HE X2H = (Genomics)

% A #
lyd@zjsu.edu.cn



Topics

Genomics — Introduction

Genome Sequencing

Genome assembly and annotation

Comparative Genomics



Cells and DNA

ORGANIS™M

Ed Radclyffe, CSIRO

celLlL-

Every cell (except a few) in an
individual contains the same
exact genome

Chromosomes contain DNA

DNA is made of 4 nucleotide
bases

— Adenine, Guanine, Cytosine &
Thymine

— AGCT sequence



Genomes to Organisms

sea urchin
€gg

Sea Urchin

mouse

modified from MCB 4t edition

seaweed
Fucus egg

Seaweed Fucus

Human (Wired)




C{E1F18(C-value paradox)
* C-value paradox: EFEEAX/NSHYIFNEZETTK.

— C-value:—MIFPAIZDNAZ E, B{ipg(F75e)
— HERERBAX/: ZONARIRESE, B{ibp(fREXT)

1pg DNA ~ 0.978x10° bp

Mycopisama 1 in bp

Gram positive bacteria
Gram negative bacteria

Fungi / Moulds
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Insects
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Birds

o HEAMMLAEN, C .

Cartilaginous fish
1‘3 Y = /E Reptiles
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Amphibians

Flowering Plants



I HE = (Genomics)

« H[EH(“genome”)E2H"GENe”F]”chromosOME”
Wi MaGFHMmk, BTFR"EVINEZEERER
:'EI’J‘:E*‘BDNAF' 51,
— LUK PR AR R BT B IR AL ) 5
— W5 A% DNA L 41 il 23 DNA
* Genomics: NBIKF LR EMIREEREEYIRE
1. 2Bpk. IHeeRdE taI=Rl

— The science of genomes

- FEREY. EEERFHLEREY




The Human Genome

e 23 pairs of chromosomes

e SR LA

L
1 2 3 4 5

T O B A

Cell nucleus
with chromosomes

* 3 x 10° base pairs (or nucleotides)
— AG C&T

DNA
g strand

* Human Genome Project - 10 years
and cost $2.7 billion

— ACGTGCATCTGACATTTACTG .....


http://www.nature.com/cgi-taf/DynaPage.taf?file=/nature/journal/v409/n6822/index.html

SangerZBDNATRER F—REGRBOMZE RocheZHM—ATHN MetaHITit RIRHFHARA ONTAREBHRILMSF
G2 RN DREE: WERD B¢ 454 GS20 EMEDETH F&: MinlON

B-XNESPAXERE B-ASHRENTEES MM Mumina % =fCRmRN: PacBioARRH=(L AME R I
REAFER H: Wik Genetic Analyzer 2 RFAL: PacBio RS ZMRIHMPSEAE

B

« 19778, SangerFRILEZIENFEE, FekREAOX1742E X ANF

« 1996%FF, B NEZEYEREREERBHNF

« 2001%F, AEERAITXI(HGP) AKERAHEE T

« 20055F, SEENFEANELE, DNANFEABRKENNFEEERIES,
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B EBE IR

e GOLD(Genomes OnLine Database)

- EREREAMBRER, WNFRE,

=

— GOLD 1lt: https://gold.jgi.doe.gov/
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HEREHE
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NCBI Import Tracker

. NCBI
GOLD
IMG
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= R BNFFRISRES

1% 5 v &7 (Clone by Clone)

A Hierarchical shotgun sequencing
(NIH approach)
Ganomic DMNA
Y

Construct large

inseart |||:-'a|'!||' e e
{._1?5 m:.] = ——————= —————
—_—
BACX &
Determine — v
minimal sat ]
covering whole — —
genome —
[
y <hotgun
y Assembly

CTEE GG TR TOGTRAACATTGTROAACRIAGTATTACCTAT

Genome saquence

4= 3 N 2H 5 #92: (Whole Genome Shotgun, WGS)

B wnhole genome shotgun sequencing
(Celera approach)

Genomic DA

Construct ————
shotgun hibrary
(inserts 3-5 kb) _—==— :-E}____ —

e OO0

Soquence /77 N\

insert from
bath ands
Assembly using
paired-end data L ¥ vr

Geanome sequeance
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=R ZHBZ

(Genome assembly)

2R (Assembly) s iE il A A — AR A Fr S i

Z M B (reads) 2 |A]

