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Infectious Disease Paradigm
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MM Peptides (Fervarl)

Protein Expression
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30,000 ft View - Genome
Assembly

] Il i IV

Chromosomes R g

Scaffolds I g e .

(Ordered and oriented Contigs)

Contigs %@Hﬁ@@w
(Linked by paired-end reads

NGS or large insert clones)

5X genome sequence means that sequences equivalent to 5X the genome
size were generate e.g. Genome size = 10 Mbp, then 50Mbp of random
sequences were generated



Anatomy of a WGS Assembly
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Pairs Give Order & Orientation
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30,000 ft View - Annotation




AAGCTTCGCCAGGCTGTAAATCCCGTGAGTCGTCCTCACAAATCATCAAGCAGGTGTCCTCAGGGAGACTGCCTGACTGAGTTATGCTAATTCCTTTCTACTTTGGCGTGGTCACGTGTA
ACCATATCCGAATCATTTCTCTAGCCCTACGAACAGGTAAGAGCGCTAGGGATGTCCGTGGAGTAGTGTGCTTACTCGATAATATTCAGTTGGGACTACCAGCGAGGCGCTCGCTTTGCT
CACGCAATGCCTGAGACAGTTGCAGAATGAATGGTAACCGACAAACGCGTTCATATGCGTTTTCAAACTTAGTAGACGCGTACTGTCTGAAACTGGCGGTCACAGGCACCAGATAACGCC
CTTGGCATCGGCATGTCTCGTACAGAGGTCCGTATGTAGTGCCACGACTTCTAAATCCGGCGACAGGCTGGTCTTTTGTCTTACCACGTATTAGCCCGCGTGCGATTTCTCGGAGCGCAC
CTGTTCAACACTAGAAAACGGAGTTTCCTGATCGAGAAGCCACCACCTTTCCAGAAGTTGAACGCTAGCATGTCATTCGATTTTCACCCCCCGCGTAGTTCCTGTGTGTCATTCGTTGTC
GAGACAACTCTGTCCCGCCCCGGTGCTGTTCCATATGCGTGACTTTCCCGCAATTTTTTCAGACTTTCAGGAAAGACAGGCTCCGGAACGATCTCGTCCATGACTGGTAAATCCACGACA
CCGCAATGGCCCCCAGCACCTCTATCTCTCGTGCCAGGGGACTAACGTTGTATGCGTCTGCGTCTTGTCTTTTTGCATTCGCTTTCCAAAAAAGAGAGCCATCCGTTCCCCCGCACATTC
AACGCCGCGAGTGCGGTTTTTGTCTTTTTTGAGTGGTAGGACGCTTTTCATGCGCGAACTACGTGGACATTAAGTTCCATTCTCTTTTTCGACAGCACGAAACCTTGCATTCAAACCCGC
CCGCGGAAGATCCGATCTTGCTGCTGTTCGCAGTCCCAGTAGCGTCCTGTCGGCCGCGCCGTCTCTGTTGGTGGGCAGCCGCTACACCTGTTATCTGACTGCCGTGCGCGAAAATGACGC
CATTTTTGGGAAAATCGGGGAACTTCATTCTTTAAAAGTATGCGGAGGTTTCCTTTTTCTTCTGTTCGTTTCTTTTTCTCGGGTTTGATAACCGTGTTCGATGTAAGCACTTTCCGTCTC
TCCTCCGTGCTTTGTTCGACATCGAGACCAGGTGTGCAGATCCTTCGCTTGTCGATCCGGAGACGCGTGTCTCGTAGAACCTTTTCATTTTACCACACGGCAGTGCGGAGCACTGCTCTG
AGTGCAGCAGGGACGGGTGAAGTTTCGCTTTAGTAGTGCGTTTCTGCTCTACGGGGCGTTGTCGTGTCTGGGAAGATGCAGAAACCGGTGTGTCTGGTCGTCGCGATGACCCCCAAGAGG
GGCATCGGCATCAACAACGGCCTCCCGTGGCCCCACTTGACCACAGATTTCAAACACTTTTCTCGTGTGACAAAAACGACGCCCGAAGAAGCCAGTCGCCTGAACGGGTGGCTTCCCAGG
