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Outline	  
	  
•  What	  are	  homology	  and	  non-‐homology	  based	  tools	  for	  
characterizing	  new	  protein	  sequences?	  

•  What	  are	  methods	  for	  iden?fying	  if	  my	  SNPs	  will	  have	  an	  
impact	  on	  protein	  func?on?	  
•  Why	  would	  I	  want	  to	  use	  them?	  



Homology	  Based	  Tools	  
•  Iden?fy	  what	  a	  protein	  will	  do	  from	  a	  poten?al	  protein	  
sequence	  

•  Sequence	  similarity	  commonly	  done	  with	  soCware	  like	  BLAST	  
•  Aligning	  a	  pair	  of	  sequences	  

•  P-‐fam	  can	  be	  used	  	  
•  Database	  of	  conserved	  protein	  domain	  families	  to	  annotate	  and	  
classify	  proteins	  

•  Mul?ple	  sequence	  alignments	  and	  protein	  3-‐D	  structures	  can	  
be	  combined	  for	  analyses	  



Non-‐Homology	  Based	  Tools	  
•  We	  know	  many	  more	  protein	  sequences	  than	  protein	  three-‐
dimensional	  structures	  
•  Sequencing	  data	  iden?fying	  coding	  regions	  at	  a	  fast	  rate	  
•  40%	  of	  known	  human	  genes	  don’t	  have	  func?onal	  classifica?on	  
by	  sequence	  similarity	  

•  CHALLENGE	  
•  The	  homology	  based	  approach	  is	  not	  always	  possible	  

•  Many	  proteins	  contain	  enough	  informa?on	  in	  their	  amino	  acid	  
sequence	  to	  determine	  their	  three-‐dimensional	  structure	  
•  Non-‐homology	  based	  tools	  



Non-‐Homology	  Based	  Tools	  
•  Evolu?onary	  informa?on	  found	  in	  paSerns	  of	  correlated	  
protein	  sequences	  can	  be	  used	  
•  Evolu?onary	  pressure	  to	  maintain	  favorable	  interac?ons	  between	  
interac?ng	  amino	  acid	  residues	  
•  Residue	  co-‐varia?on	  across	  related	  protein	  sequences	  

•  Evolu?onary	  trajectory	  of	  a	  protein	  through	  sequence	  space	  is	  
constrained	  by	  its	  func?on	  

•  Covarying	  residues	  be	  predic?ve	  of	  func?onal	  sites,	  protein	  
interac?ons,	  and	  alterna?ve	  conforma?ons	  

Protein	  structure	  predic?on	  from	  sequence	  varia?on	  
Nature	  Biotechnology	  30,	  1072–1080	  (2012)	  



Non-‐Homology	  Based	  Tools	  

•  Once	  co-‐evolu?onary	  couplings	  are	  iden?fied	  they	  can	  be	  used	  to	  
predict	  unknown	  three-‐dimensional	  structure	  of	  a	  protein	  

Protein	  structure	  predic?on	  from	  sequence	  varia?on	  
Nature	  Biotechnology	  30,	  1072–1080	  (2012)	  



Non-‐Homology	  Based	  Tools	  
•  Residues	  subject	  to	  a	  high	  number	  of	  evolu?onary	  pair	  
constraints	  are	  likely	  func?onal	  hotspots	  
•  Such	  as	  interac?on	  with	  external	  ligands	  

•  These	  hotspots	  may	  not	  be	  detectable	  by	  just	  analyzing	  single-‐
residue	  conserva?on	  

Protein	  structure	  predic?on	  from	  sequence	  varia?on	  
Nature	  Biotechnology	  30,	  1072–1080	  (2012)	  



Non-‐Homology	  Based	  Tools	  
•  Evolu?onary	  Couplings	  
•  Evfold.org	  	  
•  Amino	  acid	  sequence	  of	  the	  target	  protein	  is	  
used	  to	  perform	  a	  database	  search	  for	  
sequence	  similarity	  

•  Then	  correlated	  residue	  co-‐varia?on	  
•  Then	  protein	  folding	  predic?on	  

