GENE IDENTIFICATION
AND PREDICTION

/

11.1 INTRODUCTION

The ohjective of gene prediction 15 10 identify regions of genomic DNA that encod
proteins. Tt is based on the statistical analysis of sequence bins in genome coding region
Gene prediction programs are used to sift through new sequences ond theh annomte the
sequence database entry with this information

Many of the gene-finding programs are similarity-based, i.e. sequence similanty s done
at cither the protein or nucleotide level o known proteins or Expressed Sequence Tap
(ESTs) o identify the genome regions likely to be protein coding. If a region has similany
1o 4 known EST or protein, it provides support that the region likely encodes an exon. The
information can be used to refine regions: that are likely exons for closer examination i
building & gene model. ,

Many programs have some commonness and possess the ability to differentiate between
gene sequences charactenistic of exons, introns, splicing sites, and other re sulatory sites 11
expressed genes Imm. other non-gene sequences that lack these pattemns. However, 0 prognm
trained on one Organism miy At work as efficiently for the other. cDNA sequencing can b
used to confirm gene identification. Il EST sequences are available, cting @ large amoust
ol genome, they can also be used for confirmation of predicted gene ﬂ1 "

11.2 BASIS OF GENE PREDICTION

A gene 15 4 segment of DNA that is expressed 10 yield a fu o
a palypeptide. The summary of the important features of m_mlﬂilll. product an RNA of

i like
for gene recognition, is given in Tuble 11.1 and shown in Hlm“"ﬁl%mm is important
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FGURE 114 Transcription begins at the specific prometer site on the DNA
wmplate—Prinbow box. PB—Prinbow, Pr—promoter, |—initiator, CS—coding
wquence, T—terminator, | ne s RNA and mRNA —messenger RNA.

waed ready 1o begin wanslation. This sequence (which is analogous to the promoter 15
E:L i called a Shine-Dalgamo sequence, or Ribosome .i.‘nd'h;l Sire n{[ﬂlﬁdlj. ':'::'5 tjrpﬂl“&
wquence 1 AGGAGGA and it s mqllmmmjr to ﬂu_ 3 end ! =
UOCUCCUA-OHY . In polycistronic messeagers IHI#HH. often occun just wf swr o

.....

Grenes are usually predicied as the regions of 3 genome that encode proteins and have blased

e o noa-c regions. There is & bias in sequence due 10
:“m”.?“ﬂmwnf““ the tendepcies for bases (o occur a particular postions
;]mhm of organisms aod is know s codon bias. Thix biss i in terms of unequal

'm:?tﬂ acids in proteins eins and the | __:wﬂmmmunm
:‘F amino A Ay enome of 4 species with the typical codon frequency
codon frequency 10 & FSECH e o the repions coding for & particulas protein. Thun,

 the same specics may § § with frequencies similar o the typical species codon
codoms A M‘%mmumummm
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wgents 0t elated protein families sometimes also have multtple comsemsus patierms tha
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ihw prediction of function | for cunmiple, usmg the BLOCKS databose: Pasers

orcbing 10 sequEEs i3 the bais. for performing rapid scarches through  sequence datsbuse
e chosest tches 1o A given soquence by the BLAST snd FASTA programs. FASTA hus

e sl in locating umidentified DNA binding sites for £ ool Lexa b Lt

114

GENE PREDICTION METHODS

tees e soveral methods of pene preicuon, Jdiffering in the approach. algonthm. and the
Aoy of peedicnon methods. Important methods of pene predictot are as follows.

#
L]
L
L

Lshoraton -hased appeoaches

Feature based approaches
Homaology-based appeosches

Stanstical and HMM-hased approaches

Ths 1 the traditional method to find o gene, which inclodes expenmental procodures for
ating penes in I#EWH“'“H

Hiotiing s & technigue tsed for desecuon of macleic ackls and proseams. The sechnigee
oy L.m ol beomolecttles 08 10 8 memboane wppon that wsually e, cempushes

Scanned with CamScanner



.--"""--_

o) or tissue. Since cellular structure (8 maintained throughout the procedure, ISH
T " ges information about the location of mRNA within the tissue sample.