AAATTTGCAAAGACGGGCGACTCTGGACTTCCCTCTCCATCAGTCGGCAAGAGATTCAACGCCGTTGTCATGGGACGGAAAACCTGGGAAAGCATGCCTCGAAAGTTTAGACCCCTCGTG
GACAGATTGAACATCGTCGTTTCCTCTTCCCTGTGAGCACACACAGTAGTCGCCACACGCTGTTTGAGACGTGTCAATCTCCAAGAGTGTGGACGCTGTTCCACGTCTTCAAATGTTTCC
CAACATCCGTCGTCTAGTAGACACACCAACAAAAAGCACACGGCGAATCTGCTCATCGGAGGGAGGAGCCGGGGGGCACACAACTATCCTCAACTCTCGAACGAACATATCCGGGGCCGC
GAAGACGTCCAGTCTCTCAAATCCAACCCGGAACGCAAACATTTCTGCATCAAGTCACGATTGCGCCGGTACCTCCATGTGTAAGCAGTTCCATGAAACCTCCGATATTACACACGACTG
TGGATATGAATTATATGCAGATGCATATATACTGAGACGCCGATGCAACTATAGGTTTCCTGGCCCTCCATGGATATTTCAGACCTTCCTCTCACATTTGGTTTGCCCGTACACCTCCGT
TACGCTTTTTTTCTGGCTTTCTTCTTCGTCTCTGTTTATCAGCAAAGAAGAAGACATTGCGGCGGAGAAGCCTCAAGCTGAAGGCCAGCAGCGCGTCCGAGTCTGTGCTTCACTCCCAGC
AGCTCTCAGCCTTCTGGAGGAAGAGTACAAGGATTCTGTCGACCAGATTTTTGTCGTGGGTATGTTGTCCTAAACTCCTTGGAACTCCATTCTTGGTCAGAAACGTACTGAAACTGTATA
CATGTATATACAGATGTATGGATAATATCTAGAGAAGATACAGGGAAGACTGGCAAGGATGAAAAGACATGCAGCTTTAACGAAGCAGAGGGCATTGGCGAGAGGGACGCCCGTTATGCT
GTGTGATGTGGCTGTGAATCTTACCTCGCCGTTTGACTTGCTGCAGCGCTTTGTCCACTTGAACGTGACTTCTTGTTTCTACCTTCCCCAACGCCTTCTATTCCCTTCACTGCGAAAGCG
CGCTCAGTGGGCCGTCACCGAACACCCTTGGTTCTTTCGTTCAGCTGTTGTCCTCTTTCTCGCGTTGCTTCCTGTGGCGTCGTGGCTCGGCTTCTCTCTCTTTCCTGTTGGTGCGTCCAG
ACTATGTCGCCTGTTTCCCCACCCTTCTCGGCTTGTGCTTTCAGGAGGAGCGGGACTGTACGAGGCAGCGCTGTCTCTGGGCGTTGCCTCTCACCTGTACATCACGCGTGTAGCCCGCGA
GTTTCCGTGCGACGTTTTCTTCCCTGCGTTCCCCGGAGATGACATTCTTTCAAACAAATCAACTGCTGCGCAGGCTGCAGCTCCTGCCGAGTCTGTGTTCGTTCCCTTTTGTCCGGAGCT
CGGAAGAGAGAAGGACAATGAAGCGACGTATCGACCCATCTTCATTTCCAAGACCTTCTCAGACAACGGGGTACCCTACGACTTTGTGGTTCTCGAGAAGAGAAGGAAGACTGACGACGC
AGCCACTGCGGAACCGGTAAGAGGCAACCGAAGCGCGTAGATAAGAAAAACAACAAAGAGAAGGTGAAACACGAAGAGAAGGGAAAATGCGGAGAAACCGTGGATTTACAAAGATATCAA
GAGCAATGCTTTGTGGAGATTTTTTTTAATTCAGTAGAGACACCCGCCGTGCGAGGTGTGTAGAAATAACTGCGACCCTGGAGACAGAGATGCCGCGAGTACACCACTTGTCGTTTTTCC
TCCTATGTTCATGACGGGTGCTGAACGTCTATCGTACTTAATTGGAGGAGTCGTCTCCGAAGCAGCTTTGGCTGGCCATCCGTGTGTTTGCCTTGTTCCTGAAAAGCCAGAAGGCGCTCC
ACAGTGAGGCGATATACAGGGACGCCTACCGGAGCCCCGTTTTCTGCCTTTGTCGACTCTTGCAGAGCAACGCAATGAGCTCCTTGACGTCCACGAGGGAGACAACTCCCGTGCACGGGT
TGCAGGCTCCTTCTTCGGCCGCAGCCATTGCCCCGGTGTTGGCGTGGATGGACGAAGAAGACCGGAAAAAACGCGAGCAAAAGGAACTGATTCGGGCCGTTCCGCATGTTCACTTTAGAG
GCCATGAAGAATTCCAGTACCTTGATCTCATTGCCGACATTATTAACAATGGAAGGACAATGGATGACCGAACGGGTAACGGCGACTGCGAGAAAAAGCCACACCGTTTTCTCCTGTGAT
