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Anonymous DkIA:a lengthof DNA -
.of u m gene content. 
Chromasomebands: alternating 
light-or dark-stainingsectionsalong $. 

' chromosomethat are visible by light ' 
microscopy after-stainingprocedures 
are used. 
Chromogomewalk: a methodof 
aligningpiecesof DNAby 
consecutive hybridizationsin which 
probescorrespondingto one end of a 

"c l o d  pieceof DNA are usedto 
identify the next clone in line. 
Contlg: a set of overlapping pieces d 
DNAthat span an uninterrupted . 
stretch of the genome. 
Cosmld: a pieceof DNA (35to 45-
kb) clonedintoa vector that usually 
consists of cossequences required 
for packagingthe DNA into a % . ' 

/ . /

bacteriophage, an origin of repli- ' 
cation, and a drug resistancemarker; 
Oenetic linkagemap: a map that 
shows the relativepositionof loci on ,, 
the basisof frequency of recom-yrpi. 
binationevents. Unitsare in &$*,,;% 

centimorgans (OM)where, over small 
distances, 1cM is equivalent to a lYF 
chanceof recombination. .i ( 

- 7 "  

Physlcal map: a map in which the :it' 
di@ances betweenlandmarkssuch 5;; 

as clones, restridonendonuclease :, 
sites, or specific lociare expressed i$: 
kilobases. 
Polymerasechain reaction(PCR): 
atechniquethat involvesrepeated $+-, 
cycles of DNAdenaturation, ..+h:,:: 
renaturationwith short lengthsof 
DNA (primers) separatedby upto 4 
kb, and polymerase-mediated 

ication. This results inan 

- *  
Polymorphk marker: a locus at ' , 

which there is normalsequence : 
variationwithin the populationthat is. .< 
inheritedand occurs with a frequenq':: 
nf>l%. $ 

~lytenechromosomea giant \' ,' 
chromosome consistingof many .,-' 

identical, slightly condensedstrands 
of chromatin heldtogether in parallel ,bL 
and in register. 

The wall chart this year is div 
genome mapping for many of 

shows a summary of pro 

REC 

Chromosome 1 2 3 4 

Number of genes 
Estimated 4150 3950 3200 3050 

Mapped 236 131 72 84 
Disease-related 43 18 16 22 

Number of 
polymorphic markers 

Total 158 99 333 148 
PCR-based 13 15 12 14 

I Kilobases of sequence 450 558 104 181 

his table is a depiction of the current progress on th 
1991. There are kn estimated 5,000 megabases (?A' 
containing an estimated 50,000 to 100,000 genes. I 
1990 [Science 250,262a (1990)], 359 new mapped 4 

added to the map. 
The estimated number of genes is based on the estimated tc 

distributed proportionally according to the relative size of ea< 
237 (1990)l. The number of genes mapped is the number o f ,  
The number of disease-related genes is based on locus entries 
Inheritance in Man (Johns Hopkins Univ. Press, Baltimore, b 
genes and anonymous DNA segments. They are useful in ge: 
,,,,:C, ..,A,-, ,.A+L:- ,,L,-,,,,,, TL- -..-L-.. -C-,.l--



'he wall chart this year is divided in two parts. At the top is presented an upd te of progress 
;enome mapping for many of the model systems that have been essential in uJ,derstandinggc 

shows a summary of progress in mapping and sequencing the fruit fly, an1organism that 

RECENT ADVANCES IN HUMA 

ztion of the current progress on the mapping of the human genome as of 28 July, 
in estimated3,OOOmegabases (Filb) ofDNA aeqgence iri thc hu*an gcnomc, 
mated 50,000 to 100,000 genes. Since the publication of The Human Genome Map 
2 6 2 a  (1990)], 359 new mapped genes and 673 new polymorphic markers have been 

'genes is based on the estimated total number of genes in the human genome, 
ccording to the relative size of each chromosome [J.C. Stephens et al., Science250, 
~fgenes mapped is the number of genes that have been localized to the chromosome. 
;ed genes is based on locus entries that are referenced in V McKusick, Mendelian 
lopkins Univ. Press, Baltimore, MD ed. 9, 1990). Polymorphic markers include 
1segments. They are useful in genetic linkage studies for the localization of genes to 
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:sented an upd te of progress in the human genome. There have also been major advances i 
essential in uJ,derstandinggene function. As a first example, the bottom section of the char 
the fruit fly, an1organism that is a classic model for studies in genetics and development. 

