
PERSONALIZED GENOMICS

Personal genomics is a branch of science where 
individual genomes are analyzed and characterized using 
computer tools.

1. Evidence shows that mice are attracted to their mates based on 
genetic diversity.  This they can somehow tell from the smell of their 
urine.  There is also currently some weak evidence that humans 
indirectly do the same thing.

2. According to established data within the senecense field, people 
who take longer to “sh*t” arguably should live longer.

3. A transgenic mouse, affectionately known as the "Doogie" mouse 
has been produced with superior intellect and mental prowess.

4. Research based on psychogenomic analysis have determined 
genetic sequences involved in your love/hate relationship with 
brussel sprouts.

TRUE OR FALSE?

Text

Evidence shows that mice are attracted to their mates based on genetic diversity.  
This they can somehow tell from the smell of their urine.  There is also currently some 

weak evidence that humans indirectly do the same thing.

TRUE!

A transgenic mouse, affectionately known as the "Doogie" mouse has been 
produced with superior intellect and mental prowess.

TRUE!

According to established data within the senecense field, people 
who take longer to “sh*t” arguably should live longer.

TRUE!
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The Molecular Basis of Individual Differences
in Phenylthiocarbamide and Propylthiouracil
Bitterness Perception

example, pharmaceuticals and selected phytochem-
icals.
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3 Givaudan Flavors Corporation phisms observed in TAS2R38 occur at amino acid posi-
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Cincinnati, Ohio 45216 at position 262, where either an alanine or a valine is
4 National Institute on Deafness encoded, and at position 296, where either a valine or
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National Institutes of Health haplotypes, PAV and AVI, plus the less common haplo-
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Rockville, Maryland 20850 of hTAS2R38 from genomic DNA of two homozygous

individuals. Their receptors were functionally expressed
in HEK293 cells [9]. Micromolar concentrations of PTC

Summary elevated cytosolic [Ca2!]i in cells transiently transfected
with the hTAS2R38-PAV variant in a concentration-

Individual differences in perception are ubiquitous dependent manner (Figure 1A). Moreover, stimulation
within the chemical senses: taste, smell, and chemical of receptor-expressing cells with the related compound
somesthesis [1–4]. A hypothesis of this fact states PROP resulted in an equally strong response at micro-
that polymorphisms in human sensory receptor genes molar concentrations (Figure 1B). hTAS2R38-AVI did not
could alter perception by coding for functionally dis- respond to PTC or PROP concentrations as high as
tinct receptor types [1, 5–8]. We have previously re- 1 mM.
ported evidence that sequence variants in a presump- Three less common haplotypes were also character-
tive bitter receptor gene (hTAS2R38) correlate with ized. PVI, AAI, and AAV [10] responded to PTC and PROP
differences in bitterness recognition of phenylthiocar- in the functional expression assay with EC50 values that
bamide (PTC) [9–11]. Here, we map individual psy- resembled the sensitivity of the PAV variant (Figure 1).
chogenomic pathways for bitter taste by testing peo- However, these three variants were only activated to
ple with a variety of psychophysical tasks and linking approximately 40% of the response of the PAV variant
their individual perceptions of the compounds PTC when stimulated with the same concentrations (up to 1
and propylthiouracil (PROP) to the in vitro responses mM). Thus, these data further implicate the common
of their TAS2R38 receptor variants. Functional expres- PAV variant as a major determinant of PROP/PTC taster
sion studies demonstrate that five different haplotypes status because it is the most responsive. They also sug-
from the hTAS2R38 gene code for operatively distinct gest that the AAI, PVI, and AAV receptor variants convey
receptors. The responses of the three haplotypes we intermediate PROP/PTC response magnitudes and thus
also tested in vivo correlate strongly with individuals’ confirm previous suggestions that multiple alleles deter-
psychophysical bitter sensitivities to a family of com- mine PTC sensitivities within the population [10, 12].
pounds. These data provide a direct molecular link The differences in the activity of the functionally ex-
between heritable variability in bitter taste perception