Protein	  structure	  predic?on	  from	  sequence	  varia?on	  
Nature	  Biotechnology	  30,	  1072–1080	  (2012)	  



Non-‐Homology	  Based	  Tools	  
•  Evolu?onary	  Couplings	  
•  Evfold.org	  	  
•  Hundreds	  of	  sequences	  are	  needed	  to	  derive	  
plausible	  causa?ve	  evolu?onary	  couplings	  
•  Primary	  limita?on	  

Protein	  structure	  predic?on	  from	  sequence	  varia?on	  
Nature	  Biotechnology	  30,	  1072–1080	  (2012)	  



Non-‐Homology	  Based	  Tools	  
•  Evolu?onary	  Couplings	  
•  EvFold.org	  
•  Predicted	  co-‐evolved	  contacts	  between	  50	  E.	  coli	  complexes	  of	  
unknown	  structure	  
•  	  Also	  had	  results	  consistent	  with	  detailed	  experimental	  data	  



Non-‐Homology	  Based	  Tools	  
•  Evolu?onary	  Couplings	  
•  EvFold.org	  
•  Also	  used	  this	  to	  predict	  previously	  unknown	  3D	  structures	  for	  
11	  transmembrane	  proteins	  



Non-‐Homology	  Based	  Tools	  
•  Maybe	  also	  try	  MAKER	  	  
•  hSp://www.yandell-‐lab.org/soCware/maker.html	  

•  Purpose	  is	  to	  allow	  smaller	  eukaryo?c	  and	  prokaryo?c	  genome	  
projects	  to	  independently	  annotate	  their	  genomes	  and	  to	  
create	  genome	  databases	  

•  Iden?fies	  repeats,	  aligns	  con?gs	  and	  proteins	  to	  a	  genome,	  
produces	  gene	  predic?ons	  and	  automa?cally	  synthesizes	  these	  
data	  into	  gene	  annota?ons	  having	  evidence-‐based	  quality	  
values	  



Why	  Important	  
•  So	  protein	  predic?ng	  methods	  are	  important	  for	  iden?fying	  
more	  informa?on	  about	  protein	  coding	  regions	  

•  Leveraging	  this	  informa?on	  for	  understanding	  more	  about	  the	  
effect	  of	  individual	  SNPs	  on	  proteins	  
•  Databases	  and	  tools	  that	  combine	  protein	  informa?on	  with	  the	  
poten?al	  impact	  of	  gene?c	  varia?on	  on	  proteins	  



Novel	  Missense	  Variants	  
•  I	  have	  SNPs	  or	  SNVS	  	  
•  Perhaps	  sequencing	  data	  or	  whole-‐exome,	  or	  genotype	  array	  
data	  

•  Non-‐synonymous	  protein	  coding	  SNVs	  may	  have	  the	  greatest	  
impact	  on	  phenotypic	  varia?on	  
•  Excess	  of	  rare	  alleles	  among	  those	  predicted	  to	  be	  func?onal	  for	  
proteins	  

•  But	  don’t	  forget	  all	  the	  the	  other	  ways	  gene3c	  varia3on	  can	  affect	  
gene	  transcrip3on	  

•  So	  for	  my	  SNPs	  or	  SNVs	  
•  	  How	  can	  I	  iden?fy	  if	  they	  will	  have	  an	  impact	  on	  a	  protein?	  



Novel	  Missense	  Variants	  
	  
•  Protein	  informa?on	  can	  be	  used	  to	  priori?ze	  study	  of	  specific	  
SNPs/SNVs	  

•  Can	  help	  iden?fy	  key	  SNPs	  or	  SNVs	  for	  further	  study	  aCer	  
iden?fying	  them	  in	  associa?on	  tes?ng	  
•  How	  to	  sort	  through	  hundreds	  of	  results	  

•  Iden?fica?on	  of	  genes	  that	  can	  then	  be	  migrated	  to	  gene	  
based	  tes?ng	  

•  Easier	  transla?on	  to	  molecular/cellular	  assay	  



PolyPhen	  
•  Polymorphism	  Phenotyping	  (PolyPhen)	  
•  Predicts	  possible	  impact	  of	  an	  amino	  acid	  subs?tu?on	  on	  the	  
structure	  and	  func?on	  of	  a	  human	  protein	  

