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Components of the AUmMan genomes j

80% of the entire human genome is
relevant (either transcribed, binds to

HUMAN GENOME . . . .
~3000Mb regulatory proteins, or is associated with
i i some other biochemical activity).

~60%
Intergenic DNA

~40%
Genes and gene-
related sequences

l
l l

~2% ~38% [ |
Protein- *» Noncoding functional RNA ~18% ~42%
coding gene genes Unique or low copy number Moderate to highly repetitive
exons « Gene-related sequences
(pseudogenes, gene I
fragments, introns, UTRs) | |
~10% ~32%
Introns: 26% »
Tandem repetitive Interspersed elements
Regulatory sequences: 8-20% sequences
I I [ | l |
Satellites ] Minisatellites | STRs | ~11% SINES | ~21% LINES |

~5% of the genome contains sequences of noncoding DNA that are
highly conserved indicating that they are critical to survice.
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Tandem vs. dispersed

T i, - oo
..............

e

A W,
i
AR
s e T,
et 1 Y.< 50 1
=y .ﬂ..l :.II- -------
] I.:E'-_:::E::_
: e

| Dispersed |

'/ Tandem |

| repeats |

P iy . - '
Ptk T

oy Co I'lrl::lll:.: 2 -:Iilrl.-.;:i“..-.__--- I:Hlug a Cummingﬂ EI:":":I:I _ e ..':...I ..I.;'-::EI.;r.l.:-.:.:r.::.::l -l.;..- e e




Satellite (macro=satellite) DNA

@ Regions of 5-300 bp
repeated 10°-107 times e
(10% of genome)

@ Centromeric repeats (171
bp) unique to each
chromosome (you make Chromosome < +—— Centromere
chromosome-specific (Conam seielie DR
probes) by fluorescent in
situ hybridization.

@ Telomeric repeats \_ @ «— Telomere
) BB Merge+D AP (Contain satellite DNA)

+—— Telomere

(Contain satellite DINA)

——+4— Repetitive DINA
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Centromeric and telomeric repeatsiss R -]
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Mini-satellite DNA - . ©

@ Mini satellite sequences or VNTRs (variable number of
tandem repeats) of 20 to 100 bp repeated 20-50 times

.. Yariable Number of
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Micro-satellite DNA | ;.w;

@ STRs (short tandem repeats) of 2 to 10 bp repeated 10-

100 times
P2
40bp Allele 1 = (CA)¢ _—
CAICA|CA|CA|CA|CAICA|CAICA[CA|CA|CA|CA|CAICA[CA
= GT/GT|GTIGT/GT|GTI|GT/GT/GTI|GT|GT|GTIGT/GT|GTIGT
- >
— Y 40 bp
PCR product =80 +32=112 bp
A"e'e 2 = (CA)14 P2
CAICA|CA|CAICA|CAICAICA|CAICA|CA|CA|CA|CA
LPL s v

PCR product = 80 + 28 = 108 bp




Polymorphisms of VNTR and STR™ &-»n

@ STRs and VNTRs are highly variable among individuals
(polymorphic).

@ They are useful in DNA profiling for forensic testing.
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Microsatellites and V/INTRs as DNA IVIark

chromosor';'ises i l
v v ' '

Cut with restriction enzyme

and analyze by gel electrophoresis,
Southern blotting, and probing with
a monolocus probe

No. of '
repeats 10 —-—

Visualization of
. ‘ 6 — probe results
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VNTR in medicine and more

@ VNTR allelic length variation among 6 individuals.

The likelihood of 2 unrelated individuals having same allelic pattern is
extremely improbable.




Real example
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Thompson & Thompson Genetics in Medicine, p. 130, 1991




Paternity testing




Single nucleotide polymorphism (SNPS)E - |

@ Another source of genetic variation
@ Single-nucleotide substitutions of one base for another

@ Two or more versions of a sequence must each be
present in at least one percent of the general
population

@ SNPs occur throughout the human genome - about
one in every 300 nucleotide base pairs.

@ ~10 million SNPs within the 3-billion-nucleotide human
genome

@ Only 500,000 SNPs are thought to be relevant




Examples

Homozygous SNP Heterozygous SNP

Paternal

diele . AACTGGACTT|G|AAGCATCTACGTT| A|TCCATGAAG
Maternal A ACTGGACTT|G|AAGCATCTACGTT| C|TCCATGAAG

allele

G51% A 90%
Freguency in population:
T 49% (minor allele) C 10% (minor allele)
Individual 1 Individual 4
chr2 s« s CGATATTCCATCGAATGTC. . . chi2 »» s CGATATTCCATCGAATGTC. ..
copyl + . .GCTATAAGGATAGCTTACAG... copyl « « «GCTATAAGGATAGCTTACAG. ..
chr2 +++ CGATATTCCEATCGAATGTC. .. Chr2 » + + CGATATTCCEATCGAATGTC. ..
copy2 « « « GCTATAAGGGTAGCTTACAG. .. copy? « « « GCTATAAGGGTAGCTTACAG. ..
Individual 2 Individual 5
chrs « « «CGATATTCCATCGAATGTC. .. chrs « » « CEATATTCCJATCGAATGTC. . .
copyl + « « GCTATAAGGGTAGCTTACAG. .. copyl « « « GCTATAAGGGTAGCTTACAG. ..
Chr2 » « « CGATATTCCEATCGAATGTC. .. Chr2 » » « CGATATTCCHATCGAATGTC. ..
copy2 .+ . GCTATAAGGGTAGCTTACAG. .. copy2 « « « GCTATAAGGATAGCTTACAG. ..
Individual 3 Individual 6
chr2 + ¢ « CGATATTCCEBATCGAATGTC. .. cigs # s s CGATATTCCATCEGAATETC « « &
copyl + « « GCTATAAGGATAGCTTACAG. .. copyl « « « GCTATAAGGGTAGCTTACAG. ..
chr2 « .+ .CGATATTCCTATCGAATGTC... chr2 « » «CGATATTCCTATCGAATGTC. ..
copy2 « +  GCTATAAGGATAGCTTACAG. .. copy2 « « « GCTATAAGGATAGCTTACAG. ..



Categories of SNPs

TTGGCCAGCTGGﬂAGGGCGATGAC

Linked SNPs TTGGCCAGCTGG AGGGCGATGAC
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Transposons (JUmpINg genes) s -

@ They are segments of DNA that can move from their original
position in the genome to a new location.

@ Two classes:

@ DNA transposons (2-3% of human genome)

@ RNA transposons or retrotransposons (40% of human genome).
@ Long interspersed elements (LINEs)
@ Short interspersed elements (SINEs) — An example is Alu (300 bp)

@ Over 99% of the transposons in the human genome lost their

ability to move, but we still have some active transposable
elements that can sometimes cause disease.

@ Hemophilia A and B, severe combined immunodeficiency,
porphyria, predisposition to cancer, and Duchenne muscular
dystrophy.
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Transposablo element

Transcribed in certan cel types, protein product ks active

Protein product not functional

Tranecriplion aclivated in other cell types
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