pressed receptors could be caused by differences into functional variations of a single G protein coupled
membrane targeting. However, AVI, AAI, and PAV con-receptor that responds to compounds such as PTC
structs are seen in the membranes of comparable pro-and PROP that contain the N-C"S moiety. The molec-
portions of HEK293 cells (see Figure S1 in the Supple-ular mechanisms of perceived bitterness variability
mental Data available with this article online). Thehave therapeutic implications, such as helping patients
characteristic responses of the different expressed hap-to consume beneficial bitter-tasting compounds—for
lotypes are stable and reliable across three replicates
of the experiment, so differences are not attributable to

*Correspondence: breslin@monell.org (P.A.S.B.) and meyerhof@ random fluctuation in membrane targeting. Alternatively,
mail.dife.de (W.M.)

it is also possible that the intermediate responses are5 These authors contributed equally to this work.
caused by an impaired coupling of receptor with signal-6 Present address: Department of Biology, Kyungpook National Uni-

versity, Daegu, South Korea. transduction G proteins.

TRUE!

4. Research based on psychogenomic analysis have determined genetic sequences 
involved in your love/hate relationship with brussel sprouts.

Your Genetiscope:

Your DNA sequences along with environmental 
parameters indicate that you will have a generally 
pleasant day.  Watch out for that intersection 
between 4th and Main, and note that you would do 
well to avoid dried mangoes today.  One of your 
coworkers will pass on a white lie, probably during 
the afternoon.

Bowel movements at approximately 07:00 and 18:00 
hours.

Your genomic profile also indicates that a grey or 
white cat will piss you off today.

DEOXYRIBONUCLEIC 
ACID or DNA is a 
molecule that contains the 
genetic instructions used 
in the development and 
functioning of (almost) all 
known living organisms.

NUCLEOTIDES are 
molecules that, when 
joined together, make up 
the structural units of 
DNA.

ATCG

A GENE is a unit of 
heredity in a living 
organism. It normally 
resides on some stretches 
of DNA and RNA that 
codes for a type PROTEIN 
that has a FUNCTION in 
the organism. 

The FUNCTION of a 
GENE PRODUCT can (by 
itself or in tandem with 
other GENE PRODUCTS) 
result in an observable 
PHENOTYPE or TRAIT.

~3,000,000,000!

ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc 
tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct 
ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg 
gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt 
tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc 
ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag 
cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt 
ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg 
tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg 
ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg 
ccccagtgct gcgtccttat cagccgagcc ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg 
gggtgctggt ggtaagccca gacgctctgg ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc 
ccctgagctc aaagatgtac accacttcaa taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa 
cttccatcaa tgagggatcc cctctttgga cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt 
ccatcaagat gtcatcagtg ccccaggaaa cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca 
ccgtgacagg tggaaccata acaacgaact ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg 
agacctccag aggcacctct ggaccccctc ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca 
tggcaactga ctctctggag acctccactg ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca 
gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag 
atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc 
ggcggcagaa gcggcggact ggggccctcg tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg 
tccctgagga gggggccgtg acagtgaccg tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc 
ggcccacgct caccactttc tttggcagac ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag ggagcctcgg gaggtggtgg agtgacctgg ccccagtgct gcgtccttat cagccgagcc 
ggtcccagct cttgctcctg cctgtttgcc tggaaatggc cacgcttctc cttctccttg gggtgctggt ggtaagccca gacgctctgg 
ggagcacaac agcagtgcag acacccacct ccggagagcc tttggtctct actagcgagc ccctgagctc aaagatgtac accacttcaa 
taacaagtga ccctaaggcc gacagcactg gggaccagac ctcagcccta cctccctcaa cttccatcaa tgagggatcc cctctttgga 
cttccattgg tgccagcact ggttcccctt tacctgagcc aacaacctac caggaagttt ccatcaagat gtcatcagtg ccccaggaaa 
cccctcatgc aaccagtcat cctgctgttc ccataacagc aaactctcta ggatcccaca ccgtgacagg tggaaccata acaacgaact 
ctccagaaac ctccagtagg accagtggag cccctgttac cacggcagct agctctctgg agacctccag aggcacctct ggaccccctc 
ttaccatggc aactgtctct ctggagactt ccaaaggcac ctctggaccc cctgttacca tggcaactga ctctctggag acctccactg 
ggaccactgg accccctgtt accatgacaa ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat 
ctacaatgat gtctccaacg acctccacca acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg 
ctgtgcttgt ggccctgctg gcggtcatag tcctcgtggc tctgctcctg ctgtggcgcc ggcggcagaa gcggcggact ggggccctcg 
tgctgagcag aggcggcaag cgtaacgggg tggtggacgc ctgggctggg ccagcccagg tccctgagga gggggccgtg acagtgaccg 
tgggagggtc cgggggcgac aagggctctg ggttccccga tggggagggg tctagccgtc ggcccacgct caccactttc tttggcagac 
ctggctctct ggagccctcc agcggggcca gtggacccca ggtctctagc gtaaaactat ctacaatgat gtctccaacg acctccacca 
acgcaagcac tgtgcccttc cggaacccag atgagaactc acgaggcatg ctgccagtgg ctgtgcttgt ggccctgctg gcggtcatag 
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TRUE OR FALSE
1. Testis Determining Factor found on the Y chromosome, 
is largely believed to be the principle gene product 
responsible for directing development of male gonads.  
Ironically, its protein code contains the amino acid 
sequence methionine-alanine-leucine-glutamic acid or 
“MALE” for short.

2. There exists a Nude mouse which is a mouse strain that 
has no hair and also no immune system.  These mice have 
been used for the production of human ears.

3. There is a genetic disorder characterized by 
uncontrollably messy hair. It is called the “uncombable 
hair syndrome”

TRUE! TRUE!!

THE (HUMAN) GENOME

GENOME: In modern molecular biology and genetics, the 
genome is the entirety of an organism's hereditary 
information. It is encoded either in DNA or, for many types of 
virus, in RNA. The genome includes both the genes and the 
non-coding sequences of the DNA/RNA

GENOMICS: is a discipline in genetics concerning the study 
of the genomes of organisms
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Josep F. Abril,14 Roderic Guigó,14 Michael J. Campbell,1 Kimmen V. Sjolander,1 Brian Karlak,1

Anish Kejariwal,1 Huaiyu Mi,1 Betty Lazareva,1 Thomas Hatton,1 Apurva Narechania,1 Karen Diemer,1

Anushya Muruganujan,1 Nan Guo,1 Shinji Sato,1 Vineet Bafna,1 Sorin Istrail,1 Ross Lippert,1

Russell Schwartz,1 Brian Walenz,1 Shibu Yooseph,1 David Allen,1 Anand Basu,1 James Baxendale,1

Louis Blick,1 Marcelo Caminha,1 John Carnes-Stine,1 Parris Caulk,1 Yen-Hui Chiang,1 My Coyne,1

Carl Dahlke,1 Anne Deslattes Mays,1 Maria Dombroski,1 Michael Donnelly,1 Dale Ely,1 Shiva Esparham,1

Carl Fosler,1 Harold Gire,1 Stephen Glanowski,1 Kenneth Glasser,1 Anna Glodek,1 Mark Gorokhov,1

Ken Graham,1 Barry Gropman,1 Michael Harris,1 Jeremy Heil,1 Scott Henderson,1 Jeffrey Hoover,1

Donald Jennings,1 Catherine Jordan,1 James Jordan,1 John Kasha,1 Leonid Kagan,1 Cheryl Kraft,1