P e provedure begins by fixing samples in neutral-buffered formalin, and embedding

jssue 10 pasaffin. The samples are then shiced into thin sections and mounted onlo
""“mw shides. Alternatively, tissue ean be sectioned frozen and post-fized in
wkﬂl,mlhh:ﬁ'ﬂf After a series of washings 10 de-wax and rehydrate the sections, a
A nase K digestion is performed w increase probe uccessibility. A labeled probe i then
m,m to the sample sections. (Proteinase K digestion is a crucial step for successful
i Insufficient digestion will result in a diminished hybridization signal. On the other
pand. if the sample is over digested, tissue morphology will be poor and would make
jocalization of the hybridization signal difficult. The concentration of Proteinase K needed is
dependent on the tissue type, length of fixation, and size of tissue core.) Radio-labeled
robe are visualized with liquid film dried onio the slides, while non-motopically labeled

are convemently detected with colorimetric or fluorescent reagents.

The major drawback 1o ISH hhmmﬂmmnw
smeconsuming and laborious and require specialized equipment for preparing samples and
visualizing results of the expeniment. Additionally, quantitstion of gene expression is not as
‘lmihﬂ'cl"#lﬂ ax with the other techniques.

Feature-based Approach

Feature-hased approaches are based on pattern recognition, treating DNA fragments as
sequences (see Table 11.1),

Gene finding by ORF prediction

umr&nﬂm:mnwwwﬂpm.mhiﬂmmﬂlhlq
mdnﬂnminnnﬂﬁmqlmwuﬂ-m:minhﬁumwwnm

ceptor/stop This scheme facilitates the use of more geoomic context information
1wj.u:mmmﬂumdﬂhmuﬂmmﬂn
muﬂhhmmﬂﬂmmﬂmﬂﬂlmmln{mmﬁq
m%uwﬁhﬂm“"“{m-

4
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cencPanct (http:/beagle.colorndo.edu/~cesnyder/GeneParserhtml) predicts the most

d Introns inoa i
e II1'|r4'“t'||.|'|-|:“H."“ of exons an : genomic “ql“‘_ a W
::;.mﬂmﬂmmhmmmhﬂnm“m by & DP approach. It uses »

_itioms are then alighed with the constraint that they must y
:; :t:u- manpet, & combination of the most Likely intron ﬁ“m.mm ""'ﬂlﬂ_ @ Ilrl];.mll lﬁ‘wm.
sructure are found. GeneParser uses a scheme for adjusting the weights used for
avernl Lypes of sequence patterns that make up the introm and exons

Geneld

GenelD (httpelfiwww Limim.es/software/geneld/asd html) v » program o predict genes in
aknown genomic sequences designed with a hierarchical structure. In the first dep, splice
gres. start and stop codons are predicted and scored along the wquence using Position
weight Arrays (PWAs), In the second step, exons are built from the sites. Exons are scored
o the sum of the scores of the defining sites, plus the Jog-likelibood ratio of & Markov

Model lor coding DNA. Finally, from the set of predicted ctons, the gene strocture is
paembled, maximizing the sum of the scores of the mssembled exoms

1.5 OTHER GENE PREDICTION TOOLS

Some of the other tools avalluble for searching for vanious patterns are given below:

Poly-A site prediction

HCpolyA  (hitp:/N25.itha.mi.cor.it/-webgene/wwwHC_polyahtml) is used for Poly-A
Site Prediction using the Hamming Clustering Method on the WebGene Server

TATA signaling, promoter & trans-factor bind site prediction

HCwma (hitpdN25.itha.mi.cardt/-webgene/wwwHC_tatahiml) is a similar ol uwsing
um;%mrﬁufhmmmhwmmmﬁ

ih sed o find and liwm

I of published signal sequences with the input DNA sequence. .
"""n”“m;m“:fuﬂmwnmmﬂpm wol s inlended Tor

Exon (ORF) prediction
FramePlor  (htipufwatson.nihgo jp/~jun/cgl-bin/frameplot-3.0b.pl) - Protein  Coding

Region Prediction in Bacterial DNA—NIH-NET.

