 6y 3601 0n1y 
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F19ure 3. 51 nuc1ea5e pr0tect10n ana1y515 0f the 6xd ear1y RNA5 w1th 9en0m1c DNA pr06e5. (a) 51 pr0tect10n 0f the 3; ex0n5 7a-70 
and 8 u51n9 51n91e-5tranded pr06e5 der1ved fr0m the 3106 9en0m1c c10ne. A t0ta1 0f 5 W9 0f RNA and 105 dpm 0f pr06e per 1ane were 
u5ed. (D) Dr050ph11a C-5 p01y(A) + RNA; (Y) yea5t RNA (t0ta1). Marker 512e5 are 5h0wn t0 the r19ht 0f the aut0rad109raph, ca1cu1ated 
512e5 0f the pr0tected fra9ment5 t0 the 1eft. 7he re5u1t5 are 1nterpreted 5chemat1ca11y 6e10w the aut0rad109raph. N0te that the Hpa1 
51te 15 w1th1n ex0n 70; c0n5e4uent1y a 600-6a5e pr0tected fra9ment 15 f0und 1n p1ace 0f the 755-6a5e fra9ment repre5ent1n9 the ent1re 70 
ex0n. (6) 51 pr0tect10n 0f ex0n 1 u51n9 51n91e 5tranded M13 3104 pr06e5: a 550-6p H1nd111-8amH1 fra9ment (1eft) and 350-6p H1nc11- 
8amH1 5u6c10ne (r19ht), each der1ved fr0m the 5• end 0f 3104 (F19. 2). A t0ta1 0f 5 W9 0f RNA and 105 dpm 0f pr06e per 1ane were u5ed. 
D and Y are a5 1n a a60ve. Marker 512e5 are 5h0wn t0 the 1eft and ca1cu1ated 512e5 0f the pr0tected fra9ment5 t0 the r19ht 0f the 
aut0rad109raph. 7he 330-6a5e ex0n c0u1d 6e 10ca112ed t0 h19h re501ut10n 51nce the H1nc11 51te 5p11t 1t 1nt0 a 260- and a 70- (data n0t 
5h0wn) 6a5e fra9ment, a5 5h0wn 5chemat1ca11y 6e10w the aut0rad109raph. 
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F19ure 4. 51 nuc1ea5e pr0tect10n ana1y515 0f the 6xd ear1y RNA5 u51n9 cDNA pr06e5. (a) 3600~ (61 3601~ (c) 3603~ (d) 3604. 1n each 
ca5e 51n91e-5tranded pr06e5 were u5ed w1th 5 ~9 0f RNA and 105 dpm pr06e per react10n. D and Y are a5 f0r F19. 3. Marker 512e5 are 
1nd1cated t0 the 1eft 0f each aut0rad109raph. 7w0 10ad1n95 were made 0f each react10n and d1fferent 512e 5tandard5 were u5ed t0 
ca1cu1ate the 512e5 0f the pr0tected fra9ment5 5h0wn t0 the r19ht 0f each aut0rad109raph. 0n1y the 5ec0nd 10ad1n9 15 5h0wn 1n th15 
f19ure. 7he hyp0the512ed 5tructure5 and exact 512e5 (determ1ned 6y 5e4uenc1n9~ 5ee F19. 5) 0f the5e 5tructure5 are 5h0wn. 7he c0mp1ete 
5tructure 0f each cDNA 15 5h0wn a60ve the hyp0the512ed 5tructure5 0f 1t5 pr0tected fra9ment5.7he 1nverted tr1an91e5 a60ve ex0n5 5 
and 7 1nd1cate the 10cat10n5 0f m15matche5 0f 10 0r m0re c0n5ecut1ve 6a5e5 when the cDNA 5e4uence 15 c0mpared t0 that 0f the 
9en0m1c DNA c0d1n9 f0r the RNA u5ed 1n the5e exper1ment5 1F19. 51. Vert1ca1 wh1te 11ne5 w1th1n ex0n 7 1nd1cate the p051t10n5 0f 
a1ternat1ve p01yadeny1at10n 51te5 revea1ed 6y 51 exper1ment5 u51n9 9en0m1c DNA pr06e5 1F195. 2 and 3). 7he vert1ca1 wh1te 11ne 1n 
ex0n 5 repre5ent5 the 1nterna1 5p11ce accept0r 51te 0f ex0n 6, and the vert1ca1 wh1te f1ne 1n ex0n1c re910n X repre5ent5 the 10cat10n 0f a 
58-nuc1e0t1de 1ntr0n revea1ed 6y the 5e4uence 0f, and 51 pr0tect10n 0f, a 9en0m1c c10ne der1ved fr0m the 42A re910n 1n chr0m050me 2 
1data n0t 5h0wn; H.D. L1p5h1t2, unpu61.). 
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1n c0m61nat10n w1th ex0n 3, never a10ne (F19. 46). 7h15 
1mp11e5 that ex0n5 1 and 8 a1way5 5p11ce t0 ex0n 3, 6ut 
that ex0n 3 may 5p11ce t0 ex0n5 0ther than 1 and 8, 
wh1ch 15 1ndeed 60rne 0ut 6y the 5e4uence ana1y515 0f 
the c10ned cDNA5 (F19. 2). 

cDNA 3604 15 unu5ua1 1n that 1t 1nc1ude5 5e4uence5 
der1ved fr0m re910n 42A 0f chr0m050me 2 (a5 revea1ed 
6y 1n 51tu hy6r1d12at10n t0 p01ytene chr0m050me5) and 
detect5 an add1t10na1 RNA 0f 2.3 k6 0n N0rthern 610t5. 
7he junct10n 6etween 6xd-der1ved 5e4uence5 and 42A- 
der1ved 5e4uence5 0ccur5 prec15e1y at the 5p11ce d0n0r 
junct10n 0f ex0n 6 (F195.2, 4d, and 5); thu5 cDNA 3604 
may repre5ent an 1n v1v0 examp1e 0f tran5-5p11c1n9 (K0n- 
ar5ka et a1. 1985; 501n1ck 1985). We have 1501ated and 
5e4uenced a 42A-der1ved 9en0m1c c10ne c0nta1n1n9 the 
X ex0n1c re910n and have f0und that the 542- and 57- 
6a5e X ex0n5 (F19. 4d) have adjacent (5•) 1nvar1ant A 6  
d1nuc1e0t1de5 character15t1c 0f 5p11ce accept0r 51te5. 7he 
pre11m1nary re5u1t5 0f 51 pr0tect10n exper1ment5 u51n9 
th15 9en0m1c c10ne a5 pr06e are a150 c0mpat161e w1th the 
p05516111ty that the fu510n 0f 42A and 6xd 5e4uence5 1n 
cDNA 3604 0ccur5 prec15e1y at the 5p11ce accept0r junc- 
t10n 0f the 57-6a5e X ex0n (H.D. L1p5h1t2, unpu61.; data 
n0t 5h0wn). 

1n t0ta1, 26 0f the 27 fra9ment5 pr0tected 6y 9en0m1c 
0r cDNA pr06e5 can 6e exp1a1ned a5 pr0tect10n 0f ex0n5 
0r ex0n c0m61nat10n5 f0und 1n the cDNA5. 7he5e re- 
5u1t5 c0nf1rm that the cDNA5 repre5ent actua1 5p11ced, 
p01yadeny1ated tran5cr1pt5. 

7he ear1y RNA5 may n0t 6e mRNA5 

7he c0mp1ete 5e4uence 0f the 11 ex0n5 pre5ent 1n the 
f1ve 5e4uenced cDNA5 15 5h0wn 1n F19ure 5 a10n9 w1th 
9en0m1c 5e4uence5 up5tream 0f the ex0n 1 tran5cr1pt10n 
1n1t1at10n 51te and d0wn5tream 0f the ex0n 7 5e4uence5 
pre5ent 1n the cDNA5. 7here 15 n0 06v10u5 ••7A7A•• 
c0n5en5u5 5e4uence (601d6er9 1979) at an appr0pr1ate 
d15tance (8reathnach and Cham60n 1982) up5tream 0f 
the ex0n 1 1n1t1at10n 51te. 