•  hSp://gene?cs.bwh.harvard.edu/pph2/	  



PolyPhen	  
•  Probabalis?c	  classifier	  
•  Predic?on	  is	  based	  on	  a	  number	  of	  sequence,	  phylogene?c,	  
and	  structural	  features	  characterizing	  the	  subs?tu?on	  	  
•  Maps	  coding	  SNPs	  to	  gene	  transcripts	  
•  Extracts	  protein	  sequence	  annota?ons	  and	  structural	  aSributes	  
•  Builds	  conserva?on	  profiles	  
•  Then	  es?mates	  the	  probability	  of	  the	  missense	  muta?on	  being	  
damaging	  based	  on	  a	  combina?on	  of	  all	  these	  proper?es	  



PolyPhen	  
•  Can	  use	  the	  web	  interface	  
•  Provide	  protein	  iden?fier	  (UniProtKB	  assession	  number	  of	  entry	  
name)	  

•  Enter	  posi?on	  of	  the	  subs?tu?on	  in	  the	  protein	  sequence	  into	  the	  
posi?on	  text	  box	  

•  Indicate	  reference	  amino	  acid	  residue,	  and	  the	  subs?tu?on	  
residue	  

•  Can	  also	  analyze	  large	  datasets	  of	  single	  nucleo?de	  changes	  using	  
batch	  mode	  
•  Get	  a	  web	  page	  with	  download	  op?ons	  aCer	  the	  batch	  runs	  

•  Also	  command	  line	  capability	  



PolyPhen	  
•  Web	  interface	  
•  Heatmap	  color	  bar	  with	  the	  black	  indicator	  illustra?ng	  the	  
strength	  of	  the	  puta?ve	  damaging	  effect	  for	  the	  variant	  

Predicting Effect
of Missense

Mutations Using
PolyPhen-2

7.20.4
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Figure 7.20.2 Detailed results of the PolyPhen-2 analysis for single variant query. This format is used for
all PolyPhen-2 query reports except the Batch Query. The top Query section includes UniProtKB/Swiss-Prot
description of query protein, if it was recognized as a known database entry. The large “heatmap” color
bar with the black indicator mark dominates the display, illustrating the strength of the putative damaging
effect for the variant, assessed using the default HumDiv-trained predictor. Clicking on the [+] control boxes
expands the Prediction/Confidence panel for the HumDiv-trained predictor, as well as additional panels with
protein multiple sequence alignment and 3D-structure viewers. For the color version of this figure, go to
http://www.currentprotocols.com/protocol/hg0720.

8. By default, only the prediction based on the HumDiv model is shown; click on the
[+] control box next to the HumVar label to display the HumVar-based prediction
and scores.

For explanation of the differences between the HumDiv and HumVar classification models,
see Background Information, Prediction Algorithm.

9. Click on the [+] control box next to “Multiple sequence alignment” to display the
multiple sequence alignment panel; see Figure 7.20.3.

This panel displays a multiple sequence alignment for 75 amino acid residues surrounding
your variant’s position in the query sequence. Click the link at the bottom of the panel
to open an interactive alignment viewer (Jalview, http://www.jalview.org/) (Waterhouse
et al., 2009) to scroll through the complete alignment.

10. Click on the [+] control box next to 3-D Visualization to display the interac-
tive 3-D protein structure viewer applet (Jmol, http://jmol.sourceforge.net/); see
Figure 7.20.3.

Most of the 3-D protein structure viewer controls are self-explanatory; visit the Jmol Web
site for a complete user guide.

Example 2: Query a variant within user-submitted protein sequence
11. Leave the “Protein or SNP identifier” text box empty.