A -
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ORF Finder thltpufm.lchi.nlm.nih.[nrfprﬂﬂrf.htmh pnp@m Analyy
that finds all open reading frames of a selectable minimum &ize in & user’s < :,,
sequence already in the database. This ool identifies all open reading frames Wing .:
standard ive ¢ codes.

&:ﬁmn mnt exon prediction. It has the following faciliies: ypy
internal exons, FEXH—all exons and FGENEH—gene structure,

The Exon Prediction Program (Perceval) THW#MMHI.FM
Mtml) siands for Protein-coding Exon, Repetitive, and CpG-Island EVALuator, Petceny
reads in & DNA sequence and produces a list of possible Grall Exon Candidstey 3, -
fillers these candidaies against a repetitive elemen! database. It also locates
clements and CpG islands Pl

Splice site prediction
Genefinder is & 1ol for exon prediction. It has the following facilities:
HSPL—aplice sites

Repetitive DNA & CpG isles analyses

RepeatMasker2 (httpe//fpgenome. washington.edw/egl-bin/RepeatMasker) s used o
analysis of Repetitive Elements in DNA Sequences, RepeatMasker screens DNA sequesn
in fasta format against a library of repetitive clements and retums o masked qQuery seques:
ready for database searches as well as a table annotating the masked regions.

RNAscan is used for genomic tRNA Identification (hitp:/iwww.genetics.wustlodu/eddy
RN Ascan-5E/)

A comparison of the various tools in the terms of their performance is gives i
Table 11.4.

TABLE 114 Comparison of Various Gene Prediction Toals

Sensitivity icity
Prediction  Sensitivity  Specificity (%) Exact m&n Misied

Tool Tipe (%) Nucl. (%) Nucl. _ Exon el
FGENES  Gene structure K 93 73 78 g
Genelld Gene Mruciure (U] ) 42 46 »
Gene Parser  CGeme structure L 79 15 40 s
GENSCAN  Gene struciure 93 VL] 78 L] %
GRAIL 0 Gene structure 83 7 - ¥ | "
MIZEF Intecrnal exons K7 s 18 Kb -
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e ates and startstop codons. 1f some Teatures of a sequence are __-h-.-h‘\

E;Tt_ projeins, o I'rpl:lT clements, these regions can be locked as coding or o, -h‘
then the program will find the best gene structure under these Constraingy Apay b
reporting the best prediction, HMMgene can ilso report the N besi fche

soquence. Thas s useful if there are several equally likely ESNC slructurey gy b,
milicate aliermative splicing - Tin

Glimmer (Gene Locator and Interpolated Markos Modeler) ix a SYHEm for

penes in microbial DNA. It is especially useful for the genomes ol bacieria and .*

avialable at hitp:/iw we tigrorg/woltware/glimmer/ and yues interpolated Markos by
(IMMs) to Mentifly the coding regions and disunguish them from nan : [H?
IMM approach uses a combination of Markoy models from Ist through Bth-omder, g T
cach mode] acconding 1o it predictive power. .ﬁ

The Veil system :hﬂp:ﬂ:ﬂ.ﬁpﬂﬁ-ﬂlﬂlﬂﬂwﬂ-ﬂ-ﬂ stands for “he Vi,
Exon-Intron Locstor™ and uses a custom-designed HMM 10 find Renes in eukarpon.
Vil s pot sctively maintained now o

GENSCAN lmﬂxmmwmmml s & program to predicy St
genc struciures. GENSCAN can be used to identify introns, exon

probability as 1o the chance that a
FEfNCACTIi: an exofl or an introg.

