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Karyogram of a human male.

This is 2 photo of human chromosomes.
They have been stained and arranged in
order of decreasing size. The presence
of the ¥ chromosome in the last pair of
chromosomes tells us that these
chromosomes are from a man.

Our genetic information is stored in 23 pairs of chromosomes that vary widely in size and shape.
Chromosome 1 is the largest and is over three times bigger than chromosome 22. The 23rd pair of
chromosomes are two special chromosomes, X and Y, that determine our sex. Females have a pair
of X chromosomes (46, XX), whereas males have one X and one Y chromosomes (46, XY).
Chromosomes are made of DNA, and genes are special units of chromosomal DNA. Each
chromosome is a very long molecule, so it needs to be wrapped tightly around proteins for efficient
packaging.

Near the center of each chromosome is its centromere, a narrow region that divides the chromosome
into a long arm (q) and a short arm (p). We can further divide the chromosomes using special stains
that produce stripes known as a banding pattern. Each chromosome has a distinct banding pattern,
and each band is numbered to help identify a particular region of a chromosome. This method of
mapping a gene to a particular band of the chromosome is called cytogenetic mapping. For example,
the hemoglobin beta gene (HBB) is found on chromosome 11p15.4. This means that the HBB gene
lies on the short arm (p) of chromosome 11 and is found at the band labeled 15.4.

With the advent of new techniques in DNA analysis, we are able to look at the chromosome in much
greater detail. Whereas cytogenetic mapping gives a bird's eye view of the chromosome, more modern
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methods show DNA at a much higher resolution. The Human Genome Project aims to identify and

sequence the ~30,000 genes in human DNA.

Chromosome 1

+ Contains over 3000 genes

« Contains over 240 million base pairs, of which ~90% have been determined

+ See the diseases associated with chromosome 1 in the MapViewer.

=BA
Gaucher disease

HPZ1
Prostate cancer

P2
Alzheirmer disease

Chromosome 2

+ Contains over 2500 genes

URCD
Porphyria cutanea tarda

— GLC1A
Glaucoma

BRIV _ |0 11

+ Contains over 240 million base pairs, of which ~95% have been determined

» See the diseases associated with chromosome 2 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=1&BEG=0.00&END=15100.00&MAP0=ideogr%252Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%25282463%252C4397%252C5215%252C5359%252C5728%252C7022%252C9026518%252C9026566%252C9027345%252C9027957%2529&QSTR=UROD+OR+GBA+OR+HPC1+OR+GLC1A+OR+PS2&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%281959,2783,4184,4792,9026090,9027192,9027430,9027972%29&qstr=ETM2+OR+MSH2+OR+MSH6+OR+PAX3&CHR=2&MAPS=ideogr%5B2pter%253A13356.970000%5D,morbid%5B0.000000%253A13356.970000%5D&ZOOM=100.000000
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ETMZ

Essenfial tremor
— M=EHZ
Calan cancer
—— MSHA
Colon cancer

Pa=3
Waardenberg syndrome

Contains approximately 1900 genes
Contains approximately 200 million base pairs, of which ~95% have been determined

See the diseases associated with chromosome 3 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%281958,4049,7057,7453,107327,9026091,9026582,9026637,9026668%29&qstr=MLH1+OR+ETM1+OR+VHL+OR+SCLC1&CHR=3&MAPS=ideogr%5B3pter%253A11247.919956%5D,morbid%5B0.000000%253A11247.920000%5D&ZOOM=100.000000
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MLH1

Zolon Cancer

ETM1

Essential trernor

Chromosome 4

iH G 1/IN|N

+ Contains approximately 1600 genes

— WHL
von Hippel-Lindau

— SICLC1
Lung cancer
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« Contains approximately 190 million base pairs, of which ~95% have been determined

* See the diseases associated with chromosome 4 in the MapViewer

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%281968,2105,2886,6280,13348,20241,9026199,9026201,9026283,9026440,9027752,9027884%29&qstr=EVC+OR+HD+OR+FGFR3+OR+SNCA+OR+NRCLP+OR+FOP&CHR=4&MAPS=ideogr%5B4pter%253A7245.300000%5D,morbid%5B0.000000%253A7245.310000%5D&ZOOM=100.000000
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Chromosome 5