TCTGTCCGCAAGCCCTCTTTTGCTTCATCCACCCTTTGCTATTCTCCGCCGCCTTCCTTTTCTGCTCCATGTTCAATTCGTTCGCTTCTTCAGTCTTTCCATCTTCCCCTGTTACCTCTG
TCATTCGTTTTCTTGCCTCTATTTAACTGTGTTCTACTCACAGTCTGCATTCCGCGATAGACGAGCTTCCACGTCTTGCGTCTCGACAAGCAACTGTCATTTGTACGCGCCTCCCTCCAC
CGTGAATCGGATTGTCGGTTCGCCGGTTCCTGGGTCAGAAAAGGCCTGCGCCAGTATTCTGAATAATACCCTTCGCCATTGTAAAGAGGCGAAGGAACAAAGAGATATTTCGGCGCATCT
TTTGTGCGGCGCGTTTCCTCGTGCTTCACACCGATGCCCTTCTGTGCATGTCTTCTGCTCCTCGTCCTTCTCTCTTTTTCCCTGTTTAGGCGTTGGTGTCATCTCCAAATTCGGCTGCAC
TATGCGCTACTCGCTGGATCAGGCCTTTCCACTTCTCACCACAAAGCGTGTGTTCTGGAAAGGGTAAGGGCGTCTTCAGTGAATGCATATATTTGACTTCAGACATTCTTAACTGTTTGA
CAACCAACGTACAAATTTGTTTGTCCGTGTGCGTGTTCGACATGTCAAGTATGTGAAGAGTCGCTACTGTAGACTAACGCACGAACCAGATTTGTTTATCTGCATGCGCTGTGCACCCGT
TTCTGAGTGTCTGGAGTTTCCGCAACCTTCCTTTGAATTTCTGGGTTCGTTTTTTTATGCGCGCACTGGTTTGCATGTGGCCTGAGAGAGCACAGATCGAAGGTGGGGTGATGTGGCGTC
GCTGCAGAGAAACTCCGGCGAAGGCGACAGATAAAGGAGAGTGGAAATCATTGAACAGTGTCGGTCGTCTGTTGTTTCGCAGGGTCCTCGAAGAGTTGCTGTGGTTCATTCGCGGCGACA
CGAACGCAAACCATCTTTCTGAGAAGGGCGTGAAGGCAAGTCTACGTTGTACCTCTTGTCTCTGCCGAAGCTCAGATGTCTCCACGGCGTTGGTTTCTTTTCGTTTTTGCTTTCGTGGCA
TTACCATCGAGTCACCACTCATAGTTGCGTGTGTCTACATGTTTTCTAGAACGTCCGTTGTGTTGCCTCGTGGCGACCGGCGCGAGTGTATGTACCCTGCGCTGTCAGAAGTTGATCCTT
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ATGCAGAAACCGGTGTGTCTGGTCGTCGCGATGACCCCCAAGAGGGGCATCGGCATCAACAACGGCCTCCCGTGGCCCC
ACTTGACCACAGATTTCAAACACTTTTCTCGTGTGACAAAAACGACGCCCGAAGAAGCCAGTCGCCTGAACGGGTGGCT
TCCCAGGAAATTTGCAAAGACGGGCGACTCTGGACTTCCCTCTCCATCAGTCGGCAAGAGATTCAACGCCGTTGTCATG
GGACGGAAAACCTGGGAAAGCATGCCTCGAAAGTTTAGACCCCTCGTGGACAGATTGAACATCGTCGTTTCCTCTTCCC
TCAAAGAAGAAGACATTGCGGCGGAGAAGCCTCAAGCTGAAGGCCAGCAGCGCGTCCGAGTCTGTGCTTCACTCCCAGC
AGCTCTCAGCCTTCTGGAGGAAGAGTACAAGGATTCTGTCGACCAGATTTTTGTCGTGGGAGGAGCGGGACTGTACGAG
GCAGCGCTGTCTCTGGGCGTTGCCTCTCACCTGTACATCACGCGTGTAGCCCGCGAGTTTCCGTGCGACGTTTTCTTCC
CTGCGTTCCCCGGAGATGACATTCTTTCAAACAAATCAACTGCTGCGCAGGCTGCAGCTCCTGCCGAGTCTGTGTTCGT
TCCCTTTTGTCCGGAGCTCGGAAGAGAGAAGGACAATGAAGCGACGTATCGACCCATCTTCATTTCCAAGACCTTCTCA
GACAACGGGGTACCCTACGACTTTGTGGTTCTCGAGAAGAGAAGGAAGACTGACGACGCAGCCACTGCGGAACCGAGCA
ACGCAATGAGCTCCTTGACGTCCACGAGGGAGACAACTCCCGTGCACGGGTTGCAGGCTCCTTCTTCGGCCGCAGCCAT
TGCCCCGGTGTTGGCGTGGATGGACGAAGAAGACCGGAAAAAACGCGAGCAAAAGGAACTGATTCGGGCCGTTCCGCAT
GTTCACTTTAGAGGCCATGAAGAATTCCAGTACCTTGATCTCATTGCCGACATTATTAACAATGGAAGGACAATGGATG
ACCGAACGG