Ana1y515 0f the 6xd cDNA 5e4uence5 f0r 0RF5 and 
c0d0n u5a9e (u51n9 a ta61e 0f c0d0n preference5 f0r D. 
me1an09a5ter 9ene5 c0mp11ed 6y K. 8urt15), 1nd1cated 
that there are 0n1y 5h0rt 0RF5 1n a11 three frame5 (F19. 6) 
and that the c0d0n u5a9e 15 p00r (data n0t 5h0wn). 7he 
10n9e5t AU6-1n1t1ated 0RF5 are: 17 c0d0n5 f0r the 6xd- 
der1ved p0rt10n 0f cDNA 3604, 38 c0d0n5 f0r cDNA E10, 
41 c0d0n5 f0r cDNA 3600, 46 c0d0n5 f0r cDNA 3601, 91 
c0d0n5 f0r cDNA 3603, and 102 c0d0n5 f0r the 42A de- 
r1ved p0rt10n 0f cDNA 3604. 7h15 1a5t 0RF 15 c0nta1ned 
c0mp1ete1y w1th1n the n0n-6xd re910n-der1ved p0rt10n 0f 
the cDNA, ha5 900d c0d0n u5a9e, and may repre5ent 
part 0f a tran51ated 0RF fr0m the 42A re910n. 

7he5e data 5u99e5t that the ear1y 6xd tran5cr1pt5 may 
n0t 6e mRNA5.7hey  may 5erve 50me 0ther 5tructura1 0r 
cata1yt1c funct10n, 0r may 1n5tead repre5ent n0nfunc- 
t10na1 pr0ce55ed RNA5 (5ee D15cu5510n). 

7he 1ate RNA ha5 a 51mp1e 5tructure 

1n c0ntra5t t0 the ear1y RNA5, the 1ate 6xd tran5cr1pt5 
have a 51mp1e 5tructure. 0 n  N0rthem 610t5, 9en0m1c 

N0ve1 tran5cr1pt5 fr0m the 61th0rax c0mp1ex 

c10ne 3103 (F19. 2) hy6r1d12ed t0 a 0.8-k6 RNA 6and rep- 
re5ent1n9 a 1ate tran5cr1pt pr0duced fr0m the m1dth1rd 
1arva1 1n5tar 0nward5 (H09ne55 et a1. 1985). We have car- 
r1ed 0ut 51 nuc1ea5e pr0tect10n exper1ment5 w1th 
p01y(A) + pupa1 and adu1t RNA u51n9 51n91e-5tranded 
3103 pr06e5 a5 we11 a5 pr06e5 made fr0m un1d1rect10na1 
3• de1et10n5 0f 3103 (F195. 2 and 7). 80th pupa1 and adu1t 
RNA5 y1e1d a 51n91e pr0tected fra9ment 630 •+ 20 6a5e5 
10n9 (F19. 7). 7he 512e 0f th15 fra9ment re1at1ve t0 that 0f 
the p01yadeny1ated tran5cr1pt (0.63 v5. 0.8 k6) 5u99e5ted 
that the 1ate RNA c0mpr15e5 a 51n91e ex0n wh05e tran- 
5cr1pt10n 1n1t1at10n 51te 11e5 w1th1n a 1ntr0n1c re910n 0f 
the ear1y tran5cr1pt5 (F195. 1 and 2). 

7he 5• end 0f the 0.8-k6 tran5cr1pt wa5 mapped m0re 
prec15e1y 6y mean5 0f pr1mer exten510n ana1y515. 7he 
pr1mer u5ed wa5 a fra9ment 0f DNA der1ved fr0m the 
R2-49 cDNA c10ne (5ee 6e10w), the 5• end 0f wh1ch wa5 
129 6a5e5 d0wn5tream 0f the 5• end 0f the cDNA (F195.7 
and 8). 7he d1fference 1n 512e 6etween the exten510n 
pr0duct and the pr1mer (110 + 20 6a5e5) c0nf1rmed that 
the 1ate RNA c0n515t5 0f a 51n91e ex0n (F195. 2, 7, and 8). 

7he 1ate RNA may 6e a m R N A  

F0ur cDNA 116rar1e5 made fr0m ear1y pupae, 1ate pupae, 
adu1t ma1e5, and adu1t fema1e5 (L. Kauvar, unpu61.) were 
5creened u51n9 the 3103 9en0m1c c10ne (F19. 2) a5 pr06e. 
7hree cDNA c10ne5 were 1501ated, 0ne (P2-8)fr0m the 
ear1y pupa1 116rary and tw0 (R2-16 and R2-49) fr0m the 
adu1t ma1e 116rary. 

7he  5e4uence5 0f the three 1ate cDNA c10ne5 were de- 
term1ned and c0mpared t0 the c0rre5p0nd1n9 9en0m1c 
5e4uence (F19. 8). 7he cDNA 5e4uence 15 c0exten51ve 
w1th the 9en0m1c 5e4uence, and c0n515tent w1th the 51 
and pr1mer exten510n ana1y5e5. A11 three cDNA5 have 
p01y(A) tract5 at the1r 3• end5. 7he  512e5 ]exc1ud1n9 
p01y(A) tract5] 0f the cDNA5 are 598 6p (R2-16), 633 6p 
(P2-8), and 663 6p (R2-49). R2-49 15 fu11 1en9th (5ee 51 
pr0tect10n and pr1mer exten510n ana1y5e5 a60ve). Ana1- 
y515 0f the cDNA 5e4uence5 f0r 0RF5 w1th 900d c0d0n 
u5a9e f0r D. me1an09a5ter (5ee a60ve) revea1ed a 303-6p 
(101 c0d0n) AU6-1n1t1ated 0RF w1th exce11ent c0d0n 
u5a9e 6e91nn1n9 at + 116 and term1nat1n9 at +418 (F19. 
8). A9a1n there 15 11tt1e, 1f any, 1nd1cat10n 0f a 7A7A 5e- 
4uence at the appr0pr1ate p051t10n up5tream fr0m the 
tran5cr1pt10n 1n1t1at10n 51te. 

D15cu5510n 

7he ear1y and 1ate per10d5 0f 6xd tran5cr1pt10n 5tand 0p- 
p05ed 0n a1m05t every c0unt. 7he ear1y per10d 15 5h0rt, 
1a5t1n9 0n1y a few h0ur5 after 1t5 1n1t1at10n dur1n9 5yncy 0 
t1a1 61a5t0derm; the 1ate per10d 10n9, 1a5t1n9 5evera1 day5 
after 1n1t1at10n dur1n9 th1rd 1arva1 1n5tar. 7he ear1y tran- 
5cr1pt10n un1t 15 10n9, 0ccupy1n9 at 1ea5t 26 k6; the 1ate 
un1t 5h0rt, c0mpr151n9 0.66 k6 0f DNA w1th1n an 1ntr0n 
0f the ear1y un1t. 7he  ear1y tran5cr1pt5 are c0mp1ex, c0n- 
515t1n9 0f d1fferent c0m61nat10n5 0f 11 ex0n5 typ1ca11y 
taken three at a t1me;~ the 1ate tran5cr1pt5 are 51mp1e, 
f0rmed fr0m the pr1mary tran5cr1pt w1th0ut 5p11c1n9. 
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and 5• Up5tream 5e4UenCe5: 
-50 +1 

cgtgcatgttttaggatctccagggatcggcggctgatgttttgtaaacaCTcAGTATGAGTTccAGTTCCC~GGTG~TTGGACGTTGCGGATCGGcTT 

** * A6 
+50 +100 

AAAAAACGCATcGGAAGcGAGAATATTcTGTTTGccAGTATTTcGAAATGAGTTAAAATGTGTGcAAAATATGATAAAAATTAATTAATTcGCCATAAAT 

CC6A7 ................................. C.A ....................... . ................ A7..- ..... . . . . . . .  °° 

+150 +200 

G•GcAATcTAATTGGGCTGcTATC•ATGAAAAAGTGTTAAGTGTAGTGTAT•CTATG•AACGAAATGGGT••ATGTGTTAAAGATGTGCTTGC•AAGTAA 
.-...7A ..... 

+250 +300 +347 

AAAAAAc~GAAAAGTAGAGGGGGTTAAcAATAATTcAGcAAATGAATTGAATAAAGGATTcTAcGGTAATATTTcTGcAcATATTTTcAGAAcAAcAT~t 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

aa9tacct 

+1 +50 

9c 99aaca~9AC 7C7A77CA6C 67AAA766CAA77C67AAAAAA6ACA7AAA6AACACA6~]~at 99c caa 

C . 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+1 +50 

tcaattaca--gAGcA•T•A•A•AG••AATAA••AGTc•GGc•T•cAGATTG••AcT••AGGATA••AAATATTAcA•AA•T••AGAGGA•TGTT•T••AT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+100 +122 

777666CACA777AAAA77CA6AAC6C6776A6~J:9a9tccac 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+1 +50 

acacccgccaGAATT•AGTTTTG•AC•A•AGTTAGCACTGATTTATGGGCAGTCGAATAGGGTTTTAAGGTGGG•TTTAAGCTAAGCTAGCAATTGGAA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+100 +150 

TTAGTTTAAGTAGCCGGcGGGAAGTcAAcGAccTGcGACcAGTcGGcAGTTcAAAGTcAAAAAGTcAATTATAcGcGATAccTAAAAATAcAAcAGcGGG 
.C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --...----. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . . . . . . . . . . . .  

