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Overview of Course

Sequence Alignment; Multiple Sequence Alignment
Sequence Analysis

Sequencing and Mapping

Phylogenetic Analysis

Gene prediction techniques

Pattern discovery techniques

Protein structure alignment and analysis
Genomics, Functional Genomics, Proteomics
Gene Expression Data Analysis

RNA Secondary structure

RNA interference and small RNA

Ribozymes and Riboswitches

Databases & Software Packages

Statistics for Bioinformatics

Computational Learning & Predictive Methods
Biomedical Image Analysis

Emerging Biotechnologies

06/24/09 Q'BIC Bioinformatics



Software Packages

d Databases (GenBank, SwissPROT)

- Programming Environments (BioPerl)

[ Sequence Alignment (BLAST, CLUSTALW)
 Phylogenetic Analysis (CLUSTALW, Phylip, PAML)
d Learning Methods (HMMPro, GeneCluster, ASOM)

[ Pattern Discovery Techniques (GYM, TEIRESIAS,
APRIORI)

d Molecular Structure Analysis (DALI, RASMOL, SPDBV)
A Microarray Analysis (CLUSTER, GeneCluster, TreeView)
 Statistical Software Packages (SAS, R)
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Genomic Databases

[ Entrez Portal at National Center for Biotechnology Information (NCBTI)
gives access to:

Nucleotide (GenBank, EMBL, DDBJ)

Protein (PIR, SwissPROT, PRF, and Protein Data Bank or PDRB)

Genome

Structure

3D Domains

Conserved Domains

Gene; UniGene; HomoloGene; SNP

GEO Profiles & Datasets

Cancer Chromosomes

PubMed Central; Journals; Books

OMIM

Database Neighbors and Interlinking
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Evaluation

O Homework Assignments (35 %)
O Exam (35 %)
J Semester Project (25 %)
[ Class Participation (5 %)

Course Homepage

http://www.cis.fiu.edu/~giri/teach/BSC4934_Su09.html

O Lecture notes, required reading material, homework,
ahnouncements, etc.
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Introduction

1. What is Bioinformatics?
@® Analysis of biological data with computing & statistical tools.
2. The different aspects of Informatics?

® Data Management (Database Technology, Internet Programming)

@ Analysis/Interpretation of Data (Data Mining, Modeling, Statistical
Tools)

@ Development of Algorithms/ Data Structures

@® Visualization and Interface Design (HCI, Graphics)
3. How to assist biological research?

@ propose new models or correlations based on data from experiments
verify a proposed model using known data
propose new experiments based on model or analysis

use predicted information to narrow down search in a biological
investigation
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General Information

3 GenBank Release 157/163 (Dec 2006/7) contains over 64/80 million

sequence enftries totaling over 83 Gb from over 2,500 organisms
[htp://www.ncbi.nlm.nih.gov] (Storage: ~150 GB uncompressed)

d Human Genome has ~3 billion bp with 32,000+ genes.

d 435/624 complete microbial genomes sequenced (684/914 more in
progress)

d 2540 Viral genomes (300bp - 300Kb) (15t 1978: Simian virus; 5Kb).
[ 22 complete eukaryotic genomes sequenced (175 more in progress):

Caenorhabditis elegans, Arabidopsis thaliana, Saccharomyces
cerevisiae, Mus musculus, Homo sapiens, Oryza sativa, Plasmodium
falciparum, Drosophila melanogaster

[ 131 organisms have assemblies and chromosomal maps including:

Anopheles gambiae, Macaca mulatta, Bos taurus, Felis catus, Gallus gallus

O Swiss-Prot Release 51.3/54.7 (Dec'06/Jan'08): 250K/333K entries;
91/120 million amino acids.
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Short Homework

1 Change all the numbers on the previous slide with up-to-date
information.

1 Do you think a larger genome implies a "more evolved”
organism or a “less evolved” organism?

1 What was the latest large genome to be sequenced?
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Genome Sizes

Organism Size Date Est. # genes
HIV type 1 9.2 Kb 1997 9
H. influenzae 1.8 Mb 1995 1,740
M. genitalium 0.58 Mb 1998 525
E. coli 4.7 Mb 1997 4,000
S. cerevisiae 12.1 Mb 1996 6,034
C. elegans 97 Mb 1998 19,099
A. thaliana 100 Mb 2000 25,000
D. melanogaster 180 Mb 2000 13,061
M. musculus 36b 2002 ~30,000
H. sapiens 3 6b 2001 32,000+

06/24/09
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Short Homework

d Find the organism with the largest genome known! How many
chromosomes does it have?