>Translation Frame 1

MOKPVCLVVAMTPKRGIGINNGLPWPHLTTDFKHFSRVTKTTPEEASRLN
GWLPRKFAKTGDSGLPSPSVGKRENAVVMGRKTWESMPRKEFRPLVDRLNT
VVSSSLKEEDIAAEKPQAEGQQRVRVCASLPAALSLLEEEYKDSVDQIFV
VGGAGLYEAALSLGVASHLYITRVAREFPCDVFFPAFPGDDILSNKSTAA
OAAAPAESVEVPFCPELGREKDNEATYRPIFISKTEFSDNGVPYDEVVLEK
RRKTDDAATAEPSNAMSSLTSTRETTPVHGLQAPSSAAATAPVLAWMDEE

DRKKREQKELTRAVPHVHFRGHEEFQYLDLIADIINNGRTMDDRT



Terminology
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30,000 ft View - Synteny

Species 2




Synten

Annotated Genes
PF11_0341
IIIIIII?

PF11_0342

P. vivax Syntenic Genes
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P. knouwlesi Syntenic Genes

PKH_093080
]
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P. yoelii Syntenic Genes
PY01034 PY¥01036
Illllrl? , ‘ < ;
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P. berghei Syntenic Genes
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-
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Homology

Early Globin Gene

Gene Duplication

a-chain gene -chain gene
a frog a chick a mouse mouse chick frog
PARALOGS
| Y ) \ Y )
ORTHOLOGS ORTHOLOGS

\—'—I

HOMOLOGS



Synteny shows relationships in
positioning: Ontologies show
relationships in meaning

* The Gene Ontology - GO provides terms
to link genes with similar functions and/or
locations in the cell.

* An ontology was needed because the
cultural traditions in different organisms
led to different gene naming schemes
that made it difficult to identify
orthologous genes with the same function.