+200 +250 

TGGAGTGAAAAT•TCGTTAAAAGccAATAA•AGACG•CATTAAATGTGCATGAAAATTAAATGAAAA•GGCTTGATGATGAGGTTG•cTGCGGGAGGAGG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+300 +350 

AAcTcGTAGcAGc•AcG•GA•cA•TTGAAcTTGGGcGGGAATATcAGTATTTGTGTG•AGTAATTcGAAcTGAcccTcGTcGAGcATTcAGATccAATTG 

+400 +450 

GAGGGcAAGTT•AATGGCATTGGGGATTccAGGGGGAGTGGGGATcGAGGGccGCAGcGAGATAAGGGAAcTTcGATAAGTTTAATTTATTcGAccccAc 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+500 +550 

TGCCATcTGTTGCGATATAA••AAcA•TTATTTAAT•AA•G•GATAGGAATAGG•TCGTGCTGTAATTATAGATCGGATTAAAAA•CAT•GAACATGGAG 

+600 +606 

6C7CAA77CAAAA76A6~J~aaat9aaa 

and 6: 
+1 +50 

a•ttgttgttTTTAATAAGTTTCTGGCTGTTGGCTGTTTGTTGTTGTAGCTCTGGCTGG•TTT•TT•CTTTGATGTTTCGATTAAGTTCGGAGTTCGCG 

AAC..C ................................................................................... 

+100 +150 

TTGcCGAACTGGTTGGTTAGGTccccTTTccGTccTCTcAcccccTTcTGGGAAccATTCcCATcAGAGGGAGcATTTTGGcTTAAGTTTATGGccATTT 

.............. 7.6 ........ --. ............... --. ...................................................... 

+200 +250 

cGTTcGTTT•AcTGTcTTTGcTTTTTGGcGcTGcTccTTGTTGGcTT•ATTTTcTTGAG•ATTTcAcccATTTGccATTTAccTTTGcTTATTTGGGcTT 
................................... 7 ................................................................ 

+300 +350 

GTGcTGGAAATTT-cTcAcATcGccG•TcTGAcGcAAcT•GGTTGccGATTGGcc-GcTccAcTT•AcTccccATcGTTccGAc•AAcTcccTAT•AGcc 

. . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+400 +450 

TATCcAcccACcGCTCGCAAATTTCGAATTT-ATTTTATTGTTATGATTTCAATTGTTTTCGCAACGTTAAAcACTAGAGATTTccAAAGcAGACcATGT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+500 +550 

cGAGTTGTcGGTTAAATAATTTTCAATTTTTATTAccCTCCGCCAGAGAGGTTTTGCATTcAGcGCATACTGTTCcGAGTGACTCAGACCAAGGGGcTTT 

.................................. 6 ......................... 7 .......... ~...- .................... ..C6 
+600 +650 

6AAAA7AA6AAACCAAA677666A7ACCCAAC7C7C6AA66AACAA7CCAAA7C7A7C7A6CA76CAAAAA 677 ....... 

............... C ....................................................... 7767A767A6C7AAAA77C...7777AA6 
+700 +750 

GTGGTATTAATcATTGc~TcAAGTTGATGGATATGTGTTATTAGAAAAAc-TTGcAcATTTTcTTcGAGAAATGTATTGATTc ...... 6 

7AA7A6CA7A ................ 7C...- ..... 7 ............ AA.A ..... A7...A.A .................... AACC6AA7CAA7. 

+800 +850 

GTTATTTGCTCG•ATAATTATTATCGATCTTATTAGcATTCGCAGACATTTTGCCAcAAAcAAGTCACATTAGAACGC•CAATTTTCAcGAGAAcAATTA 

.................................................... 7 ....... 6 .............. A ......... -. ............. 

................ 7 ....... 6 .............. A ......... - .............. 

.... 7 ............................................ - .............. 
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N0ve1 tran5cr1pt5 fr0m the 61th0rax c0mp1ex 

6en0m1c 

3603 

3600 

3604 

6en0m1c 

3603 

3600 

3604 

+900 +950 

TGA••GTGG•A•cG••GAAGGTGAT•cTAATAATTG•A••AATATGcTT•GGTAATcGTTTTGAGG••AGA•T•T•••AGGA•T•GAAGG••G••TTcc• 

. . . . .  -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

..... -- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+1004 

6AAAC7ACAAAAAA69k<ata9att9 
. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

Ex0n 7 

6e n0m 1 c 

3600 

3603 

6en0m1c 

3600 

3603 

6e n0m1 c 

3600 

3603 

6en0m1 c 

3600 

3603 

6en0m1c 

3600 

3603 

6en0m1c 

3600 

3603 

6e n0m1 c 

6e n0m1 c 

and 3• 6en0m1c 5e4uence5: 
+1 +50 

tacactaa~-gCACATTATCACT-~CCATTGGACCGAGATGACTTCATTTTCGTGCCATATGCCTGTGC~GGTGCTGTACGTGTGGTTCCA~CCGCTCCT 

. . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . .  

............ 7 ........................................................ 7 ................... 

+100 +150 

•TTAAGTcGcTGc•ATGATTTAcTAcAAGcAGATGATTTAATATAAccGcATATcTGGATATAGAAAcAcG•A•AcAcccGGccAGAGTGcAcTTcAGAT 

; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+200 +250 

GcATTcGAcTGTATTcGAcTGcAGTGGAAAcAGGAAcccGTTGAAcTGGcccAcAAAcAGAGGcAGAcAccccA•AcATGTTGTcAGTGAAGcGTccGTT 

. . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+300 +350 

TTGGAGGAAAAA~GGGACGA~TGTTAAAGGGc~T~cATCTTGAAAACAGA~G~C~TAAGAGGCGcG--TCCGCAAGACGATAACT~AATTGAATATTTC 

. . . . . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6C----. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.................... 7 .............................................. 6C ............................... 

+400 +450 

AACAAAAAAGCAATTGTAAATGGGTTAATACTTTTAAcTATACTAATACTGTAAcTAAAGGGTAATTTCAATATAATTATAGATTGTGAT•G ........ 

........ - ................................ - ....... . ....................... C7 .... C .......... ACA6A7767C 

.............................. - .......... - ....... . ....................... C7 .... C .......... ACA6A7767C 

+500 +550 

-G•TAGAATTAAAATATTTCcTTTTATTTATTAA•ATTATATTATGATCGAGAAAATATGTAATAAATAGTTTCTCcTGGGTTAAAATCAAAAAAATTTC 
A. 

A ........................................................ 

+600 +650 

ATATTACATTGTTTCGATTTTcTTAGcTATCAACCAAGTTAACTAGTGGAATAGTTGGCTTTGAAAACAAATAAAACTAAACAAAATAGAAGCCATCAAA 

+700 +750 +767 

A76AAC77C766CA676C67AAA7C7A66C67CAAC6A6C76C6ACC76ACC6AA666C7CA7CAA6A76C766CCAA 

EX0n 8: 

6en0m1C 

3601 

6en0m1c 

3601 

6en0m1c 

3601 

6en0m1c 

3601 

6en0m1c 

3601 

6en0m1c 

3601 

6enQm1c 

3601 

F19ure 5. 

+1 +50 
ttccattc~-gCTATATTTTA~GC~GATGTCCGAGCCATCCCCAGCACGATTCCGGTCAT~TTCTTTTGGTTTGATG~CCGCATTCC~CCT~CRA~A 

+100 +150 

~AAA~GGCTAAGGCGCCG~GGT~TTTGTTTG~GACTTGATGGCTTAATCCACCGCAAAGTGGCT~AGTGGTG~TGGTATGGGCTCATTACGGGT~ 

+200 +250 

AGAAAT~7~TTGTGGT~G~LATCGCTGTGAA~C7L~CTGCTTATGCA~L~GCATGCCATTCA/LACAGAGCAAAA~AATGGAGAGCG~GAGACCAGGCCA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+300 +350 

~GA/~TTC~T~GGACACAATGAAGACATTTGCTG~GAAC~ATACTACCTACTAAT~CTGGCAATGAA~CCTTGA~TTTTGG~CG~AATTCATCA7L~CAA 

......... 6 ................. 7 ........................................................................ 