GENSCAN uses three types of signal models 1o model
uses the weight matrin model (WMM

l. i<43% C + G)
L -51%C+G)
L 51-5M%C+G)
4 >SMRC+0)
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Jaryrlic EnES BIC TAONE difficult o identify than those of fhe prokaryotes Searching Tor
B mologucs 18 the mow widely used method for ientifying genes. Homology sasch

v only on evolutionary relaiedness, and so are widely applicable. A major advantage
4 finding homologous product is that vome of the information about the gene may be
alrendy by

Search foe genes can include matches 10 one of the following:
s Known pritemns

¢ Protein motifs (e.g. zine finger. ATP and GTP-binding motifs, ete )
o EST (Expressed Sequence Tags) and ACRs (Ancient Conserved Regions)

Homobogy-bused gene prediction systems can find similarities to previously identified coding
wpoms Alternatively, a different bomology-based upproach is 1o identify totally unknown
penes 10 compare two whole genomes and look for conserved regions on the theory that
wquence is only conserved i it s |

Procrustes (http/Mite-13 usc.edwsoltware/procrustes)) is & homology-based program
currently not fully functional), which sccepts as input one genomic DNA sequence, and one
« several protein sequences. The proteins (largets) are assumed to be similar to the protein
m:mdmﬂ:r::mmi:ﬁthmﬁqﬁhmufuu-wﬁﬂmtﬂMHm

protcins; if several targets are specified, it makes one gene prediction per target
Tﬂmmiﬂmmtwuh:mhuﬁdmdh predicied protein and the alignment
herween the cled and targer proteins.

ﬁmn::ﬂn; regions can also be done by similarity searching m.mrn
Fm;c:m.mwmhmﬁipﬂnhmmmmmdlmnﬁq
frames (1 nﬂnﬂmdlhmm}udﬁnuiuﬂ-iwmmemmM
THLASTX transistes 3 DNA query sequence and performs a similarity search against protein
databanks H.mmmqmmuﬂn.wihﬂmmwn&ﬂirﬂwﬂw
m.nqum.muumudmpnﬁmmquwmnm-"hmmﬁ
were genomic, then the introns woulll also be identified

Statistical and HMM approaches

BTyt ;g ke g e

3 and no stop-codons in the frame.
Emm@:mmhﬁlmm";qmmumhmm AC
ﬂMmm““Wh..mmm

Humr.uwm n predicts whole genes. and so the predicied exons
e e o e, A L P 8 A
be used on whole cosmids of even, JoRger | =

i
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P DNA sequence ﬁmﬂwh.:'
for the six tramdation frames of 3 e able "

cadon cheiens (I you provide it with & ORF
- M Vects 13 (httpe/fwwrw sxst.itfexm__mev.him) Soge O S b

exckenr's wiatistical method, or on the destgnation of sequence ends & S SAd oy eutey
(iRFs can be found in 3 or & frames. ﬁm.hultudhrm*
wmﬂmhuﬂmmﬂlmmr,ﬂhﬂm_m“p!_h
m:m‘ﬁmmmwnlﬂilﬂﬂ.mtﬂﬂm
mﬁnu,mm-mmmmmmﬂm**
laved i their wheolification:
Small profeim. The isspe & 1o decide the "cutofl™ o be used for & minissm s
proteie A cusod] of 100 smino scids is often used. However, in so doing, some e wl
mmrmwlmmﬂmﬂmﬂﬂmﬂlﬁ:_
more than 100 amino scids src anbotated even though they do not encode & protein

Smoll exons. Exons smallec than aboul 30 nucicotides cannot be reliably prediced
normal computanonal methods Mining a small exon can result in prediction of o pres
sequence (i has an intermal “frame shift”, (i.c.) the protein coding frame has shifind Ses
& shift changes all the anupo scids after the frume shift position, resulting in major emon 3

There are vanous tests to verify that a predicied ORF is in fact likely to escalk )
procen. Some of thoss are as follows:

| The method i based on an usususl type of sequence variation that w fossd s
ORFs—every thin? hase tends to be the same one mich more often than by dee
alone This peoperty is due to soa-random use of codons in ORFs and bs we @
sy ORF, imdependent of the species. The program TewCode (h

Lt/ wws g™
com/peaductaigeg_ wisconsin_package/) provides o plot of the non- rasdomses *
1 This method i based on the analysis 1o determing whether the codons in Be 0FF

w. | m are found, thers will be much more confidence ® ™

WL\

b

iAo

i

AR

; ;ﬁn; l'i';n 5' !