J;S IN HUMAN GENE MAPPING 

8 July, 
mc, 
Lome Map 
s have been 

me, 
,ience 250, 
'omosome. 
lndelian 
include 
of genes to 
,,,,l.;, 

need to distribute cloned probes for linkage or other molecular studies. Kilobases of 
to k i i o ~ f iloci arc bbscd on a)ia!.ysis of iiif~i.~t~t.tionobtained h i i i  CeiiBsfik, h s rUal 

There are some caveats to these analyses. For example, comparison of the estimat 
the number of genes currently mapped to a particular chromosome may not be a pre, 
completeness of a map on a given chromosome. In some cases, large portions of a ch 
physically mapped, although the genetic content of those regions has yet to be establ 
chromosomes for which a large number of genes have been described are not extensi 
In addition, some chromosomes may have a higher density of genes than others. 

-

amount of sequence available for each chromosome is likely to be less than the a 
table, because the amounts given are based on the total amount of sequence rep, 
in sequence data, rather than only the unique sequences. Further information r 
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realso been major advances in 
~ebottom section of the chart 
netics and development. 

r molecular studies. Kilobases of sequence that are linked 
obtained from CeiiBaiik, h s rUarnos, >!M. 
rample, comparison of the estimated number of genes to 
lar chromosome may not be a precise index of the 
some cases, large portions of a chromosome may be 
'those regions has yet to be established. Conversely, some 
we been described are not extensively physically mapped. 
:r density of genes than others. Finally, the actual 
)meis likely to be less than the amount stated in the 
le total amount of sequence reported, including overlaps 
quences. Further information regarding the current 
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renaturationwith short lengths of 
DNA @rimers)separatedby upto 4 
kb,and polymerase-mediated 
replication. This results in an 

incms+in@numb4 
e sGGence betweenthe 

primers. 
Polymorphic marker: a locus at 
which there is normalsequence 
variationwithin the populationthat is 
inheritedand occurs with a frequency 
of >l%. 
Polytenechromosome a giant 
chromosomeconsistingof many 
identical, slightly condensed strands 
of chromatin heldtogether in parallel 
and in register. 
Yeast artificial chromosome (YAC): 
a cloning vector in which sections of 
yeast chromosomesneededfor 
' 

initiationof DNA synthesis and 
stabilityare usedto replicate large 
(>I00kb) piecesof DNA. 

his table is a depiction of the current progress on t h  
1331. There are an estimated 8,000 megakases (?ill 
containing an estimated 50,000 to 100,000 genes. I 
1990 [Science 250,262a (1990)], 359 new mapped ( 

added to the map. 
The estimated number of genes is based on the estimated tc 

distributed proportionally according to the relative size of eac 
237 (1990)l. The number of genes mapped is the number of ,  
The number of disease-related genes is based on locus entries 
Inheritance in Man (Johns Hopkins Univ. Press, Baltimore, P 
genes and anonymous DNA segments. They are useful in ge 
specific regions within a chromosome. The number of polym 
markers is the subset of polymorphic markers that can be det 

This figure relates the locations of sequence information, sequenced genes, c 
on the polytene chromosomes of the fruit fly, Drosophila melanogaster. Th 
from C. B. Bridges [J. Hered. 26,60 (1935); by permission]; numbers 1 to 
divisions. The Y chromosome and other heterochromatic blocks, which dc 

haploid genome consists of approximately 165 Mb of DNA of which 110 Mb are incluc 
Estimates of total gene number range from 5,000 (based on the number of lethal mutati 
the number of transcription units). 

Genes that have been sequenced as of 31 May, 1991and a g a p h  of kilobases (kb) se 
(updated from M. Ashburner, Drosophila Genetic Maps, Drosophila Information Servic 
vol. 691 are shown directly above their chromosome subdivisions. Drosophila genes th: 
genes encoded by vertebrates are indicated in brown. Approximately 1.6 Mb of the gel 
40 kb from genes that have not been mapped. Duplicates or overlaps in sequence were 
Biochemical functions for the genes indicated in brown (and additional genes showing 
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-tion of the current progress on the mapping of the human genome as of 28 July, 
in estimated 8,000 megaEase3 (?;lb) of DNA aequcncc in' the hul;rtan gcnomc, 
mated 50,000 to 100,000 genes. Since the publication of The Human Genome Map 
,262a (1990)], 359 new mapped genes and 673 new polymorphic markers have been 