1 Do you think a larger genome implies a "more evolved”
organism or a “less evolved” organism?
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Caenorhabditis Elegans

O Entire genome - 1998; 8 year effort

O 1s* animal; 2" eukaryote (after yeast)

d Nematode (phylum)

 Easy to experiment with; Easily observable
d 97 million bases; 20,000 genes;

[ 12,000 with known function; 6 Chromosomes;
d GC content 36%

959 cells; 302-cell nervous system

36% of proteins common with human

15 Kb mitochondrial genome

Results in ACeDB
25% of genes in operons . universe-eview.a
Important for HGP: technology, software, scale/ effucnency

182 genes with alternative splice variants

o000 0D0
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Homo sapiens

 Sequenced - 2001; 15 year effort

1 3 billion bases, 500 gaps

0 Variable density of Genes, SNPs, CpG islands S =18
3 ~ 1.1% of genome codes for proteins; 99%? Lmﬂg%ﬁﬁ
0 ~ 40-48% of the genome consists of repeat sequences

 ~ 10 % of the genome consists of repeats called ALUs

d ~5 % of the genome consists of long repeats (>1 Kb)

223 genes common with bacteria that are missing from
worm, fly or yeast.
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Sequence Alignment — Why?

>01]12643549|sp| 018381 | PAX6_DROME Paired box protein Pax-6 (Eyeless protein)
MRNLPCLGTAGGSGLGGIAGKPSPTMEAVEASTASHRHSTSSYFATTYYHLTDDECHSGVNQLGGVFVGG
RPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIRPRAIGGSKPRVATAEVVSKIS
QYKRECPSIFAWE IRDRLLQENVCTNDN IPSVSSINRVLRNLAAQKEQQSTGSGSSSTSAGNS ISAKVSV
SIGGNVSNVASGSRGTLSSSTDLMQTATPLNSSESGGASNSGEGSEQEAIYEKLRLLNTQHAAGPGPLEP
ARAAPLVGQSPNHLGTRSSHPQLVHGNHQALQQHQQQSWPPRHYSGSWYPTSLSEIPISSAPNIASVTAY
ASGPSLAHSLSPPNDIESLASIGHQRNCPVATED IHLKKELDGHQSDETGSGEGENSNGGASNIGNTEDD
QARL ILKRKLQRNRTSFTNDQ IDSLEKEFERTHYPDVFARERLAGKIGLPEARIQVWFSNRRAKWRREEK
LRNQRRTPNSTGASATSSSTSATASLTDSPNSLSACSSLLSGSAGGPSVSTINGLSSPSTLSTNVNAPTL
GAGIDSSESPTPIPHIRPSCTSDNDNGRQSEDCRRVCSPCPLGVGGHQNTHHIQSNGHAQGHALVPAISP
RLNFNSGSFGAMYSNMHHTALSMSDSYGAVTP IPSFNHSAVGPLAPPSP I1PQQGDLTPSSLYPCHMTLRP
PPMAPAHHH I VPGDGGRPAGVGLGSGQSANLGASCSGSGYEVLSAYALPPPPMASSSAADSSFSAASSAS
ANVTPHHT IAQESCPSPCSSASHFGVAHSSGFSSDP I SPAVSSYAHMSYNYASSANTMTPSSASGTSAHV
APGKQQFFASCFYSPWV

>g1]|6174889 | PAX6_HUMAN Paired box protein (Oculorhombin) (Aniridia, type Il protein)
MQNSHSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCD ISRILQVSNGCVSKILGRYYETGSIRPRA
I GGSKPRVATPEVVSKIAQYKRECPS IFAWE IRDRLLSEGVCTNDN IPSVSS INRVLRNLASEKQQMGAD
GMYDKLRMLNGQTGSWGTRPGWYPGTSVPGQPTQDGCQQQEGGGENTNS I SSNGEDSDEAQMRLQLKRKL
QRNRTSFTQEQIEALEKEFERTHYPDVFARERLAAKIDLPEARIQVWFSNRRAKWRREEKLRNQRRQASN
TPSHIPISSSFSTSVYQP IPQPTTPVSSFTSGSMLGRTDTALTNTYSALPPMPSFTMANNLPMQPPVPSQ
TSSYSCMLPTSPSVNGRSYDTYTPPHMQTHMNSQPMGTSGTTSTGL 1 SPGVSVPVQVPGSEPDMSQYWPR

