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Abstract, We cxumined three regions ol uoder-represented
cuchromane DMA sequences {histone, by, and 1147, Tor
thetr possible correlation with euchromatic constriclions in
palytene chramosomes of Deosoplils melaogpaster. Cloned
sequences ware hybridized o Allers and 1o chromosomes
prepared  Tor lighl  microscopy. Under-represenied  se-
guences hyhricized ta 1dNA within constrictions and in ac-
Lopie Obwers, In contrast, adjacent sequences that were fully
crdoreplicated n the Gy amd T1A regions inopolylang
cells hybridized to sites just adiacent Lo ther respective con
strictions. For one reglon (DA, sequences under-repre-
sented in salivary gland cells were fully endoreplicared in
[t body cells, For this particular region, the morphology
ol Lhe polylene chromosemes differs belween hese twe eell
tvpes in that the specilic constriclion 15 absent at this region
in [ul Body pelyviene chiromesomes, thus strengthening e
cottelanon berween nhder-representation and chromozome
constrictions. Although all three sequences are in regions
that have heen classifod by olhers as Sinlerealary heterao-
chromatin, ™ we delesl oo common [unclional o sequence
organisationd feature lor these exanples of wsder-repre-
sented DINA L We supaest thar the lower efficiencies of the
replication origing, or special regions of termination at these
sites, are Lhe primary cause of the under-replicuiion, und
that this under-replication 1s sullicient to conler the proper-
Lies of mlerealary heterochomatin,

Indrodnetion

The replization of cochromatic A 0 polylens ehrom-
sames of Drasophila s generally vmlonn, as wlerred lrom
the renateraltion kimetes af diplod and polvtene DA
{Lhickson et al, 1971 Laird et al, 1973, and from quantica-
tive Southern habridization of cloned DINA sequences {Lif
sehyle 1983 Spioror and Spicrer 19840 Salellile TaONA -
quences, localed predenunantly un the centromenc hetero-
chromaling and nbosvmal DAL also located n hetero-
chromating, are exceptans in thar they are ander-repre-
sented o salivary gland polyiene chromosomes relative to
rhe ahuncdance of These seqgoenees 0 milolie chromosomes,
The under-representution o these seguences 15 generally
assured L be doe Le under-replication (Ruadkin 196%; Gall
eral. WY [ekson et al, 1991 There are o fow regions
in the enchromatic arms of polytene chromesomes thatl are

f_'.!‘{_:rli'h I dEgnests o V01 1

chislinetively wide or narrow, and Lhese have heen supreesied
Lo represent regions where DINA replication is somewhat
advaneed vr retarded, respeclively, relative o maost cuchro-
matic sequences (Laird 14801 Proportianally aver-repra-
sented [DNA sequences, which would include TIMA pufls
such as are ohsorved in Rbprchosefora polylene chromo-
somes [(Brever and Pavaon 1935; Olover etal, 1982) have
el vel been reported Cor Drosephily awelanosasier, Two
examples of under-represented (and presumably undear-rep-
licated) DA sequences in the euchromatic arms have.
hevwewer, been noted (Tafschyle 1983 Spierer and Spiorer
1Y Because both examples were reported Lo ocour at
o1 neal constriclions, we examimed Durtber the relationship
heiween replication levels and chromosome morphalogy.
Specific cloned DNA sequences, located in or near proni
nenl eonsirichions in salivary glund chromosemes, were
tested for under-replication by quantianve Southern hy
bricization, The VP-labeled probes were hvbridized o
fiter-hound DNAS prepared Prom larval imaginal discs,
which are composed of diploid cells continuing Lo divide
i shall reler Lo these cells ax mitotie cells and DA ex-
tracted feom them as mitaric DMNAY, [rom salivary glands,
which have chromosomes of a high degree of polyteny,
arcd Crovm larval Gat howlies, which have chromosomes of
abhout fourteld lower polyteny than salivary gland chrome.-
somis {Laird el al, 19800,

The rhree constrictions we examined. (114, M1 and
A0FEY have been described as regions of *intercalary hetero-
chromuatin,” This term wis firsl wscd by Kaufmann {1939}
Lo describe regions that are located i the cuchromatic anms
al polylene chirsinesomes, bul are ke the conlromerne hel-
erachromatin n sensitivity 1o X-ray mdoced breaks in
meiotic cells and in a tendency to associate with each other
or with the chromocenicr (eclopie pairing] in polyiens cells.
Since then, the proposed list ol characteristics of intercalary
heterochromatin s been capanded Lo include apparent
arretnral weakness, late replication. and the presence of
repeated sequences {see Zhimuley etal, 1982, for discus-
sian ), We relale our resules Lo The delinilion and properlics
ol intercalary heterochremarin, and we suggest thal under
replication itsell may wecount for meany ol these properiics,

Mlaterials and methods

Preparation of DNAL An Oregon W 8 melanogaster stock
ehilaimed Trom T Fristrom seas raised vn standard cornmeal
medivm ar 18O in oncrowded conditions, Mass aolated
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unagingl dises feom lawe thied instar laovae of this siock
were i gift of T Fristram. Sulivary glands and Tan bodies
woere dissectod Trom e chied st Jarvae. TINA was 5.
lated vang & modification of e method deseribed by
Bender clal, (19830 Char a perrod of 1 b salivary glands
or larval far bodies were dissected [ee ol other lssue in
Prrosophda Ringes selulion (Fphrussi and Deadle 1930)
and Lewnslorred Lo 000 mlaf beas butter (0010 5% Nacl 0.2 M
stierose, (01 MO Tris pH 0010 005 M BEDTA, 0.5% 5105,
HOO pg/ml proteinase K at room temperalure. Approsi-
eately A pairs of salivary glands or Tal bodies Trom 23 lar-
vie were collecled, U lissue was disrupred by passage tour
Lianes throngl a 23 ¢ needle, and the mixtore wis incubuaied
ar 0 dar | b Te was then estacted with phenel, egual
volumes of phenol and chloreform. and with chlarolorm
only. The nuckeic acids were precipitated by the addition
ol ane-tenth valume of 3 M osodium aceiine and three vol
wines of absolule clthanal. BNA was remaoved by dissolving
the precipitate w00 ml TE (10 Tris, 1mM EIVEA
pH 5L adding budled BMNase At 30 peanl, and digesting
Cor 30 min a3 O The arganic extractions wod cthanol
precipianion were then repeated. TDNA was giored an L
at 47 Lmaginal dise TINA was extracted by the same
melhod after combinng cqual volumes of lvsis bolfer anid
discs thal had been stored in glyeeral a1 —700 ¢ Puritied
DA wus digested overnizht with EeoR1 i the Tollowing
huffer: 160 mM Tris pH 7.5, 50 mM NaCL 10 mM Mgl
A small wmount of each digesred DNA was run o0 g mini-
gal 1o determine the extent of digestion and G verify tha
the amaounts of DNA runin parallel Tines of the gel wauld
be compirable, Foolt | restriction Iragments were separalod
oA 1M agarese gel run at 21-23% for 18 M0 h with
approximately 1 pg of TPNA per lane, and with 005 peiol
al ethidinom bromide mcluded in the pel wad the running
buller. The gel was phatographed . depurnnated, denatured
and neulralized and the fragments were traoslerred Lo nlro-
celhiloge by the methed of Southern (19731 The sel was
restained and rephelegraphed e verity that the transie
ol [ragments had heen complete, and the fller was buked
ar 8OO for 12 h onder vacuum.