EWC

Elis-van-Creveld |

MRCZLP —‘
Marcolepsy

FQP

Fibrodysplasia
ossificans
progressiva

Contains approximately 1700 genes

}_
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HD _
Huntington disease

FiGFR.3
achondroplasia

SHCH
Parkinson disease

Contains approximately 180 million base pairs, of which over 95% have been

determined

See the diseases associated with chromosome 5 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=5&BEG=0.00&END=10600.00&MAP0=ideogr%252Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%25281099%252C1706%252C6264%252C6370%252C7483%252C9026027%252C9026307%252C9026326%252C9026706%252C9027151%252C9027211%252C9027962%252C9028001%2529&QSTR=SRD5A1+OR+CKN1+OR+SMN1+OR+DTD+or+Asthma&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None
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=RDS5A1
Steroid S-alpha reductase 1

CKN1 |
Coclkayne syndrome

SMN1
Spinal muscular atrophy

Asthrna ‘
—— DTD
Diastrophic dysplasia

Contains approximately 1900 genes

Contains approximately 170 million base pairs, of which over 95% have been
determined

See the diseases associated with chromosome 6 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%281488,2899,2940,5983,7499,7527,108728,9026679,9026720,9026761,9027328,9028154%29&qstr=SCA1+OR+IDDM1+OR+HFE+OR+CYP21A2+OR+EPM2A&CHR=6&MAPS=ideogr%5B6pter:6qter%5D,morbid%5B0.000000:10100.000000%5D
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—sCal

Spinocerebellar ataxia

HFE ” IDDM1
Hernochrarmatasis
CYP214

zongenital adrenal hyperplasia
due to 21-hydroxylase deficency

|—EF‘I"-'12F'.
Epilepsy

Chromosome 7

+ Contains approximately 1800 genes
+ Contains over 150 million base pairs, of which over 95% have been determined

* See the diseases associated with chromosome 7 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=7&BEG=0.00&END=9350.00&MAP0=ideogr%252Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%25281022%252C1861%252C2479%252C3738%252C4883%252C67080%252C70602%252C77375%252C78075%252C80291%252C80556%252C80830%252C91313%252C96089%252C9026164%252C9026229%252C9026446%252C9027462%2529&QSTR=GCK+OR+ELN+OR+CFTR+OR+OB+OR+Pendrin&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None
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Sk
Diabetes
ELM |
williarms syndrome |
CFTR : _
Cystic fibrosis Pendnn
Pendred syndrome
OB
Dbesity

Contains over 1400 genes
Contains over 140 million base pairs, of which over 95% have been determined

See the diseases associated with chromosome 8 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%284355,5511,7114,9026629,9027729%29&qstr=WRN+OR+MYC&CHR=8&MAPS=ideogr%5B1496.770000%253A7346.340000%5D,morbid%5B1496.760000%253A7346.350000%5D&ZOOM=100.000000
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W RN
Werner syndrome

MYC |
Burkitt lymphoma !

Chromosome 9

+ Contains over 1400 genes
+ Contains over 130 million base pairs, of which over 85% have been determined

* See the diseases associated with chromosome 9 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=9&BEG=0.00&END=7950.00&MAP0=ideogr%252Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%252815%252C16%252C21%252C977%252C2234%252C6884%252C9027097%252C9027798%252C9028021%2529&QSTR=CDKN2+OR+FRDA+OR+ABC1+OR+TSC1+OR+ABL&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None

aseasi(] pue sausg) aseasi(q pue saus9) aseasi(q pue saus9)

aseasi(] pue sausg)

Page 10

}7 CDE R
Malignant melanoma

FR_DF'._ . ‘
Fnednch’s ataxia ‘

— ABCI
Tangier disease

— ABL _ _
Chronic myeloid leukemia

TSC1 _ |
Tuberous sclerasis |

CHN T4 HD

Chromosome 10

+ Contains over 1400 genes
+ Contains over 130 million base pairs, of which over 95% have been determined

+ See the diseases associated with chromosome 10 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%284670,4971,9026815,9027407%29&qstr=PAHX+OR+OAT&CHR=10&MAPS=ideogr%5B741.000000%253A7632.840000%5D,morbid%5B741.000000%253A7632.850000%5D&ZOOM=100.000000
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——— PAHX
Fefsum disease

OAT |
Syrate atrophy

Contains approximately 2000 genes
Contains over 130 million base pairs, of which over 95% have been determined

See the diseases associated with chromosome 11 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%28456,3082,3212,3578,3987,7067,101269,9026144,9026167,9026373,9026626,9028158%29&qstr=HRAS+OR+IDDM2+OR+LQT+OR+ATM+OR+VMD2+OR+MEN1&CHR=11&MAPS=ideogr%5B11pter%253A6451.760000%5D,genec%5B0.000000%253A6451.770000%5D&ZOOM=100.000000
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WMDE

