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The complete suchotide sequence of Seccharomyces
cerevisiae chromosome X (745 442 bp) reveals & sotal
of 379 apen reading frames (ORFs), the coding region
covering < 75% of the entire
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By the DNA cooedinator, casuring that De soquence
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¢

Vvrification of the sequence

Quality costrols were performed comcommaenly with
soguence socesbly. The aim of the project win 00 kecp
he erroe rade 2 Jow 2 posacble, with & gt < 107, Theee
procoduses were employed 10 track dows amron, ischeding
chockng soguencing sestogy by the coondinator, mudching

Ganeral of chromosome X

Analyse of the estiee macheonde sequence o Chromosomse
X (TES 442 dp) confiems the poncral festures of Chsoeno
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The cenmomene of choomonome X of uran RVS-4A, 2
derivative of STEAC, was isolated by Mieser o108 (1985) by
sclection of yeast DINA [ragmwenns capable of ssppevssiag
lehalay of the SUPII pene in high copy sember. Com-
parson of fhis soquence wilh that reponiad s (he peesent

paper shows complene identity and enabios location of the
chromosome X contromere o positions 415 99645 112,
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divergent  poorsoters (DIY) aad  comvergent
GO, the mcan size bs 723 bp and 311 bp, respectively, This
sriking difference 18 intor-ORF sise Betwoen dovengent

Ber drecthon on cosmd DNA. The o ORFs in thewr
indegnity are Masslaied frome & wngle anscnge of ~3 ks
(Rasesassen, 1995

Environment of ATG and stop codons
Compilstion of 3 large sember of wguence data war-
rousdiog the Immation codon ALG has revealod tut these
SOGRONCDS MIC Mot Eandom and that hughar cuaryoes have
I comemon B corsenss sequence GOOTAGKCCATGG
(Kowak, 1957) In B case of the badding yeas, another
comensus INYMIAY WAYIAATGGTCT has been
progosed (Hisscbusch and Lichaun, 19911

We exammad the 318 chromosome X ORFs looger than
150 codorn, 1n all probabiley comepondiag o seal pones,
1o ot thn comscrnen. Table (I shows e foogeency of
the Afferent pucloctides, v determined by tabulsting
positions -3 %0 +7 relative 0 ATG. A 27 e wa
performed at each posinon 10 Wut the non-randomaes of
this diunbetion. taking o accosnt the G+ C conne
of e chromosome. AL all posiions excope -5 The dawide-
Bon was found 1 be nomrandom. As hhese calonlatons
are based on all Be ORFs of 2 chromsosome, regardicss
of their eapeesaon level riber than on 4 selectod sebnet,
e following commenun be more appoo-
poaate: AAANAAAAA chances of a
random dieribusion a cach position Ik <3%, of even 15
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B S Eaguonnd Svgurnus wnd ot &' besks v A = GX5 T « 800 G = 017 and € = 017 10 simaniing rrgioms, A = 012G = 030, € »

OIS T = 020 s coling e

ot ponstions -8, <2, ~1, #4, +Sand + 7, 'We then addrossed
e question of the posuble exitence of a conseasus
wquence in B coveooemens of e wop codoas N
sarprisagly. TAA & She move Treguensly used siop codon:
155 ORFs looger than 150 codons huve £ while 92 have

Portarmnd o 118 OREs > 10 Gl
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dotrdation devistes from randomncss o Baree Podilions,
2 <) ad ~6
Small ORFs [« 100 codons)

|
L
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IncTease in proporton %0 decreasing wae. However, a war
of W0 codoss B 50 impassable limit and obviouddy some
ORFs salber than MO godions comespond 50 penes and.
for thar maticr. quite & few prodcimm shoner hun 99 ane
scidy may not be sccoented for By posl-trasslationsl
processeng. An cxample i provided by the sl peotoo-
liphds PMP] aad PMP? (40 and 4) amino ackds), on

comerponds 1o the gene cncoding sebusit VI of ubagei-
nol-cytochiome ¢ reductne (Hermnka erof, 1993 i na
Sd-amino acid proteie whose coding pene has boea Mideno
ovariocked Anoder lnstance s YRS Tw, which encodes
& ribosomal procein of X7 amino ackds. Some small ORFs,
sech as J1567 (AT97 10 479952), 11564 (4T7910-4TR0M )
sed JISSO1 (4T126-4T4368E) Mave perfect of sewrly
perfoct matches with Ty retrotramiposon peotesns of lager
sre. Thew wrall ORFy most probably comdlt froem
framodhit metatons, & raor COmmon OCOMTERCE In e

duplaying oo homology with database enfnies,
. e & .
g1 e . Exampics I potat e RS2 (S

FEmen.