Cloned 1INAx The bhistone clone wsed was aldm=3000-1
i osingle 4.8 kb histeme repeat unin Prom clime 500 (Lillon
wlal. 1978) clanad i pBE322 (D Hogoess, personal com-
muonication). Two cloned DMAs from rthe 890 regian,
p3EY, 2 kb conlaining the V' exon and homeobos ol the
(b mene, and pA206, 2.6 Kb containing the 57 exon of the
same 2eng, were subcloned rom cosouds by Mo Akam and
ablained from 10 Garber, Clones 0371, 348, and 133 wore
mcluded noa series of syverlapping clones from the [1A
regzion oblained Trom T, Goralski and A Mahowald,

Labeled probes, The above cloned TYNAS, or in some cases,
restriclion lragmens isolated from them, were nick Urans-
lated by standard methods Maoalis ol al. 1982 For iy
bridization Lo [llers, the provhes were Tnheled with *PATE;
Forin sion hybridization ta squashed polylene chromosames
prepared for light micreseopy, “H-ATE and *11-CTF were
e,

flpleidication of peabes o filees D ilters carrving DN A were
pre-hvhridized i sealed boilable food baps Tur 24 h sl
6370 i the Tollowing boffers 075 M ONaCL 0025 M Tris
pH & RO0S M LDYEA 2w Denhardt’s solution, 0.1 % 515,

G paml sheared denalured salmon sperm DAL The pre-
hxlridization bufler was remaved from the by and re-
placed by hybridization solulion, which consisted of the
sibme bulTer contuining 1= Denhacdt’s solution, 10%, des-
tran =ulfade, and labeled probe that had been denstured
By heating 10 957 100" C Tor 10 min, 'The bag was resealed
andd dncubaled e 685 O with gentle agitation Tor ul loas
18 he After hybridization the [lier was washed in 2% 880,
L% BIDE (e washes, 5 min each) al room temperalune,
and in L xS5O 00 1% SE¥S (two washes, 30 min ench)
AL 63O {1 550 05 (05 M NaCL 0N % M osodum citrate.)
The Glier wias dricd briefly by Blotting a1 room lempera e
ardar B wripped in Sacan wrap, and exposed 1o Kodak
FARS awteradiveraphic [lm with two Cranex intensilying
sereens: Inomosth cases the lilor was pre-Mashed (Laskey and
Mills 19771 and several eaposures were made ta obtain
at Jenst one in the linear range of the lilm. Avtoradiographs
wore develaped in Kodak T30 developer and analyzed em
a Helens Quick-Scan Jr. densitomerer All clones ysed oy
probes were hybridived o al least three lilters, cxeept for
clome M8, which was hybridized Lo a single filter: the range
al values oblained for under-representation aof speailic see
guences s deseribed below (see Results), In carly expen
ments comparing cloned DA% rom several differeat chro-
muesamal regions (results nat shown), we Tound tha the
P probe frem the 89 E region appeared o be replicated
ta the same relative extent in imaginal dises and in sulivary
glinds. This probe bound o three frapments in the siee
range of ather fragments o be axamined, and we adopied
it as the standard probe Tor normaliziog DNA amounts.
Filters were hybridized with the standard. analyzed by auto
radiograply, then hybridized with ather probes, The denss
livs of the hybridization bands from the standard sequence
were compared and the rutio of their values in the imaginal
disc und polvlene TINA lanes was used 10 normalive far
PA amount v comparing the other prohes The first
prabe was nol wushed Trom the filer before the sceond
bybridizalion unless the fragments delected by the twe
probes were soosimilar in siee that they could nol be easily
distinguishied. When it was necessary, hvbridized probe was
remaved from lilters by o 2 I wash at 65° Cin the following
solution: 2.5 M Tris pH & 001 mM LDTA, 0.025% sodi-
wn pyrophosphate, .05 Denhard’s selulion (Thomas
PHE The washed llers were dried and exposed to lm
for o period of 1-3 days 1o verify that most ol U hebrid-
tecik prohe had Been removed.

fn st hviridizasion. Squash preparations of salivary gland
chromasomes were made according Lo the methad of Ather-
b and Gall (19721, with the addition of & Leal leeatmend
{Bonner and Pardue 1976), RNase trealment, denaturation,
and hybridization followed he method of Gall and Pardue
{1971} wilh some madifications. In several experiments the
RMase treatment was omitted, In mosl experiments, o
L min treatment wilh aeatic anbiydride (5 mld 0.1 M Tris
PH &, follewed by rmsing in 2« 85C, debvdrating in atha-
ol and aic drvingh was included hefore the denaturation
step [Hlavashi el al 1978y 'The hyvbeidization buller used
was (L4 M Nl 50% Tormuunide, 001 M Mpes pll 6.5
Mick-tramslated DNA was denatured by boiling for 10 min,
ten added L the hybridization buifer to pive a concenira-
o of approsimately 23000 cpm/jpl. Ten mucreliters af
probe in huiTer was placed on the slide over the chroma-
simes and coverad with an 18 o sguare cover zhp, he



slide was placed i a modst chamber with hybridizaton
buller in the bottony of the chamber, or the edges of the
cover slip were sealed wilth ribber coment. The hybridiea-
tionr reaction wis allowed to procesd at 379 O [ae al least
18 b Cover ships were renoved o 2 = S85C at roon lampera-
tuee, ancd non-specifically bound | 3NA was remoeed by e
addditional rnses in 258300 at 50° 0 After the slides had
heen dehvidrnled and air dricd, awtoradicgraphy weas carricd
out according to the method of Gall and Parduoe (159711

