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Human Genome Project

• Begun in 1990, the U.S. Human Genome 

Project is a 13-year effort coordinated by the 

Department of Energy and the National 

Institutes of Health.

• The Human Genome Project ended in 2003 

with the completion of the human genetic 

sequence.



Genetics: single-gene level

• What does this gene do?

• When is it expressed?

• What does it interact with?

Genomics: genetics on a genome level

• What is the structure of the genome?

• What are all the genes in this organism?

• When are they expressed?

• What do they do and how do they interact to produce a cell?

• How are the genes in one organism similar to other organisms?

Why did we sequence the genome?
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Genome facts

•Genome is an organism’s complete set of DNA

•Human genome size: 3.4 billion base pairs

•Bacteria with smallest known genome: 

~600,000 bp.

•All human cells contain a complete genome 

(except for mature red blood cells).
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Genome facts…

•DNA in the human genome is arranged into     
24 distinct chromosomes.

•Each chromosome contains many genes 
that encode for proteins.

•Genes coding for proteins comprise of only 
2% of the human genome.

•Human genome contains 30,000 to 35,000 
genes.



DNA is within the Nucleus of a cell
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Role of DNA

• Long-term information storage

– Maintains its information

– Is readable

– Stable 

– secure



DNA

• Deoxyribonucleic acid (DNA) is the genetic material 

of all living organisms

• “code” to tell cells what to make

• Has 4 bases, ribose and phosphate.

• The bases are denoted by 4 letters & are guanine 

(G), adenine (A), cytosine (C), and thymine (T). 



DNA
• DNA is made of four bases (chemicals)

– Adenine: A

– Thymine: T

– Cytosine: C

– Guanine: G

A T

C G

•The DNA molecule consists of two strands that form 

a double helix, a spiraling shape much like a twisted 

ladder. 



DNA: double-helix
• The two complementary strands run in 

opposite directions

• The sugar (ribose) - phosphate backbone is 
on the outside while the bases are on the 
inside of the helix

A T

CG

C G

AT

Phosphate 

Ribose

5’

3’
5’

3’



DNA can copy itself

• First, the strands in the double helix 

separate

• Each single strand can make a copy – it 

creates another strand using the bases 

A, T, C and G

• It makes a complement- inserting and 

matching A with T and C with G.



Cells have DNA (deoxyribonucleic acid)

DNA –contains “recipes” to make proteins

Proteins: Building blocks of life

RNA- is the messenger

How does a cell make protein?

Message is translated to make a protein



How are proteins made?

• DNA provides the “recipe” for a protein.

• A copy for single stranded mRNA 

(messenger RNA) is made

• It follows the same base pairing rule 

EXCEPT that RNA has Uracil (U) 

instead of T.

• So, to make a single stranded mRNA, C 

will be inserted opposite to G and U will 

be inserted opposite to A. 