1) B 5L (overlap) R AR TR AIIAER, HRTEHE DR, 155

S (continue sequences), X X FRE
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ACCTAAAT ATACC CATGG
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S (Contigs).
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CCAT ACCCGA LYVL199Y

A
CCTAAAT

CCCGA CCATGG
CCCGACATACCGA

ATACCCATG |

ATCGGACCAGACTTTTTTACCAACCTAAATCCATACCCGACATACCCATGG

BEREBEEFEN

E13FE

random short
sequence reads

coverage

assembly of
overlapping
fragments

assembled
contig sequence



I E 2B (Genome annotation)

=EELRYE (L FN5

— Structural Annotation, S & [X

ERFRERNBIrER AT AERE
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= Y= IJ1BE(Brent, 2008)
Tﬁ/')]u)

— Functional Annotation, i€ & [X
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BHEHIEER

e GENBANKZEL:

FEATURES

Source

= ZEAIGBKIS T\

Location/Bualifiers
1..68025

' - o -
,-'r-:-rganl =m= S&GC].‘I.E.'I:’DI'I‘I}"CEE Ccereylslas

fmol_type="zenomic DHA"
Adb_sref="taxon:4932"
Fehromozsome="TI%"

<1, »206
Sproduct="TCPl-beta”
<1, . 206

Foodon_start=3

Sproduct="TCFl-heta”

Fprotein_id="AdN3S66E 17

Ftranslati on="S3IYHGISTSGLILHRGT IAIMEQLGT VESYELERAVVSSASES
AEVIIRVDNITEARPET AMEQHM

CBET. . 23168

Fzene="pYI2"

a7, . »3168

Feene="A¥I2"

Sproduct="hx12p"

657, . 3165

Feene="py12"

/mote="pla=ma membrane glvecoprotein”

Foodon_start=1

Sproduct="hx12p"

Sprotein_id="ARASE6EGR. 17
Ftranslation="MTQLATSLILTATTISLIHLYVATFYEAYPTIGEQ VPP VARVHESE
TR AT YRS SYIRT AR I TY HCFOL P S I SF NS SSRTFSGEPSSNLISDANTTLYFH

https://www.ncbi.nlm.nih.gov/genbank/samplerecord/



https://www.ncbi.nlm.nih.gov/genbank/samplerecord/

E E FMl(Gene Prediction) 5 3%

- EEFTNEEIE DNAFRSINE B RAEER S,

- ETEREMFEHAENSLTTN (ab initio method)

. RIBEYIARERIIENZFNESIHERRIER, BPERAERIZE RIS
=EBHSEYSE, WORF, TATAIES

« EX{4GeneScan, Augustus, GlimmerHMM

- ETEREEEZRAIEETTN (Homology method)

- RIESEMNERNFYRIMERRFIER, TEEHRIFIFRERERSIER
14

. B{fGeMoMa




__\(DRﬁﬁﬁWI

ORF(FFALIRIEAE): 8 MACIGZEHE F (ATG) B 2% 1E ZERE F(TAA,TAG, TGA)HY
—EFY, BERE— 1T REERRNER.
BT REZEE—EG6ANEEF, BR3P ELIEEEF(TAG/TAA/TGA)
- Eltk, WR—FZERFIIEISIREN 7Y, ABALLIEEHEREFHINAY
HISE R i E21 (64/3) NERFHI—XAKRIEZEEL T,

— A% ORF >50 codons (E. coli ~317 codons, yeast ~483, human ~450)

Gene

ATG GGC AGT GCA-

TTT TAG

Open reading frame



* ORF scanning is an effective way of locating genes in a
bacterial genome

RZEMERTAZ T, ERHEDNAL, ROFGEER

GCGCAACGCAATTAATGTGCOTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGECTCGTATGTTETGTGEAATTGTGAGCGEATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGEATTCACTGGCCGTCOTTTTACAACGTCGTGACTGGGAARACCCTGECETTACCCAACTTAATCOCCTTGCAGCACATCCCCCTTTCGCCAGCTGECGTAA

TAGCGAAGAGECCCOLACCOATCGCCCTTCCCAACAGTTGCECAGCCTGAATEGCGAATGGLELTTTGCCTOETTTCCOGCACCAGAAGLGGTGCCGGAAAGCTGECTEOAGTGCEATCTTCCTGAGECCGATACTGTCGTCOTCCCLCTCAAACTGGCAGATGCACGETTACGATGCGCCCATCTACACCAACGTAACCTATCCCATTACGETCAATCCGCLOTTTETTCCCACGGAG