Hesults

Threr vonsiriciione i sofivery gland cliromosomes contuin
ider-pepresented sequenRces

Che component of the hyporhesis thal polyiene chromao-
some morphology is correlated with replication levels pre
divls thal consirictions contdin scquences Thal are delayed
or halted in replication {Luird 1980 We tested this by
measuring the moeonl of 2MNAL relative woomitous DINAL
ol sequences locared in thres conarricnnms in salivary gland
chromosomes, These constrictions are located at region
3913 on chromozome 2F, the localion of the hislene peoes,
region B9 L on chromosome SR8 the lecaton of the hithoray
cemnplen, and repion 11A oo the X choomaosome,

Histone peocs, Histone genes appear to be between one
and bwo sleps behind inoreplication o salivary glaod chro-
mosomes (192, 1) While the standard probe (pal 29, see
Materials and methods) shows bands of similar density in
the imerinat dise and salivary shindd Tanes, the histone TINA
band 15 twinter in the salivary gland lane. Aber normalizing
For e small difference o 2MNA amounl siown by U relatye
density of the standard probe in the different lanes. the
ameunt ol histene DA detected in the salivary gland lane
iw A% of the ameunl in the imaeinal dise lane, For three
ather sinnlar llers, the level of listons sequences 1h sali-
vary sland DA relatve o noaginal dise DNA ranged
From TH%0 too43%, Phese resules confivm those of Tafschyls
(19830, who reported that histone sequences were 33% o
A5 as abundant in salivary ghimd TINA asin pupal TN AL
Hamumend and Laird (T98300 usurg quantitative noosito hy-
bridization Lo eylolopical preparations of salivary sland
chromosames, have also reported onder-representarion of
histone sequences in these chromosomes, inding them 1o
b 18%, us abundant us in imueinal dise cells,

Labeled probes prepared rom histone sequences. inh-
cluding the clone that we wsed o this study, have been
shown o hykridize in sion ro the 33031 region (Hammaond
19841, which appears ws o prominent constriction in 2L
chromnoseine arms Lhat are slighilly stretched (Pardue ol al,
1977 Lifschytz 19831 In aome preparations, ectopic fhers
extending frony this rezion are labeled, while the chromo
somne regions toowhich thoy are celopically allachad remain
unlabeled (Pardue etal. 1977, Fig o ®: Lilschyie 1983,
Fip. 8.

L seguences, Spierer and Spoecer (1984) have mentioned
nnpathlished oo on under-reprosenanion of soquences al
915, which is the location ol Lhe bithorax complex and
a prominenl constricton in salivaey gland cloromesomes
AR We oblmned two cloned plasmuds from this repion:
pIL2%, which includes the 37 exon and homeobos of the
fhyooene, and pA206G, which comtaing the 3% exon of the
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Fig, 1o, b Mislooe sequences are under represented in salivary
aland and Tar hoedy TINAL TINA rom imagnal discs, salivary
alands, and lareal Gy bodies was digested wilh PoeoBL separulad
T electropluoresis o 0.7 % agarose gel, and transfereed o niteo-
coelluloae (ers: a Tilter hybeidieed with the contral probe (pd 5,
2 Leha soquences) bThe same Nher hybricdieed with histone se-
guences. Tensitooelry meansuiements indicated slight differenees
in the amomdt ol TIA o the comtrol Tanes (within 20%0, and
valucs Lot the binding of the experimenda | probes were normolioed
Ler aevount fon these dilTerences. ARer normalizstion for TR A
amenant, The histone seqguences were caleulaced o b 2% as abun-
lumloan sahivary wlyncd DA us n imugiosl dise DA o 34%,
ws abondant i for body %A as in imaginal disc 77N A These
values 1ake in aceourmt The small amount of hyvbradizatoen
fgh molzeular wedghl maderind seen us w faing Tood towared Uhoe
tap ol the fiter. This material ran at the same position as enniral
undipested THNA (oot shown), and varied in amount from propara-
LI LD Preparsiion

sne pene (R Garber, personal communication), Char ini
Hal experiments indicated Thae the 30 by seguencos ure
nat under-represented in DMNA - [rom polyviens chromo-
somos, and soowe wsed Udzs probe as our standard, The
sequences at the 3 end of thiz pene, however, ware nnder-
represented i salivary gland DINA (Fig. 2). Densitometry
medsurements, normalized for DN A ameunl, indicaled that
the 57 Lhx sequences are 22% as abundant in salivary pland
A as o oomaginal dise DNA For seven sunilar llers
hyhricized wirh the 3 Chx probe, this relative abundanee
ranged from 22% to 0%, which is approximately the same
depree of under-represenlation thal we deleeled for histone
sequences i salivary gland DN AL

The G regpton is estinalad e be 75 kb long and is
located in the centromaers proximal hall of The hitharas
complex (Bender et al, 19530 Akam et al. 1984) To deter
mine more preciscly the location of the by cloned se-
quences relulive o he constnicnion, we hyhrdized *11-la-
Beled mick- runslaled probes Lo sguasbed salivary gland
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Fig. Za, b, 5 Gy sequences are uneler-represented in salivary
laned, bt nolin Ml body, DAL Tilters were prepared und bybrid-
feed g8 in Flgnre 1, bt the Gler was washed 1o remove the cunteel
prebe belore hybridization with the 5 Lo probe, o Hiter hybreid-
e with contral (3 Lhx) probe: b same filer hylricdized wilh
=0 Uk probe. Alter normalizalion Tor shght differences in DHSA
amaonnd, the & Cby sequences woere eoldoulated Lo be 22% a5 abun-
dant in salivacy slad DINA ag in imagingl dise TINA, bug 5%,
as abamdant in G hocly TINA wy tmoamaginal dise THNA

chrennosomes. In penaral. the hybridizatGon of each af the
prothes nccurred at or near the B9 constiiction. Tn several
sels of chromesomes, the rght arm of dromosome 3 was
slightly strerched in the 89E region. which made the con-
striction more obvicus. In thess chromosomes, hybridiz-
tion ol the 3 Ay prabe was primarily o the region just
praximal to the constriction, with few or no grains located
aver the conslriclion itself (1ig. 3a) Tn similarly sirerched
clhiromesomes, the 3 Uy probe, which filler hybridization
had shown to be under-represented relative to U 37 see
quences, prodoced grams located primarily over the con
striclion {1z, 3b). These results support the hypothesis thal
conatricted regions are areas ol DINA under-replicadion. In
sorne preparations, ectopic fibers appeared to contain the
remion ol hvbridization: us in the case of the labeled Hhors
at the histone locus (abovel and the 114 reion (helow,
lhe celopie chromosomal repion W which these labeled
fibers attached was nol labeled (g, 3¢).

