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@ This lecture

@ Cooper, Ch. 6, pp. 157-160, 195-205, 209-212
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@ A S3 billion, 13-year, multi-national project launched in
1990 led by the US government to (know the)
sequence the human 'genome and to map and identify
the genes (a draft was published in 2001 and 92% was

completed in 2004).
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Major outcomes

@ Determination of the number of human genes
@ Development of major technologies

@ Completed sequences of other genomes

@ Open discussion of legal and ethical issues
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DNA homology

(i.e. sequence similarity)
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Components of the human genome s -
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~5% of the genome contains sequences of noncoding DNA that are

highly conserved indicating that they are critical to survival. J
aA elr:\ e menition Hie e,\/{"'“w‘a"y metig

Note: All numbers are approximate so T oduice you 4o waich _2) U 2508 (3 | Eley




The ENCODE project (2003-on) s R
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ENCODE: Encyclopedia of 'Summary of ENCODE Results

DNA Elements (ENCODE) Protein-coding genes 20,687
@ 80% of the entire human  Short noncoding RNAs 8801

genome is relevant Long noncoding RNAs
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On March 31, 2022...

Gene annotation

A gene: a region of DNA that 3 \.mber of genes 63,494
is transcribed. ——>  Protein coding number«f genes Haal moke 19969
A transcript: a RNA molecule Number of exclusive genes e 3,604
that is Pro.duced by Protein coding 120
transcription —— Nersher of tramscripts 233615
——>  Protein coding proten numbel 86,245
Number of exclusive transcripts 6,693
Protein coding 2,180
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Since its initial release in 2000, the human reference genome has covered only the euchromatic fraction of

the genome, leaving important heterochromatic regions unfinished. Addressing the remaining 8% of the

genome, the Telomere-to- Telomere (T2T) Consortium presents a complete 3.055 billion-base pair sequence
genome, T2T-CHM13, that includes gapless assemblies for all chromosomes except Y, corrects

errors in the prior references, and introduces nmr&ZOOnilonbasepa‘rsofseqmmecon_taFrnngﬁm
predictions, 99 of which are predicted to be protein coding. The completed regions include all centromeric
satellite arrays, recent segmental duplications, and the short arms of all five acrocentric chromosomes,
uniocking these complex regions of the genome to variational and functional studies.
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Tandem repeats




Satellite (macro=satellit 5) DNA

@ Regions of 5-300 bp repeated

106-107 tiMes on) found (n conomerss apel debmeces BT R
@ Centromeres and telomeres - DU

@ Centromeric A/T-rich repeats =
(171 bp) called o-satellite N < _‘_Cmm

unique to each chromosome

(you make chromosome-specific
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probes) by fluorescencein situ

hybridization (FISH) \n speci fic. location 9
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Fluoresence In Situ Hybridization

Labeling with
fluorescent dye /

(Contain satellite DINA)

+— Telomere

(Contain satellite DINA)
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@ (TTAGGG)is repeated hundreds{to thousands of times at the termini of
human chromosomes with a 3 0verhang of single-stranded DNA. qresu\Ll’a? )
Clongaton

@ The repeated sequences form loops that bind a protein complex called 7, Ut rend
shelterin, which protects the chromosome termini from degradation.

Telomeric repeats

@ Telomericrepeat-containing
RNA (TERRA): a long non-coding RNA
transcribed from telomeres and
functions in:
® maintaining the integrity of

chromosome termini,

regulating telomerase activity,
® maintaining
the heterochromatic state of
telomeres,

@ protecting DNA from deterioration
or fusion with neighboring
chromosomes




Mini- and Micro-satellite DNA S

»

— ancler name 1
Minisatellite: Variable Number Tandem Repeats (VNTR)

Repeated 4 times

Microsatellite: Short Tandem Repeats (STR) — Simple Sequence

Repeats (SSR)
R — ] —
Ropoam; 8 imes Repeawé 20 imes
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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

Restriction Endonuclease ”ﬂﬁ'ﬂ' ‘ﬁ':::artf

Cutting Sites
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Micro-satellite DNA _ ;.w;
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@ STRs (short tandem repeats) of 2 to 10 bp repeated 10-

100 times
P2
40bp Allele 1 = (CA)yq _—
CA[CA|CA|CA|CA|CA[CA[CAJCA[CACAICA[CA[CA[CA|CA
= GT.GTI|GT|GT|GT|GT|GT|GT GT|GT|GT|GT|GT|GT|GT|GT
- >
— Y 40 bp