+400 +450 

TTGGccGACcATTTGcATGcGGTGGTTGGcAGCTcTTcATTTTAAAAcTcccTTTccCGTATcTGcATccTAATcCGGAGGACTGAGGATTGCGGATTGA 

+500 +550 

GGGCGACTAATTGAGcAcTTTTGTTTGAGTGcCGTGCTGCGCGGATTTcGccTA•TTGTTAGTTGcTGCccAATAAcATcGcTcTCcTTccTcATGCACT 

+600 +650 +667 

GcGGAAAGGATATTTGATTTTAAATAAAGccTcTcAATTAATTGTATccTAAAAATATAcGAAATTAcAAAAAAAATAtatatattt 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C0mp1ete 5e4uence 0f the 6xd ear1y ex0n5. Ex0n1c 5e4uence5 are 1n upper ca5e; 5•-up5tream 5e4uence5 and 1ntr0n1c 5e- 
4uence5 are 1n 10wer ca5e. 0n1y 5e4uence5 c0nf1rmed 0n 60th 5trand5 are 5h0wn; the 9en0m1c 5e4uence 15 91ven a60ve and the cDNA 
5e4uence5 are a119ned 6e10w. 6en0m1c 5e4uence5 are fr0m the Cant0n-5 5tra1n, wh11e cDNA 5e4uence5 are fr0m the 0re90n-R 5tra1n. 
Nuc1e0t1de d1fference5 are 5h0wn and 9ap5 are 1nd1cated 6y da5he5. Where the cDNA wa5 n0t  c0mp1ete1y 5e4uenced 0n 60th 5trand5 
(E10), the re1evant data are 1nd1cated 6y 5ym6015: 1n ex0n 1, nuc1e0t1de 23 15 under11ned and repre5ent5 the 5• end 0f cDNA E10; 1n 
ex0n 7, nuc1e0t1de 344 15 under11ned and repre5ent5 the 3• end 0f cDNA E10 .7he  a6501ute1y c0n5erved 5p11ce d0n0r (9t) and accept0r 
(a9) nuc1e0t1de5 at the ex0n 60undar1e5 are under11ned, 1nc1ud1n9 the 1ntema1 accept0r 0f ex0n 6 (nuc1e0t1de5 824 and 825 0f ex0n 5]. 
7he  10cat10n 0f the 5• end 0f ex0n 1, a5 determ1ned 6y 60th pr1mer exten510n and 51 pr0tect10n ana1y515, 15 1nd1cated 6y a5ter15k5, the 
maj0r 1n1t1at10n 51te 6e1n9 accented. Nuc1e0t1de num6er1n9 repre5ent5 the max1mum 1en9th 0f each ex0n: 1n rea11ty the 9ap5 reduce 
the5e 1en9th5 (5ee F195.2 and 4]. M15matche5 0f 10 0r m0re nuc1e0t1de5 6etween the 9en0m1c and cDNA 5e4uence5 {1nverted tr1an91e5 
1n F19. 4) 0ccur 6etween nuc1e0t1de5 661 and 699 0f ex0n 5 and nuc1e0t1de5 480 and 490 0f ex0n 7.1n ex0n 7, 3• 9en0m1c 5e4uence5 are 
appended and the putat1ve p01yadeny1at10n 51te5 (-- 10 nuc1e0t1de5) 6a5ed 0n 51 pr0tect10n exper1ment5 [F195.2 and 3} are 439 = 7~, 
511 = ex0n 76, 587 = ex0n 7~, and 767 -~ 70. 
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L1p5h1t2 et  a1. 

E10 

3600 

3601 

3603 

3604 ] 

• 1 , . 1 ,  11 11•• 

~ 4ff~,11, 11111 1,, 1 L 

11 11111 1 1.. 
1~11 ~ 1 1  11111 1 

1 1 1 1 - 1 1 - 1 1  

=~ ,1f1~,11, 111111 11 • 14 
~ 1,~1, 11 1 1 
t • ~414  •11 

11 [52,~:1[-~E~ 5 

] [•• 
.11 11 
1.11 .- 11 

• f 1 
• UJ1 

H1t 
1 

• 11 1 

1 ~ 111L 

11 

11J 1 1 11 ~11~-1 ,11 1F 1, 1 1.. 
• ,1 11 ,1 1,1 ,, 11 J 1N 1 

• 11, 1 -  11 1 1,~ • 1 11 

• 1.1. 

]11.,1~ t1111• 11 • • 1 ,11 

5 w 3• 1 1 
100 6p 

F19ure 6. 0pen read1n9 frame5 1n the ear1y cDNA5. F111ed tr1an91e5 repre5ent 1n1t1at10n c0d0n5, vert1ca1 11ne5 repre5ent term1nat10n 
c0d0n5. 7he 5• and 3• 5e4uence5 n0t pre5ent 1n the cDNA5 have 6een appended t0 cDNA5 E10 and 3601 (d0tted 11ne5) f0r c0mp1ete- 
ne55. 70 av01d redundancy, 3• 5e4uence5 were n0t appended t0 cDNA5 3600 and 3603.7he unf111ed 1nverted tr1an91e a60ve cDNA 
3604 1nd1cate5 the junct10n 6etween 6xd ex0n 6 and ex0n1c 5e4uence5 der1ved fr0m the 42A re910n 1n chr0m050me 2, wh1ch 11e 
d0wn5tream 0f th15 tr1an91e. 7he 0n1y 10n9 0RF w1th 900d c0d0n u5a9e 1n any 0f the cDNA5 0ccur5 d0wn5tream 0f th15 junct10n. 

7he ear1y RNA5 d0 n0t p055e55 519n1f1cant c0d1n9 p0ten- 
t1a1; the 1ate RNA5 d0. 

7he5e d15parate pr0pert1e5 0f the ear1y and 1ate un1t5 
5u99e5t they have 4u1te d1fferent funct10n5. What m19ht 
the5e funct10n5 6e• Here we c0n51der p055161e an5wer5 
t0 th15 4ue5t10n, 5tart1n9 w1th the 51mp1e5t un1t. 

Late un1t funct10n5 

7he tran5cr16ed 5e4uence 1n the p01y(AJ • RNA5 0f the 
fate un1t can 6e d1v1ded 1nt0 three re910n5: a 5•-pr0x1ma1 
re910n 0f -115 nuc1e0t1de5 that 15 dev01d 0f AU6 
tr1p1et5, a centra1 re910n c0n515t1n9 0f an AU6-1n1t1ated 
0RF 0f 101 c0d0n5, and a 3•-pr0x1ma1 re910n 0f 217 0r 
245 nuc1e0t1de5, depend1n9 0n wh1ch 0f tw0 p01yadeny- 
1at10n 51te5 15 u5ed {F19. 8J. 61ven the 519n1f1cant 1en9th 
0f th15 0RF and the exce11ent f1t 0f 1t5 c0d0n5 t0 the 
c0d0n u5a9e fre4uenc1e5 f0r D. me1an09a5ter 5tructura1 

9ene5, there 15 11tt1e d0u6t that the5e three re910n5 c0rre- 
5p0nd, re5pect1ve1y, t0 the 5• n0nc0d1n9, the c0d1n9, and 
the 3• n0nc0d1n9 re910n5 0f mRNA5 enc0d1n9 a pr0te1n 
0f 101 am1n0 ac1d5. 7he 1ate un1t theref0re appear5 t0 
def1ne a 5tructura1 9ene that we 5ha11 refer t0 a5 the 1ate 
6xd 9ene. 

7he 1ar9er 4ue5t10n 0f whether the fate 9ene 15 a h0- 
me0t1c 9ene wh05e appr0pr1ate temp0ra1 and 5pat1a1 ex- 
pre5510n 15 re4u1red f0r 5pec1f1c metamer1c 1dent1ty 
funct10n5 rema1n5 0pen and a f0cu5 f0r 5pecu1at10n. 
61ven the 10cat10n 0f th15 9ene w1th1n the 8X-C and 1t5 
1ate expre5510n, the m05t 06v10u5 5pecu1at10n 15 that the 
adu1t p56 1dent1ty funct10n5 re4u1re 60th the 1ate pr0te1n 
and 0ne 0r m0re 0f the U6x pr0te1n5. Acc0rd1n9 t0 th15 
m0de1, mutat10n5 w1th1n the 6xd re910n c0u1d after the 
adu1t p56 1dent1ty e1ther 6y 1nterfer1n9 w1th the expre5- 
510n 0f the U6x pr0te1n5 v1a d15rupt10n 0f the appr0- 
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N0ve1 tran5cr1pt5 fr0m the 61th0rax c0mp1ex 

a. 6. 