The 114 region. II DNA imder-representation al comn-
stricted regions is o peneral phenoineuon, rather than a
special praperty of the histenc and hithorax resions, se-
quences localized Lo other constrctions should shows simila e
under-representation m salivary gland TINA. A prowminent
consiricrion 1% located v the ¥ chromosome at the 11 A
region. We hybridized **P-labeled probes from the two ends
anil the middle ol'a 100 kb chromaoseme walk in this region
ta filters that had previously been probed wilh the TINA

Fig. 3wt In a1iu hybridization of cloned probes to 8910 e
8 The 3 Gl prole hybridizes pricnarily to the region prosam,
w the consteiction b The 3° Ly probe produces srains IRTTIHERE
over e consireted repion. ¢ Region ol welopie paring bl
with 5 (e prole. The short ectapic Thers and S9E are lnbelo
the eetopie region to which they atlach is unlabeled. Rars represes
5w

standard. One of these clones conluined o frapment tha
appered to be poder-represented in salivary gland DA
The muost proximal af the clones tested, 133, hykridize
L severdl Healll fragments, including a large fragment thy
ran close te the position of control undizested DNA. Thi
Wbridizing fragment appeared on all fllers tested as

heasvy diffuse band in the imaginal dise lane and in eac
case a5 o much lighrer band o the salivary gland TN
lane (Fig. 4% Par all three 11 A probes, the fra oGNS rane
g in size froan aboul 2 ro 7 kb were proportionully repli
calod i the imaginal dise and the salivary gland DINA
Gither workers have reporled that restriction fragment
larger than 5 kb may he artifactually under-represenled dn
Lo shearing (Spaerer and Spicrer 19841, and hvhodization
ta high molecular weight frapments may not be reproduc
ible (Lifsuhyls 1983) We do not think that the under-repre
sentarion ol the high molecular weight DNA 5 artifactuy
r this case, for we observed these bands oo all the filer
that we hybridized with this probe (Tour filers propire
with DYNA from three separaie 1YNA iselations and rostric
tion digesls). Beeanse of background, dilTuscness, and th
preal difference in density betweun the bands i the imagina
disc and the salivary gland DNA lanes, the relative densil:
ol the bands was dillicult to measure on most of the autora
diopraphs. We estimate (tom comparng several exposure
of the [ilker shown i Figure 4 b, that sequences in this higzl
moedecnlar weight band are al most 25% as abundant i
salivary gland YA as in imagzinal dise DNA. Seguenc
al the proximal end ol the walk are repeaed (1 Goralski
personal communication), and isolation and nick transly
tion ol a 5.3 kh Feal1 fragment located al the conrromer
provimal end of clone 133 indicated that sequences located
m this fragment are responsible for the Lybridizalion
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Fig. 43, b Seyuences Tocaled al 114 are under represented in sali-

wary sland TXRAL The filter was preparad, bybedised and analyeed
as in Pigores 1and 2,8 Filler probuc witk control 37 L probe,
b The s fler probed witl clons 133, from the proximal sl
of the T1A walk Ol the baved of high molecular weighe DA
423 kb shows gosubstanlial dilerence in demesily when the o
pinal dise and salivary gland DA ane comparad. Dlonsiiomery
measuremants of this Hlee indicated that these sequences are 4l
st 2% as sbunedunt inosulivirey glaned DNA ws i aginol disc
AL Two other clones from the 10 A walk, 0371 ran the distal
cnid, and 348 from the muddle, Buled Lo show any substanoul dillere-
enees between imaging] disc s salivir v gland TN A when Trelid
ized to similar filtes

hisgth molecular weirle TWNA on the Gllers (resulls i
shown). The high malecular weight hand in liaonre 45 five
Lirones ws dense as eapected Tor single-copy DN AL based on
the denaity of the hand ac ahowl 3.3 kb, and the relalive
sizes of the probe fragments responsible for the hybridiz-
tian Lo the bands, We conclude Mrom s thal the sequences
in the high molecular weighe [3NA are repested approsxi-
meately Theclold mnomdtote DA,

We determined the chromosomil location of probes
from the two ends and the nuddle ol the 1A walk by
in wite hybridizalion Lo squashed salivary gland chroma-
somes. All theee prabes hvhridized close (o the consriction,
bul only the prosimal probe (133 which containesd se-
quences under-represented in salivary glind TINAL showed
erains over the constriction in favorably siretched ¥ chro-
mosomes (Figo 5, These grains do nou extend  the entice
lengih of the constrcton, but are locared only 10 the disial
hall Lo Lweo-thirds, 1o some preparations, ectopic ihers from
the 11A reaion showed laheling with (he 133 probe. These
Inbeled fibers were atlached o oan volabeled chromozome
resion (Fig 3c) Even wilh o 37 day exposure of the
133 probe (compared with the 11 day exposures shown in
Fae, 30, and with a 50 day exposure of @ probe made Troem
the tsolated 503 kb frapgment, we deteeted noe olher siwe of

M

Tig, Sa-e. In atn hvbndization of loned protbes fome the 1145
wll, o Clone 0371, the maost distal clone, hvbridizes 1o the region
distal 10 the constriction. b Clone 348, From the middle ol the
wealk, by beidizes to the remon distal e Lhe comstriclion, ¢ Diagram
showing (e relative puosilions of the theee clones used as probes
The region apans approximately HO0 R of DN A d Clone 1232,
the mest proximal elong, hybrdizes v upprogimealely bwea-thirds
el the exlended conslriction o this preparation. e Fetopic fihers
labcled with probe prepored from clone 1330 While the cotopie
libers are hoavily labeled, there s ne ibeling ol the ecotupic cho-
misonl regien Loowhich te Gibecs attach, Bars represent S o

reproducible hybridiealion Gor Lhese sequences o salivary
zland chromosomes: We conclude therefore thal seguences
Towaled inLhe U1 A constiction are aoder-replicaled at this
sl

Ave veguences ol are wader-represented nosalivaey glonds
skl - vepreseriod {noether polviese fisues?