T
£

Scanned with CamScanner



Gene Prediction Methidy
ry COnservation nl- lhﬂ - ___-__‘_'_'—-—-—-_-__‘_n

[ - m
uence in one or more of thege Ceganilins nce possible homology, 1o the new

o

51 probe
V—a & Primer

FIGURE 115 Identification of §-end of the gene.

° Is an endonuclease thit degrades single-stranded RNA or DNA 10
S1 nuclease is useful for the removal of unpaired regions following
and 15 used in S1 nuclease mapping—a technique for the removal of single-
08 of DNA and RNA from double-stranded hybrids of DNA and RNA. In §1
g, 4 DNA probe labeled ut its §end overlaps the gene §'-end or the §'-end of
ized to the gens DNA. The resulting 5'-lobeled DNA probe is then “sized”
blot, Ity size pinpoints the 5-end of the gene or exon. (Figure 11.6),

— S ImE s ¥
1’. with §1
uclease
m.
lnnmmd
wm
(TTITTRATENT AT
JRE 116 S1 nuclease mapping to identify the Send of the gene.

e echnique used to map the 57 ends of DNA or RNA fragments.
h?w ka0 1 T e
“usually ar its 5 end, with “P. This is extended with reverse
copy either RNA or a DNA template, making a fragment that ends
olate molecule. DNA polymerase can also be used with DNA
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FIGURE 11.7 Primer oxtension technigue to map 5 ends of DNA or RNy

Exon trapping

Exan tapping ot caon amplitication s & miethod l.F‘ fipad tl.pl'ﬂm.n”ﬂ m iy
penome soquence and i pased on selecton for functional splice sites in genomic DNA. Ty
advaniages of exon trapping arc fhat it does ol Tequine any prior knowledge m_h
specific gene exprossion and can castly be performed on complex genomes. I can idegyy
coniutive exoms @ well as altemative exons but cannol be uned 10 idenuly intronley
genes In esin mappng, the genomic sequence s cloned inio an wiron (flanked by my
euons) Ui a speclalizeil exon tmpping vecor. This construct 1% r:p;eu-nd_ through a sy
peomoier. 17 the genomic fragment contaims an exon, it will be spliced into the resiieg
mENA clumging it size and allowing its detection.

BeE TATTERITLRR %)

a2

Reverse transcriptase-polymerase chain reaction (RT-PCR)

WTPCR can be used 10 detoct the RNA transcript of any gene. This is irrespective of the
quantity of the specific mRNA. In RT-PCR. an RNA iemplae is comed me &
complememary DNA {(cDNA) uving a retroviral reverse transcriptase. The cDNA is e
amplified sxponentially by PCR. As with NPAs, RT-PCR s somewhat tolerant of degradel
BNA As Jong us the RNA is intact within the region spanned by the primers, the trget wil
be anplified

Adthough RT-POR 16 the inost sensinve method of mRNA detection availuble. i o=
bas some drawbacks. It can be the most technically challenging method of detection =
quantitation, ofien requiring substantial pre-cxperimental planning and design. Alio, hocose
ol s exireme sensitivity, even minute amounts of contamination by genomic DNA %

previoudly pmplified PCR products can lead fo abema results, so steps miust be ket ¥
avuud dny colaminatin

“eREEREE O BY

In sitw bybridization (ISH)

ISH » a powerful and versatile 1ol for the localization of specific mRNAs In ccih @
tivises Lnlike Northern blotang and nuclease mapping sssays, 1SH does ol reques
Iscelation o electiophioretic separation of RNA. Hybndustion of the probe (akes place wins