PolyPhen	  
•  Web	  interface	  
•  Mul?ple	  sequence	  alignment	  and	  black	  box	  around	  variant	  
•  3D	  protein	  structure	  with	  variant	  loca?on	  marked	  in	  red	  

•  Interac?ve	  

Searching for
Mutations

7.20.5
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Figure 7.20.3 Detailed results of the PolyPhen-2 analysis for a single variant query with the multiple sequence
alignment and 3-D-structure protein viewer panels expanded the multiple sequence alignment panel displays a fixed
75-residue wide window surrounding the variant’s position (the column indicated by black frame), with the alignment
colored using the ClustalX (Thompson et al., 1997) scheme for all columns above 50% conservation threshold. Clicking
on the link at the bottom of the alignment panel opens the Jalview (Waterhouse et al., 2009) alignment viewer applet with
the complete multiple alignment loaded. Displayed below is a 3-D-structure viewer applet (Jmol; http://www.jmol.org/)
with the protein structure loaded and zoomed into the mutation residue using the Zoom into mutation button. The
structure viewer window is fully interactive, and the protein structure can be rotated, moved, or zoomed in and out.

12. In the “Protein sequence in FASTA format” text box, type or copy and paste your
protein sequence in FASTA format, including the FASTA definition line with the
protein identifiers:

>gi|5032133|ref|NP 005792.1| eukaryotic trans...
MSAIQNLHSFDPFADASKGDDLLPAGTEDYIHIRIQQRNGRKTLTTVQGIA
DDYDKKKLVKAFKKKFACNGTVIEHPEYGEVIQLQGDQRKNICQFLVEIGL
AKDDQLKVHGF

It is important to include the FASTA definition line (as the first line starting with the “>”
symbol); failure to do so will result in a fatal query processing error. However, you can
use the simplest form of the definition line for your sequences:



VEP	  
•  Variant	  Effect	  Predictor	  (VEP)	  
•  Determines	  effect	  of	  SNPs,	  inser?ons,	  dele?ons,	  CNVs,	  or	  
structural	  variants	  on	  
•  Genes,	  transcripts,	  protein	  sequences,	  and	  regulatory	  regions	  

•  Input	  coordinates	  of	  variants	  and	  nucleo?de	  changes	  to	  find	  
•  Genes	  affected	  by	  the	  variants	  
•  Loca?on	  of	  the	  variants	  

•  Upstream	  of	  the	  transcript	  
•  In	  a	  coding	  sequence	  
•  In	  non-‐coding	  RNA	  
•  In	  regulatory	  regions	  
•  Exons,	  introns	  
•  PolyPhen	  predic?ons	  

•  Consequence	  of	  your	  variants	  
•  Stop	  gained,	  missense,	  stop	  lost,	  frame	  shiC	  

Some?mes	  Analysis	  
Sources	  and	  Databases	  
are	  Like	  This:	  



VEP	  
•  Find	  co-‐located	  known	  variants	  
•  Report	  known	  variants	  from	  the	  Ensembl	  Varia?on	  database	  

•  Report	  of	  minor	  allele	  frequency	  data	  from	  the	  1000	  Genomes	  
data	  and	  NHLBI-‐ESP	  



VEP	  
•  Web	  interface	  that	  suits	  small	  
volumes	  of	  data	  

•  User-‐friendly	  command	  line	  for	  
Unix,	  Linux	  



SIFT	  
•  Sor?ng	  Intolerant	  from	  Tolerant	  	  (SIFT)	  
•  hSp://siC.jcvi.org/	  
•  SIFT	  predic?on	  is	  based	  on	  the	  degree	  of	  conserva?on	  of	  
amino	  acid	  residues	  in	  sequence	  alignments	  derived	  from	  
closely	  related	  sequences,	  collected	  through	  PSI-‐BLAST	  



SnpEff	  
•  SNPEff:	  Gene?c	  variant	  annota?on	  and	  effect	  predic?on	  
toolbox	  
•  Annotates	  and	  predicts	  the	  effects	  of	  variants	  on	  genes	  (such	  as	  
amino	  acid	  changes)	  

•  SnpEff	  is	  really	  fast:	  calculated	  predic?ons	  for	  all	  the	  SNPs	  in	  the	  
1000	  Genomes	  project	  in	  less	  than	  15	  minutes	  

•  hSp://snpeff.sourceforge.net/	  
•  Also	  has	  SnpSiC	  
•  Once	  you	  annotated	  your	  files	  using	  SnpEff,	  you	  can	  use	  SnpSiC	  
to	  help	  you	  filter	  large	  genomic	  datasets	  in	  various	  ways	  