Alexander Levitsky,1 Mark Lewis,1 Xiangjun Liu,1 John Lopez,1 Daniel Ma,1 William Majoros,1

Joe McDaniel,1 Sean Murphy,1 Matthew Newman,1 Trung Nguyen,1 Ngoc Nguyen,1 Marc Nodell,1

Sue Pan,1 Jim Peck,1 Marshall Peterson,1 William Rowe,1 Robert Sanders,1 John Scott,1

Michael Simpson,1 Thomas Smith,1 Arlan Sprague,1 Timothy Stockwell,1 Russell Turner,1 Eli Venter,1

Mei Wang,1 Meiyuan Wen,1 David Wu,1 Mitchell Wu,1 Ashley Xia,1 Ali Zandieh,1 Xiaohong Zhu1

T H E H U M A N G E N O M E

16 FEBRUARY 2001 VOL 291 SCIENCE www.sciencemag.org1304

 o
n 

Fe
br

ua
ry

 2
6,

 2
01

1
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fro
m

 

A 2.91-billion base pair (bp) consensus sequence of the euchromatic portion of
the human genome was generated by the whole-genome shotgun sequencing
method. The 14.8-billion bp DNA sequence was generated over 9 months from
27,271,853 high-quality sequence reads (5.11-fold coverage of the genome)
from both ends of plasmid clones made from the DNA of five individuals. Two
assembly strategies—a whole-genome assembly and a regional chromosome
assembly—were used, each combining sequence data from Celera and the
publicly funded genome effort. The public data were shredded into 550-bp
segments to create a 2.9-fold coverage of those genome regions that had been
sequenced, without including biases inherent in the cloning and assembly
procedure used by the publicly funded group. This brought the effective cov-
erage in the assemblies to eightfold, reducing the number and size of gaps in
the final assembly over what would be obtained with 5.11-fold coverage. The
two assembly strategies yielded very similar results that largely agree with
independent mapping data. The assemblies effectively cover the euchromatic
regions of the human chromosomes. More than 90% of the genome is in
scaffold assemblies of 100,000 bp or more, and 25% of the genome is in
scaffolds of 10 million bp or larger. Analysis of the genome sequence revealed
26,588 protein-encoding transcripts for which there was strong corroborating
evidence and an additional!12,000 computationally derived geneswithmouse
matches or other weak supporting evidence. Although gene-dense clusters are
obvious, almost half the genes are dispersed in low G"C sequence separated
by large tracts of apparently noncoding sequence. Only 1.1% of the genome
is spanned by exons, whereas 24% is in introns, with 75% of the genome being
intergenic DNA. Duplications of segmental blocks, ranging in size up to chro-
mosomal lengths, are abundant throughout the genome and reveal a complex
evolutionary history. Comparative genomic analysis indicates vertebrate ex-
pansions of genes associated with neuronal function, with tissue-specific de-
velopmental regulation, and with the hemostasis and immune systems. DNA
sequence comparisons between the consensus sequence and publicly funded
genome data provided locations of 2.1million single-nucleotide polymorphisms
(SNPs). A random pair of human haploid genomes differed at a rate of 1 bp per
1250 on average, but there was marked heterogeneity in the level of poly-
morphism across the genome. Less than 1% of all SNPs resulted in variation in
proteins, but the task of determining which SNPs have functional consequences
remains an open challenge.

Decoding of the DNA that constitutes the
human genome has been widely anticipated
for the contribution it will make toward un-

derstanding human evolution, the causation
of disease, and the interplay between the
environment and heredity in defining the hu-
man condition. A project with the goal of
determining the complete nucleotide se-
quence of the human genome was first for-
mally proposed in 1985 (1). In subsequent
years, the idea met with mixed reactions in
the scientific community (2). However, in
1990, the Human Genome Project (HGP) was
officially initiated in the United States under
the direction of the National Institutes of
Health and the U.S. Department of Energy
with a 15-year, $3 billion plan for completing
the genome sequence. In 1998 we announced
our intention to build a unique genome-
sequencing facility, to determine the se-
quence of the human genome over a 3-year
period. Here we report the penultimate mile-
stone along the path toward that goal, a nearly
complete sequence of the euchromatic por-
tion of the human genome. The sequencing
was performed by a whole-genome random
shotgun method with subsequent assembly of
the sequenced segments.