AATCCGACGEGTTETTACTCGCTCACATTTAATGTTGATGARAGCTGECTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTAACTCOECETTTCATCTGTEGTGCAACGGECECTGEGTCGGTTACGECCAGBACAGTCGTTTGCCETCTEAATTTGACCTGAGCGCATTTTTACGCGCCGEAGAAAACCGCCTCGLEGTEATGGTGCTGCETTGGAGTGACGGLAGTTATC

TGGAAGATCAGGATATGTGGCGEATGAGCEECATTTTCCATEACGTCTCGTTECTGCATAAACCGACTACACARATCAGCGATTTCCATETTGCCACTCOCTTTAATGATGATTTCAGCCGCGCTATACTGEAGGCTGAAGTTCAGATETGCEGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGGTGARACGCAGETCGCCAGCGGCACCGLELLTTTLGGCEE

TGAAATTATCGATGAGCGTGETGGTTATGCCGATCGCOTCACACTACGTCTGAACGTCGAAAACCCOAAACTETGGAGCGCCEARATCCCGAATCTCTATCGTGCE6TGETTGAACTGCACACCGCCGACGECACGCTGATTGAAGCAGAAGCCTGCGATATCOGTTTCCGCGAGGTGCEGATTGAAAATGGTCTECTGCTGCTGARCGGCAAGCCETTGCTGATTCEAGGCETTAAL

CGTCACGAGCATCATCCTCTOCATGOTCAGGTCATGEATGAGCAGACGATOETGCAGBATATCCTGCTGATGARGCAGAACAACTTTAACGCCGTGCGCTETTCECATTATCCGARCCATCCGCTOTEGTACACGLTETGCGACCGCTACGGCLTGTATGTGETGGATGAAGCCARTATTGAAACCCACGECATGOTGCCAATGARTCGTCTGACCEATGATCCGCGLTGECTACCGE

CGATGAGCGAACGCGTAACGCGAATGETGCAGCGCOATCGTAATCACCCGAGTGTGATCATCTGETCGCTGOGEAATGAATCAGGCCACGECGCTAATCACGACGCECTOTATCGCTGGATCAAATCTGTCEATCCTTCCCGCCCGOTECAGTATGAAGGCGGCGEAGCCGACACCACGECCACCEATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGACCAGCCCTTCCCGEL

TGTGCCGAAATGGTCCATCARRARATGGCTTTCGCTACCTGEAGAGACGCGCLCGCTEATCCTTTGCGAATACGCCCACGCGATG6GTARCAGTCTTGGCOGTTTC6CTARATACTGGCAGECGTTTCGTCAGTATCCCCGTTTACAG66CGGLTTCOTCTGG6ACTGO6TGGATCAGTCGCTGATTAAATATGATGAAAACGGCAACCCGTGGTCO6CTTACGGCGETGATTTTGEL

GATACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGGTCTTTGLCGACCECACGLCECATCCAGCOCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCOTTTATCCGGGCAAACCATCGAAGTGACCAGCGAATACCTGTTCCETCATAGCGATAACGAGCTCCTGCACTEGATEGTGGCGCTOEATGGETAAGCCECTOECAAGCEETGAAGTGCCTCTGGATGTCE

CTCCACAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGEAGAGLGCCEEECAACTCTEGCTCACAGTACGCGTAGTGCAACCGAACGCGACCGCATGETCAGAAGCCGGGCACATCAGCGCCTEECAGCAGTGECGTCTEGCGEARAACCTCAGTGTGACGCTCCCCGCCECGTCCCACGCCATCCCGCATCTGACCACCAGLGAAATGGATTTTTGCATCGAGCTGEE

TAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTTCACAGATGTGGEATTGECGATARARAACAACTGLTGACGCCGLTGCGCGATCAGTTCACCCGTGCACCECTGGATAACGACATTGECETAAGTGAAGCGACCCGCATTEACCCTAACGLCTGGETCGAACGCTEEAAGGLEGCGEGCCATTACCAGGCCGAAGCABLGTTGTTGCAGTGCACGGCAGATACACTTGET