9 9 3  - -  

8 2 3 " -  

6 7 3 - -  

552-- 

- - 6 3 0  

9 9 3  - . -  

3 6 9  

F19ure 7. 51 nuc1ea5e pr0tect10n and pr1mer exten510n ana1y515 0f the 1ate 6xd RNA5. (a) 51 nuc1ea5e pr0tect10n 0f a 630-6a5e ex0n 
u51n9 51n91e-5tranded 3103 pr06e5 wh05e 5tructure 15 5chemat12ed 6e10w the aut0rad109raph. Am0unt5 0f RNA and pr06e and a66rev1- 
at10n5 are a5 1n F195.2 and 3.7he num6er a60ve each 1ane 15 the num6er 0f un1t5 0f 51 nuc1ea5e ( x 10 -3) u5ed. (6) Pr1mer exten510n 
ana1y515 0f the 5• end 0f the 1ate RNA5. 7he pr1mer wa5 a 51n91e-5tranded M13 pr06e 1n wh1chthe D. me1an09a5ter 5e4uence5 
extended fr0m the 3• end 0f cDNA R2-49 t0 the Xh01 51te (nuc1e0t1de + 130 , 5ee F19. 8). A66rev1at10n5 are a5 1n F195.2 and 3; (M) 512e 
5tandard5, wh05e 512e5 are 5h0wn t0 the 1eft 0f the aut0rad109raph, cDNA R2-49 appear5 fu11 1en9th, 6y th15 ana1y515. 

pr1ate c15-re9u1at0ry c0ntr01 0f U6x tran5cr1pt10n, 0r 6y 
a1ter1n9 the 5tructure 0r expre5510n 0f the 1ate pr0te1n. 
Mutat10n5 0f the f1r5t k1nd 5h0u1d n0t 6e c0mp1emented 
6y U6x mutat10n5 and w0u1d 6e expected t0 a1ter the 
1dent1ty 0f p56 1n em6ry05 and 1arvae, a5 we11 a5 1n 
adu1t5.8y c0ntra5t, mutat10n5 0f the 5ec0nd k1nd 5h0u1d 
6e c0mp1emented 6y U6x mutat10n5 and a1ter the adu1t, 
6ut n0t the em6ry0n1c and 1arva1 p56 1dent1t1e5. 

7he 6xd mutat10n5 appear t0 6e 0f the f1r5t k1nd: they 
are n0t c0mp1emented 6y U6x mutat10n5; they a1ter p56 
1dent1t1e5 1n em6ry05, 1arvae, and adu1t5 (Lew15 1963, 
1978, 1981, 1982; 8ender et a1. 1985); and they a1ter the 
4uant1tat1ve and 5pat1a1 expre5510n 0f the U6x pr0te1n5 
(8eachy et a1. 1985; H09ne55 et a1. 1985; 5.L. He1fand and 
D.5. H09ne55, 1n prep.). 7he 6xd mutat10n5 w0u1d n0t, 
theref0re, 6e expected t0 pr0v1de u5efu1 te5t 5y5tem5 f0r 
the a60ve m0de1.7he tw0 p6x de1et10n5 (F19. 1) are m0re 
1ntere5t1n9 1n th15 re9ard a5 the1r p56 phen0type5 appear 
t0 6e re5tr1cted t0 the adu1t (Lew15 1963, 1982 and per5. 

c0mm.). M05t 1ntere5t1n9 15 the p6x 2 de1et10n, 51nce 1t 15 
1ar9e1y c0mp1emented 6y U6x mutat10n5 (Lew15 1982), 
1nd1cat1n9 1t exh161t5 a 1e55er c15-re9u1at0ry defect than 
0ther mutat10n5 1n the 6xd re910n. Furtherm0re, the 1eft 
end 0f the p6x 2 de1et10n ha5 6een mapped t0 a 1.5-k6 
re5tr1ct10n fra9ment that 1nc1ude5 the 1ate 9ene, and 
N0rthern ana1y5e5 have fa11ed t0 detect 1ate mRNA5 1n 
p6x 2 h0m02y90te5 (H.D. L1p5h1t2, unpu61.). Part 0f the 
p6x 2 phen0type may theref0re re5u1t fr0m the 1ack 0f 
expre5510n 0f the 1ate 9ene--a p05516111ty that can 6e 
te5ted 6y P-e1ement-med1ated 1n5ert10n 0f a fu11y func- 
t10na1 1ate 9ene. 

Def1n1t10n 0f the funct10n 0f the 1ate 9ene w111, 0f 
c0ur5e, a150 der1ve fr0m the pr0pert1e5 0f the 1ate pr6- 
te1n, 1nc1ud1n9 1t5 1ntrace11u1ar and metamer1c d15tr16u- 
t10n5. At pre5ent, data c0ncern1n9 th15 pr0te1n are 11m- 
1ted t0 1t5 deduced am1n0 ac1d 5e4uence, wh1ch exh161t5 
n0 06v10u51y unu5ua1 feature5 and 5h0w5 n0 519n1f1cant 
h0m0109y t0 the 5e4uence5 0f pr0te1n5 enc0ded 6y 0ther 
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-50 +1 
tagttaatttctaaaga•tgctgagacttaaaagtcaaaccaaacttttgTATTTGAATCGATCGTCTCAAAAATATTCATTTCTGGATTAAAAGTTCA 

W * W 

R2-49 P2-8 R2-16 

+50 +100 
ACAGGGAAGTCATCTTAATAACAGTCGCAAGCTAAAAAAAAATAGTTAATATCTACACTTGAAATAATGAATCGCATTCTCGAGAAGGTGATTCACCAGA 

MetA5nAr911eLeu61uLy5Va111eH1561nA 

+150 +200 
ATGGAACAATCGTGGATCGTATTCTATCGGAACATACTATTGGGTATGTGGTGTCCGATAACACAGCCAATGCGGTGGCCGAAACATCCTTCGATAACAC 
snG•yThrI•eva•AspArgI•eLeuSerG•uHisThrI•eG•yTyrVa•Va•SerAspAsnThrA•aAsnA•aVa•A•aG•uThrSerPheAspAsnTh 

+250 +300 
AAGTGCCCAGGCGATCCTGAAGCACTTACATGGACTCCTGGTGAGCACCTGCCAAAGCGTAGTCCGGGACATTGAcCCGTCCAACAAACTCTGCTTCATG 
rSerA•aG•nA•aI•eLeuLysHisLeuHisG•yLeuLeuVa•SerThrCysG•nSerVa•Va•ArgAspI•eAspPr•SerAsnLysLeuCysPheMet 

+350 +400 
CGCCTGGGCACTCGCAAGTTCGAGTATCTGGTGGCCCCAGAGGAGTACTTCACCATTACAGTGGTTCAATGAAATGACAATACTGACCTAATGCTACAAA 
Ar9Leu61y7hrAr9LY5Phe61y7yrLeuVa1A1aPr061u61u7yrPhe7hr11e7hrVa1Va161n 

+450 +500 
CGATTCATGCGAGTTGAACGATT•CGGAAGAAATACAAAGTTATTGCTGCAAAAC•TAAAATTAAACTAGAAATTTTAGAAACAATTTCCTACAACTGGG 

+550 +600 
TCAAGTTTTTAGGAAATTGGTTCCTAAAATCTGTAAAATGTAATGTTAGCGAAGACAGGCAGAAAAATATCTAAACAAAA•AAAAATATAAGATGATATT 

R2-16 
+650 +663 

A6C6AA77AACA77 
A 

R2-49 
P2-8 

F19ure 8. C0mp1ete 5e4uence 0f the 6xd 1ate tran5cr1pt10n un1t. 7ran5cr16ed 5e4uence5 are 5h0wn 1n upper-ca5e 1etter5 and up5tream 
9en0m1c 5e4uence 1n 10wer-ca5e 1etter5.7he 5• and 3• end5 {* and ~, re5pect1ve1y) 0f the three cDNA5 are 1nd1cated. 7he c0nceptua1 
tran51at10n 0f the 101 c0d0n 0RF 15 5h0wn 6e10w the DNA 5e4uence. 0n1y the 5e4uence 0f the 9en0m1c DNA 15 5h0wn, 51nce the 
cDNA5 were n0t 5e4uenced c0mp1ete1y 0n 60th 5trand5. 

h0me0t1c 9ene5, 0r 0f any pr0te1n5 1n the N1H 5e4uence 
6ank (5N8RF). We are current1y attempt1n9 t0 1501ate 
the 1ate pr0te1n and ra15e ant160d1e5 a9a1n5t 1t 1n 0rder t0 
6etter def1ne 1t5 funct10n. 