For Example:

D. melanogaster gene C63340 annotated as:
"Kruppel” and P. falciparum gene
PF3D7_1209300 annotated a "putative

KROX1"
Can both be annotated with GO term:

G0:0003705 (RNA polymerase IT distal
enhancer sequence-specific DNA binding
transcription factor activity)

Both proteins, functionally, are Zinc Fingers
despite their different names




Note that the Gene Ontologies themselves
contain only information about terms in the
ontology and their relationships to other terms

biological process

Molecular Function
is_y &_a w‘
physiological process cellular process ' .

lipi g (0.4%]
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m %)
a 1384%
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act 122%
caspase activi 2%,
4 a
Cellular Component
xtracelul; | 55%,
g @ e
extracelular region pa ¥
o janelke part (£ )

cellular physiological process

cell cycle cell division ‘ £
M phase meiotic cell cycle is_a

part_of cytokinesis

is_a Biological Process

M phase of meiotic cell cycle
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s_a
cytokinesis after meiosis |




Expression Profiles
(RNA and Protein)

» The pattern of expression of one or
more genes over time or a set of
experimental conditions, e.g. during
development or a drug treatment or
in a genetic mutant such as a gene
knock-out.

* Always... has a time and location
component



RNA expression

- RNA-Seq (NGS) + Expressed Sequence

. . Tags, ESTs
- Little sequence bias - Usually represent
- Quantitative partial cDNA
- Usually are strand- - Offen clustered
specific - Come from libraries
P that may, or may not be
- Can be used to normalized
identify UTR's and - Often used fo identify
I genes in genomes and
gxon ,SP Ice locations of introns

- Serial Analysis of
Gene Expression



30,000 ft View - RNA-Seq

| Il 1] Y
] | |
Annotation
| I I | ] ] I
of genome
features

FPKM = Fragments per kilobase of exon per million fragments mapped



Clustered
Microarray
Data

Genes with
Similar
Expression
Profiles are
Grouped
together

C. M. Parou et al.
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Genes can be located on either DNA strand

Convention - Gene location = non-template strand, i.e.
same as the mRNA

5’_—___—
Gene 1
5’ /NN 3’/

3/

Template strand
forgene 1

Figure 8-3
I duction to Genetic Analysis, Ninth Edition

© 2008 W.H. Freeman and Company

Nontemplate
Strand 5’ — CIGCCAIIGICAGACAIGIAIACCCCGIACGICIICCCGAGCGAAAACGAICTIGCGC 1 G
DNA

Template
strand 3’ — GACGGIAACAGICIGIACAIAIGGGGCAIGCAGAAGGGCICGCITITIGCIAGACGCGAC

5 — CUGCCAUUGUCAGACAUGUAUACCCCGUACGUCUUCCCGAGCGAAAACGAUCUGCGCUGC — 3’ mRNA

Figure 8-6
Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company



Overview of transcription: Either strand can serve as a template for a gene

(a) Template strand
RNA of gene 2

&
92 A/CGGAUGC

TGCCTAC G

RNA Template strand RNA Nontemplate strand RNA
polymerase of gene 1 | | of gene 2 polymerase
Gene 1 Gene 2
(b)
Addition at 3’ end of growing chain
~a /
3 5’

RNA .

DNA .

template

strand 5
Figure 8-4

Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company



Complex patterns of eukaryotic mRNA splicing: What is a Gene?

Primary 1a 2a 2b 1b 3 4 5
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transcript
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Introduction to Genetic Analysis, Ninth Edition
© 2008 W.H.Freeman and Company
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CRISPR-CAS

How CRISPR

Need to provide
both the enzyme

and the guide RNA
a matching genomic DNA 1-0 The Ce”

s * Need to design the

This complex attaches to

7\ mnnunmm TN N\, .
N N\ i /N 9U|d€ RNA to the
D gene of interest,
T e e B R ideally at multiple
P s o target locations
e e L W l W
Credit: MRS Bulletin per gene

Ball et al., MRS Bulletin November 2016



Protein Expression/Sequence

Data Technology

* MW-Isoelectric point + 2D gel electrophoresis
- MW * Mass spectrometry

+ Sequence/spans + Tandem MS (MS-MS, LC
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Complex mixture
Protein