- SR
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i § w, one o (he cINA clones ¥ isolale '"“: I‘;:Llil:nl:u Fepre v f::

LT 9 ; i ! | .
Southern blowing. e " in studying this gene {urther, you rmig ant i detern, e
nEw EEne If vou are IIETCSEC bt xors, and regulatory elements, ot

entifying inrons, ¢ Gk
: 3 nng. which s n v
ilysis 18 gouthern hloting Y P

It is used (o determine the size and ATEANRE ey a 5.]
number of genes related to-a clone of iy

the structure of the gene b il
An essentinl step Tor such an
techmiguc used for 8 vanety of purpases

jerermine the f
enomic copy of 4 gone, 104 S mat Southern Blott
mil i |s:‘r'._- the cvolutionary conservation of a gene The "R 18 By
and o tnvest :

{ arety ological processes such as KNA spliein
e i 1’;"(:':::::1:':1’:;1" 4.‘.::;:1.:\' ::-ul "IL" n:cl'lp::-'t'f-F“Ur"- This technigue hhu.:{
F;-Im.m:u:‘ r::ll':“ :ﬂr n the idlentification of mumercus rearmnged fepat that are sswogig,
E!:r!:ta variety of human genetic disorders il :-nnruu :'I-'l:II: ““:"llr::i:lﬂ,::l of gy
resolving pcl.“ gtema. 1l now possible to use 'Hd'mllu:a:ﬂ : ;'I rlllg iy “ndh J_:v"mm""”h
involving single base-pair changes This has led to the garly QiREROSIE PrEvention o

potentially hanmiul discases

Northern Boting.  Norihern hloting is 4 technique used ta r:.1.||1|:|1r l:'l-L' ‘;tzl: and temgong
and spatial expression pitern of specific RNAs. | 1.1||||I::-_ |nI:JI|P1.l:]|l.l ar KNA, or pulyv(y
RNA is isolated and sepamiicd by size on an agamse gel. The RNA molecules in the gel g
transferred 10 nnrocellulose  paper o nylon as described nbove andd detected using i
appropriste DNA or RNA probe

Alihough Southern and Northern hlotiing technigues exhibit a pumber ol similarie
ihere are several important differences alio, The major difference s in the extreme tam
required to isolate non-degraded RNA. Full length mRNA fsolution is an important goal jy
genersting high quality ¢cDNA libraries, The difficulty in RNA solation s thal mos)
ribonmcleases are very stable and active and do not require activators or cofactors 1o [uncilon
As @ precaution, the fitst step i all RNA purification procedures i to lyse the cell ms
solution thot denstures, thus insctivating ribonucleases, Another difference in the twn |
procedures s in the type of gel used 10 resolve RNA. Unlike DNA that is only found & &
double-strunded version, RNA migrates s a function of hybrid length, RNA can engige & I
non-uniform  amounts of intra-molecular base pairing.  Therefore, RMNA must undegt
electrophoresis under denatured conditions if it is 1o migrate w8 4 funciion of nueleotide
length

Northern bloiting is useful because the size of a specific mRNA can be compured will
the smze of cloned DNAx, revealing whether the cloned ¢cDNA s full-length. This techniijue
can indicute which tisstues express o particular gene or the factors that regulate its expression
As an example. if you have isolated & cDNA, which is suspected 1o be induced by & growd
factar, you could first try 1 experiment to stimulate cells with the growth factor and isol
toral RNA gl intervals following stimulation. The RNA isolnted at each point of time I
he analyzed by Norhern blotting using the cloned cDNA as o probe, I the results mdic
ﬂf‘{rg ”?“;;ﬁ"l“ of “'EI mRNA in question 1s low in untreated cells but significant! |

-reases following stimulution, a good evidence that 1 vid jon ol

desired gene is indeed reguluted by growth factors Dk
Lo Mnu Zoo blols are varlants of Southe
from different species 15 probed with

i

- = 2w a

m blots in which u panel of genomic DNA
u test gene o cDNA. The patterns obtained revesl 9
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