'genes is based on the estimated total number of genes in the human genome, 
ccording to the relative size of each chromosome [J.C. Stephens et al., Science250, 
,f genes mapped is the number of genes that have been localized to the chromosome. 
red genes is based on locus entries that are referenced in V. McKusick, Mendelian 
lopkins Univ. Press, Baltimore, MD ed. 9, 1990). Polymorphic markers include 
1segments. They are useful in genetic linkage studies for the localization of genes to 
-ornosome. The number of polymerase chain reaction (PCR)-based polymorphic 
pnorphic markers that can be detected by PCR. PCR-based markers obviate the 
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e information, sequenced genes, chromosome bands, and DNA clones 
fly, Drosophila melanogaster. The chromosomes pictured were taken 
5); by permission]; numbers 1 to 102 represent standard chromosome 
heterochromatic blocks, which do not polytenize, are not shown. The 
DNA of which 110 Mb are included in the polytene chromosomes. \ 
sed on the number of lethal mutations) to more than 15,000 (based on 

1 and a graph of kilobases (kb) sequenced per chromosome subdivision 
ps, Drosophila Information Service, W. Gelbart, Ed. (Harvard, 1991), 
iubdivisions. Drosophila genes that are similar in protein sequence to 

Approximately 1.6 Mb of the genome have been sequenced, including 
:ates or overlaps in sequence were not counted more than once. 
In (and additional genes showing such similaritiesthat have not been 

Wild type female 



8 July, 
mc, 
Lome Map 
s have been 

me, 
,ience250, 
'ornosome. 
!ndelian 
include 
of genes to 
norphic 
riate the 

need to distribute cloned probes for linkage or other molecular studies. Kilobases of 
to kiiown loci arc bhsec! on ahdysis of ii if~i.satbnobtained from CenBank, h s r4Jal 

There are some caveats to these analyses. For example, comparison of the estimat 
the number of genes currently mapped to a particular chromosome may not be a pre~ 
completeness of a map on a given chromosome. In some cases, large portions of a ch 
physically mapped, although the genetic content of those regions has yet to be establ 
chromosomes for which a large number of genes have been described are not extensi 
In addition, some chromosomes may have a higher density of genes than others. 
amount of sequence available for each chromosome is likely to be less than the a 
table, because the amounts given are based on the total amount of sequence rep, 
in sequence data, rather than only the unique sequences. Further information r 
status of the human genome map will be presented in the Perspective (P. Pearso 
October, 1991 issue of Science. 

Wild type female 

mapped) are shown in the table below the chart. Numbers in parenthez 
category. 

Below each chromosome, the approximate locations and sizes of clonl 
chromosome walks larger than 40 kb (magenta) are pictured in proport 
horizontal scale bar at the left. Grey lines indicate the locations of the 1 
used to relate those locations back to the chromosome bands. The size 
estimated by V.Sorsa [Chromosome Maps in Drosophila (CRC Press, B 
I. Duncan and D. Hart1 (current as of 15 June, 1991); on cosmids by C 
Louis, C. Savakis, and M. Ashburner (current as of 1 July, 1991);and 
Lee, and J.Johnsen (current as of 31 May, 1991). DNA localization i: 
the chromosome and the precision of in situ hybridization. The lengths 
shared restriction fragments. YACs, cosmids, and chromosomewalks a 
information can be found in the accompanying article (J .  Merriarn et a1 



r molecular studies. Kilobases of sequence that are linked 
~lutai~iedfroii&CeiiBaiik, b s  r'\laiilos, PiM. 
rample, comparison of the estimated number of genes to 
lar chromosome may not be a precise index of the 
some cases, large portions of a chromosome may be 
'those regions has yet to be established. Conversely, some 
ive been described are not extensively physically mapped. 
:r density of genes than others. Finally, the actual 
)me is likely to be less than the amount stated in the 
le total amount of sequence reported, including overlaps 
quences. Further information regarding the current 
ed in the Perspective (P. Pearson et al.) in the 11 

lr the chart. Numbers in parentheses indicate the presence of more than one gene in that 

)ximatelocations and sizes of cloned DNA in YACs (blue), cosmids (orange), or 
(magenta) are pictured in proportion to their lengths. Cloned DNA sizes are relative to the 
.inesindicate the locations of the DNAs relative to chromosome divisions and should be 
the chromosome bands. The size of each chromosome division in kilobases has been 
daps in Drosophila (CRC Press, Boca Raton, FL, 1988)l. Data on YACs were supplied by 
F 15June, 1991); on cosmids by D. Glover, R. Saunders, E KaEatos, I. Siddn-Kiamos, C. 
(current as of 1 July, 1991); and on chromosomewalks were compiled by J.Merriam, G. 