Best disease

MEM1

Multiple endochne
neoplasia

Chromosome 12

+ Contains over 1600 genes
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HRAZ
Harvey Ras oncogene

- I1DDMZ

Diabetes

LOT
Long ST syndrorme

——— ATM

Ataxia telangiectasia

+ Contains over 130 million base pairs, of which over 95% have been determined

+ See the diseases associated with chromosome 12 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%284771,5521,151674,9026820,9027157%29&qstr=PXR1+OR+PAH&CHR=12&MAPS=ideogr%5B315.140000%253A5947.620000%5D,morbid%5B315.130000%253A5947.620000%5D&ZOOM=100.000000
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}7 P=R1
Zellweger syndrome

PAH |
Phenylketonuria

Chromosome 13

+ Contains approximately 800 genes
» Contains over 110 million base pairs, of which over 80% have been determined

+ See the diseases associated with chromosome 13 in the MapViewer.

CHZE _
Autosomal recessive
neurosensory deafness

BRCAZ I
Breast cancer

ATP7E
Wilson disease

RBE1
Retinoblastoma

Chromosome 14

+ Contains approximately 1200 genes

+ Contains over 100 million base pairs, of which over 80% have been determined

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%28517,647,2539,5614,9026108,9026559,9027119,9028037%29&qstr=CX26+OR+ATP7B+OR+RB1+OR+BRCA2&CHR=13&MAPS=ideogr%5B1387.810000%253A3565.030000%5D,morbid%5B1387.800000%253A3565.040000%5D&ZOOM=100.000000
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+ See the diseases associated with chromosome 14 in the MapViewer.

1.2

——— P51 {AD3)

Alzheimer disease

SERPIMAL |
Alpha-1-antitrypsin
deficiency

Chromosome 15

» Contains approximately 1200 genes

+ Contains approximately 100 million base pairs, of which over 80% have been
determined

» See the diseases associated with chromosome 15 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=14&BEG=0.00&END=6300.00&MAP0=ideogr%252Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%25284972%252C5358%2529&QSTR=PS1+OR+SERPINA1&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%282044,2895,6296,6972,8321,8322,9026195,9026581,9027343,9028032%29&qstr=SNRPN+OR+UBE3A+OR+HEXA+OR+FBN1&CHR=15&MAPS=ideogr%5B1669.130000%253A4684.560000%5D,morbid%5B1669.130000%253A4684.570000%5D&ZOOM=100.000000
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SMREPM
( Prader-willi syndrorme
BESA

FBM1
Marfan syndrome

F——— HEXA

Tay-Sachs disease

Chromosome 16

Contains approximately 1300 genes

Contains approximately 90 million base pairs, of which over 85% have been
determined

See the diseases associated with chromosome 16 in the MapViewer.

HEAl,HBAZ —

Alpha thalassernia |7 PED1
Polyoystic kidney
FMF disease
Farmilial Mediterranean
fever

——— Crohn’s disease

Chromosome Map

Angelman syndrome


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%282861,2862,3976,5017,9026261,9026262,9026790,9027295,9027894%29&qstr=PKD1+OR+CROHN+OR+HBA1+OR+HBA2+OR+FMF&CHR=16&MAPS=ideogr%5B16pter%253A16qter%5D,morbid%5B0.000000%253A5120.000000%5D&ZOOM=100.000000
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Chromosome 17

+ Contains over 1600 genes

+ Contains approximately 80 million base pairs, of which over 95% have been
determined

+ See the diseases associated with chromosome 17 in the MapViewer.

pa3
Turmor suppressor
protein

|_\— CMT1A

Charcot-Marie-Tooth
syndrorne

Bﬂcnlg{
Breast cancer

Chromosome 18

+ Contains over 600 genes
» Contains over 70 million base pairs, of which over 95% have been determined

+ See the diseases associated with chromosome 18 in the MapViewer.