Central Dogma of Genetics

--TCGAACTTGCATGTTCCGGATCAAAATCG---

--AGCTTGAACGTACAAGGCCTAGTTTTAGC--

dsDNA

--UCGAACUUGCAUGUUCCGGAUCAAAAUCG--- mRNA

Transcription

Translation

PROTEIN

--AGCTTGAACGTACAAGGCCTAGTTTTAGC-- ssDNA

Strands separate



How do I read the sequence?
tcgcacttcc gtgtgccgcg gcgccggagc ccgaggcggc tgtagcccac atctcccgag cgacccccgg cgcccgcccg ccgcgcggag 
gcccgggcca cacctcactg gccgcttggc ccatcccagt cagcgccgcg ccgaaccccg tccgcgcgcg ccggggagcg gcgcccccgc 
cgctgccgcc gcgacccttg gcgcctgccc ctgcaacggg aggtctgcag ggaactggcc aggcaagggg gcaggcccgt ttctcctggt 
ggttggtgcg ttgtagcagc agcgggagcc aggactaagg acaagcagga gctgggagcc ccagccccac tgcaggcccc accatggcgc 
cgttcctgcg catcgccttc aactcctatg agctgggctc cctgcaggcc gaggacgagg cgaaccagcc cttctgtgcc gtgaagatga 
aggaggcgct cagcacagag cgtgggaaaa cactggtgca gaagaagccg accatgtatc ctgagtggaa gtcgacgttc gatgcccaca 
tctatgaggg gcgcgtcatc cagattgtgc taatgcgggc agcagaggag ccagtgtctg aggtgaccgt gggtgtgtcg gtgctggccg 
agcgctgcaa gaagaacaat ggcaaggctg agttctggct ggacctgcag cctcaggcca aggtgttgat gtctgttcag tatttcctgg aggacgtgga 
ttgcaaacag tctatgcgca gtgaggacga ggccaagttc ccaacgatga accgccgcgg agccatcaaa caggccaaaa tccactacat 
caagaaccat gagtttatcg ccaccttctt tgggcaaccc accttctgtt ctgtgtgcaa agactttgtc tggggcctca acaagcaagg ctacaaatgc 
aggcaatgta acgctgccat ccacaagaaa tgcatcgaca agatcatcgg cagatgcact ggcaccgcgg ccaacagccg ggacactata 
ttccagaaag aacgcttcaa catcgacatg ccgcaccgct tcaaggttca caactacatg agccccacct tctgtgacca ctgcggcagc ctgctctggg 
gactggtgaa gcagggatta aagtgtgaag actgcggcat gaatgtgcac cataaatgcc gggagaaggt ggccaacctc tgcggcatca 
accagaagct tttggctgag gccttgaacc aagtcaccca gagagcctcc cggagatcag actcagcctc ctcagagcct gttgggatat atcagggttt 
cgagaagaag accggagttg ctggggagga catgcaagac aacagtggga cctacggcaa gatctgggag ggcagcagca agtgcaacat 
caacaacttc atcttccaca aggtcctggg caaaggcagc ttcgggaagg tgctgcttgg agagctgaag ggcagaggag agtactttgc 
catcaaggcc ctcaagaagg atgtggtcct gatcgacgac gacgtggagt gcaccatggt tgagaagcgg gtgctgacac ttgccgcaga 
gaatcccttt ctcacccacc tcatctgcac cttccagacc aaggaccacc tgttctttgt gatggagttc ctcaacgggg gggacctgat gtaccacatc 
caggacaaag gccgctttga actctaccgt gccacgtttt atgccgctga gataatgtgt ggactgcagt ttctacacag caagggcatc atttacaggg 
acctcaaact ggacaatgtg ctgctggacc gggatggcca catcaagatt gccgactttg ggatgtgcaa agagaacata ttcggggaga 
gccgggccag caccttctgc ggcacccctg actatatcgc ccctgagatc ctacagggcc tgaagtacac attctctgtg gactggtggt ctttcggggt 
ccttctgtac gagatgctca ttggccagtc ccccttccat ggtgatgatg aggatgaact cttcgagtcc atccgtgtgg acacgccaca ttatccccgc 
tggatcacca aggagtccaa ggacatcctg gagaagctct ttgaaaggga accaaccaag aggctgggag tgaccggaaa catcaaaatc 
caccccttct tcaagaccat aaactggact ctgctggaaa agcggaggtt ggagccacct ttcaggccca aagtgaagtc acccagagac 
tacagtaact ttgaccagga gttcctgaac gagaaggcgc gcctctccta cagcgacaag aacctcatcg actccatgga ccagtctgca ttcgctggct 
tctcctttgt gaaccccaaa ttcgagcacc tcctggaaga ttgaggttcc tggacagatc aggctagccc tgccctccac ccacacctgc ccgctcccca 
cgataagcac cagtgggact gtggtgactt ctgctgctgg ccccgcccct gcccccagag cgtccttggc tgccgtctgg ccgggctctc atggtacttc 
ctctgtgaac tgtgtgtgaa tctgcttttc ctctgccttc ggagggaaat tgtaaatcct gtgtttcatt acttgaatgt agttatctat tgaaaatata tattatatac 
atagacatat atatatatat aataggctgt atatattgct cagtagagaa aaaccatggg ggactggtga tatgttgatc tttttcaaaa aaatatatat 
atgacaaaaa aaaaaaaaaa ggagcacaag ctgtttgaac caccaggttt atttgtgtgt ctaaataaac accaaatagt accaaaaaaa 
aaaaaaaaaa 



3 bases make a codon

1 codon = 1 amino acid

String of amino acids make a protein!