We isolated DNA from larval Tal body and probed it with
the histone and 53 hx probes Histone sequences appeared
to be under-repeasented in fal hody chromesomes. In Fig-
uri 1. the leve] of histone sequences detected m fat hady
PIbA is 34%0 of that found o dmaeinal dise DOAL ard
two similar Hilters gave a range of 3d% ro 3%, This is
similar Lo The deeree of ooder-representation of histone e
quences 1n salivary pland DYNAL where the level detecled
wis TS w420 of that found in imaginal dise IXNA



3 LAy sequences, ineontrast to histon genes, and in
contrast 1o their apparent under-representation in salivary
gland chrimosomes, were palvienized to the sume oxtent
s coilrol sequences in fat hady chiromosomes. In l'igure 2,
the amounl of 5 Chx DNA delected in at body INA
ix 89% of the imaginal disc value, and the vulucs for two
ather tilters hybridired with the 5° Uhx probe are 100%,
and 103%. These Hilters were subsequently probed with Ihe
histane probe, and they showed under-representarion of the
histane seguences in both salivary pland and fat beredy
DMA. Thus, one set of scquences (histone penes) that is
tnder represented in salvary glands is iander-represented
i ul least ane other polylene tissue, the fat Body, bul an-
alher sequence (57 Ehxd thar i under represented insalivary
glands in nul under-represented i this second polytene ts-
s

Discussion

(hegoenization amd transeripiion patiern of thewe
witler-represenisd Seencey

We have examined specitic DNA sequences located in Lhree
different constrictions in the euchramatic arms of salivary
gland polylene chromosomes X, 2 und 4. In each case the
seuenees are wnder-represented inosalivary pland DINA,
We dssume thal this under-representation is due to the fajl-
tre of these sequences to underge as many rounds of repli-
calion as most of the sequences in euchromaling In the
case of 5 Lhe sequences, under-replicution does not oocur
i fat hody 1INAL Richards (19800 analyzed fal body chro-
masomes i D mefanogaster and tound most of the bands
corresponded Lo bands in salivary gland chromosomes. A
luw repions remained diffienlt to correlate, One of these
tegions was 89 B through 89 E, where the fat Brody chrome-
Blanes appear 1o contain mers kands and the rewion does
not contain the consiricnon apparent in sulivary gland
chromosomes. Rather, there s in far body chromosemes
g constriction distal W 89E. The constricton displacement
strenghtens the correlation between under-replication and
chromosome morphology, A atronger conclusion wonld
however require in silu hvbedization of lhe 8tk probe
L fat body chromaosomes,

Doos the morphological difference belween sl ivary
gland und fal body chromasomes rellecl u funetional differ-
ence in the 3 Lax site i Lhe lwo nissues? Ak (193]
wsed the 3' Ly probe lo deteer the presence ol homologous
transcripts by in ity hyvbridization Lo RNA i1 sections of
third instar larvae. He (found no hybridization above hack-
ground in salivary pland tissue, indicaling that this gene
is not transeribed in salivary plinds In fa Doy Lissue,
#osmull percentage of the nuclen was labeled (= WY, sug
pesting that Lhe might be involved in tenseription in fal
bundy or far hody-associated cells a1 some time during the
Larval periog,

Thus, Trom the £hy example, i1 could be argued hat
under-replication refleels Iranscriptional inaclivi Ly I pen
eral, however, there is little evidenee fora s romgE correlation
belween under-replication and lack of transcriptional aerivi-
lv in the sequences we have examined. Transcription in
the A and histone regions hus nol heen mvestigated di-
recllv, to the best ol our knowledze, bul we cxpect the
latler to be aclive, in contrast o Lhe apparent inactivily
ol the T4y region. Salivary gland DNA is complexed wirh

histone proleing (Caben and Gotchel 1971 Halmgren et
1985). and lranscriplion of hizrone genes 15 coordinal
with DA svothesia in fravapdifa as itis in olher arganisn
(Anderson and Lenagyel 1980). Thus, there is no obieio
correlation between transeriptional activity and under-repl
cation ol seyuences in salivary gland chromosomes.

The three probes wsed hyhridized o site Lo ou sing
chromosomal site in each case. indicating that they deo
contain dispersed repetitive sequences. The histone B
are known o be repeated ahaut 100 Fold and clusiersd
the 3UTIE locus {Fifton etal, 1978; Pardoe el al 1973
The E1A prabe appears Le conain a repetitive clomen
and since this probe hybridizes in sty only ro the 11,
region, we infer thal 10A conluing 4 small cluster of n
peated sequences. Under oar bybedization condilions, th
3 Lo probe appetred not to conlain repeated SEE L0 G
surmparcd wiath the histone and 11 A prabes, g lonper expe
sure was required Lo oblain an adequale signal, even takin
e aceounl rhe specific aclivity and size of the praab
Ananiev et al. (1978) have reported the presence of 4 e
tive element, D 225, ar 89LEF, but micrographs of o sit
biybridization of Dm225 show thal it hvbridizes to man
chromaosomal sites, unid when rhe 39 EF regian is stratele
the Dm 225 prabe hvbridizes 1o the remion adjacent 1o 1
venstriction, ruther than o the constnction itsell {Ananie
et al. 1878, Figs 1, 3dy Because of twse differences in th
padlern of in zitn hybridizaton, we infor that Dm 223 s
QUEnCEs are nol presenl in onr prabe, in w constriction
ar in ectopic [ihars. Our three probes are ohrerosly dissini
lar in sivoeruee. in that they do nor all eontaiy repealc
SR Uenes,

Fermperal and ssee-specific pattern of DNA replication

We suspect thal e under-eepresented sequences dre de
layed, rather than completely blocked, in replication. T ha
heen shown by quantilative in sitn hvbridization thal lwe
sequences under-represented in salivary glands (histone:
and ribosomal BNA genes) uppoar fo participate (ully 1
the last two to three rounds of replication in these cells
{(Hammond and Laed 19853, Even u severely under repies
sented sequence, the 1,705 pmicm® sarellite, nnderpoes 1l-
most o complete donhling 0 abundanoe during the (inal
eridoreplicative steps. This buplics that the inhibition o
replication that leads Lo the under representalion of rhese
sequences ecnrs ey early inendoreplicanon, and 1hai
the inhibition can be relicved ar o subsequent stape. For
enample, the under-representation of hislone sequences in
buth sulivary sland and fal body polyrens DNA could Ix
accaunted for by the Rilure of these sequences o partic-
pate in Lwo carly roends of replication, with a normal o
nearly narmal degree of DNA synrhesis in subsequent
rounds. The 5° L probe s ahout fourfold under-rapre-
sented i salivary pland DNAL This indicates that these
seipuences have missed lwo rounds of DNA feplication in
these chromosomes, Uhe fuet thatl these sequences are not
under-represented in the fat body implies that even i Lhe
sed|uences examined in this study possess sonw similar profp-
ety respomsihle for theic under-replicanom, Tor example,
unisial replication or Lermination sites, the sensilivity or
elticiency ol Lhese sites must vary ameny The S8 UCTICES
ard in cdifferant tissues,

