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Thelerm BT Wi cawuned three gjuarlers nl'm;\-:nﬂurr
aga by a German balanigl '||'||"||r|i:[=rJ 1o designate i Inph:i:l
chromosame el ".."ul'hi_lz current tzxthaoks ol Molecalar
Hiology do nod yel go beyond the Ful‘l’:l_l'l' aperalicnal deli-
nifion of ihe eukaryolic genome ns the sum tolal of genes
and of inlergenic sequences, a number of moleculor hiolo-
gists have been thinking for some fime thai the genome s
maee thar the sum of bis pans. This implies the exisience
of strusiural and funeticnal Imeracifoss between the mino-
rity of coding seouentes and the majority of non-coding
sequances, This genera] and mther vague concepl has been
changed imo p peecisz ong by the disgovery, in our lnbpa.
oy, of specifie genome properlics. These properties,
which have mainly been delimed by investigalions an the
naglear genome of vertebrates” — will be briefly oulined
hese. They comprize the isochore crgamizatien, the compo-
silional patterns of DNA fragmens (i.e. DMA moleeules)
and of coding sequences, the compasitional comrelaions
between coding and non-ceding sequences end, abave all,
the gene digtribution end s esseciaied functional properties.

Themammalian genomes are mosnics of isochores (see |

Fig. la}, nnmely oflong (= 300 Kb) DMA scgments that are
hampgencous in bise composition and range from 30 1o
0% GC {ml’.ﬁ"l'].'.l'hi: i an extremely wide range, almopst
as wide s that covered by all bocterial DNAs (25:-72%
GCh Tnothe humam genome, isochoses can be assigned fo
v OC-poar Families (L1 amd L2) represennng 203 of ths
pengang, and io three GC-nich familizs (HI, H2 and H3)
formiarg the remaining 173 (Fig. 1h),

The composilional distrilastions nrlnrgn = 10N Kb
genomze fragments, such as those forming routine DNA
preparations, of exons (and panticularly of their third codon
pazitions] and of infrons represent compositionnd poe
terns”. These correspond (o genome p]lmuu'pua. inn that
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they diller :haratLt'-rislil:nlljr nal anlly hetween cold= nnd
warm:hlooder] serchmies, bt ales belween snammals nnd
kerds and even betwesn murids and most albher mammals
{sca Fig. 2.
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[P 1. (a) Scheme of thic Bsochore erganizaiion eof the human
genome, This penama, which iz 3 iypde2l mummalian gesome, i
amosaicellsrge (» IO K] A segmenis, ihe isochores, These
ate cormpasitionally homogenenus (chove a size of § Kh)ond can
be panislosed Indo a small number of familics, GC-poor (LI and
L2y, GCurick (H1) and (102, aswl vory GC-mch (3} The GC-
range of b izackaoros fpom the humss pename (8 30-60% {fram
by

(b Tise iseclore famifles from e human genonee, The relafive
amounis of major DA components l:lmm! from isochore famis
lizs Lfig.. L1 o« L2}, H1, HE, M2 (se2 rel. il-'l-l"ElUP#I'Imp:ﬂ'l.‘dD.'l
ks C3Cl peofile of huvas DMA (from el

Enmpuﬁil.{mlul EEIIEI.I:IuDrII: oxEsL [Fis. 1) begween
cxens (aail their codon positions) and isockores, ns well as
betweencxonsand inbroms ™. These carrelalians concern,
ihgrcfor:, coding and non-coding sequerces and are nol
tsivial since coding sequences only make wp about 3% of
the genome, whereas non-coding sequenses carrespand Lo
97% of the genome. The compositional correlaions repre-
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Fig. 2. (2} Compositional patterns of vertebrade genonses, 1 bsoprams shawing the relative amoonts, modal busyantdensivles and GO
fevels of the major DNA components from Xenogear, chicken, mouse and man, as estimaled alicr fractionztion of DMNA by preparative i
densily gradient in the prosemoe of a sequonce-specific DA ligand (Agr or BAMD; BAMD is bis {acolabo mencuri methyl) dioxans)

“The majer DNA cemponents sre the fanilizs of lacge DNA ragmets (3o Fig. 1) doived fram diifferent isechon famdlies. Saiclbite and
minor DMA comaentne (such as iDMA) are not shows in these histoprams {from rel ).

(15 tﬂlhpﬁ.’iillh‘lil distribation of third eoden posilions from verlebrale pemes. The famber of pered Liken 800 0 iomn! 18 indicated

A 13% OC wizdow nas used, The beoken line 51 6% GC is shown to provide s reference (fram r\d'.l:l. ||
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sent o genomic code’, 11 should be noted that a universal
correlation holdi among GC levels of codon positions
{(hird positions against first andfor second positions), Both
the gtmmit code aed the universal correlation are oppa-
eenitly due 1o compositional constrabnts warking inthe same
direction (lowards GC ar AT}, although 1o different exients
on coding and aen-coding sequences, as well 25 on diflfe-
rerl codan pnsili-:mur..