With a pure sample of DNA you can test 
a newborn for a genetic disease, analyze 
forensic evidence, or study a gene 
involved in cancer.

HOW?



1. Isolate DNA (remember banana DNA extraction?)

2. Purify DNA- remove proteins and lipids

3. Restriction digestion of DNA

4. Separate and visualize DNA using gel electrophoresis



Restriction Digestion
• DNA is cut into fragments by enzymes 

called Restriction endonucleases (RE).

• RE recognize specific sequences in the 

DNA molecule (for example GAGGCC) 

wherever that sequence occurs in the 

DNA- sometimes at multiple places 



Restriction Digestion
tcgcacttcc gtgtgccgcg gcgccggagc ccgaggcggc tgtagcccac atctcccgag 

cgacccccgg cgcccgcccg ccgcgcggag gcccgggcca cacctcactg gccgcttggc 

ccatcccagt cagcgccgcg ccgaaccccg tccgcgcgcg ccggggagcg gcgcccccgc 

cgctgccgcc gcgacccttg ggag gcccgcctgccc ctgcaacggg aggtctgcag 

ggaactggcc aggcaagggg gcaggcccgt ttctcctggt 

tcgcacttcc gtgtgccgcg gcgccggagc ccgaggcggc tgtagcccac atctcccgag cgacccccgg cgcccgcccg 

ccgcgcggag gcc

cgggcca cacctcactg gccgcttggc ccatcccagt cagcgccgcg ccgaaccccg tccgcgcgcg 

ccggggagcg gcgcccccgc cgctgccgcc gcgacccttg ggag gcc

cgcctgccc ctgcaacggg aggtctgcag ggaactggcc aggcaagggg gcaggcccgt 

ttctcctggt 

Restriction enzyme 

cutting DNA after its 

recognition sequence



Gel electrophoresis

• Separate DNA according to its size

• DNA is a negatively charged molecule, 

and is moved by electric current through 

a matrix of agarose.

• Agarose: purified from seaweed. Looks 

like white jello.



Making agarose gel

• Weigh agarose- a white powder

• Add water - measured (1%= 1g in 

100mL water)

• Heat in microwave till it boils

• Cool to 55ºC.

• Add ethidium bromide

• Pour into casting tray



Separation of DNA

• DNA is negatively charged

-ve electrode

+ve electrode



Restriction Digestion
tcgcacttcc gtgtgccgcg gcgccggagc ccgaggcggc tgtagcccac atctcccgag cgacccccgg cgcccgcccg 

ccgcgcggag gcccgggcca cacctcactg gccgcttggc ccatcccagt cagcgccgcg ccgaaccccg tccgcgcgcg 

ccggggagcg gcgcccccgc cgctgccgcc gcgacccttg ggag gcccgcctgccc ctgcaacggg aggtctgcag 

ggaactggcc aggcaagggg gcaggcccgt ttctcctggt 

tcgcacttcc gtgtgccgcg gcgccggagc ccgaggcggc tgtagcccac atctcccgag cgacccccgg cgcccgcccg ccgcgcggag gcc  (Fragment A)

cgggcca cacctcactg gccgcttggc ccatcccagt cagcgccgcg ccgaaccccg tccgcgcgcg ccggggagcg gcgcccccgc cgctgccgcc gcgacccttg 

ggag gcc (Fragment B)

cgcctgccc ctgcaacggg aggtctgcag ggaactggcc aggcaagggg gcaggcccgt ttctcctggt (Fragment C)

Restriction enzyme 

cutting DNA after its 

recognition sequence



Gel electrophoresis

• To visualize, we use gel electrophoresis

• Separate DNA according to size

• Smaller fragments will travel faster



Gel electrophoresis
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M 1  2 3  4  5 6 

Forensics
M 1  2 3  4  5 6 

M: DNA size marker

1: Evidence

2: Suspect 1

3: Suspect 2

4: Suspect 3

5: Victim

6: Officer on duty

Electrophoresis

Who is the culprit?