We suggest thal the underrepresentation is o conse
yuenue of lssue-specitic changes in the efficiencies of' repli-



cation origins or termination sites m these polytens rissues.
In order Lo detenoine which seguences are responsible for
under-representation and the presence of conslriclions in
politene chromosemes, sequences could be inserted by P-
clement transformalion (Rubin anod Spradling 1982) into
eclopic chromosone sites and tested For under-represenla-
Hed and presence i ovel constoctions at these sites These
experiments eould also indicawe whether the undec-repre-
sented sequences we huve delected wre necessary and zofti-
cienl for maduction of under-representation and constric
Hons al new chromosome sies, or iF flanking sogquences
are required to prodoce these effects.

The sequences cxamined are focated f inlerealary
heterochromeeiin

In addifien 1o their under-represenlalion and location in
constriclions in salvvary glands, the three saquences cxam-
ined share Lthe properly ol ectopic paicing with oon-homolo
gous chromosomae sites {Pardue ol al, 1977 Lilschyle 1983 ;
Figs, 3¢ and 5e of this paper). This tendency to pair with
other siles was one of the charucleristics noted by Kaul-
mann (1939, who fiesr used the lerm inleres ey helero-
chromatin o describe sites that, although localed in the
enchramatic arms of polytene chromosomes, had  some
properties of the centromeric helerochrommatn, since thar
lime, & number of sludies bave alteinpled o deline erca-
lary heterochromatin in terms of some commaon [unelion
or structural organization (for discussion see Zhimuley
et al. 1952 Bolshakov el al, 19855 Some of U proposed
correlates with intercalary heterochromanin are weak poinds
fconstrictions or regions easily brolen when sativary glands
are preparced for lipht microscopy . lale replication in poly-
Lelve chiromosames, ectopic palring, chromosome reaange-
ment breakpoinis, and the presenee ol repealed sequences,
{either clusters al’ penes repeated at rhe sire, or moderataly
repeiled, dispersed sequwences),

The sedaenees thal we have stbicd show some bul nol
all of these teatures, As described above, all threée sequences
art lTocated in constrictens and cogape moeclopms pairng,
They reside witlhin regions af late replication in salivary
wland chrvmuosomes {Adcos-Teran 1972 Fhimuley et al.
1987 Chromosome rearrangemenl breakpoinls, origioal-
ing in meiotic cells, are lrequent in the 114 remon (Il auf-
mann 193%; Mukbing ol al, 1981, cited by Zhunuley et al.
19482, but we do nat yer knosa if these hreakpoints occur
precisely within the undec-represented sequences we have
stdied. Chromosome rearmangement bresks are nel a
prominent feature of either the 3901 ar 891 locus (Muk-
hing clal. 1981; Zlumuodey ol al. 19820 The histone and
1A sequences are repeated, bul the 5 (y seoonecs arc
nel. All thees probes do, however, hybridize to constrictions
aned cetopic Thers and are therelore reasonably clussiliable
as intercalory heterochromatic LA

Praes wner-replication explain the prapertics
af mdervadury beterocheoratin !

B thus stody aod o oprevious studies of possible over- and
under-replication of TPNA sequences in the cuchromatic
arms of Drosophite sulivary gland chromosomes (Lifschyiz
1983 Spierer and Spierer 1984, sequences located in re-
gions considered 1o be intercalary haternchramalin were
Found o be under-replicated, Ts under-replication & com
mon prapecty of intercalary helerochromatin remions, or

3

are There several dilfferent classes of intercalary hetecochro
maltin, with dilterent underlying hazes of airuetaral organi-
wation”? One chromesomal region, 30F, the location o 55
penes, mav ke an example of a elass dilferent Trom the
intercilary heterochromatin sites that we have Tound 1o
he under-replicated, The 36F region displavs many of the
[eaturas af intercalary hewerochromaling including late replh-
cution and ectapic pairing, but does nar show weak poind
hehavior or major constricticns {Bolshakeow et al. 1985,
and the 55 genes are apparently nol under-represented in
slivary gland DDNA (Szabo etal, 1977 1L has not been
demonsrrated, howeser, that 35 TONA s included i the
eotopic fibers at 30, and this remon contans a numher
of alher kinds of sequeoces (Zhimules et al. 1982}, which
might he under-teplicated, responsible for helerochoemaltic
properlics, or both, We note that under replication 15 only
an exrreme form of e replicalion (see helow),

Mol all feateres associated with intercalary heternchro-
matin are manifesled logether i reglons generally described
as intercilary heterochromann regions (see above: Zhimu-
lev ctul. 1952; Belshakow etal. (985 OF the properies
mmentioned ahove, Those Thit show Lhe most fiequent corre-
lation, according Lo Balshakow et al, (1985} are weak poinl
hehaviar, celopie pairing, latle replication, and hybridizi-
o with cB™MA iputatively repoetitive sequenees transeribed
i Peosoehida tssue culture cells); How mught these features
he azsooated with onder-replicalion? (1} Lot replicodion
is considered Lo be o property af heterochromatin in general
(Lima-de-Furia 195%; Brown 1966), 1t has heen proposed
that 3N A gynthesis in polyiene chromesmoes can be de-
seribed as being under *reluxed ™ contral: 10 1s not required
that all sequences replicaic daring one round of replication,
before the next round can bemn (Lamd e al, 1957 Tnder
the conditions of relaxed DA synthesis in polylens chro-
mesomes, the late replicating sequences, espocially il ey
are relatively condensed, would be expected ta he most like-
Iy 1o miss a round or two of codoreplivation, resulting in
pnder representation. (1) Week paines are axpoeelod Gor re-
mang ol under-replication, where failure of some strands
Lo veplicate resulis i redoedion of the number ol chireims-
Lin steaods at the region [Darclinglon aod La Coor 1940)
Such nnder-replicaled sitex would be weak points because
of the greater lorce per chromanin sieand, compared with
the lorce per steaod o fully replicated regions. (i) Eeropic