LQ

06/24/09 Q'BIC Bioinformatics
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Drosophila Eyeless vs. Human Aniridia

Query: 57 HSGVNQLGGVFVGGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETG 116
HSGVNQLGGVFV GRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETG
Sbjct: 5 HSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETG 64

Query: 117 SIRPRAIGGSKPRVATAEVVSKISQYKRECPSIFAWEIRDRLLQENVCTNDNIPSVSSIN 176
SIRPRAIGGSKPRVAT EVVSKI+QYKRECPSIFAWEIRDRLL E VCTNDNIPSVSSIN
Sbjct: 65 SIRPRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWEIRDRLLSEGVCTNDNIPSVSSIN 124

Query: 177 RVLRNLAAQKEQ 188
RVLRNLA++K+Q
Sbjct: 125 RVLRNLASEKQQ 136

Query: 417 TEDDQARLILKRKLQRNRTSFTNDQIDSLEKEFERTHYPDVFARERLAGKIGLPEARIQV 476
+++ Q RL LKRKLQRNRTSFT +QI++LEKEFERTHYPDVFARERLA KI LPEARIQV
Sbjct: 197 SDEAQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTHYPDVFARERLAAKIDLPEARIQV 256

Query: 477 WFSNRRAKWRREEKLRNQRR 496
WFSNRRAKWRREEKLRNQRR
Sbjct: 257 WFSNRRAKWRREEKLRNQRR 276

E-Value = 2e-31

J

06/24/09 Q'BIC Bioinformatics

15




Motif Detection in Protein Sequences

O

MTDKMQSLALAPVGNLDSY IRAANAWPMLSADEERALAEKLHYHGDLEAA
KTLILSHLRFVVHIARNYAGYGLPQADL 1 QEGN IGLMKAVRRFNPEVGVR
LVSFAVHWIKAE ITHEYVLRNWR IVKVAT TKAQRKLFFNLRKTKQRLGWFN
QDEVEMVARELGVTSKDVREMESRMAAQDMTFDLSSDDDSDSQPMAPVLY
LQDKSSNFADG I EDDNWEEQAANRLTDAMQGLDERSQD I IRARWLDEDNK
STLOQELADRYGVSAERVRQLEKNAMKKLRAAIEA

MTDKMQSLALAPVGNLDSY IRAANAWPMLSADEERALAEKLHYHGDLEAA
KTLILSHLRFVVHIARNYAGYGLPQADL IQEGN I GLMKAVRRFNPEVGVR
LVSFAVHWIKAE ITHEYVLRNWR IVKVATTKAQRKLFFNLRKTKQRLGWEN
QDEVEMVARELGVTSKDVREMESRMAAQDMTFDLSSDDDSDSQPMAPVLY
LQDKSSNFADG I EDDNWEEQAANRLTDAMQGLDERSQD I IRARWLDEDNK
STLOQELADRYGVSAERVRQLEKNAMKKLRAAIEA

06/24/09
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Patterns in Protein Structures
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Different patterns of gene
expression of oral epithelial
THGK cells upon co-culture with
A. actinomycetemcomitans or P.

2 gingivalis.
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Tools: GenePlot

1491 proteins total Comparison of proteins
from two strains of

. Helicobacter Pylori,

= 1 126695 and J99. Each

1250 | ~ 1 | point represents a pair of
' ' proteins from the two

| | organisms showing a

- 1 | symmetrical best BLAST
score; the coordinates of
. each point correspond to
1 | the position of the protein
: genes in the 2 genomes.
e - Note the juxtaposition

Helicobacter pylon J99

N e L T o e M e i
0 250 50 750 1000 1250 1500 _ _
Helicobacter pylori 26695 and inversion of two

segments of the genome
between the two strains.
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SIDS

18000 Amish people in Pennsylvania

Mostly intermarried due to religious doctrine

rare recessive diseases occurred with high frequencies.
SIDS: 3000 deaths/year (US); 21 deaths (Amish community)
Many research centers failed to identify cause

Collaboration between Affymetrix, TGEN & Clinic for special children
solved the problem in 2 months

Studied 10000 SNPs using microarray technology

Their experiments showed that all the sick infants had two mutant
copies of a specific gene, and their parents were carriers of the mutant
gene.