GATGCGGTGCTGATTACGACCGCTCACGCGTEGCAGCATCAGGGGAARACCTTATTTATCAGCCGGAARACCTACCGGATTGATEGTAGTGGTCARATGECGATTACCETTGATGTTGAAGTGGCGAGCGATACACCHCATCLGGCGCEGATTGECCTEAACTGCCAGCTGGCOCAGGTAGCAGAGCGGETAAACTGGCTCGGATTAGGGCCGCARGAAAACTATCCCGACCHCCTTA

CTGCCECCTGTTTTGACCGCTGGGATCTGCCATTGTCAGACATGTATACCCCOTACGTCTTCCCGAGCGAARACGGTCTGCGCTOCGEGACGCECGAATTEAATTATGGECCCACACCAGTG6CGCEECGACTTCCAGTTCAACATCAGCCGCTACAGTCARCAGCAACTEATGGARACCAGCCATCGCCATCTGCTGCACGCGGARGAAGGCACATGGCTGAATATCGACGRTTTCCA

TATGGGGATTOG6TGOCGACGACTCCTEGAGCCCGTCAGTATCGGCGOAATTCCAGCTGAGCGCCGGTCECTACCATTACCAGTTOETCTGGTGTCAAAAATAATAATAACCGGGCAGGCCATGTCTGCCCGTATTTCGCGTARGGAAATCCATTATGTACTATTTAAAARACACARACTTTTGGATGTTCOGTTTATTCTTTTICTTITACTTITITTATCAT6G6GAGCCTACTTCCCE

TTITTTCCCGATTTGGCTACATGACATCAACCATATCAGCARAAGTGATACGGETATTATTTTTGCCGCTATTTCTCTGTTCTCGCTATTATTCCAACCGLTGTTTGETCTGCTTTCTGACAAACT CEG6CTGCGCAAATACCTGCTGTGGATTATTACCGGCATGTTAGTGATGTTTGCGCCGTTCTTTATTTTTATCTTCGGGCCACTGTTACAATACAACATTTTAGTAGGATCGA

TIGTT6GTGETATTTATCTAGGCTTTTGTTTTAACGLCGGTECECCAGCAGTAGAGGCATTTATTGAGAAAGTCAGCCETCGCAGTAATTTCGAATTTO6TCGCECGCEGATGTTTGRCTGTGTTE6CTGGECGCTGTETGCCTCGATTGTCGECATCATGTTCACCATCAATAATCAGTTTGTTTTCTGECTGEGCTCTGECTGTGCACTCATCCTCGCCETTTTACTCTTTTTCGL

CARAACGGATGCGCCCTCTTCTECCACGGTTGCCAATECGGTAGGTGCCAACCATTCGECATTTAGCCTTAAGCTGGCACTGGAACTGTTCAGACAGCCAAAACTGTGGTTTTTGTCACTGTATGTTATIGECGTTTCCTGCACCTACGATGTTTTTGACCAACAGTTTGCTAATTTCTTTACTTCGTTCTTTGCTACCGETGAACAGGETACGCGEGTATTTGGCTACGTAACGACA

ATGGECGAATTACTTAACGCCTCGATTATGTTCTTTECGCCACTGATCATTAATCGCATCGETEGGAAAAACGLCCTGLTECTEECTEECACTATTATGTCTGTACGTATTATTEGCTCATCOTTCECCACCTCABCOCTGRAAGTGETTATTCTGAAAACGCTGCATATGTTTGAAGTACCGTTCCTGCTGGTGEGCTGCTTTAAATATATTACCAGCCAGTTTGARGTGLETTTTT

CAGCGACGATTTATCTGGTCTGTTTCTGCTTCTTTAAGCAACTGGCGATGATTTTTATGTCTETACTGECGGGCAATATGTATGAAAGCATCGGTTTCCAGGGCECTTATCTGGTOCTGEETCTGOTEGCOETEGGECTTCACCTTAATTTCCATGTTCACGCTTAGCE6CCCCEECCCOLTTTCCCTGCTECGTCOTCAGGTGAATGAAGTCGCTTAAGCAATCAATGTCGGATGCGE




ORF scan are less effective with DNA of
eukaryotes

 The genes of a higher eukaryote are split by introns, and
continuing the reading frame into an intron usually leads to a
termination sequence.