Siberss Ashhurner (19800 has poinled oul Lhat repiens o

under-replication would contain multiple replication forks
and has swreesied thal coloepic paicing fbers originate from
hranch migration of single strands ar ™ roven ™ replication
lorks e Uwese under-reéplicated regions. Our study of three
specific sequences confirms the predicled correlation of
under-replication and ectopic libers In sitn hyhridizalion
with The three probes bas indicated that the sequences are
located m ectopic fibers, There was no hyvbridization of
the prubes in those cheomaosomal siles o which the ectopic
fibers were aliached, supaesting thal there was 0o major
sequence homolosy between the resians, Cytological slus
dics ol celopic pairing, however. indicate that ectopic pair
ing is not randem, and that some siees pair Teguently, -
plving a limited homology between paired sites (Slhzynako
19457 Koanfmann and Tddles 1963), [Lis possible that limited
homeleay exisls belween the sequences canlained in our
probes and the siles 10 which the ectopic fibers appear 1o
attach. but it cannar ke ruled oot thal olher sequeices 1
the cotopic fbers are responsible (or the pairing behaviar,
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arid the probe sequences are passevely carried along. Thus,
sequences confamed in the cR MA thatl is reported 1o leyhrid-
lze Lo intercalary rowions [Grvoedey et al. 1980 Bolshakoy
clal. 1985), wonld also he eandidates for a role in this
pairing behavior, Adlernatively, the ehservation that carople
PUTING occurs most lreg uenlly between siles located rolu-
tively close Logether on the same chromaosome (Zhimuley
etal. 1982 sugpests that physical proximity af single-
stranded DINA vesions in (the nucleus way be mare impor-
tant than hoemaology for the frequency of ectopic pairing,
There may be u single-strand binding protein, for example,
suflicient L hold together rea single-stranded DHNA maole.
cules, even i the ubsence of DNA sequence lwmology,

I canclusion, we have conlirmed one composenl of
the hypothesis that the motphology of polvtene chronio
somes 1s correlated with the loeal level of polwteny {Laird
19801, I addivion. our resoles provide support for Lhe con
clusion that two of the major properties of intlerealary het-
erochromatin — constriclions or weak paiints, and eclopic
pitiring lihers — are consequences of the thind MEJOT [roper-
Ly, Jate replication. For some siles of intercalary heterachro-
matin, for example, 1A, Lhis lae replication may ulso oc-

Curoin metotic cells, leading i increased leegiency af

meiedic choomoseme rearranpgements. Thus, many interea-
lary hetervehramatin sy iences are likely (o be normal ey
chromatic sequences that have become, in seme cells, lale
ar detayed in ther pattern of DA replication. We retaim
the term intercalary helerachromalin for historical reasons,
bul it should be understood thar many ol lhese sequences
may ool be heteracheomalie in any sense olher than cheir
patlern of LINA replication,

Aeknavwicdremenis. We thunk s Ty Hogness, B Gaclier, and
T. Goralaki for DA clomes, and e 16 Wakimolo, € Koanpen,
B Melon, and B Jale for helpful comments an e LRI
Lhis ressaccl was supported By granis froon the National Tnstiotes
ol Flealth (General Medical Sviences) and the Wational Scieree
Ponndation (Bucaryoric Creneties)

Reterences

Akam ME Q193 The locution of Tirabithoras 1 NACIPLE I 1 ro-
sofhila tissue seetions. EMBO ) 22075 3004

Al M, Maoare H. Cox A PR Ulirabithoras muwstions (INETH
orclistand wites within the bithoras cumplex of Thosophila. Ma-
burg 30%:G35 537

Anaiies BY, Cwnrdey VAL [lvin YW Tehurikow MA, Lienrgioy
G (19781 Revterated penes with walying lecation o inlerealary
helerochromitin regions of Dhrosophila rneluncgasier polelene
chremssomes. Cluumosoma 001 17

Anderson KV, Lenpvel TA (1980) Chunging rates o histene
I MA svinthesis and jornover in Prrosophily melanneaster,
Cell 21717722

Arcos-Taran L (1972} MNE-Beplkation umd die Nat der S
veplizierenden Orle im X-Chromosom von Dvasaphila melano-
saster. Chromosoma 37237200

Ashburner M {980 Some uspeels ol the strpeluee nel Tunetion
ol the polytens chromosomes of (he MHptara, In: Wlackiman
BL, Hewill ¢, Asliburncr b s Inscel evlomeneiics, SYT[
B Einteamol Soc London, na qi, fp 05 &4

Atherlon I Gall 13 11977 salivuzy gland squoshes for i sity
neleis acidl hybridieation sindiss Phags Inf Sere 48 0131-133

Bender W, Akain M, Karch F, Beachy PA, Peiler M. Spierer B,
Lewis BB, Tooness 15 CH983a) Molecular genetivs ol The b
thorx complex in Dirosaphila melaneunsier. Seienee 221214 20

Bercler W, Spierer [, Herness T30 (1987 b Clhiramesomnal wilking
and jumping to isolale DNA from the Aee aod rosy loci ad

the Bihorax comgles in Drosophily melannpaster. | Mol Tinl
16817 33

Buolshakow ¥MN, Zhurkikl A5, Zlimuley 1T (1943) Intercalary het-
eruchromatin in Choosophila 11, Hetergeheomatic lealures in re
Bitfen Lo lowul DIMA conten) alomg the polylene chronwmsomes
of Deosophilu melanospaster, Chromoesoms 2 H-20R

Boner 1), Pardoe ML P10} Velysonesstimufated Ra synLears
ity imaginal dises of Tivosophila melanogasier: assay by i osily
habridization. Chromosomna 5884

Breoer ME, avan (19520 Behavior of polvtens choomosomes
of Rhyvichosoara angelae nl different stigges of lirval develop-
ment. Chromosema 71371 386

Broven 5% [ 19466) Helerochromatin Svienee 131417 425

Colien LH, Goichel BY (19717 Histones af pulylene and nonpaly-
wie focla ol Drasonkila melanopasier 1 Biol € hem
20184 - Rt

Barlingmon CEY, Ly Cour L {1940) Nucksic acid slurvation of ch-
mesomes in Teillium. J Cenet @ 185217