Ear1y un1t funct10n5 

We c0n51der here three p05516111t1e5 re9ard1n9 the func- 
t10n5 0f the ear1y 6xd tran5cr1pt5: 
1. 7he c0mp1ex 5et 0f pr0ce55ed tran5cr1pt5 fr0m the 
ear1y un1t 1nc1ude mRNA5 that are tran51ated 1nt0 p01y- 
pept1de5 de5p1te the 5h0rt 1en9th and p00r c0d0n u5a9e 
0f the1r AU6-1n1t1ated 0RF5. Wh11e we th1nk th15 p0551- 
6111ty un11ke1y, a precedent f0r p00r c0d0n u5a9e can 6e 
f0und 1n the dna6 9ene 0f E5cher1ch1a c011. 1n th15 ca5e, 
1t ha5 6een 5u99e5ted that the p00r c0d0n u5a9e pr0v1de5 
a mechan15m f0r the d0wn-re9u1at10n 0f the dna6 pr1- 
ma5e re1at1ve t0 pr0te1n5 enc0ded 6y 0ther 9ene5 1n the 
5ame 0per0n (5m11ey et a1. 1982; K0n1956er9 and 60d50n 
1983; Lup5k1 et a1. 1983). 
2. 7he ear1y tran5cr1pt5 are n0t mRNA5, 6ut rather 1n- 
teract w1th the pre-mRNA 0r the mRNA 0f 0ther 9ene5 
t0 re9u1ate pr0ce551n9 0r tran51at10n, re5pect1ve1y. Prece- 
dent f0r the 1nv01vement 0f 1nterm01ecu1ar RNA-RNA 
1nteract10n5 1n the pr0ce551n9 react10n5 der1ve5 fr0m re- 
cent w0rk 1mp11cat1n9 the 5ma11 nuc1ear RNA5 
(5nRNA5) 1n the 5p11c1n9 and p01yadeny1at10n react10n5 
(81ack et a1. 1985; Kra1ner and Man1at15 1985; M00re and 
5harp 1985), where they appear t0 1nteract w1th the pre- 

mRNA 6y a 6a5e-pa1r1n9 mechan15m (2huan9 and 
We1ner 1986). 1n ca5e5 5uch a5 the U6x pre-mRNA, 
wh1ch can y1e1d at 1ea5t f1ve d1fferent mRNA5 6y d1f- 
ferent 5p11c1n9 pathway5 (8eachy et a1. 1985; H09ne55 et 
a1. 1985; K. K0rnfe1d and D.5. H09ne55, unpu61.), 0ne can 
1ma91ne that the ear1y 6xd RNA5 m19ht 1nteract w1th 
the pre-mRNA t0 fac111tate 0r 1nh161t 0ne 0r m0re 0f the 
pathway5 and there6y fav0r the f0rmat10n 0f a 5u65et 0f 
the mRNA5. 

A1ternat1ve1y, 0ne can 1ma91ne that the ear1y 6xd 
RNA5 1nteract w1th the mRNA5 t0 re9u1ate the1r tran5- 
1at10n 6y a ••hy6r1d-arre5t•• mechan15m 5uch a5 that pr0- 
p05ed f0r certa1n pr0kary0t1c 9ene5 wh05e tran5cr1pt5 ex- 
h161t 5e4uence c0mp1ementar1ty t0 the RNA5 wh05e 
tran51at10n they re9u1ate [m1cF (M12un0 et a1. 1984); 
p 0 U 7  (51m0n5 and K1eckner 1983); NR1 (W0m61e et a1. 
1984)]. We have rep0rted a 5e4uence c0mp1ementar1ty 
6etween the ear1y 6xd and the U6x pr1mary tran5cr1pt5 
(H09ne55 et a1. 1985), 6ut the5e 5e4uence5 re51de 1n 1n- 
tr0n5 and the1r funct10na1 519n1f1cance 15 unte5ted. 

1t 15 d1ff1cu1t t0 eva1uate the p05516111ty 0f 5uch tran5- 
re9u1at0ry funct10n5 f0r the 6xd ear1y RNA5--part1cu- 
1ar1y 6ecau5e p055161e tran5 funct10n5 0f the5e RNA5 
cann0t 6e 1nferred fr0m the phen0type5 0f ex15t1n9 mu- 
tat10n5 1n the 6xd re910n, 91ven the phen0typ1c d0m1- 
nance 0f the1r effect5 0n the c15-re9u1at0ry funct10n5 0f 
the 6xd DNA (H09ne55 et a1. 1985). We are attempt1n9 
t0 re501ve th15 d1ff1cu1ty 6y 1nact1vat1n9 the 6xd ear1y 
RNA5 w1th ant15en5e RNA5 pr0duced 1n v1v0 6y P-e1e- 
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N0ve1 tran5cr1pt5 fr0m the 61th0rax c0mp1ex 

ment-med1ated 1n5ert10n5, 1eav1n9 una1tered the 6xd 
DNA. 
3. 7he th1rd p05516111ty 15 that ear1y 6xd tran5cr1pt10n 
ha5 n0 funct10n, ref1ect1n9 1n5tead a chan9e 1n 5tate 0f 
the 6xd chr0mat1n re5u1t1n9 fr0m the c15-re9u1at10n 0f 
U6x tran5cr1pt10n. A p055161e examp1e 0f tran5cr1pt5 
that ex15t 0n1y a5 funct10n1e55 6y-pr0duct5 0f t155ue-5pe- 
c1f1c act1vat10n 0f a 10cu5, 15 the 1~ tran5cr1pt5 pr0duced 
fr0m the J-C~ 1ntr0n1c re910n 0f the ~ heavy-cha1n 1m- 
mun09106u11n 10cu5 (Kemp et a1. 1980; A1t et a1. 1982; 
Ne150n et a1. 1983; Lenn0n and Perry 1985). 1n th15 ca5e 
1t ha5 6een pr0p05ed that the 19-enhancer {8anerj1 et a1. 
1983; 61111e5 et a1. 1983) act1vate5 a crypt1c pr0m0ter 1n 
the J-C~ 1ntr0n, re5u1t1n9 1n the pr0duct10n 0f 5p11ced, 
p01yadeny1ated, d15crete-512ed 1~ RNA5 (Lenn0n and 
Perry 1985). L1ke the 6xd ear1y RNA5, the crypt1c 1~ 
ex0n 1ack5 a 10n9 0RF and 15 mu1t1p1y c105ed 1n a11 three 
read1n9 frame5 (Lenn0n and Perry 1985). N0 funct10n f0r 
the5e tran5cr1pt5 ha5 6een dem0n5trated; 1t appear5 p05- 
5161e that the 1~ RNA5, rather than p1ay1n9 a r01e 1n the 
expre5510n 0f the heavy-cha1n 19 10cu5 (Lenn0n and Perry 
1985; Yanc0p0u105 and A1t 1985), 1n5tead repre5ent 6y- 
pr0duct5 0f the act1v1ty 0f the 19 enhancer, wh1ch ha5 
6een rep0rted t0 6e capa61e 0f re9u1at1n9 pr0m0ter5 fr0m 
a d15tance 0f a5 much a5 17.5 k6 (Wan9 and Ca1ame 
1985). 