Exon Intron Exon

CGGTGAGCAGéTAAGTGATTAATGCATTTCTCGCACTGGCTAGACGATGCATAG
- | PR e 0 = T g U e S e WL DD A *

= AR S 7 41
THARRMMKINE T, SN TR EAEE /N T 1001 E Y 1

= 5
B



HizZEMEERFINEERES

o INEF-HNEFiLHF (donor/acceptor splice sites)
— NEFRIEYIFN: GU-AG rule

4 1 B . ‘ I . 1
5 I._AG GTAAGT_-I3

5'i
50
500
5'i

-

II— AG GTTAGT—II

-

el AG GTAACT ekl

-

el TT GTAAGT i

-

ll_ AC GTACGT— l

3
i3
3
3

Consensus
sequence
RZINET-NE AR
1 FISEASRE LR A, BTLLL
. secq:aences AN H &M+ — e Ve .

AR 5 (Upstream regulatory sequence)

— CpG islands, ##plfk

#Z R F{RfEr(Condon bias)

R R AR AR 1 22 R R IR AN A2 BT S A - A R A 2R 0 2 AH [
1, Nl PRS R IR 6 M & g1, {H1H48% NAGA

7zt -5 4A1 5 (RBS)



AR, REEBMABHEPHBREE G ERRRA LR

Codon Human Drosophila | E.coli

Arginine:
AGA 22 % 10% 1%
AGG 23 % 6% 1%
CGA 10 % 8% 4%
CGC 22 % 49% 39 %
CGG 14 % 9% 4 %
CcGgu 9 % 18% 49%

Total number

of arginine 2403 S06 149

codons

Total number
of genes 195 46 149

- FHARIERIMNEFEERFRE, MaFmSXAI=EEEREHFS
, HEFIIDH, FoEERHRENR.

- BRI AAIRIEEANENZBR HRENVEEITUER, FrLAT
ZEA TS RIER TR,



E E FMl(Gene Prediction)E 3%

o FLRITIIER AR A — RAA R FFEE R, T
H 80 & X 5572 (dynamic programming, DP)EY & 5y /R A Rk
157 (hidden markov model, HMM )R AE Al S IR 4544

— WNGenscan, Glimmer. GeneMarkZs




—. [[AiR¥EZE (homology search) BFiRGFIEH

Homology: [EliRME, 1B HMLHEXM

- RIERBRXBIER, FEERSEER

Similarity: fB{L1E, $EFFIMEIL, N80%FE[E]
Synteny: 2R (colinearity), FEEFEAIALE RTF

(A) Gene organization

O - —— Common ancestor
A B D E A* B C D E

IRl IRl Related species

(B) DNA sequences

- -GACAGTTAGCAATCGGAT - - Common ancestor

/ N\

--GATAGTTATCAATCCGAT-- --GACAGCTATCAATCCGAA-- Related species



I HREE It A T1R T RiREE

« DNAREFANHHE (A, C. T. G)
o EAFAE200NE HEZILRR

Sequence1 GGTGAGGGTATCATCCCATCTGACTACACCTCATCGGGAGACGGAGCAGT

Sequence2 GGTCAGGATATGATTCCATCACACTACACCTTATCCCGAGTCGGAGCAGT
Identities kkk kkk khkk Khk khkkkk hhkkkkkkkk kkk kkk kkkkkkkkk

P 2 DNA 7 51|45 80%H 7 471 — S 4

A P &5 B ¥ LR L AA G S F E H A G
Sequence1 GGTGCACCCGGTATGTGACTGCGATTAGCAGCGGGATCATTTCAGCATGCAGGG

* Kk kkkhkkk dhkkk hhkkk kk hhkk kkhkkk hhkkkk hhkk kk khkkk kk %

Sequence2 GATACACCCCGTATTTGACAGCAATTTGCAGGGGGATGATTGCACCATGGAGCG
B T P R 1 W E E F A 8 B Y LB B & &

M HEEEIR A LS, 2% 7 kD[RR i SE BH R (NT 78%; AA 28%)
— AN R EEEF I — B SR R T 25% "I AR E R,



[5];F 12 22 (homology searching)iR Bl EE

B FEERAEFRYSONAZIEEFRNEHERFFIHETEEYS, WNPE
52 LERIRE RS SEm AR RS R ELLGIRFREERNGIE,
— EFERFR/IBLAST, IHIERREESTEIFEIAMERTF30%-40%AIERER

- LR EFEFE R —MEEREIRERNE I 5%
+ 1B AEEAZ BHEL M AT U A ORFAEL S 4

Genome being annotated Related genomes

Short ORF

- - - -
| 3 | | | | 1]
| ) | | ] |
- - - -



=. RNAEE T

nf:

o |

RNAE EFE T 41

RNAE FE G B ERRISFH4SAE, =

EARER, XFR
EZmAIRNA(non-coding RNAS)
— INBERNA: tRNA, rRNA miRNA, IncRNA...