Peptides

. -

chromatography

Collision Inducted
Dissociation (CID)

LT
L
NI

How Tandem MS Works

Ionized

Isolati
Peptides -

Fragmentation

Measurement



Tandem MS protein data

a)

S—P-A-F-D-S-1-M-A-E-T-L-K

Mass*

81.1
185.2
256.3
403.5
518.5
605.6
718.8
850.0
921.1

1050.2
1151.3
1264.4

(protonated mass 1410.6)

b-ions y-ions
S PAFDSIMAETLK
SP AFDSIMAETLK
SPA FDSIMAETLK
SPAF DSIMAETLK
SPAFD SIMAETLK
SPAFDS IMAETLK
SPAFDSI MAETLK
SPAFDSIM AETLK
SPAFDSIMA ETLK
SPAFDSIMAE TLK
SPAFDSIMAET LK
SPAFDSIMAETL K

Mass*

1323.6
1226.4
1155.4
1008.2
893.1
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692.3
561.7
490.6
361.5
260.4
147.2
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80

1156.5
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1226.8
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255.1
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Sequest Database Search

Mass Spectrometer

+
< N

Tandem Mass Spectrum

Protein Database

Nucleic Acid Database

EST Database

Theoretical Mass Spectrum

LA

|

Correlation Analysis

Ranked Score of Matched Peptides



Peptide database

ENNPCKLQYDYNTNVTHGFGQEYPCETDIVERFSDTEGAQCDKKKIKDNSEGACAPYRRL
HVCVRNLENINDYSKINNKHNLLVEVCLAAKYEGESITGRYPQHQETNPDTKSQLCTVLA
RSFADIGDIIRGKDLYRGGNTKEKKKRKKLEENLKTIFGHIYDELKNGKTNGEEELQKRY
RGDKDNDFYQLREDWWDANRETVWKAITCNAGSYQYSQPTCGRGEIPYVTLSKCQCIAGE
VPTYFDYVPQYLRWFEEWAEDFCRKKKKKIPNVKTNCRQVQRGKEKYCDRDGYNCDGTIR
KQYIYRLDTDCTKCSLACKTFAEWIDNQKEQFDKQKQKYQONEISGGGGRRQKRSTHSTKE
YEGYEKHFNEELRNEGKDVRSFLOLLSKEKICKERIQVGEETANYGNFENESNTFSHTEY
CDRCPLCGVDCSSDNCRKKPDKSCDEQITDKEYPPENTTKIPKLTAEKRKTGILKKYEKF
CKNSDGNNGGQIKKWECHYEKNDKDDGNGDINNCIQGDWKTSKNVYYPISYYSFFYGSII
DMLNESIEWRERLKSCINDAKLGKCRKGCKNPCECYKRWVEKKKDEWDKIKEFFRKQKDL
LKDIAGMDAGELLEFYLENIFLEDMKNANGDPKVIEKFKEILGKENEEVQDPLKTKKTID
DFLEKELNEAKNCVEKNPDNECPKQKAPGDGAAPSDPPREDITHHDGEHSSDEDEEEEEE
EEQQPPAEGTEQGEEKSESKEVVEQQETPQKDTEKTVPTTTPTVDVCDTVKTALADTGSL
AJCVPPRTQELCLYYLKELEDTTOKGL
KRPJF] 'F(D‘*DI

UL LCALULA

ESKYAHGYLRKILKNIICTSGTDIAYCNCMEGTSTTDSSNNDNIPESLKYPPIEIEEGCT
CKDPSPGEVIPEKKVPEPKVLPKPPKLPKROQPKERDFPTPALKNAMLSSTIMWSIGIGFA
TFTYFYLKKKTKSTIDLLRVINIPKSDYDIPTKLSPNRYIPYTSGKYRGKRYIYLEGDSG
TDSGYTDHYSDITSSSESEYEELDINDIYAPRAPKYKTLIEVVLEPSGNNTTASGNNTPS
DTONDIQNDGIPSSKITDNEWNTLKDEFISQYLOSEQPNDVPNDYSSGDIPLNTQPNTLY
FDNPDEKPFITSIHDRDLYSGEEYSYNVNMVNTNNDIPISGKNGTYSGIDLINDSLNSNN

