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Are 🧬Genes Everything?!



• 13 years from 1990 to 2003 
The initial estimate was 15 years. 

• $3 billion in 1990 (overfund!) 
In the end, approximately $2.7 
billion was used. 

• The first (almost) complete 
human genome sequence (92%) 
The remaining 8% took until the 
year ———. (guess the year)

The Human 
Genome Project
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Mild 
EpilepsyLactose 

Intolerance

“Gene Therapy”



• Some researchers 
suggested using a 
“normal” person. But 
who is really normal? :) 

• 70% from one person of 
mixed race 

• 30% from 19 people, 
mostly of European 
ancestry

Whose gene is this?





Scale of Genome, Chromosome, and Clone

Human Genome 
(~3,000 Mb)

 Human Chromosome
(~130 Mb)

 Roughly size of
 entire fruit fly or

nematode genome

Smaller Clones 
(~0.1-0.2 Mb)

GATCGTCTAGAATCTC 
GAGATCTCTGAGAGTC 
GTGGGAAACTGTGTGA 
TGTGACTAGCCACAGT 
TAGGTATTGGGGCATT 
TACGTGTGAGAGATGT 
ATGATGCACCTGACCC 
GGGTTTCACTCTCAAC 
GACTCACTCCACCTCA 
CCGGTTAGACATACAT 
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GATCGTCTAGAATCTC 
GAGATCTCTGAGAGTC 
GTGGGAAACTGTGTGA 
TGTGACTAGCCACAGT 
TG 
TACGTGTGAGAGATGT 
ATGATGCACCTGACCC 
GGGTTTCACTCTCAAC 
GACTCACTCCACCTCA 
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GAGGCCCACCGCCGCT 
GTGCACGTCCACCACC 

 Larger Clones
(~0.5-1.0 Mb)



Mapping DNA by Physical Cloning

Chromosome

'Contig' of clones

Clone

Large clones (like chapters of a book) Small clones (like pages of a book)



Shotgun sequencing from genome.gov/genetics-glossary

genome.gov/genetics-glossary


• Because raindrops fall randomly in various places, some spots need 
to get extra drops for the entire sidewalk to get wet.  

• Similarly, the final accuracy of sequencing depends on reading each 
part multiple times (for example, 30-50 times, which is called 
'coverage').

Raindrops on a Sidewalk



دو برادر یکی خدمت سلطان کردی و دیگر به زورِ بازو نان خوردی. 

باری، این توانگر گفت درویش را که: چرا خدمت نکنی تا از مشقّتِ 
کار کردن برهی؟ 

گفت: تو چرا کار نکنی تا از مَذلََّتِ خدمت رهایی یابی؟ که 
خردمندان گفته اند: نان خود خوردن و نشستن به که کمرشمشیرِ 

زرّین به خدمت بستن.

Sequencing Saadi’s Gulistan (Persian  Literature)
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• The Human Genome Project (HGP) produced 
a high-quality sequence of the human 
genome, but it only covered 92% of the 
human genome. 

• The remaining 8% was not sequenced due to 
the inability of the available DNA sequencing 
methods at the time, but these regions are 
important for structural (centromeres and 
telomeres) and medical reasons. (Previously, it 
was thought that these regions were useless.) 

• In the past 20 years or so, several new and 
revolutionary methods for DNA sequencing 
have been developed. 

• These new methods, along with better 
computational techniques, enabled a new 
group of researchers to finally produce a 
complete sequence of the human genome in 
2022.

Reaching a Complete Genome





Does DNA explain everything?



Mendel’s model (1865)
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• Every organism has two alleles for 
each trait, one received from the 
father and the other from the 
mother. 

• Of the two alleles for a trait, one may 
completely express itself (dominant 
allele), while the other may show no 
observable effect (recessive allele).

• The two alleles for a trait may be 
identical or different. 

• The two alleles for a trait separate from 
each other during gamete formation, 
and each gamete receives only one of 
them. During the formation of the 
zygote, one allele from the male 
gamete and one from the female 
gamete combine.

Mendel’s model





Criticisms of Mendel’s theory

Weldon, 1901

…
TLDR; Mendel’s results are too good to be true!







Nothing works all the time
Environmental conditions change things



Family

Diet
Culture

Social interactions 
and friends



From the book The Strategy of the Genes, written by Waddington in 1957







External gene 
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