=

B HIERNAST FAEPREBCA =

IR ZE ) (stem-loops)

C—G
G—C
A—U
U—A
G—C
G-k
C——G
IIEAUA GGCEREI

* (Cis-reg;

o Cis-reg; IRES;

o (Cis-reg; frameshift_element;
o (Cis-reg; leader;

o Cis-reg; riboswitch;

o Cis-reg; thermoregulator;

s Gene;

o Gene; CRISPR;

o (Gene; antisense;

o Gene; miRNA;

o Gene; rRNA;

o Gene; ribozyme;

o Gene; sSRNA;

o Gene; snRNA;

o Gene; snRNA; snoRNA; CD-box;
o Gene; snRNA; snoRNA; HACA-box;
o Gene; snRNA; snoRNA; scaRNA;
o Gene; snRNA; splicing;

o Gene; tRNA;

* |ntron;



RNAE:E T T B

e Rfam(https://rfam.org/) 7= B Bl £ HBIRNAFRYIHIEE

+“Rfam

— 1BE X Rfam® _ETFNEEKER Z FIIE X FGFFHIEER, RS
5 ERNAS R AU 11 75 Z 4528 (co-variance model, CM).,

o Infernal®EX 5 FARfam K IEEI T 5 =45

snRNAFFIZEncRNAs .
« RNAmmerf AT

X

O rRNAZE

Azl

B, FIM mMIiRNA,

X

HY TR £ 7%

— predicts 5s/8s, 16s/18s, and 23s/28s ribosomal RNA.

* tRNAscan-SEZX 1B ITtRNARICMERBLHITIRNATIN], 2EE

¢85 T B9 AR 1

Sequence of one of the Escherichia coli tRNA'®" genes

5’ GCCGAAGTGGCGAAATCGGTAGTCGCAGTTGATTCAAAATCAACCGTAGAAATACGTGCCGGTTCGAGTCCGGCCTTCGGCACCA 37



I ., EEDEETE

REEMNAEMEZBREBINEE

R EEMERIELIRER, &R
B E—RkfE&, HEGFERTHFYIERK.

PR ey THRER ST

* e.g., the yeast gene SGS1 coded for DNA helicase that are required for
transcription of rRNA genes and for DNA replication. Yeasts with a mutant
SGS1 gene live for shorter periods than normal yeasts and display
accelerated onset-of-aging indicators such as sterility.

Table 5.1 Examples of human disease genes that have homologs in Saccharomyces cerevisiae

Amyotrophic lateral sclerosis

Ataxia telangiectasia

Colon cancer

Cystic fibrosis

Myotonic dystrophy

Type 1 neurofibromatosis

Bloom’s syndrome, Wemer's syndrome

Wilson's disease

SOD1

TEL1

MSH2, MLH1
YCF1

YPK1

IRA2

SGS1

CEC2

Protection against superoxide (O;")
Codes for a protein kinase

DNA repair

Metal resistance

Codes for a protein kinase

Codes for a regulatory protein

DNA helicase

Copper transport?



— LN 4
, N

I [E]/51%2 % (homology searching)Z1T&E LI HE;

&

. BRI S B R T B AT AR ST
BLASTELST 34, fRIBFESIBOAR #2551 0T ELThAE

o ETRi%: K3 = [BilE = Thaefa .
—- IHBRIZEMRKERIR, BRI EZFEE™ZIELEMERGD
Identity. E-value. CoverageZ5)HYS{E.