1060600, 1158 (1) 33514Y), 2028 (Yol
OI0024) and JI4ZS (AAR000-44Ka4), all wuh CAl
202 Cloarty, a sorooning programan taking into accosnt
pacamwnors wach as the ATG and wop codon envRonment
and e CA6 munt be developed 10 appeoach the qeestion
of Dhelr exlstence 3 pors.

soenes  (isderchromosomal  duplicationm), both ot e
meclootide and the ameno acud bevel (Table 1V Scone of

MRNAS and transposons

Twehve ARNA genes are fousd on cach strand (Figure S),
a demuty somewhal higher than e olnerved in e
previcenly woquesced yoast cheomonomes. The M4 dINAs
can wanaor 15 amino ackds in all and iackade four AANA'Y,
¥ entical with the e GTU anocodon; foer sRNAMY,
w0 sdentcal with TCT, one with ACG and one with
CCT, the last two with miscr sogquence differences. OF
he three tANA™, two are idestical whele the thind cabubvits

i
|
|
|

dnal SKNAL, wome (bt not all) mivrasichod base pairs
=7 %0 odited a0 penerate 3 Wation-Crick pair in the
masare SRNA (Msdchal-Droaard of al, 19951 Whilke &
phenomencn i not yet docementad in nuchear yeast tIRNA,
e posubiley of 3 dmile edaing process, whereby some
of the 46 mnspainiags meationed adove would be coavened
950 comventonal Watson Crick pasrs, canmat be dosmissed
without addwioosd seguence data o strectarsd stadhes o
Be @NA kevel Az alornative hypothess o il some
of the producted tRNA actsally commespond 0 mactive

peeadogencs.
Four of the IRNA penes encosntensd i choomonome
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P 5 Posin of BRNA gows, Ty wpursins and LTR: o
Deumoniew X The poatianin atnr Sues o woald wlaton » o
complow wguence. Flomenss 00 B Witson and Ork sonends av
Soplapod sn e oghe- sl - hand wde. repeowvely. Only e A
cmondenar v grere

g & A Chonr ool smucnns of ot IINA™ o Ovvmoime X
P22 A0A-A02 0. AR Canonecal s v mScased Yy saesaka
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2044

X daplay = istron V' bhm.ra.a

47215031499, The two clemests e s andem aad
share 2 contral & clement. In addtion. several solo LTRs
e observed. Mwm&mdbl

the chvomaosome X

adenyiyt cyclase. %0 a she Indiainguinhable from thae of
Sl This anuigoment s choarly Isoomect, as the soquence
Sata shows thae this gone s 0 St bacased on B Reft e
of e choomosome, closs 30 the costromere. Second,
marked dffpornces Mo obsrved I8 map didances, the
13t detween gerwtic aad phyucal mup didances rangiag
mommnmlwumn.mrmpn.
0 08 od 476 oM kb for the metiAhi 308
v ifeunt pains, respectively. The relssvely high froquency
of secombization obscrved in Shese Ratter intervals wroagly
wiggests the calwence of prefarmed stes for the mmation
of meiotic recombaston, wrslar o Bose found in the
argd sepon oo chromosome VIH (Nicolas of al, 1989,
Suseval, m;uumtmwum
LIE (dacqeet er al, 19911 It b itercalang % node that Bese
istorvals of high recombanation frogeencios in Chrome

some X appenr 1o comnode with the sharp peal in
uG*thuMnd.cm
(Fgwre 1)

I all, 3 of the avupped and one, IRNA™, of the
somapped could be snambeguossly asugned 10 s ORF
oF 2 BNA gonw on B basis of wqeence comparnon. A
totad of 2% Joct canact ot prosenst be atibated 10 specific
ORFs on the physical map of chromosome X

