
 Are some classes of genes have TATA-boxes 
more frequently?

 Use the Chi-square test. Null hypothesis is that 
the frequency of TATA-boxes is the same for all 
classes of genes. 



Oi = an observed frequency; Ei = an expected frequency, n = the number of 
possible outcomes of each event. The chi-square statistic can then be used to 
calculate a p-value by comparing the value of the statistic to a chi-square 
distribution. The number of degrees of freedom K is equal to the number of 
possible outcomes, minus 1.



FUNCTION TATAc+ TATAc- Rc P-value

response to oxidative stress 71 55 2.82 7.0E-10

response to abscisic acid stimulus 65 67 2.12 6.4E-06

response to auxin stimulus 69 76 1.98 1.6E-05

defense response 67 74 1.98 2.9E-05

response to cold 60 72 1.82 3.5E-04
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= TATA+ = 4,169 and TATA- 9,110 promoters in entire population.

protein folding 30 117 0.56 4.4E-03

protein amino acid phosphorylation 66 305 0.47 2.1E-08



 There are 43 different 
codon combinations.

 There are 20 amino 
acids + START and 
STOP codons.

Is third nucleotide significant?
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Possible explanations:
•Equilibrium is attained at low CG, hence older, stable genomes have 
higher AT3 content (first 2 positions are fixed). Other, newer genomes are 
under selective pressure
•Horizontal gene transfer 





42% of TATA+

17% of TATA+

Grasses are relatively young and evolving



CG3 in Rice

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.2 0.4 0.6 0.8 1

CG3

TATA-

TATA+

Rice Expression Variability as a function of CG3

y = 0.1876x + 0.4238
R2 = 0.7823

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0 0.2 0.4 0.6 0.8 1 1.2

CG3

St
an

da
rd

 D
ev

ia
tio

n 
of

 lo
gI

nt
en

si
ty



CORN CG3
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Distribution of CG3 in rice
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Genes from the higher GC peak group are usually intron-less



Corn PFAM
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Distribution of CG3 is related to 
evolution. Since we observed 
that high-CG3 genes are 
related to stress response, 
presence of stress related 
genes in a particular genome 
may be an indication that the 
organism is evolving or 
adjusting to environment. 



CG3

 It appears that newer 
species and organisms 
under evolutionary 
pressure tend to develop 
high CG3 genes.

 To annotate genomes of 
such “camel” organisms, 
we should first classify 
proteins and then 
analyze their promoter 
region.