The eompositional correlations between GC3 (the GC
level af third codon positions) ond jsochere GEC have a
practical interest in that they allow to pasition the coding
sequence histogram of Fig. 2 relative to the CoCl profile of
Fig. 1 apd io assess the gene distributlon in the buman
gnrbumeﬁ'"'u. In Fact, if one dividas the relgtive number of
genes per histogram bar by the comesponding relative
omgunt of DA, one can seethal gens congentration is low
in OC-poor isechores, increases with increasing GO in iso-
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chore familes 11 and H2, and neaches a maximuom in (5o
chore family FI3, which cahibits at least a 20-fabd kigher
gene concentration comparcd o GC=poor isochores (Fig.
4).

The H3 isochore family has been colled the buman
Benome core , becawss it cormespomls 1o the funcionally
mast significant part of the human genome, Indesd, ihe H3
isochare family is not only endowed with the highest gzne
(pwl CplG island) cosceniration, bal also with an open
chromatin sinactuce {as wilnessed by the socessibility 1o
[MMases, as wall as by the scarcity of histone H1, the age-
tylation of histanes H3 and H4 and wider nucleosome spa-
l:ing”.. witl the highest rranscription and recombinalien
Tevels and wikl the caslicst replication timing, The penes of
the genome coie have the highest GC3 levels retative 1o
their flanking sequonces, have the shoriest exons and in-
wons'*, exhiit an extreme codan usage and encods prole-
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Fig. 3. {#) GC levels of coding sequences (CDS) are plotied ogalnst GO levels of the isechores in which ihey were experimentally
localized; (b) intron GC Is plotied against the GC levels of the corresponding coding sequences; (c) GCI bs platted against the
GC levels of the fsochores contalnlng the corresponding genes; (d) GC3 is plotted against GCL+2. In alt plats, onbogonal {olid
line} relationships ase shown sloag with tha diagonal (slops = 1), the cquations, and the correlotion coefficient (fram ref, ™).
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Fig. 4. rofile of geee concentradian in dhe human genoee as
ebtalned by dividing the relative amaunis of geoaes ln el
2.5% GCinlerval of the histogram by ihe correspending rela-
el ampunts of BNA dedwced fron the CyC prodile. The appa-
rent decrease in gere comcentratbon for very high OC valses
{hraken linch is doe ta the presence of rBMNA in tha region The
lastconceatration values e uncerain bacouss (Bey fodrespead 19
wory how amucsts of DA (from :l:l'.z' L

ing choreeterized by nmino achd feequencies dilfering from
these of proteins encoded by GC-poor isochores’ .

The human genome eoee is located in about 30 Telos
megrich-hands *, which ore essentially feemed by OC-nich
ippchornes {mainly of the HY nnd H3 families). In coninsl,
R'<bhands, namely the Rieverse) bamds exclusive af T
bards, compris: both GC-rich isochores (of the 111 family)
and GC-poor isachotea. B basds, in tam, can be dividesd
(af a 400 band resolution) inte abowt 30 T bands which
Enn'.ni.n_llgcn: H3 isochores and chout 140 B* bends which
donat'’, Finally, Giiemsa) bands are formed almost exglu-
sively by GC-poor isochores'® { Fig. 51, The difference ia
OC level between G-bands and T-bands is sbout 15%.
Aboun 200% of geres are present in G=bands and aboul 0%
in R-bands {60% of them in T-bands).

It shoald be stressed that thez gene disiribution reponied
for the human geaome seems i bave been conserved in
evolulicn, genes shiowing their highest conceniration in the
GC-rielest isochones aof all vcmhﬁl:s!'_

fs aleeady mentioned, the composhional patern of the
lwman genome, which is typical of the penomes of mosu
murmmals and similar to the genomes of binds, is srikingly
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Fig 5. 0a) A schemie ol the relative amownis of Bsocheore famlibea
L1+ L2, H1, B2 ard HS in G-bands, R'-Bands and T-hasds:
R*-baedt are R-barwds exclusive of T-bands (from ref, '™,

ib) Distribution of sequences lybridizing DNA [rom 113 3o~
chores on bumon chromsomes, T baads (solid arrew)
carrespand 16 slrong signals, T bands {open anmses) in reecam
sipnals, The romaining B bands comespond o undsiectable sipnsls
{lreen sel.”").

different from the compositional patiems of cold-Uboodiad
veriehrates which eahibit a mach lower degioe of hetero-
genzity asd are charscterized by metaphase clucmosomes
which do exhibin a B-banding. These different genome
phenotypes of wanmn. verses cold-blogded verichraies ane
duie o compusilional changes, While the geme-poor, GC-
poor isochores have undergone litde or no eompositioasl
change in veriehrates genomes, the penerich, GC-rich {20
chores ars 1hose which underwen! compositional changes
in evolution.

In ihe case of homologows mammalian gencs, il has
been passiblz Lo show that third codon position synony-

Supplied by The Eritish Library - "The word's knowledge”

SIS WS U,




mous substilubions exhibil Mrequencies omd compositions

whach strongly supgest ratural selection™

% Under these

circuanstances, the compasitionzl changes in non-coding
sequences, which are comelated wihi those occurring in
third codan patitions, sugged tha! non-coding Laquencet
are nal junk DMNA, but mast falfal] seme (uneional rele.
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