. FEHRIhEEEFREHIEZE B GenBankHINR (non-redundant)
, Swiss-Prot, InterPro, COG (Clusters of Orthologs), GO
(Gene Ontology), KEGG(Kyoto Encyclopedia of Genes and

Genomes)3F,




Frequency

COG/KOGFF: GOk

100
]
1

KOG Function Classification of Consensus Sequence

|7 A: RNA processing and modification
. B: Chromatin structure and dynamics
. C: Energy production and conversion
|| D: Cell cycle control, cell division, chromosome partitioning
. E: Amino acid transport and metabolism
. F: Nucleotide transport and metabolism
. G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
: Lipid transport and metabolism
. J: Translation, ribosomal structure and biogenesis
. K: Transcription
. L: Replication, recombination and repair
. M: Cell wall’/membrane/envelope biogenesis

I N: Cell motility
. O: Posttranslational modification, protein turnover, chaperones
200 - . P: Inorganic ion transport and metabolism
. Q: Secondary metabolites biosynthesis, transport and catabolism -
. R: General function prediction only °
. S: Function unknown
.T: Signal transduction mechanisms
. U: Intracellular trafficking, secretion, and vesicular transport
. V: Defense mechanisms
I I . W: Extracellular structures
._l |1 Y: Nuclear structure
'

0-
. Z: Cytoskeleton

10
1
T

400 -

Percentage of genes

RS S R N B RN
ABCDEFGHI JKLMN
Function Class

cellular component molecular function biological process

GO(Gene Ontology) & —Fh H T iR LK FE AR eI 02K R G0, =it T —Eh5
A HRCAINE 25, G T 44 43 (Cellular component). 43T I #g(Molecular
function) F14: 42714 72 (Biological process) =" J5 T .

3864

386

39

Number of genes



I [FiZEEHEFETFE: Prokka

« Prokka[RIZERHEITRENDITE, BREFSE. DeEEFENER
BEE TR ENS,

+  ProkkatMEA—EIERIRETE, ALUNREZERANZEREHRTT
(PSEISEVESIEEIE S =

Prokka pipeline (simplified)
Aragorn |—{ tRNA
RNAmmer ]—* rRNA

5

Prodigal ]—~ CDS a[ SignalP ]—~ sig_peptide

FASTA
contigs

Tser | BLAST+ [Swss]  (Plam] HMMER3 JTIGR.
protein annotation protein domains

Torsten S., prokka: rapid prokaryotic genome annotation, Bioinformatics 2014



Case study: Annotation of the Saccharomyces cerevisiae
genome sequence

The S. cerevisiae genome was completed in 1996, initial analysis identified
6274 ORFs of 100 codons and longer, but it’s reduced to 6120 now.

Orphan families: the yeast genes had homologs in the databases, but the
functions of these homologs were unknown.

Single orphans: the yeast genes had no homologs in the databases, but they
looked like genes and were unique.

. Questionable
Previously ORFs

identified
genes

Single

7 orphans

| Unidentified

B members
Identified by of orphan

homology analysis families



Case study: Annotation of the Saccharomyces cerevisiae
genome sequence

e Although there are just 6274 ORFs of 100 codons or longer in yeast
genome, there are over 100,000 ORFs of 15 codons or more.

— A few short genes have been identified using comparison with other
yeast genomes.

® Approximately 55% of all yeast genes now have a well-
characterized function.

® Another 2000 genes (33%) have functions that been assigned
on the basis of homology analysis.

® 500 ORFs are thought to be genuine genes but have no
assigned function.

® 300 ORFs that may not be real genes.
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Comparative Genomics

. LB EEI4AZE (Comparative Genomics) B2 ETFEEZ
HEISEMNFEENM.L, YNEeHMBNEEEREHS
iH1TEbER, K 7TRREERIIEE. FAUIEHD
FE{CRIZEEL



SARSTR SRR

Cumulative probable cases in the Western Pacific Region of WHO (November 2002 to July 2003)

. Courntryfarea with local transmizsion

Republic of » 100 cases

ores (3]

Mongolia (9

Courntryfarea with local transmizsion
< 100 cases

Courntry farea with cases reported
without local transmission

Japan
_'" Courtryfarea with no reported cases
"I‘\-u Tg':éan' China Northem hariana Country/area
i\ (348) = lslands in South East Asia Region of WHO
=) with reported cases

hilippriness <

KR Guam Warshal Islands
14) Federmted States of 2

Palau Mcrgpesia -,
Brunei © o] Eirbati .
Daruzzalam Mauru & .