Mickson I, Boswd I, Laind G F1ET1} Segquenee dive
tehe chiromesome 13N A foom Preazophifa bder,
Ol:0l 53627

iphrussi B, Beadls (7W (1036 A teclmivue of tranaplantation [or
Prosephilic Am Mar Th-218 275

Crall G, Colien TH, Polun ML 1971 Bepettive TIsA BLUCTLECS
in Thaosophila, Chromasemy 33370 344

il WL Pardue ML 1971 Noeleiv neid hvhridization i evinlng
cal preparations. Methods Eneymol 27:3790 280

Lileverr DML Zaha AL Srocher AL Saniell] EY, Pucwvn MT, Dielo-
ledo 8%, Larn FIS (19827 Gene snplitication in Rliynchosaiara
sdivary gland  cliromesomes Proc sanl Acad S LA
20T 295

Chvowmley WAL Ananivy BV, K mlelvanskaya AL Ahbouiey |17 198R0)
Transerpon of utereulury helerochromatm rexinng jo ro-
saphila melinogasior cell culiure, Chroomosymmg B L7790

Flaurmend MP (1984) Chranosome sirmcre add T A replica
s i Lhe giant nuclel of nurse and sultviary slind vells of
Drosaphila melanosaster, Pho L) thesis Llniversily of Washing-
[E434]

Hammomd MU, Laivd CD {19551 Contoal ol MM replicalion and
spaitial distribuiion of defiued LA secueoues i salivary glad
cells of Diroanphila melanagastor. Chremosona 91 270286

Hlavashi 8, Giitlam 1, Deluney AL, Taner G CL9TEY Avetyluiion
ol clromosems squashes of Dirgsophila el ster decrenses
thi backprannd iy auteradiographs (rom bybeidization with
Y Tubeled RINAL ) Histochem Cytochem 36677 74

Haolmpren P, Tubansseon T, Lamberisaon A Risgsan 1 (1985
Contert ol histome: 1 and histooe prhasaphorylation in relatian
v the bigher order stouclures o chronmlin 4 Mirsaphila,
Chiromosoo Y4 1250 %)

Foaulimmr BIY (19397 Distribution ol indused breaks along the
H-chromesome of Dirasophls mchinosasier, roc Matl Ao
Ser LISA 35 AT -aTT

Eaulimann B, Tadles Mk (T3] Fatopiv paming in salivary-gland
chramosumes of Dirosuphily melavcgaster, | Idsteibutiong|
patteres in velabion 2o puffing, Por Acta Bial See A28 2an

Tabed LY (E9R0) Stouctieral parado of polvrene chiomagsomes.
Call 22860474

Lairdd ©0Y, Chooi WY, Coben EIL Dickson o Phuehizon ™,
Purner SE 978 Dewamization and lriseriptinn of DMNA
chromosumes and mitechondria ol Mosuphila, ©Cald Spring
Harkot Syvinp Choant Biol 38311 327

Faivd C0x Ashburner M, Wilkinson L {19807 Welatiomship between
relativi ey mass and average band widil) in ruareong ol poly lene
chromiosomes of Drozophila. Chromosama 76175 150

Faird CI, Hamemond MP, Lamk Mo C1U7) Polvtene clirgio-
gomes of Drosophila Ino Slahl A fedl Cloumosomes tocuy,
Gieoree Allen & Ulowin, |onden (in prias)

Laskey Ba, blls BEY 11977} Enhanced aulorgdiographic deteeiion
of 2P and Y22 gging intensilving sercens wd bypersensitizel
Ml FLRS Letl 823142315

Lilschyie E (1987 Sequencs replication amd banding orgoisg oo

ity ul poly-
Ml Bl




i e prerlvlene chiromosomes of Drosophily melanogaster. S
Wl Pl Téel s 1734

Lilton 1L, Geldberg ML, Karp BW, Hogoess DS (19781 The
arginislion of the histons geoes i Drosophila melanogster:
Functiomal and svolutionacy implicatons, Cold Sprog Harbor
S Quant Bial 421047 1063

Lima-de-Faria A (1959 TrfTerential aptake of tritiated thymidinoe
into betero- and euchromatin m Melanopus s Seeule. | Bio-
phvs Bivvhem Cuetol 62437 460

Samans T, Fritsch T, Sambrack 1 {1982 Maolecubar cloning:
a laborators manual, Cold Sprng Harbor Lo boratery, Cold
Spring Harbor, ™Y

Mukhing L1, Eolitchkow %A, Zhimuley 11 (19510 Déatcibution
ol chromosome rearranmement beeaks along the polyviene chiro-
msames of LY, mulanowsier. Diros Inl Sere 260058 1403

Fardue ML, Kedes LH, Weinhore FS, Ricnsticl M (1977 Taocal-
eation ol sequences cading Tor histone messenger KA e 1ne
chromosames ol Drosophily melnogasier. Chremosoin
B3 135 13

Bickards O (P98 The pelviens chromosomes e the Bl body
nulel of Drosophiln melanowsier, Chosmosomn 792241 250

Fubin G, Speadling AL (19520 Genctic transformation of Dheo-
sophily with transposable cloment veetors, Seenes 218 348-453

Foudki G (1960} Moo replicuting TRSA o Drosuphila, Cenctics
Gl EIR-058

235

HBliwynski 13 (1443)  Eerope ™ paering s the disteibution of Toet
erochronatin in the X-chromesome of the salivary gland noeles
of Dirosophila melanoasier. Proc B Soc NHdinburgh Beel B
G219

sSoaulhern B (19751 Dielection of specific sequences among TN A
Fragmends separated by opel electrophoresis, | Mol Biol
U E03-317

Spterer A, Splerer T8 Similar level of polyvieny in bands and
imterbands o Dirasophila mam chromosome:, halure
F T

Senbo B, Blder B, SteTensen DA Dinlenbeck OT) (19771 Quantita-
tive i sitn lvbridieation of ribosomal RNA species (o polylene
chemosomes  of  Lresophila melanogasies, 1 Mal o Riol
115:339 563

Thonwas PS (TR Tvbrdization of denatured RNA and small
LA Tragmenls translerred o oitrocsllolose. Proc Math Acad
Sci USA 7705301 5305

Fhimmnley 177, Semeshin V1, Kulichkoy YA, Belvacvn BS (1983
Ineerealary helerochrematio in Drosaphilo, [ Loecalization and
aengral characteristics, Chromosoma 87 197228

[Received January M, 1987 0 in revised Torm Mareh 25, 1087
Avgoepled Ty W Henniy