Conclusion: Disease caused by 2 abnormal copies of TSPYL gene
Identified genes expressed in key organs (brainstem,testes)
http://www.af fymetrix.com/community/wayahead/modern_miracle.af fx
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Molecular Biology Background

Q'BIC Bioinformatics
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2 star molecular
players
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The Polymeric Players

DNA

String with alphabet {A, C, G, T} Nucleotides/
Bases

RNA
String with alphabet {A, C, G, U} Bases

Protein

String with 20-letter alphabet Amino acids/
Residues

06/24/09 Q'BIC Bioinformatics 23



61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
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Typical DNA Sequence

gggagaacac
tccaggtccc
agtgcttctt
tcttctagtg
gctgggccge
cgtcctcagce
ccccagcaag
ccagccagga
cgtgcgcagc
ggcccggcgce
agaactccag
ccgaattaat
cagactattg
caccccagct
agtggcccat
tttgcaccaa
tgatggaaaa

ccggagaagg
tcggacagag
agacggactg
ttgctgcettc
aagaagttcg
gaatttgagt
gacgtcgtgg
gcgcccgccce
ttccatcacg
ttcttcttca
atcttccggg
atttatgaaa
gacaccaggt
gtgatgcggt
ttagaggaga
gatgaacaca
ggacatccgc

aggaggaggc
ctttttccat
cggtctccta
cccaggtcct
ccgcggcatc
tgaggctgct
tgcccccecta
cagaccaccg
aagaagccgt
atttaagttc
aacagataca
ttataaagcc
tagtgaatca
ggaccacaca
acccaggtgt
gctggtcaca
tccacaaacg

gaagaaaagc
gtggagactc
aaggtcgacc
cctgggcgge
cagccgaccc
cagcatgttt
tatgctagat
gctggagagg
ggaggaactt
tgtccccagt
ggaagctttg
tgcagcagcc
gaacacaagt
gggacacacc
ctccaagaga
gataaggcca
agaaaagcgt

Q'BIC Bioinformatics

aacagaagcc
tctcaatgga
atggtggccg
gcggccggcec
ttgtcccgge
ggcctgaagc
ctgtaccgca
gcagccagcc
ccagagatga
gacgagtttc
ggaaacagta
aacttgaaat
cagtgggaga
aaccatgggt
catgtgagga
ttgctagtga
caagccaaac

cagttgctgce
cgtgccccct
ggacccgctg
tcattccaga
cttcggaaga
agagacccac
ggcactcagg
gcgccaacac
gtgggaaaac
tcacatctgce
gtttccagca
ttcctgtgac
gcttcgacgt
ttgtggtgga
ttagcaggtc
cttttggaca
acaaacagcg

24



The building blocks of DNA & RNA

(A) BASE BASE Fig 1.1, Zvelebil/Baum

PHOSPHATE PHOSPHATE NH
: : P
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‘O—Fl’—O—CHz ‘O—Fl’—O—CHZ 2
(o) O
B 8
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P PR Ne SN
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|| C | cytosine ” U | uracil HC\ ” A |
HC\ /c\ HC\ /C\ adenine N/C\ /CH
N 0 N o} H N ¢ 30
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3’ end of chain
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DNA double helix structure

(A) 35

sugar—-phosphate
backbone
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Fig 1.3, Zvelebil/Baum

5/

|
c C
CH H
N N N c”
| | thymine cytosine
C c C C
= = Y
T T
= | E\
N N
C C H H C
hydrogen
|| | || | bond
N - C N PAS
g cubN ~c7 >N
\ \
N // adenine N // guanine

sugar—-phosphate backbone
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RNA molecule

Fig 1.5, Zvelebil/Baum
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Typical protein sequence