1n the ca5e 0f the 6xd re910n, c0ntr01 e1ement5 re9u- 
1at1n9 the U6x pr0m0ter appear t0 6e d15tr16uted a5 far 
a5 40 k6 up5tream fr0m that pr0m0ter {H09ne55 et a1. 
1985; 5.L. He1fand and D.5. H09ne55, 1n prep.). 1n 
ana109y t0 the 1~ tran5cr1pt10n, 0ne can 1ma91ne that ac- 
t1vat10n 0f 0ne 0r m0re 0f the5e c0ntr01 e1ement5 6y 
tran5-act1n9 re9u1at0ry pr0te1n5 n0t 0n1y m0du1ate5 
tran5cr1pt10n fr0m the U6x pr0m0ter 6ut a150 act1vate5 a 
crypt1c pr0m0ter 10cated 50me 30 k6 up5tream fr0m the 
U6x pr0m0ter at the 5• end 0f ex0n 1 1n the 6xd ear1y 
un1t {F195. 1 and 2). 1t 15 a150 p055161e that 0ther crypt1c 
pr0m0ter5 w1th1n the un1t can 6e act1vated. Wh11e we 
have dem0n5trated that the 5• end 0f a11 ear1y RNA5 
c0nta1n1n9 ex0n 1 15 the 5• end 0f ex0n 1, we have n0t 
5h0wn that a11 0f the pr0ce55ed ear1y RNA5 c0nta1n ex0n 
1; thu5, the 5• end5 0f the RNA5 repre5ented 6y cDNA5 
3604, 3600, and 3603 c0u1d 6e at the 5• end5 0f ex0n5 2, 
4, and 5, re5pect1ve1y {F195. 2, 4a, c,d), and c0u1d re5u1t 
fr0m act1vat10n 0f add1t10na1 crypt1c pr0m0ter5 at the5e 
p051t10n5. 

Why 5h0u1d the act1vat10n 0f crypt1c 6xd pr0m0ter5 
6e re5tr1cted t0 a 5h0rt ear1y em6ry0n1c per10d, when 
U6x tran5cr1pt10n 15 n0t 51m11ar1y re5tr1cted• 7h15 4ue5- 
t10n 6e9et5 an0ther: 15 the re9u1at10n 0f U6x tran5cr1p- 
t10n d1v15161e 1nt0 ear1y and 1ate per10d5 that emp10y 
4ua11tat1ve1y d1fferent p0pu1at10n5 0f re9u1at0ry pr0- 
te1n5, and d0e5 the ear1y per10d c0rre5p0nd t0 that f0r 
6xd ear1y tran5cr1pt10n• 7w0 per10d5 0f th15 50rt are 1n- 
deed 5u99e5ted 6y recent data 0n the effect5 0f mutat10n5 
1n the 5e9mentat10n and h0me0t1c 9ene5 0n U6x tran- 
5cr1pt10n. [5ee 1n9ham and Mart1ne2-Ar1a5 (1986) f0r a 
5ummary 0f 5uch data.] Dur1n9 the f1r5t per10d, c0rre- 
5p0nd1n9 appr0x1mate1y t0 that f0r 6xd ear1y tran5cr1p- 
t10n, the 5pat1a1 d15tr16ut10n 0f U6x tran5cr1pt10n ap- 

pear5 t0 6e determ1ned 6y pr0te1n5 enc0ded 6y 5e9men- 
tat10n 9ene5 that are tran51ent1y expre55ed dur1n9 ear1y 
em6rY09ene515. 5u65e4uent1y, c0ntr01 0f U6x tran5cr1p- 
t10n appear5 t0 pa55 t0 0ther re9u1at0ry pr0te1n5, 1n- 
c1ud1n9 th05e enc0ded 6y h0me0t1c 9ene5. 0ne  can 
theref0re 1ma91ne that the act1vat10n 0f crypt1c 6xd pr0- 
m0ter5 re5u1t5 fr0m pr0te1n-DNA 1nteract10n5 that 
0ccur dur1n9 the f1r5t, 6ut n0t the 5ec0nd, 0f the5e tw0 
re9u1at0ry per10d5. 51m11ar ar9ument5 can 6e made t0 
exp1a1n the 065ervat10n 0f Akam et a1. (1985) that the 
5pat1a1 d15tr16ut10n 0f 6xd ear1y tran5cr1pt10n d0e5 n0t 
c0mp1ete1y 0ver1ap that 0f U6x tran5cr1pt10n. 

1t w0u1d c1ear1y 6e 0f 1ntere5t t0 determ1ne whether 
th05e 5e9mentat10n mutat10n5 that a1ter ear1y U6x tran- 
5cr1pt10n a150 a1ter 6xd ear1y tran5cr1pt10n, and whether 
5uch a1terat10n5 are c0rre1ated. We are a150 1nve5t19at1n9 
the c15-re9u1at0ry act1v1ty 0f the 6xd re910n 1n m0re de- 
ta11 6y mean5 0f P-e1ement-med1ated c05m1d tran5f0r- 
mat10n 0f c0n5truct5 that fu5e the U6x pr0m0ter and the 
6xd re910n up5tream fr0m 1t t0 rep0rter 9ene5 5uch a5 E. 
c011 1ac2. 

F1na11y, we n0te that w e  have a1ready pre5ented ar9u- 
ment5 a9a1n5t a f0urth p05516111ty (H09ne55 et a1. 1985): 
Name1y, that a1th0u9h the 6xd ear1y tran5cr1pt5 are 
funct10n1e55, the 6xd ear1y tran5cr1pt10n 1t5e1f 15 re- 
4u1red f0r appr0pr1ate c15-re9u1at10n 0f the U6x un1t. 
7hu5, 1f the 6xd ear1y tran5cr1pt5 have n0 tran5 func- 
t10n5 (1.e., p05516111t1e5 1 and 2 are n0t va11d), we th1nk 
6xd tran5cr1pt10n ha5 n0 funct10n, c15 0r tran5, and 15 
51mp1y an 1nd1cat0r 0f U6x re9u1at0ry react10n5.1f th15 15 
t he  ca5e, then the funct10na1 pr0duct5 0f the U6x d0- 
ma1n w0u1d 6e 11m1ted t0 the pr0te1n5 enc0ded 6y the 
U6x un1t and the 1ate 6xd 9ene, wh1ch at pre5ent y1e1d a 
t0ta1 0f 51x d1fferent pr0te1n5. 

Mater1a15 and meth0d5 

5tra1n5 

W11d-type Dr050ph11a me1an09a5ter Cant0n-5pec1a1 (C-5) and 
0re90n-R (0-R) were ma1nta1ned 1n 1ar9e p0pu1at10n ca9e5. 
P1a5m1d vect0r p6X wa5 pr0v1ded 6y R. Mu1119an and 15 de- 
5cr16ed 6y M. 601d5chm1dt-C1erm0nt, R.8. 5a1nt, and D.5. 
H09ne55 (1n prep.). Pha9e c10n1n9 vect0r5 M13mp18 and 
M13mp19 were pr0v1ded 6y J. Me551n9 and are de5cr16ed 1n 
Me551n9 (1983). E. c011 h05t5 were H8101 and DH1 f0r p1a5m1d5, 
JM101 f0r M13 pha9e, and K802 f0r h pha9e (Man1at15 et a1. 
19821. 

En2ym e5 

46X174 rep11cat10n en2yme5 were k1nd1y pr0v1ded 6y A. K0rn- 
6er9 and c011a60rat0r5 (5tanf0rd), av1an mye1061a5t0515 v1ru5 
{AMV) rever5e tran5cr1pta5e wa5 purcha5ed fr0m 5e1ka9aku, 
1nc., E. c011 K1en0w fra9ment fr0m 8ethe5da Re5earch La65., 
and nuc1ea5e 51 and ca1f 1nte5t1na1 ph05phata5e fr0m 80ehr1n9er- 
Mannhe1m 810chem1ca15. Re5tr1ct10n en2yme Ec0R1 wa5 a 91ft 
fr0m P. M0dr1ch (Wa5h1n9t0n Un1ver51ty, 5t. L0u15). A11 0ther 
re5tr1ct10n en2yme5 were purcha5ed fr0m New En91and 8101a65 
0r 80ehr1n9er-Mannhe1m 810chem1ca15. 
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DNA and RNA 

5tandard pr0cedure5 were f0110wed f0r the preparat10n 0f pha9e 
and p1a5m1d DNA and f0r the c0n5truct10n 0f p1a5m1d 0r M13 
5u6c10ne5 (Dav15 et a1. 1980; Man1at15 et a1. 1982; Me551n9 
1983). Pur1f1cat10n 0f RNA fr0m wh01e 0r9an15m5 and the 150- 
1at10n 0f the p01y(A) + RNA fract10n were a5 de5cr16ed 1n 
601d5chm1dt-C1erm0nt et a1. (1n prep.). 