MNPCI
Miermann-Pick disease

DPC4 —{

Pancreatic cancer

Chromosome 19

+ Contains over 1700 genes
« Contains over 60 million base pairs, of which over 85% have been determined

+ See the diseases associated with chromosome 19 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%28644,1172,5082,6793,9430,18595,18734,20180,20182,20183,20184,20185,20186,20187,20188,20192,20193,9026036,9026651,9027263%29&qstr=p53+OR+CMT1A+OR+BRCA1&CHR=17&MAPS=ideogr%5B17pter%253A3896.000000%5D,morbid%5B0.000000%253A3896.000000%5D&ZOOM=100.000000
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%283864,4596,9027248,9028163%29&qstr=NPC1+OR+DPC4&CHR=18&MAPS=ideogr%5B899.145003%253A3920.184997%5D,morbid%5B899.140000%253A3920.190000%5D&ZOOM=100.000000
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%28335,567,1634,3513,9026007,9026786,9027116,9027812%29&qstr=Jak3+OR+APOE+OR+BCKDHA+OR+DMPK&CHR=19&MAPS=ideogr%5B1151.850000%253A3490.000000%5D,morbid%5B1151.840000%253A3490.000000%5D&ZOOM=100.000000
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d Jak3 .
b Severe combined
BCkDHA Y imrmunadeficiency
Maple syrup A,

urine disease

| - APOE
DMPk | atherosclerosis

Myotonic dystrophy

Chromosome 20
+ Contains over 900 genes
» Contains over 60 million base pairs, of which over 90% have been determined

+ See the diseases associated with chromosome 20 in the MapViewer.

L ADA
Severe combined

immunodeficiency

Chromosome 21

* Contains over 400 genes
« Contains over 40 million base pairs, of which over 70% have been determined

+ See the diseases associated with chromosome 21 in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%2894,9025970%29&qstr=ADA&CHR=20&MAPS=ideogr%5B296.719961%253A20qter%5D,morbid%5B296.710000%253A3770.000000%5D&ZOOM=100.000000
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%28313,6305,61194,9026314%29&qstr=SOD1+OR+APS1&CHR=21&MAPS=ideogr%5B529.400000%253A21qter%5D,genec%5B529.400000%253A3200.000000%5D&ZOOM=100.000000
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4.4

001 B
Armylotrophic

lateral sclerosis ' aPs1
Autoimmune
polyglandular

sydrome

Chromosome 22

+ Contains over 800 genes

» Contains over 40 million base pairs, of which approximately 70% have been
determined

* See the diseases associated with chromosome 22 in the MapViewer.

20

=GLT1
Glucose
galactase
rmalabsorpton DGs
DiGeorge syndrore
MFz R
Meurofibrommatosis | BCR

' Chronic myeloid leukemia

Chromosome X

+ Contains over 1400 genes

+ Contains over 150 million base pairs, of which approximately 95% have been
determined

» See the diseases associated with chromosome X in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&query=uid%28587,4507,6186,109259,9026356,9026584,9026616,9028123%29&qstr=DGS+OR+BCR+OR+SGLT1+OR+NF2&CHR=22&MAPS=ideogr%5B563.865008%253A3200.944992%5D,morbid%5B563.860000%253A3200.950000%5D&ZOOM=100.000000
http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=X&BEG=0.00&END=8610.00&MAP0=ideogr%252Cgenec&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%2528204%252C515%252C910%252C1206%252C1630%252C2003%252C2173%252C3069%252C3364%252C3970%252C4984%252C41753%252C78045%252C133789%252C133807%252C133813%252C133830%252C133843%252C133874%252C133924%2529&QSTR=COL4A5+OR+PIG-A+OR+DMD+OR+ATP7A+OR+IL2RG+OR+HPRT1+OR+FMR1+OR+MECP2+OR+TNFSF5+OR+ALD+OR+HEMA&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None
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CMD

Cuchenne muscular
dystrophy

ILZRG

#-linked severe combined
immunodeficiency (SCIDD

HFRT1

Lesch-Myhan syndrome

FMR1
Fragile = syndrorme

MECPZ
Rett syndrome

Chromosome Y

Contains over 200 genes

a
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PIG-A
Paroxysmal nocharnal
hermoglobinuria

ATP7A
Menkes syndrome

CoLdas
Alport syndrorme

THFZFS
Immunodeficiency
with hyper-lgh

aLh
Adrenoleukodystrophy

HEMA
Hermaophilia &

Contains over 50 million base pairs, of which approximately 50% have been

determined

See the diseases associated with chromosome Y in the MapViewer.

Chromosome Map


http://www.ncbi.nlm.nih.gov/mapview/maps.cgi?ORG=hum&CHR=Y&BEG=0.00&END=3650.00&MAP0=ideogr%252Cmorbid&VERBOSE=ON&COMPRESS=on&WIDTH=350&SIZE=20&QUERY=uid%25289027087%2529&QSTR=SRY&CMD=&FILL=0&ZOOM=0&ABS_ZOOM=0&GNL=None
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SRY N
Testes-determining factor

Chromosome Map