/translation="MVAGTRCLLVLLLPQVLLGGAAGLIPELGRKKFAAASSRPLSRP
SEDVLSEFELRLLSMFGLKORPTPSKDVVVPPYMLDLYRRHSGOPGAPAPDHRLERAA
SRANTVRSFHHEEAVEELPEMSGKTARRFFFNLSSVPSDEFLTSAELOIFREQIQEAL

GNSSFOHRINIYEIIKPAAANLKFPVTRLLDTRLVNONTSOWESFDVTPAVMRWTITOG
HTNHGFVVEVAHLEENPGVSKRHVRISRSLHODEHSWSQIRPLLVTFGHDGKGHPLHK
REKROAKHKORKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADH
LNSTNHAIVOTLVNSVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYODMVVEGCG
CR"

06/24/09 Q'BIC Bioinformatics
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Protein 3D Structure
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Central Dogma

IDNA acts as a template to replicate itself.
ADNA is transcribed into RNA.
RNA is translated into Protein.

[ Replication Tr'anscr'ip‘rion} Translation }

RNA Protein

06/24/09 Q'BIC Bioinformatics
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Central Dogma

DNA replication

DNA
Sl-l-.l-l-'-l'll'.ll--l 3
pa I MMM MM e e

3 5
RNA synthesis

(transcription)

' RNA
LT L O i aed
protein synthesis
(translation)
PROTEIN
H;N -@&H{EE-ED-G0-@—2 - COOH
N

amino acids
Q'BIC Bioinformatics

Fig 1.6, Zvelebil/Baum
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DNA Replication

Fig 1.4, Zvelebil/Baum

template strand A

5'

strand A / 3’

3 new strand B

® © o o o o o o o
|| 1 ‘IVI
© © o o o o o o o 5’ new strand A
strand B Je o o o o o o o o o
DNA double heli |7'| || ||
parent ouble helix y, L:L
3’ ® 6 o o o o o o o

template strand B
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ORGANISM

ORGAN SYSTEMS ‘

ORCGAN

CELL

Rod cel | Hair Nerve cell
ineye cell

Muscle cell

http://www.biology.eku.edu/RITCHISO/301notes1.htm

06/24/09

Cell

mitochondria

nucleus

cytoplasm i

chromosome

http://www.biotechnologyonline.gov.au/popups/img_cellwithlabels.cfm
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Chromosomes

Human chromosomes!

centromere

=~

S T e

chromatid
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Chromosomes

sapiens (human) genome view BLAST search the human genome
Build 36.2 statistics Switch to previous build

“H“ll

Hits: 1
uu

| ——

00088
17 18 19 22 21 22

189

i o« SCUON TRttt
I A€ K0 X6 3K xk nn &8 xx

The chromosomal locations of several genes RUAR A4S RS T K30
believed to be associated with the human
BRCAL gene implicated in breast cancer are
highlighted.

Hits:

CHOTEERRE bt

U IRIFISIRINCHY

$X MY Xk A% x5 2>
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22p13

Human Chr 22

Ideogran=]X| Con't';igzlﬁl Hs I'J'niﬁzlﬁl Genﬁsi_seq& Symbol Position
ABCD1P4 22q11
SNAP29 22q11.21

22p12 —

22p11.2

22p11.1

22911.1

TR |

22911.21 4

22911.22 4

22911.23 4

22912.1

22912.2 4

22q912.3

22q13.1 4

22913.2

22913.31

22q13.32
22913.33

06/24/09

10H-

20K+

30H-

40H-

NT_028395.

Hz.5173338

NT_011519. Hz.517357

Hz. 108104
Hz.431350
Hz.4495385

Hz.407995

Hz.437635
Hz. 374477
Hz.406277
Hz.554529
[Hz. 149093
Hz.226755
(Hz.632776
IHz. 297524

NT_011520. [Hz.517582
Hz.5175586
Hz.282993
Hz.474751
[Hz.556382
Hz.226117
Hz. 446352
[Hz.523305
1Hs.119595
Hz. 496457
Hz.546303
Hz.474932
Hz.292493
tHz. 182255
4. 443255

NT_011521. Hz.505502
Hz.517666
Hz.24601

NT_011523. Hz.475125

NT_011525.
NT_019197.

NT_113815. Hz.517729

s NT_011526.