SnpEff	  
•  SNPEff:	  Gene?c	  variant	  annota?on	  and	  effect	  predic?on	  
toolbox	  
•  Speed—the	  ability	  to	  make	  thousands	  of	  predic?ons	  per	  second	  
•  Flexibility—the	  ability	  to	  add	  custom	  genomes	  and	  annota?on	  
•  Can	  integrate	  with	  Galaxy,	  an	  open	  access	  and	  web-‐based	  
plajorm	  for	  computa?onal	  bioinforma?c	  research	  

•  Compa?bility	  with	  mul?ple	  species	  and	  mul?ple	  codon	  usage	  
tables	  (including	  mitochondrial	  genomes)	  

•  Integra?on	  with	  the	  Genome	  Analysis	  Toolkit	  (GATK)	  
•  Ability	  to	  perform	  non-‐coding	  annota?ons	  
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conservation is not maintained beyond the Drosophila genus 
(this class is likely a novel gene that arose in the Drosophila 
genus); and Category 4, including seven genes, with the novel 
C-terminal regions conserved among other Drosophila spe-
cies but not beyond the Drosophila genus. In this category, the 
N-terminus is conserved beyond the Drosophila genus (this class 
probably has a C-terminal domain with a modulatory role in the 
Drosophila genus but not beyond the genus).

An example of an essential protein-coding gene in Category 
4, where the novel C-terminus is not conserved outside the 
Drosophila genus, is oceliless (oc), also known as orthodenticle 
(otd) (Fig. 3). The oc/otd gene has two in-frame stop-gained 
SNPs in w1118; iso-2; iso-3. The oc/otd gene is a Hox-family 

amino acids might not affect the essential function of the pro-
tein but they might exert modulatory effects. If the additional 
C-terminal amino acids are conserved in multiple Drosophila 
species, then their loss might adversely affect the function of the 
protein. Therefore, in Table 7, we further classify the stop-gained 
and stop-lost SNPs into four categories: Category 1, includ-
ing 23 genes, with both the N-terminal and novel C-terminal 
regions conserved among Drosophila species and other organ-
isms; Category 2, including only one gene, with the entire gene 
sequence not conserved even among other Drosophila species; 
Category 3, with two genes, with the novel C-termini not con-
served among other Drosophila species. In this category, the 
N-termini are conserved among Drosophila species, but this 

Table 4. Information provided by SnpEff in variant call format (VCF)

Sub-field Notes

Effect Effect of this variant. See details below

Codon_Change Codon change: old_codon/new_codon

Amino_Acid_change Amino acid change: old_AA/new_AA

Warnings Any warnings or errors

Gene_name Gene name

Gene_BioType BioType, as reported by ENSEMBL

Coding [CODING | NON_CODING]. If information reported by ENSEMBL (e.g., has ‘protein_id’ information in GTF file)

Trancript Transcript ID (usually ENSEMBL)

Exon Exon ID (usually ENSEMBL)

Warnings Any warnings or errors (not shown if empty)

The information is added to the INFO fields using an tag ‘EFF’. The format for each effect is “Effect (Effect_Impact | Codon_Change | Amino_Acid_
change | Gene_Name | Gene_BioType | Coding | Transcript | Exon [ | ERRORS | WARNINGS ])”.

Figure 1. Classi!cation of SNPs in w1118; iso-2; iso-3. The number of NSPs in each class is shown above the bar. The quality score was arbitrarily set at 70 
and above for this graph.



SnpEff	  
•  SNPEff:	  Gene?c	  variant	  annota?on	  and	  effect	  predic?on	  
toolbox	  
•  More	  genome	  versions	  
•  Open	  source	  for	  any	  user	  
•  Supports	  VCF	  files	  

 2012 Landes Bioscience.

Do not distribute.
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conservation is not maintained beyond the Drosophila genus 
(this class is likely a novel gene that arose in the Drosophila 
genus); and Category 4, including seven genes, with the novel 
C-terminal regions conserved among other Drosophila spe-
cies but not beyond the Drosophila genus. In this category, the 
N-terminus is conserved beyond the Drosophila genus (this class 
probably has a C-terminal domain with a modulatory role in the 
Drosophila genus but not beyond the genus).

