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Humans are diploid. 

ATCGGGAACCATCCAATCATTACC
♂
♀

Our genome is comprised of a paternal and a maternal 
"haplotype". Together, they form our "genotype"



The human 
genome
from a macro to 
micro scale



Our genome: mini quiz

How many distinct chromosomes in the nuclear human genome?

24: the autosomes (chromosome 1-22), sex chromosomes (X, Y)

How many chromosomes exist in a (typical) haploid human genome ?

23: the autosomes (chromosome 1-22) and one sex chromosomes (X or Y)

How many chromosomes exist in a (typical) diploid human genome ?

46: two haploid genomes - one from mother and one from father



The human genome - basic stats

http://uswest.ensembl.org/Homo_sapiens/Location/Genome

● 3.096 billion base pairs (haploid)
● 20,441 protein coding genes
● 198,002 coding transcripts 

(isoforms of a gene that each 
encode a distinct protein product)



Chromosome Giemsa banding (G-banding)
● Heterochromatic regions, which tend to be rich with adenine 

and thymine (AT-rich) DNA and relatively gene-poor, stain 
more darkly with Giemsa and result in G-banding

● Less condensed ("open") chromatin, which tends to be 
(GC-rich) and more transcriptionally active, incorporates less 
Giemsa stain, resulting in light bands in G-banding. 

● Cytogenetic bands are labeled p1, p2, p3,   q1, q2, q3, etc., 
counting from the centromere out toward the telomeres. At 
higher resolutions, sub-bands can be seen within the bands. 

● For example, the locus for the CFTR (cystic fibrosis) gene is 
7q31.2, which indicates it is on chromosome 7, q arm, region 
3, band 1, and sub-band 2. (Say 7,q,3,1 dot 2)

https://en.wikipedia.org/wiki/G_banding, https://ghr.nlm.nih.gov/chromosome/1#ideogram

https://en.wikipedia.org/wiki/G_banding


A first map of the human genome

http://www.nature.com/nature/journal/v409/n6822/full/409860a0.html



A first map of the human genome ("build 1")