Q'BIC Bioinformatics

Description
ATP-binding cassette, sub-family D (ALD)

synaptosomal-associated protein
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DNA Molecule
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Complementary Bases
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Proteins — Amino acids

rmino acid letter code || letter code

;r:llr.lﬂl'll.' o Aln A
|arginine ATE K
| aspartic acad Asp D
| nsparginine Asn N
[cysteine Cys G |
}g!ul.m‘.n; acud Glu E ‘
i;tiul.m'n'x Lin Q ‘
| glycine Gily G ‘
histine His H
isoleucine lle |
leucine Leu I
lysine Lys K
methionine Mot M
phenylilanne Phe i
proline Pro i P
wrne AW , N
threonine ‘ Ihr I
tryptophan rp W
vrosine Ivr Y
valine Val . vV

Table 1.1 Amine acid abbreviationy
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RNA
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Figure 1.1 E. coli Ala IRNA
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DNA
[ T
Gene A
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Gene B

(Genes

Gene C
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Gene D GenetE
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RNA

Protein

é 8] l[' Nucleatides

N g

I} ‘
B i f o3 !
L e

\ucleotides

ny
Wesseniger RNA ﬂ L_!——\‘/"' —
Code mrr_d ‘
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Protein

A \x 7

Amiino Acidy
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Basic Genetic Processes

DNA replication
DNA repair
genetic recombination

DNA
S O R FLL R L e
Rttt L LI T Y Y Y

DNA transcription
(RNA synthesis)

RNA

M B b L B L ] L

3’
[ I | | il it | T |
N/
codons

protein synthesis

PROTEIN

HzNQ'/:KDCOOH—O COOH

amino acids

Figure 6-1 The basic genetic
processes. The processes shown here
are thought to occur in all present-
day cells. Very early in the evolution
of life, however, much simpler cells
probably existed that lacked both
DNA and proteins (see Figure 1-11).
Note that a sequence of three
nucleotides (a codon) in an RNA
molecule codes for a specific amino
acid in a protein.
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The Genetic Code d}' | }f
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2nd base in codon

UCHA|G

Phe | Ser Tyr Cys
Phe | Ser Tyr Cys
Leu | Ser STOP | STOP
Leu | Ser STOP | Trp
Leu | Pro His Arg
Leu | Pro His Arg
Leu | Pro Gin Arg
Leu | Pro Gln Arg
lle | Thr | Asn | Ser
lle | Thr | Asn | Ser
le | Thr | Lys | Arg
Met | Thr | Lys Ary
Val | Ala | Asp Gly
G Val | Ala | Asp Gly
Val Ala Glu Gly
Val Ala Glu Gly
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Figure $.21 Schemutic diagrom Of the sibunit
strosctiere of heomugielatinin from nuenss
virus The structiee compeises aboar 550 amine
acichy arrumpe 10 twio chatns HAL red) and M
(lue). The Doat hall of eachs chaln bas a lightes
solor in the dlageam, The subunit Is very
clongated with o long stemiike region built up
I residues troom both Calns amd includes ang
Of the lonsgest o behices known I o gdobnalar
seucture, about 754 Yong! The wobular Bead 15
formed by residoes only from MA L (Couttesy ol
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Transcription

Fig 1.7, Zvelebil/Baum
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Transcription Regulation
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Transcription
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RNA polymerase Figure 6-2 The synthesis of an RNA
stop signal for molecule by RNA polymerase. The
promoter HRApolymerass enzyme binds to the promoter
sequence on the DNA and begins its
Lo synthesis at a start site within the
8 promoter. It completes its synthesisa

DNA double helix

DNA HELIX N ) o a stop (termination) signal,
OPENING shart it for utnzcription whereupon both the polymerase and
its completed RNA chain are released

During RNA chain elongation,
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INITIATION OF RNA CHAIN Therefore, an RNA chain of 5000
BY JOINING OF FIRST TWO nucleotides takes about 3 minutes 1o
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224  Chapter 6 : Basic Genetic Mechanisms
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Transcription Factors

1 The general transcription factors have been highly
conserved in evolution; some of those from human
cells can be replaced in biochemical experiments by
the corresponding factors from simple yeasts.
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Protein Synthesis

1. Transcription
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