1 May, 1991). DNA localization is not exact, because of differences in DNA density along 
in situ hybridization. The lengths of cosmid contigs were estimated from the number of 
losmids, and chromosomewalks are available from the authors upon request; further 
npanying article (J .  Merriarn et al.) in the 11 October, 1991issue of Science. 
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ce l leyek~~ lur r  
W-Wke-i~{2) 
Cdc25nke 
CyclinAI cydns  
- IIand substrate 

hedonpratelns 
Cadherin (3) 
Qllasen (3)
Immunoglobulinsuperfamily(2) 
lntesrin (3)
Laminin(3) 
N-CAM-like 
Neuraladhesion moleculeL1 

Plekoglabin 
Tenaac;in(2)w-

(8) 
aActinin 
Qbphmkmyosin I 
CytoplasmicmyosinI 
oynamin
Kinesin(11) 
Lamin 
Myosinheavychain 
Myosinlight chain (21 
Paramyosin 
aSpectrin 

GENOME MAPS 1991 Barbara R. Jasny: Science Coordinator Homo sapiens component: Authors: Michael Chipperfield, Bc 
Dundee, Scotland; Ian Duncan and Daniel Hartl-Washington University, St. Louis, MO; John Merriam, Geunbae Lee, Jo: 
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!-Wkeproteine'(2) 
Znke 
nA 
n B 
andsubstrate 
donpratelns 

(3) 
lsen(3)
nog globulin superfamily(2) 
rrin (3)
nin (3) 
W-like 
dadhesion moleculeL1 

Qbpbnk myosinh& chain 
Cybphmkmyosinlighchain 
oynamin
Kinesin(11) 
Lamin 
Myosinheavychain 
Myosinlight chain (2) 
Paramyosin 
aSpectrin 

B s~ectrin(2) Acetylcholinereceptor(6) 
Trooomvosin121 ~a*+-activatedATP= 131. , . . 
~roi~oi+(4) &+charmel pr~tem 
aTukd~n(4) Choline~~ 
$Tubulin(4) 
7TubuHn 

oopad-
Glutamicadd&mimylase 

Vineulin Glydneme@r 
Orowth factors and mepbm Growth-mbdproteinGAP43 
EGFreceptor K+ channel pmteins (5) 
FGF receptor Na+channelproteins (3) 
Insulinreceptor(2) Na+, K+ ATPase 
TGF B Semtoninreceptor 

Neuronelfunction sVna~tobrevin 
Aoelylcholinesterase 

scomponent: Authors: Michael Chipperfield, Bonnie Maidak, Peter Pearson-Genome Data Base, Baltimore, MD; Reviewer: Bertr nd R. Jordan-CIML 
tt. Louis, MO; John Merriam, Geunbae Lee, Joy Johnsen-University of California, Los Angeles, CA; Fotis C. Kafatos, lnga SidCi~Kiamos, Christos Loui 
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ERTEBRATES 
S e c Q n d ~ s y - ~  
Annexin (3) 
Alnestin (2) 
Celcineurin 
Calmodulin (2) 
Calmdulin inhibitor 
CAMP- kinase (4) 

phosphodiester= 
mp-dependent kinase (2) 
w n  
D i l y a w o l  kinase 

a nmchlnwy G proteins (9) 
(3) GTPaseactivaUng protein (2) 
s (13) GTP-Mnding protein 

W n  (4) 
PeptidVl prolyli=- (2) 
Phosphdipesec 
Serinarthreonine kinas8 (6) - w (6) 
Tyrosine kh#rse (11) 
Tyrosine Phwha- (5) -- 
CAMPrespollge~bbKZng 

prcptcrin (CREB) 
~ - ~ ~ p t i o n f a d o r  
H ~ - l o o p M  proteins (16) 
HomeodDmain proteins (37) 
Paire&.box pm$ins (5) 

POU domain proteins (4) 
Steroid reeeptor protein 
few (10) 

TFllD 
Zn-finger p n s  (22) 

Other DNA binding proteins 
Chromobox proteins (2) 
H i  mobility .group protein 1 
w m m  
Topoisomerase II 

MiWlaneoUs 
$ Arnykid protein pnwxlrsor-lii 
Chlecystokirtin 
Clathrin heavy chain 

C y t o c h r 0 ~  (3) 
Fibrinogen-like 
Furin-like protease 
Heat-shock proteins (7) 
LysorVme 17) 
Metallottironein (2) 
Multiple drug redstance (2) 
Proteasome subunits (3) 
Sdne pmtease (9) 
Swine pmtease i n h i i r  
Trypsin 
Ubquln (2) 
Other metabolic enzymes (25) 
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