http://www.nature.com/nature/journal/v409/n6822/full/409860a0.html



CGCAAATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAACGAGATTGCCAGCACCGGGTATCATTCACCATTTTTCTTTTCGTTAA
CTTGCCGTCAGCCTTTTCTTTGACCTCTTCTTTCTGTTCATGTGTATTTGCTGTCTCTTAGCCAGACTTCCCGTGTCCTTTCCACCGGGCCTT
TGAGAGGTCACAGGGTCTTGATGCTGTGGTCTTCATCTGCAGGTGTCTGACTTCCAGCAACTGCTGGCCTGTGCCAGGGTGCAAGCTGAGCAC
TGGAGTGGAGTTTTCCTGTGGAGAGGAGCCATGCCTAGAGTGGGATGGGCCATTGTTCATCTTCTGGCCCCTGTTGTCTGCATGTAACTTAAT
ACCACAACCAGGCATAGGGGAAAGATTGGAGGAAAGATGAGTGAGAGCATCAACTTCTCTCACAACCTAGGCCAGTAAGTAGTGCTTGTGCTC
ATCTCCTTGGCTGTGATACGTGGCCGGCCCTCGCTCCAGCAGCTGGACCCCTACCTGCCGTCTGCTGCCATCGGAGCCCAAAGCCGGGCTGTG
ACTGCTCAGACCAGCCGGCTGGAGGGAGGGGCTCAGCAGGTCTGGCTTTGGCCCTGGGAGAGCAGGTGGAAGATCAGGCAGGCCATCGCTGCC
ACAGAACCCAGTGGATTGGCCTAGGTGGGATCTCTGAGCTCAACAAGCCCTCTCTGGGTGGTAGGTGCAGAGACGGGAGGGGCAGAGCCGCAG
GCACAGCCAAGAGGGCTGAAGAAATGGTAGAACGGAGCAGCTGGTGATGTGTGGGCCCACCGGCCCCAGGCTCCTGTCTCCCCCCAGGTGTGT
GGTGATGCCAGGCATGCCCTTCCCCAGCATCAGGTCTCCAGAGCTGCAGAAGACGACGGCCGACTTGGATCACACTCTTGTGAGTGTCCCCAG
TGTTGCAGAGGTGAGAGGAGAGTAGACAGTGAGTGGGAGTGGCGTCGCCCCTAGGGCTCTACGGGGCCGGCGTCTCCTGTCTCCTGGAGAGGC
TTCGATGCCCCTCCACACCCTCTTGATCTTCCCTGTGATGTCATCTGGAGCCCTGCTGCTTGCGGTGGCCTATAAAGCCTCCTAGTCTGGCTC
CAAGGCCTGGCAGAGTCTTTCCCAGGGAAAGCTACAAGCAGCAAACAGTCTGCATGGGTCATCCCCTTCACTCCCAGCTCAGAGCCCAGGCCA
GGGGCCCCCAAGAAAGGCTCTGGTGGAGAACCTGTGCATGAAGGCTGTCAACCAGTCCATAGGCAAGCCTGGCTGCCTCCAGCTGGGTCGACA
GACAGGGGCTGGAGAAGGGGAGAAGAGGAAAGTGAGGTTGCCTGCCCTGTCTCCTACCTGAGGCTGAGGAAGGAGAAGGGGATGCACTGTTGG
GGAGGCAGCTGTAACTCAAAGCCTTAGCCTCTGTTCCCACGAAGGCAGGGCCATCAGGCACCAAAGGGATTCTGCCAGCATAGTGCTCCTGGA
CCAGTGATACACCCGGCACCCTGTCCTGGACACGCTGTTGGCCTGGATCTGAGCCCTGGTGGAGGTCAAAGCCACCTTTGGTTCTGCCATTGC
TGCTGTGTGGAAGTTCACTCCTGCCTTTTCCTTTCCCTAGAGCCTCCACCACCCCGAGATCACATTTCTCACTGCCTTTTGTCTGCCCAGTTT
CACCAGAAGTAGGCCTCTTCCTGACAGGCAGCTGCACCACTGCCTGGCGCTGTGCCCTTCCTTTGCTCTGCCCGCTGGAGACGGTGTTTGTCA
TGGGCCTGGTCTGCAGGGATCCTGCTACAAAGGTGAAACCCAGGAGAGTGTGGAGTCCAGAGTGTTGCCAGGACCCAGGCACAGGCATTAGTG
CCCGTTGGAGAAAACAGGGGAATCCCGAAGAAATGGTGGGTCCTGGCCATCCGTGAGATCTTCCCAGGTGTGCCGTTTTCTCTGGAAGCCTCT
TAAGAACACAGTGGCGCAGGCTGGGTGGAGCCGTCCCCCCATGGAGCACAGGCAGACAGAAGTCCCCGCCCCAGCTGTGTGGCCTCAAGCCAG
CCTTCCGCTCCTTGAAGCTGGTCTCCACACAGTGCTGGTTCCGTCACCCCCTCCCAAGGAAGTAGGTCTGAGCAGCTTGTCCTGGCTGTGTCC
ATGTCAGAGCAACGGCCCAAGTCTGGGTCTGGGGGGGAAGGTGTCATGGAGCCCCCTACGATTCCCAGTCGTCCTCGTCCTCCTCTGCCTGTG
GCTGCTGCGGTGGCGGCAGAGGAGGGATGGAGTCTGACACGCGGGCAAAGGCTCCTCCGGGCCCCTCACCAGCCCCAGGTCCTTTCCCAGAGA
TGCCTGGAGGGAAAAGGCTGAGTGAGGGTGGTTGGTGGGAAACCCTGGTTCCCCCAGCCCCCGGAGACTTAAATACAGGAAGAAAAAGGCAGG
ACAGAATTACAAGGTGCTGGCCCAGGGCGGGCAGCGGCCCTGCCTCCTACCCTTGCGCCTCATGACCGGAGCCATAGCCCAGGCAGGAGGGCT
GAGGACCTCTGGTGGCGGCCCAGGGCTTCCAGCATGTGCCCTAGGGGAAGCAGGGGCCAGCTGGCAAGAGCAGGGGGTGGGCAGAAAGCACCC
GGTGGACTCAGGGCTGGAGGGGAGGAGGCGATCTTGCCCAAGGCCCTCCGACTGCAAGCTCCAGGGCCCGCTCACCTTGCTCCTGCTCCTTCT
GCTGCTGCTTCTCCAGCTTTCGCTCCTTCATGCTGCGCAGCTTGGCCTTGCCGATGCCCCCAGCTTGGCGGATGGACTCTAGCAGAGTGGCCA
GCCACCGGAGGGGTCAACCACTTCCC



Gene content

http://www.nature.com/nature/journal/v409/n6822/full/409860a0.html

"There appear to be about 30,000-40,000 protein-coding genes in the human genome -- only about twice as many 
as in worm or fly. However, the genes are more complex, with more alternative splicing generating a larger number 
of protein products." (Over time this has evolved to an estimate of approximately 20,000 protein coding genes, which 
reflects roughly the number of genes in fly and worm)



Solely 2% of the human genome encodes proteins.

https://genome.ucsc.edu



Half of the human genome is comprised of repeats

http://www.nature.com/nrg/journal/v10/n10/pdf/nrg2640.pdf

Retrotransposons use a "copy/paste" mechanism
DNA transposons use a "cut/paste" mechanism

McClintock's 
"jumping
genes" in maize



Half of the human genome is comprised of repeats

http://www.nature.com/nrg/journal/v10/n10/pdf/nrg2640.pdf

Repetitive DNA not driven by retrotransposition (e.g., ATATATATATATATATAT…)



The human reference genome continues to change.

● Ongoing efforts to fill "gaps" and properly/thoroughly represent complex structures 
and loci in the genome (e.g., Major Histocompatibility Complex)

● Each improvement leads to a new genome "build". Currently on build 38.
● Experimental and computational methods provide new genome annotations

○ New gene models, transcription factor binding sites, and loci where human 
individuals differ (i.e., polymorphisms)

● Therefore, the human reference genome is by no means "complete"!
● How does the same genome yield such phenotypic diversity across tissue types?
● How does the genome evolve within an individual (tissues) and among a population?



Searching for and counting patterns in 
genomes with grep



~/workspace/dnaseq/references/all_sequences.fa



What will this command do?

grep ">" ~/workspace/dnaseq/references/all_sequences.fa



grep -v ">" 
~/workspace/dnaseq/references/all_sequences.fa | grep 
-c "A"

How many adenosines are there?