The modern history of DNA sequencing
began in 1977, when Sanger reported his meth-
od for determining the order of nucleotides of

DNA using chain-terminating nucleotide ana-
logs (3). In the same year, the first human gene
was isolated and sequenced (4). In 1986, Hood
and co-workers (5) described an improvement
in the Sanger sequencing method that included
attaching fluorescent dyes to the nucleotides,
which permitted them to be sequentially read
by a computer. The first automated DNA se-
quencer, developed by Applied Biosystems in
California in 1987, was shown to be successful
when the sequences of two genes were obtained
with this new technology (6). From early se-
quencing of human genomic regions (7), it
became clear that cDNA sequences (which are
reverse-transcribed from RNA) would be es-
sential to annotate and validate gene predictions
in the human genome. These studies were the
basis in part for the development of the ex-
pressed sequence tag (EST) method of gene
identification (8), which is a random selection,
very high throughput sequencing approach to
characterize cDNA libraries. The EST method
led to the rapid discovery and mapping of hu-
man genes (9). The increasing numbers of hu-
man EST sequences necessitated the develop-
ment of new computer algorithms to analyze
large amounts of sequence data, and in 1993 at
The Institute for Genomic Research (TIGR), an
algorithm was developed that permitted assem-
bly and analysis of hundreds of thousands of
ESTs. This algorithm permitted characteriza-
tion and annotation of human genes on the basis
of 30,000 EST assemblies (10).

The complete 49-kbp bacteriophage lamb-
da genome sequence was determined by a
shotgun restriction digest method in 1982
(11). When considering methods for sequenc-
ing the smallpox virus genome in 1991 (12),
a whole-genome shotgun sequencing method
was discussed and subsequently rejected ow-
ing to the lack of appropriate software tools
for genome assembly. However, in 1994,
when a microbial genome-sequencing project
was contemplated at TIGR, a whole-genome
shotgun sequencing approach was considered
possible with the TIGR EST assembly algo-
rithm. In 1995, the 1.8-Mbp Haemophilus
influenzae genome was completed by a
whole-genome shotgun sequencing method
(13). The experience with several subsequent
genome-sequencing efforts established the
broad applicability of this approach (14, 15).

A key feature of the sequencing approach
used for these megabase-size and larger ge-
nomes was the use of paired-end sequences
(also called mate pairs), derived from sub-
clone libraries with distinct insert sizes and
cloning characteristics. Paired-end sequences
are sequences 500 to 600 bp in length from
both ends of double-stranded DNA clones of
prescribed lengths. The success of using end
sequences from long segments (18 to 20 kbp)
of DNA cloned into bacteriophage lambda in
assembly of the microbial genomes led to the
suggestion (16 ) of an approach to simulta-
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SOME KEY FINDINGS
• The HGP has revealed that there are probably about 25,000 to 40,000 (since 
updated to a count of ~20,500 human genes)

• Human genome is remarkably similar to other genomes in terms of total gene 
humbers and gene functions, although most genes are more complex.  
(Comparitive Genomics)

• Between 1.1% to 1.4% of the genome's sequence codes for proteins.  
Nonfunctional regions appear to account for ~97%. 12% of human genomic 
DNA is due to copy number variations - CNVs

• ~2 million single nucleotide polymorphisms - SNPs (~0.1 to 0.3% of total 
genome)

LOOKING AT SNPs
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AGCTTAGCGAGTGACCGGTCAGCTTACGCAGATCGAGGAGCTTACG

AGCTTAGCGAGTGCCCGGTCAGCTTACGCAGATCGAGGATCTTACG

AGCTTAGCGAGTGCCCGGTCAGCTTACGCAGATCGAGGATCTTACG

AGCTTAGCGAGTGACCGGTCAGCTTACGCAGATCGAGGAGCTTACG

AGCTTAGCGAGTGCCCGGTCAGCTTACGCAGATCGAGGATCTTACG

 is a DNA sequence variation occurring when a single nucleotide — A, T, C, or G 
— in the genome (or other shared sequence) differs between (human) members.