Note: ORFs in addition to predicted
Genes must be searched



30.000 ft View - Proteomics

Proteomic
Sequence

spans



Overview

PubChem Compound ID:
PubChem Substance ID(s):
Synonyms:

Molecular Weight:
Molecular Formula:

2D Structure

CID:93072

3727
N-Carbamoyl-L-aspartate
176.12742

CsHgN2Os5

Mass
Spectrometry
can be used to

measure
metabolic and
other chemical
compounds



Complex mixtures can be
analyzed and interpreted

% Intensity

10¢

80|

§ .8

Saponin Emperical Theoretical Experimental
Formula Accurate NU/Z Accurate MU/Z Error (ppm)
3Glc-Med A. C36HS56011Na 687.37201 687.3718 -0.338
3GIc28Gk-Med A. C42H66016Na 84042483 849.4240 -0.945
3GlcAGalRha-SoyB C48H78018Na 065.50856 065.5017 -1.172
3AraGlcAra28Gle-Med A C52HS84022Na 1083.53517 1083.5454 71.715
3GleGlc28XyIRhaAra-Med A. C52HS82023Na 1097.51443 1097.5188 3922
3GlcGlc28XyIRhaAra-Med A C58H92028Na 1259.56725 1259.5708 3.126
3GIcAGalRha-SoyB
965 5017 3GIcGlc28XyIRhaAra-Med A.
3GIc28Glc-Med.A 1097.3188
1113.4931
94240 raCleArabsbb ageq o JCICCIC8XIRRaARa- Med.A
JAraGlcAral8Gie-Med.A. 1259 5708
1014.3985 108343 19755506
- 921.5¢23
“";8"7';"7"1‘5 * 10995023
. 9384865
od 1 udst 1143.8079 1276.5444
4081 1165.4933
705.9443

€230 ' 779.2

935.4

Mass (m/z)

1091.6

1247.8 1404.0




Metabolites can be linked to metabolic
pathways and enzymes

ALANINE, ASPARTATE AND GLUTAMATE METABOLISM

(| Cyanoamino acid reetabolisra o ——— y= _,;{ g and oh,sm)
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v
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Figure 1. Overview of existing pathway analysis methods using gene expression data as an

example.

Functional Pathway Analysis

Over-Representation Analysis (ORA)

Differential Differentially Number of DE and
Expression =i Expressed (DE) Reference Genes i
Analysis Genes Each Pathwa

Functional Class Scoring (FCS)

Statistics

Gene-level i Gene-set (Pathway)
Statistics

Pathway
Database

Pathway Topology (PT)
DE Genes or Gene-level Statistics 3D \vay

Impact

—_— Pathway Topology
. Do * Number of Reactions
: 4 T =1 Position of Gene
» * Type of Reaction

g Factor

Assess Pathway

Significance

Khatri P, Sirota M, Butte AJ (2012) Ten Years of Pathway Analysis: Current Approaches and Outstanding Challenges. PLOS
Computational Biology 8(2): e1002375. https://doi.org/10.1371/journal.pcbi.1002375
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1002375

®PLOS

COMPUTATIONAL
BIOLOGY



Gene & Pathway Enrichment

Gene list: Background-Pathway
Up/Down-regulated information: All genes
based on some known to be involved in
experiment, e.g. some process, e.g.
RNA-Seq glycolysis or cell

signaling. ALL pathways
are examined

Background
genes by
GO or
Pathway

Input Gene
list

Result: GO:ID or Pathway ID that is enriched

Statistics: Are more genes observed than expected (P-value
Multiple hypothesis testing (Bonferroni, Benjamini-Hochberg

Atul Butte Review: http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1002375



Alleles and Phenotype

+ Some phenotypes are caused by a single
locus in the genome and a single allele at
that locus (e.g. some flower colors, or
Drosophila eye color)

* Other phenotypes (Type-I diabetes,
heart disease are multi-locus or
“complex” (i.e. many genes are involved,
each potentially with many alleles)