An example of an essential protein-coding gene in Category 
4, where the novel C-terminus is not conserved outside the 
Drosophila genus, is oceliless (oc), also known as orthodenticle 
(otd) (Fig. 3). The oc/otd gene has two in-frame stop-gained 
SNPs in w1118; iso-2; iso-3. The oc/otd gene is a Hox-family 

amino acids might not affect the essential function of the pro-
tein but they might exert modulatory effects. If the additional 
C-terminal amino acids are conserved in multiple Drosophila 
species, then their loss might adversely affect the function of the 
protein. Therefore, in Table 7, we further classify the stop-gained 
and stop-lost SNPs into four categories: Category 1, includ-
ing 23 genes, with both the N-terminal and novel C-terminal 
regions conserved among Drosophila species and other organ-
isms; Category 2, including only one gene, with the entire gene 
sequence not conserved even among other Drosophila species; 
Category 3, with two genes, with the novel C-termini not con-
served among other Drosophila species. In this category, the 
N-termini are conserved among Drosophila species, but this 

Table 4. Information provided by SnpEff in variant call format (VCF)

Sub-field Notes

Effect Effect of this variant. See details below

Codon_Change Codon change: old_codon/new_codon

Amino_Acid_change Amino acid change: old_AA/new_AA

Warnings Any warnings or errors

Gene_name Gene name

Gene_BioType BioType, as reported by ENSEMBL

Coding [CODING | NON_CODING]. If information reported by ENSEMBL (e.g., has ‘protein_id’ information in GTF file)

Trancript Transcript ID (usually ENSEMBL)

Exon Exon ID (usually ENSEMBL)

Warnings Any warnings or errors (not shown if empty)

The information is added to the INFO fields using an tag ‘EFF’. The format for each effect is “Effect (Effect_Impact | Codon_Change | Amino_Acid_
change | Gene_Name | Gene_BioType | Coding | Transcript | Exon [ | ERRORS | WARNINGS ])”.

Figure 1. Classi!cation of SNPs in w1118; iso-2; iso-3. The number of NSPs in each class is shown above the bar. The quality score was arbitrarily set at 70 
and above for this graph.



SnpEff	  
•  SNPEff:	  Gene?c	  variant	  annota?on	  and	  effect	  predic?on	  
toolbox	  
•  Similar	  in	  many	  ways	  to	  ANNOVAR	  and	  VAAST	  

•  hSp://www.openbioinforma?cs.org/annovar/	  
•  hSp://www.yandell-‐lab.org/soCware/vaast.html	  



VAT	  
•  hSp://varianSools.sourceforge.net/Associa?on/HomePage	  
•  Variant	  Associa?on	  Tools	  
•  Large	  collec?on	  of	  u?li?es	  devoted	  to	  data	  explora?on,	  
quality	  control	  and	  associa?on	  analysis	  of	  rare/common	  single	  
nucleo?de	  variants	  and	  indels	  



STRING	  
•  hSp://string-‐db.org/	  
•  A	  database	  of	  known	  and	  predicted	  protein	  interac?ons	  
•  The	  interac?ons	  include	  direct	  (physical)	  and	  indirect	  
(func?onal)	  associa?ons	  

•  Can	  search	  by	  protein	  name,	  or	  protein	  sequence	  



Which	  One	  Do	  I	  Choose?	  
•  It	  is	  a	  challenge	  
•  Variety	  of	  similar	  and	  also	  different	  informa?on	  
•  Different	  approaches	  for	  es?ma?ng	  effect	  on	  proteins	  
•  It	  does	  become	  a	  maSer	  of	  opinion	  and	  specific	  needs	  of	  a	  given	  
project	  

•  The	  good	  news	  is	  that	  work	  is	  in	  progress	  to	  unify	  mul?ple	  
sources	  so	  you	  can	  gather	  informa?on	  from	  mul?ple	  sources	  



Questions?	  