Discussion

The varsous chernents of Ihe cheomosome X sogquence
seferred 1o above wre depicsed in Figare £ The prosent



Mg, 7. Commpuriuon of the g

ol byl wags of yram
e X The gt mag i redann Do Mommer
by of ol 1995 The wmuppod poaes or markon s loand on
B gt The pleyicdl mugp doducod from B wavk B beon Ao
sorle. The cwcie ndicaes the st of e costmmmere Clotrs o0
o b whach po comespomdiong ORF R hees slenied on B
Py d map av wnin el by an mbevad

with the previogaly CRroenowome.

catoponiaad ax follown: (i) 102 proteio previously idons.
Bed i S cennviner and encoded by genes already asaigned
10 choomosone X: (1) 16 proseies with droag sizulanty,

5 covevirine theomosemie T

OfF even seas ientity, 10 known Scenrvisiae poosewns, bes
whose coding geee han not provioealy been shows 10
peude on hrcenosome X: (W) 27 proteiss with a FastA
swore maxch gooster than 200<oqual 10 a beast halt the
self-soore, 1o B¢ wore obtaised whean the proten s
cospared with itsell. S bigh scores cas be comidered
s warrantiag & realot hypothesis reganding e fencton
of ORPs = thes categuey; (v) 35 proteins with & FastA
woee >0, though lower than half e selfscore. A
fonction can dlso e envisaged @ ths case, bet with moee
castion; (v) 92 pootcens with o sigmficas FastA scoew
et displaying a particuls motif ugnatuee, (Vi) 112 pro-
sems wih 00 maxch & all in daabose cotmes. Thas ot
category somun menicaly Engonant, unce it incledo

penome Lmached o 1989,

Regarding ORFs  categones (1) and (Iv) above, for
which a fusction can be hypothesured. several of e
protons. discoversd in cheommome X ae worth men
thoesng. For mstance, troe new gones encodisg didferest
subunits of 1he Cysosolic chagerone comples (CCTE, CCT?
and CCTHE) have been docovered oo domosome X s
addeon w CCTS. Tha bemgs the oumber of felly
soquenced CCT gones Ia Scenevisiae 0 aght. Together
with (he versatdily of yeast versis mouse ponwmics, avadl-
abulity of these soguence data will undoudnadly promoce
A modecular asalywn of this enportant chapesone sysiem.
Anoer remark concems S Gacovery of a (1 channcl
peac (Heaeg o al, 1994¢) ca dhromosome X In e
pespoct, it is Doth scrpriving and ressarkable that sysiemats
soquencing was roguined 8o detect the it C1° channel
ever described & speches s thoroughly wodied a
Scormevaaiar. Heve spain. availability of the pene and of
divuption masants theroof will permst identificanon by
complementsnon homologous penes i3 other specices of
cresl, i partioular in plaoes.

Chwornonome X slands out becasse of the mamsber of
2RNA genes (24) it accommodates, capable of rassferring
13 MSevemt amine ackis. Mowever, what s cves more
remarkable and has 10 M escaped nooioe s thae foldng
of these tRNAL sccording 1o the chover-deafl moded reveals
qute 3 fow mismaxches @ the wveesl wermm. Thas is
suggesive of an oding pITCess MMEng M CNTECTIaE Lo
of these sivraiches, a6 repomed for vaross TRNAS from
plants (Maréchal-Droused, 19931 Of course, validation o
sl of By hypothosls must awalt smalyus of Be
RNA Jevel

Duplcatod genes are found i chromisone X, & @
and weercheomosomal duphicationn. Furhermore, acteal
sysienid segions can be pecogaiaed in the latier cane. The
implications ase 200Md, periaimang (1) 10 the stedy of D
evoluson of the yeaut pescene and (i1) 10 funchon anlysis,
5 % known that darsption of a ingle pose froguestly
Goes ot pesul in Ay phenotypec alierason. By the wame
token, & clee 10 the function of a geoe might In some
imtmces be provided by discuption of o the pones
belongiag w0 3 given feruly.

To conclade, it ment be wroaed St dun besed sccount
of e soquence aalyss of chromosome X caanct cover
all the indormation cdedded 1 the sechoatide wqeence
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