De1et10n5 w1th1n the p6X p1a5m1d 5u6c10ne5 were 9enerated 
6y d19e5t1n9 the 1n5ert DNA w1th an en2yme that d1d n0t cut 
the vect0r and w1th an en2yme w1th a un14ue 51te 1n the vect0r 
and n0 51te5 1n the 1n5ert; the pr0duct5 were end-f111ed and re11- 
9ated. 7he 51te 1n the vect0r wa5 ch05en 50 that a11 de1et10n5 
were un1d1rect10na1 fr0m the 3• end 0f the 5u6c10ne a5 mea- 
5ured w1th re5pect t0 the d1rect10n 0f tran5cr1pt10n (5ee F19. 2 
f0r the 51te5 w1th1n the 1n5ert5). 7he 10cat10n 0f the 8amH1- 
H1nd111 fra9ment 0f 9en0m1c c10ne 3104 u5ed f0r mapp1n9 ex0n 
1 15 a150 5h0wn 1n F19ure 2. 

cDNA c10ne5 

cDNA5 3600, 3601, 3603, and 3604 were 1501ated fr0m an em- 
6ry0n1c cDNA 116rary c0n5tructed 6y M. 601d5chm1dt-C1er- 
m0nt fr0m p01y(A) + RNA pur1f1ed fr0m 1.5- t0 5-hr 0-R em- 
6ry05 (M. 601d5chm1dt-C1erm0nt et a1., 1n prep.) and k1nd1y 
pr0v1ded 6y h1m. 7he 1501at10n 0f cDNA5 3600 and 3601 15 de- 
5cr16ed 6y 601d5chm1dt-C1erm0nt et a1. 7he 3603 and 3604 
cDNA5 were 1501ated 6y the 5ame 5trate9y, u51n9 a n1ck-tran5- 
1ated m1xed pr06e fr0m 9en0m1c c10ne5 3101, 3104, 3103, 3105, 
and 3106. cDNA5 E10 and E27 were 1501ated fr0m a 3- t0 12-hr 
em6ry0n1c 0-R cDNA 116rary (P001e et a1. 1985) k1nd1y pr0- 
v1ded 6y L. Kauvar (Un1ver51ty 0f Ca11f0rn1a, 5an Franc15c0), 
u51n9 a n1ck-tran51ated pr06e 5pec1f1c f0r ex0n 7. A t0ta1 0f 
2.5 x 105 rec0m61nant5 were 5creened. 

cDNA5 repre5ent1n9 the 6xd 1ate RNA5 were 1501ated 6y 
5creen1n9 116rar1e5 P (5.5- t0 7.5-day5, ear1y pupa1), Q (7- t0 
9-day, 1ate pupa1), R (adu1t ma1e), and 5 (adu1t fema1e) (a 9en- 
er0u5 91ft 0f L. Kauvar) u51n9 a n1ck-tran51ated 3103 pr06e (F19. 
2). A t0ta1 0f 5 x 105 rec0m61nant5 were 5creened fr0m each 
116rary. C10ne P2-8 wa5 1501ated fr0m 116rary P and c10ne5 R2-16 
and R2-49 were 1501ated fr0m 116rary R. 

6e1 e1ectr0ph0re515 and 610tt1n9 

A9ar05e 9e1 e1ectr0ph0re515 0f DNA and RNA 5amp1e5 wa5 a5 
de5cr16ed 1n 601d5chm1dt-C1erm0nt et a1. DNA wa5 tran5ferred 
t0 n1tr0ce11u105e, and RNA t0 A7P paper, n1tr0ce11u105e, 0r 
6ene5creen (New En91and Nuc1ear) ny10n mem6rane. E1ectr0- 
ph0re515 0f 51-pr0tected pr06e and pr1mer exten510n pr0duct5 
wa5 acc0rd1n9 t0 5tandard meth0d5 (Man1at15 et a1. 1975; 5harp 
et a1. 1980). 

Rad10act1ve pr06e5 and hy6r1d12at10n 

N1ck-tran51ated pr06e wa5 prepared a5 de5cr16ed 1n 601d- 
5chm1dt-C1erm0nt et a1. Pr0cedure5 f0r the pr0duct10n 0f p~6X 
51n91e-5tranded pr06e5 are a150 de5cr16ed 1n 601d5chm1dt-C1er- 
m0nt et a1., a5 are the meth0d5 0f f11ter hy6r1d12at10n. Pr06e5 
f0r 51 nuc1ea5e pr0tect10n and pr1mer exten510n ana1y515 are 
de5cr16ed 6e10w. 

51 nuc1ea5e pr0tect10n and pr1mer exten510n ana1y515 

F0r 51 nuc1ea5e mapP1n9, un1f0rm1y 1a6e1ed 51n91e-5tranded 
p~6X 0r M13 exten510n pr0duct5 were 5ynthe512ed. 7he pr0duc- 
t10n 0f the 1atter f0110wed pr0cedure5 de5cr16ed 1n deta11 6y 
8urt15 (1985) and 15 0n1y 5ummar12ed here. 7he un1ver5a1 5e- 
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4uenc1n9 pr1mer (New En91and 8101a65) wa5 annea1ed t0 51n91e- 
5tranded M13 5u6c10ne DNA f0110wed 6y exten510n w1th ra- 
d10act1ve1y 1a6e1ed nuc1e0t1de5. 7he pr0duct 0f the exten510n 
react10n wa5 then d19e5ted at a un14ue 51te w1th1n 0r d0wn- 
5tream 0f the 1n5ert fra9ment 6y an appr0pr1ate re5tr1ct10n en- 
2yme, and the 51n91e-5tranded pr06e wa5 pur1f1ed 6y e1ectr0ph0- 
re515 thr0u9h a preparat1ve denatur1n9 acry1am1de/urea 9e1. 
M13 5u6c10ne-der1ved pr1mer5 f0r exten510n 6y rever5e tran- 
5cr1pta5e were prepared 1n the 5ame way. 

Hy6r1d12at10n 0f 51n91e-5tranded pr06e5/pr1mer5 t0 RNA wa5 
carr1ed 0ut 1n the a4ue0u5 6uffer5 de5cr16ed 1n 5harp et a1. 
(1980) and 8urt15 (1985) at 6etween 50 and 65°C f0r 3 - 6  hr; 5 ~9 
0f Dr050ph11a p01y(A) + RNA 0r 5 ~9 0f yea5t t0ta1 RNA (c0n- 
tr01) were annea1ed t0 6etween 30 and 300 p9 0f pr06e/pr1mer 
(6etween 105 and 106 dpm 0f pr06e/pr1mer). 8etween 0.5 x 10 ~ 
and 3 x 103 un1t5 0f 51 nuc1ea5e (30-m1n un1t5) were u5ed per 
51 pr0tect10n react10n. F0110w1n9 d19e5t10n 0r exten510n, the 
pr0duct5 were e1ectr0ph0re5ed thr0u9h denatur1n9 acry1am1de 
(4-6% )/urea 9e15, dr1ed under vacuum, and exp05ed t0 X-ray 
f11m. 7he 512e5 0f the pr0tected fra9ment5 0r exten510n pr0duct5 
were c0mpared w1th 5tandard marker5 0r d1de0xy 5e4uenc1n9 
react10n pr0duct5 run 0n the 5ame 9e15. 

5e4uence ana1y515 

7h15 wa5 carr1ed 0ut u51n9 5tandard d1de0xy cha1n term1nat10n 
meth0d5 (5an9er et a1. 1977~ 81991n et a1. 1983). cDNA5 3600, 
3601, 3603, and 3604 were 5e4uenced c0mp1ete1y 0n 60th 
5trand5. cDNA5 E10, P2-8, R2-16, and R2-49 were 5e4uenced 0n 
0ne 5trand 0n1y, and the 5e4uence5 c0mpared w1th that 0f the 
c0mp1ete1y 5e4uenced cDNA5 and t0 9en0m1c 5e4uence fr0m 
the 6xd re910n (D.A. Peatt1e, H.D. L1p5h1t2, L. Pre5t1d9e, and 
D.5. H09ne55, 1n prep.). C0mputer ana1y515 wa5 carr1ed 0ut 
u51n9 810NE7 5e4uence ana1y515 pr09ram5 and pr09ram5 
wr1tten 6y R. 5taden (Un1ver51ty 0f Cam6r1d9e, UK) run 0n a 
DEC VAX 11/780. FRAME5CAN (wr1tten 6y 5taden) wa5 run 
u51n9 an unpu6115hed ta6u1at10n 0f c0d0n u5a9e fre4uenc1e5 f0r 
D. me1an09a5ter c0mp11ed 6y K. 8urt15 and k1nd1y pr0v1ded 6y 
h1m. 
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