PCR product =80 + 32 =112 bp

Allele 2 = (CA),4 P2

P1

. Y
PCR product = 80 + 28 = 108 bp
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Polymorphisms of VNTR and STR™ &-—m

d;ffefev\c_@s in PrA

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

@ They are useful in DNA profiling for forensic testing.
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STRs and VNTRs as DNA Markers

chromosomes

\ v . v

{Y\&"/ be Cut with restriction enzyme
and analyze by gel electrophoresis,
(Q o ‘P Hen Southe(n Southern blotting, and probing with
a monolocus probe
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ol eshay e
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No. of
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PCQ J/{MM ' The likelihood of 2 unrelated individuals
Gd @J echn Pb“’f%'s having same allelic pattern is extremely
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l = Restriction site improbable.
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Paternity testing




Single nucleotide polymorphism (SNPS)R -
Another source of polymorphism :

@ 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.

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

@ Only 500,000SNPs are thought to be relevant

MQ‘F @-’l/\EC/LeJ wilh oesease o )

Someblrs imfortes

21




Examples
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Homozygous SNP Heterozygous SNP

Arccateans | of SNPe must
(]
clrccateanc | he move 1\

Paternal

ra"e,e AACTGGACTT|G|AAGCATCTACGTT
Maternal A ACTGGACTT|G|AAGCATCTACGTT

L~ allele

_ 6s1% A 90% of poﬂ““""“’"‘
Frequency In population: T 49% (minor allele) C 10% (minor allele) d_v,\e,f\..r‘se e
. Fom
?/5‘\'!'040,5 £o(' ‘ Ckﬂﬁma.Soﬂc- Gl it 'M“'lq
Individual 1 Individual 4
clire %« CCATATTCCHATCGAATGTC s« « ohire 4 «CCATATTCCIATCCAATETC : » 5
\AEATO 2130“5 copy] « . .GCTATAAGGATAGCTTACAG. .. copyl « « « GCTATAAGGATAGCTTACAG. . .
5/*’94 chr2 ¢+ + + CGATATTCCCATCGAATGTC. .. chr2 ¢+ » + CGATATTCCCATCGAATGTC. ..
copy2 « « « GCTATAAGGGTAGCTTACAG. .. copy2 « « « GCTATAAGGGTAGCTTACAG. ..
Bodn sfrandds L. Fofu chremsame
Individual 2 Individual 5
\,\a”"" z,yjous copyl + « « GCTATAAGGGTAGCTTACAG. .. copyl « « « GCTATAAGGGTAGCTTACAG. ..
snpfs Chis e« « CCATATTCCRATCGAATGTC. . . Chig « s « CGATATTCCRATCGAATGTC. ..
copy? + «  GCTATAAGGGTAGCTTACAG. . . copy?2 « » « GCTATAAGGATAGCTTACAG. ..
Individual 3 Individual 6
Chr2 +++CGATATTCCEATCGAATGTC... Chr2 » » « CGATATTCCEATCGAATGTC. ..
copyl + . .GCTATAAGGATAGCTTACAG. .. copyl « «  GCTATAAGGGTAGCTTACAG. ..
chr2 « .+ .CGATATTCCTATCGAATGTC... chr2 « « CGATATTCCTATCGAATGTC. ..
copy? .. .GCTATAAGGATAGCTTACAG. .. copy? « « « GCTATAAGGATAGCTTACAG. ..
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Causative SNPs

Coding Region
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“Protein TTGGCCAGCTGG AGGGCGATGAC
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Interspersed repeats
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@ They are segments of DNA that can move from their original
position in the genome to a new location.

@ Two classes:
@ DNA transposons (3% of human genome);enw ppA of virueses

RNA transposons or retrotransposons (42% of human genome).
— @ Long interspersed elements (LINEs, 21%)
—%  Short interspersed elements (SINEs, 13%)
L 9 Anexampleis Alu(300bBp) | eshreckion aveloclesse called Al
@ Retrovirus-like elements (8%) ’ con Cub Hais efomert

@ Over 99% of the transposonsin the human genome lost their
ability'to move, but we still have some active transposable
elements that can sometimes cause disease.

v Hemophilia A and B, severe combined immunodeficiency,

porphyria, predisposition to cancer, and Duchenne muscular
dystrophy.
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Transposablo clement

Transcribed in certan cel types, protein product is active

Protein product not functional

Tranecriplion aclivated in other cell types
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