Homologous chromsomes
(in a diploid)

Chromosome

Allele
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SNP =Single Nucleotide Polymorphism



30,000 ft View- NGS SNPs

Single Nucleotide Polymophisms

Reference

NGS sequence
reads from
different
clinical/environ
mental isolates

-

_.‘_—
+

= SNP

r

:_—.'*:.ﬁ

I

Reference = A
6isolate sea = A
2isolateseq=T

Major allele = A

% with base call = 80

Reference = G

9isolate seq=A

% with base call = 100

Major allele = A

Major allele freq = 90% (9/10)

\Y

-+ L —

I EEEEEE W
S E— —— -II-I'IIII -.'-- --.'--- III‘III IS
reference TGGTGATACT AAGCTGGGAA CTCCACTTICT TTTTICTACTG CGGIGCTITCA
303.1 TGGTGATACT AAGCTGGGAA CTCCACTTICT TTTTCTACTG CGGIGCTTTA
309.1 TGATAATNCT ABRACTGGGAA CTCCACTTCC TTTTCTACTG CAGIGCTITICA
RV_3600 TGGTGATACT AAACTGGGAA CTCCACTTICT TTTTCTACTG CGGIGCTTCA
RV_3606 TGATAATNCT AAACTGGGAA CTCCACTTICC TTTTCTACTG CAGIGCTITCA
RV_3610 TGATGATICT AAACTGGGAA CTCCACTTICC TTTTICTACTIG CAGIGCTICA
SenT119.09 TGGTGATACT AAACTGGGAA CTCCACTICT CGGIGCTTICA
SenT123.09 TGATRATICT ARACTGGGAA CTCCACTTICC CAGIGCTICA
SenT140.08 TGGTGATACT AAACTGGGAA CTCCACTICC CGGIGCTITICA
SenT142.09 TGGTGATACT AAACTGGGAA CTCCACTTCC TTTTCTACTG CAGTIGCTTCA
SenT175.08 TGGTGATACT AAACTGGGAA CTCCACTTICT TTTTICTACTG CGGIGCTITIA

I

Reference = C

2isolate seq =T
% with base call = 100
Major allele = C




Population data

Data Technology

+ Single Nucleotide * Chip-Seq
Polymorphisms, SNPs . NGS

+ Alleles

+ Allele frequency

* Haplotypes



The ALlele FREquency Database
A msource of gene frequency dat oo buman populations
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Alleles have
frequencies in
different
populations



Populations and alleles have
geographic boundaries

A parasite isolate comes from a particular population, a
particular location and will have a specific haplotype (e.g.
r'epr'esen‘ra‘rion of alleles) often characterized via SNPs

Percent of
population

that has the
O blood type

| |s0-60
| leo0-70

P s0-90 [ 90-100




Bioinformatics uses algorithms

+ Algorithms are sets of rules for solving

problems or identifying patterns

» Algorithms can be general or case specific

and often need to be trained

- Computational analysis, like wet-bench

analyses are only as good as the too
techniques and material allow, and a
interpretations come with caveats (
experimental conditions, often call
parameters in bioinformatics.

S,
I
ike the



How to find an intron

» Usually begins with GT and end with AG
* Must be longer than 19 nucleotides
* Must contain a branchpoint “A”

» Donor GT often followed by a sequence
pattern. This pattern is species-specific

* Acceptor AG often proceeded by
pyrimidine stretch

* Has a mean length of “X” as is observed in
this species




Donor Site Acceptor site
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Different prediction methods
often generate different
results

—% Prediction 1
——H Prediction 2

F_
F_

We provide lots evidence so that you can decide or
design an experiment to confirm!



Metadata - The next
Frontier

+ Data about the data are critical
- What makes a data set valuable? (The reason it

was generated..but often this is missing)

* How can you find the data set you need? Pull down
Menu? A search of data set properties?

- Data generator

- Clinical outcome

- Geographic location
- Phenotype



The End

» If you have questions, I and the
other instructors will be around all
week and we are happy to talk to you.

* These slides are posted on the course
Schedule for your review