Papua Meu Guinea '
- Tuwaly  Tokelau

3 Solomon 1sland & Al .
. o, Aemari b "
- Wallis & ' », Smencan French
- - Samoa
&L o

Indonesia - - ~  Futuna o Polyngasia
Singapare vEnuaty g - -
(zgajp (2 % ﬁ' Samoa ook klandss
L Fiji LI e ) oo £
“‘h rp  Miue -
. New Caledonia Tonaa Pitcaim
Australia (5) o I5lands

ey
Zealand (1)




The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812

MAY 15,2003

VOL. 348 NO. 20

A Novel Coronavirus Associated
with Severe Acute Respiratory Syndrome
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Figure 3. Estimated Maximum-Parsimony Tree Based on the Sequence Align-
ment of 405 Nucleotides of the Coronavirus Polymerase Genie Gpan Reading
Frame 16 {Nucleotida Numbers 15173 to 15578 Based on Bovine Coronavirus
Complata Ganome Accession Number NC_003045] Comparing SARS Coro-
navinus with Other Human and Animal Coronaviruses.

The three major coronavirus antigenic groups (I, || and 11}, represented by
human coronavirus 223 (HzoV-223E), canine coronavirus (CCoV), fefine in-
factious peritanitis virus (FIFV), porcine transmissible gast oenteritis virus
(TGEV), porcine epidemic diarrhea virus (PEOV), human coronavirus OC43
(HCoV-0C43), bovine coranavirus (BCaV), porcine hemagglutinating en-
cephalomyelits virus (HEV), rat sialodacryoadenitis virus (SDAV), mouse
hapatitis virus (MHV), turkey coranavirus (TCaV), and avian infectious bron-
chitis virus (1BV), are shown shaded. Bootstrap values (from 100 replicates)
obtained fram a 30 percent majorty rule consensus tree are plotted at the
main intemal branches of the phylogram. Branch lengths are proportionate to
nuclectide differences.



Isolation and Characterization of
Viruses Related to the SARS
Coronavirus from Animals in

Southern China

Y. Guan,™{ B. ). Zheng,'* Y. Q. He,2 X. L. Liu,2 Z. X. Zhuang,?
C. L. Cheung,' S. W. Luo,’ P. H. Li," L. ). Zhang,' Y. J. Guan,’
K. M. Butt,” K. L. Wong," K. W. Chan,? W. Lim,? K. F. Shortridge,’
K. Y. Yuen,? ]. S. M. Peiris,” L. L. M. Poon’

A novel coronavirus (SCaV ) is the etiological agent of severe acute respiratory
syndrome (SARS). SCoV-like viruses were isolated from Himalayan palm civets
found in a live-animal market in Guangdong, China. Evidence of virus infection
was also detected in other animals (including a raccoon dog, Nyctereutes
procyonoides) and in humans working at the same market. All the animal
isolates retain a 29-nuclectide sequence that is not found in most human
isolates. The detection of SCoV-like viruses in small, live wild mammals in a
retail market indicates a route of interspecies transmission, although the nat-
ural reservoir is not known.

Fig. 2. Phylogenetic analysis HKL 65806

of the nuclectide acid se- Urbani

quence of the spike gene of &3 TOR2

SCoW-like viruses. NMucleotide

sequences of representative 74 HKU 39849

SCo%W S genes (S gene coding FIBAS oo Human
region 21477 to 25244, 3768 99 CLEPC-NE

bp) were analyzed. The phy- KLY SRurY

logenetic tree was construct- GZ50

ed by the neighbor-joining ——————— GZ01

method with bootstrap anal- a9 GZs0

wsis (1000 replicates) using 494'13243

MEGA 2 (70). Number at the 73

nodes  indicates bootstrap sSZ1 .
values in percentage. The 100 = azrqs Animal
scale bar shows genetic dis- TN sg1 sz16

tance estimated using Kimu-
ra's two-parameter substitution model {77). In addition to viruses sequenced in the present study,
the other sequences used in the analysis could be found in GenBank with accession number: from
AY 304490 to AY 304495, AY2TE7417, AYZ278554, AY2784917, AYZ274119, and AY 278489,
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Examples of virulence factors
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E. coli O157:H7H)virulence factors4;28(n=394 genes)

upregulated with
norepinephrine
9%

adhesion

upregulated with 23%

epithelial cells
12%

toxins
1%

antigen
3%

upregulated in
human
clinical isolates
secretion systems 5%
14%

effector
14%

pathogen island

4% iron acquisition defense from host barriers hemolysin effacing
3% 8% 2% 1%




KAt

e

ANE]

&

et

RABLE:

I A F=AHEHFENS
FFHIHTLLRS, DA EATREERE

(Virulence Factor)
1. Escherichia coli str. K-12 substr. MG1655
2. Escherichia coli 0157:H7 str. EC4115
3. Escherichia coli EDL933
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