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Analysis of Many Genes
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It’s the Genes, Stupid!

“If something like 98% of
the genome is junk, then
the best strategy would
be to find the important
2%, and sequence it first”

– Sydney Brenner, 1990



UniGene: Sequence Matching
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UniGene: Clone Pairs

CDS 3’ UTR5’ UTR

A

FE

DC

B

A B

C D
E F

NCBI

Lukas Wagner

Joan Pontius

Greg Schuler



UniGene: 3’ Anchoring
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Chimeric Sequences

Query= AA330477 EST34213 Embryo, 12 week II Homo
sapiens cDNA 5' end similar to similar to translation
elongation factor 1, alpha.

Searching . . .

hemoglobin α elongation factor 1α
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Alternative 3’ ends
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Human Genome In the News



Working DraftPilot Project Completion

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Ja
n-

96

A
pr

-9
6

Ju
l-9

6

O
ct

-9
6

Ja
n-

97

A
pr

-9
7

Ju
l-9

7

O
ct

-9
7

Ja
n-

98

A
pr

-9
8

Ju
l-9

8

O
ct

-9
8

Ja
n-

99

A
pr

-9
9

Ju
l-9

9

O
ct

-9
9

Ja
n-

00

A
pr

-0
0

Ju
l-0

0

O
ct

-0
0

Human Genome Sequence in GenBank
M

eg
ab

as
es

Unfinished

Finished



Draft Entries in Genbank



Draft Entries in Genbank

Display option “Base Quality”



Base quality values

Some regions have
accuracy
comparable to
finished sequence



Working Draft Sequence

gaps



Some assembly required
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Overlaping draft clones

Break clones into
constituent fragments

Reassemble using
sequence overlaps

Order using ESTs and
plasmid reads



Genome Assembly: Map Viewer
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Draft Contig Genbank Entry



Gene prediction
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RefSeq & mRNAs
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Finding the Genes

Quality of
match

Min length of mRNA
that aligned

%base identity over
aligned region

Number of known
genes successfully
aligned from 10272
RefSeqs (%)

Excellent 98% 99% 5364   (52%)
Very Good 90% 97% 7041     (69%)
Good 80% 97% 7663  (75%)
OK 50% 97% 8691  (85%)



Finding an Ortholog

9

LMX1B



Finding an Ortholog

Human 9 Mouse 2
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Finding a Paralog
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Finding a Paralog
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Positional Cloning

Genetic
Mapping

Physical
Mapping

Transcript
Mapping

Gene
Sequencing

Family
Studies

Chromosome 
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Large-Insert
Clones

Candidate
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Mutation
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Disease Gene Hunting



Parametric Multipoint Analysis
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Electronic PCR (e-PCR)

STS marker  D6S1606

forward primer

reverse primer

microsatellite

PCR product size: 92 - 100 bases

GAGTTTGCACCATTGCACTCCAGCCTGGGCAAC (CA)n AACGTGGCATGTGCCTGTACTCTCC
CTCAAACGTGGTAACGTGAGGTCGGACCCGTTG (GT)n TTGCACCGTACACGGACATGAGAGG

Search DNA sequences for exact matches to both
primers in correct order, orientation, and spacing to
be consistent with known PCR product size.

Reference

Schuler, Genome Res
7, 541-550 (1997).



Généthon 5264 4309 81.9% 186 3.5%
Marshfield 7667 6011 78.4% 278 3.6%
Whitehead 10451 8379 80.2% 446 4.3%
GeneMap99 44328 34204 77.2% 1997 4.5%
Stanford G3 7154 5851 81.8% 141 2.0%

Overall 60405 46831 77.5% 2668 4.4%

Map STSs STSs  (%) STSs  (%)

Hit sequence Repetitive

Electronic PCR (e-PCR)
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Search by position

View a region
between two STS
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Select from a variety
of maps



Search by position

VariationsGenBank entriesGenes Markers
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Sequence to cytogenetics
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Sequence to cytogenetics
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Heuristic Rules:

1. HI: 95% flanking sequence, 0-6 mismatch

2. LO: 75% flanking sequence, 3% mismatch

3. Immediately flanking 5’ & 3’ bases must
be returned in the alignment

5’ (Alu) / - 3’

4. Variations with multiple sequence locations
are reblasted at higher stringency
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Mapping SNPs to Contigs





Based on alignment of 7,000 RefSeq mRNAs
to human genome sequence

Gene feature # SNPs / 10 kb sequence

Overall 6.67
Intron 6.75
3’ UTR 5.00
5’ UTR 4.95
exon, overall 4.20
exon, coding* 3.77

*56% synonymous 
  44% non-synonymous
  relative rates by codon position:      1.2 : 1 : 3
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Functional Analysis of SNPs



OMIM
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LocusLink

from Nomenclature
 committee

Locus Information,
Phenotype,

UniGene



LocusLink

RefSeq 
review

MapViewer

Comparative
Map

ePCR
results

RefSeq Info

BLink



Acknowledgments

RefSeq Staff
BLAST Team
Entrez Team
Omim Staff
The Jackson Laboratory
Rat Genome Database
Nomenclature committee

Richa Agarwala
Hsiu-Chuan Chen
Slava Chetvernin
Deanna Church
Renata Geer
Wonhee Jang
Jonathan Kans
Ken Katz
Paul Kitts
David Lipman
Adam Lowe
Donna Maglott
Danielle Thierry-Mieg
Jean Thierry-Mieg
Jim Ostell
Kim Pruitt
Greg Schuler
Hugues Sicotte
Steve Sherry
Andrei Shkeda
Serge Resenchuk
Tatiana Tatusova
Lukas Wagner
Sarah Wheelan
Tyra Wolfsbefg

http://www.ncbi.nlm.nih.gov/genome/guide/