• ~2 million single nucleotide polymorphisms - SNPs (~0.1 to 0.3% of total 
genome)

2 ALLELES A vs C in GENE X 2 ALLELES G vs T in GENE Y
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MICROARRAY
DNA CHIP
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over 40,000,000 SNPs
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BETTER WAYS TO JUST 
SEQUENCE THE HECK OUT 

OF A SINGLE SAMPLE
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AGCTTAGCATCATCATCATTAGCT

AGCTTAGCATCATCATCATCATCATCATCATTAGCT

AGCTTAGCATCATCATCTCTCTCATTAGCT

AGCTTAGCATCATTCATTCATCATCATTAGCT

Copy-number variations are alterations of the DNA of a genome that results in 
the cell having an abnormal number of copies of one or more sections of the 
DNA

• ~2 million single nucleotide polymorphisms - SNPs (~0.1 to 0.3% of total 
genome)

• Differences between non-related genomes from CNVs is ~ 0.5%

Illumina MiSEQ

THE PRICE IS RIGHT!

Ion Proton EVE
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GenBank

24Gb of sequencing data

One Year

Two machines, running for 
one year, could generate 

~365 Gb data.
27
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TRUE OR FALSE
1. A company called “Genetic Savings and Clone” 
provides gene banking and genetic services for clients. 
This also includes the cloning of your favourite pet.

2. The song you are listening to is the title track of a 
Billboard number one CD.  The song and CD are 
specifically written about and dedicated to the first human 
clone.

3. The nucleotide code of certain genes when translated 
into musical notation have been known to have similarities 
to Chopin compositions.

A company called “Genetic Savings and Clone” provides 
gene banking and genetic services for clients. This also 
includes the cloning of your favourite pet.

FALSE, BUT...

The song you are listening to is the title track of a Billboard 
number one CD.  The song and CD are specifically written 
about and dedicated to the first human clone.

TRUE!
TRUE!!

http://miserycat.deviantart.com/art/Free-Unicorn-Icon-180216460?q=&qo=

HYPOTHETICAL EXAMPLE

http://miserycat.deviantart.com/art/Free-Unicorn-Icon-180216460?q=&qo=

UNICORN HORSE

1 12 23 3

4 4 55 6 6

7 7 88 9 9

http://miserycat.deviantart.com/art/Free-Unicorn-Icon-180216460?q=&qo=

UNICORN HORSE

http://miserycat.deviantart.com/art/Free-Unicorn-Icon-180216460?q=&qo=

UNICORN HORSE

http://miserycat.deviantart.com/art/Free-Unicorn-Icon-180216460?q=&qo=

UNICORN HORSE

http://miserycat.deviantart.com/art/Free-Unicorn-Icon-180216460?q=&qo=

UNICORN HORSE

4 4

PERSONAL GENOMICS
PERSONALIZED MEDICINE

AND THE LIKE...

AT LAUNCH OF HUMAN GENOME PROJECT (1990)
Several machines to sequence the human genome.  Est. 
time and cost: 15 years and $3 billion

2 years ago (2012):  
One machine can sequence an entire genome in about 8 
days at a cost of about $20,000

1 year ago (2013):  
One machine can sequence an entire genome in about 3 
days at a cost of about $5,000

CURRENTLY (as in just announced in January 2014):  
One machine (the Illumina X-TEN) can sequence an entire 
genome in less than a day at a cost of about $1,000


