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e Definition

e Likelihood
e  Maximum Likelihood Estimation
* Application

e Univariate Gaussian Mean
e Univariate Poisson Mean

 C.Pop et al., Causal signals between codon bias, mRNA structure, and
the efficiency of translation and elongation, Molecular systems
biology, 2014

* N.Loman et al., A complete bacterial genome assembled de novo
using only nanopore sequencing data, BioRxiv, 2015

* Summary
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Likelihood D‘*Q

* Probability of the data that you observed
given the hypothesis
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Maximum Likelihood Estimation

G

* Estimate parametégthat imize

ikelihood YCD\M
* Choose a hypothesis thatg

highest probability that you observed the data

* Infer under what model you can get the data
that you observed

= argmax P(D|H)
Ousg > argmax P(DIE)
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Univariate Gaussian Mean

* Settings L/VV\ZM/\S <b

— x~N(6,0%)

) —

Y

1 (x—8)?
Vamo? XP(= 52 )

— P(x|0) =
/'(\

* Under what mean 0 do we have the highest probability?

Oy g = argmax P(D|6,,)
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Univariate Gaussian Mean L

e Settings . Settll'é /
— x~N(6,0?) - [P O 3/‘

—A)2
- P(x]6) = =

1 (x=6)*
Vamo? P52 )

V2 7'[02 exp( 202 )

— P(xl@) =

e Under what mean 6 do we have * Under what mean 6 do we have the

the highest probability? highest probability?
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P(DI6,) 1 71D
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Univariate Gaussian Mean

o th|mlzat|0n F(r)q@)_: ( Q/}E)(,.i[(_*9>1>
— Derivation [ °

IikeIihood
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{CSH3 Cold Spring Harbor Laborat 7 . o
G F O oPring Harbor taboratory Simons Center for Quantitative Biology



Stony Brook University Dept. of Computer Science

Univariate Gaussian Mean

* Optimization

{CSH3 Cold Spring Harbor Laborat 8 | o
@' >pring Harbor Laboratary Simons Center for Quantitative Biology



Stony Brook University Dept. of Computer Science

Univariate Gaussian Mean

* Optimization
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Univariate Gaussian Mean

. K
* Optimization V)= o
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Univariate Poisson Mean

Gl s T

— x~Poiss(A)

- PGl = V(D& broer?”

 Under what mean)%*do we have the highest probability?

P(DIAy)
P(DIA,)
P(DIAs)

Ayg = argmax P(D|A,,)
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Univariate Poisson Mean

* Settings * Settings
— x~Poiss(A) —%--@Poiss(&)
e~ A)x e *q*
— P(x|1) = — - P(x|d) =—;
* Under what mean 0 do we have * Under what mean)\do we have the
the highest probability? highest probability?
P(DIA) PCX, %, - %) X)
P(D|2,) -
P(D|43) | C ¢
| > (XN -plal)  RAX)
Ay = argmax P(D|A,,) n
T PCx: ()
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Univariate Poisson Mean

* Optimization
— Derivation

— Log likelihood X
" NN X
7 Pkt = U —

1=\

x. |
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Univariate Poisson Mean
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Univariate Poisson Mean
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C. Pop, ..., Daphne Koller

Causal signals between codon bias, mRNA structure, and the efficiency
of translation and elongation

Molecular systems biology, 2014

* Translation Model

Ribosome

3 r
tRNA from the
cytosol, carrying

20T

Anticodoi:

tRNA released GLY

after amino Growing TYR
acid removed polypeptide
chain
= - = = - tHNA
The translation process incorporates 20 different amino acids
in the precise sequence dictated by the three-base codons Ar[ﬁinﬂ
built from and alphabet of four bases. The process in the ribosome acid

builds the polypeptide chains tha will become proteins.
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C. Pop, ..., Daphne Koller

Causal signals between codon bias, mRNA structure, and the efficiency
of translation and elongation

Molecular systems biology, 2014

* Notation

— d - the observed footprint count at position k'in mMIRNA message mi
— Ty - the fraction of ribosomes at (m;k)
— Umk the dwell time at (m,k)
— Jmk - the rate/flow at (m,k)
mk Amk

. T
proportional to Az
Umk Umk

— Jm : the protein synthesis rate for message m
(ribosome flow out of stop codon)

dmk
Zk inm /
mk
L

— Jmk=/m (by flow conservation constraints)
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C. Pop, ..., Daphne Koller
Causal signals between codon bias, mRNA structure, and the efficiency

of translation and elongation
Molecular systems biology, 2014

| P(DIH)
x~Poiss(A) = P(xq, X3, o, Xp|A)
e ¥
P(x|A) = " =| | PCxm [D)
m

arg max log |

Uil

c C

Uil

—uf
arg max log e Hmyr,
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C. Pop, ..., Daphne Koller

Causal signals between codon bias, mRNA structure, and the efficiency
of translation and elongation

Molecular systems biology, 2014

c dmk/
arg max log ‘ ‘ ‘ ‘ e Hmy, Jm —“penalty
Hm.H ek

dmk
arg max log 1_[ 1_[ e~ hmpus, / n — z w), (log ué, — log p° )
m k m,c

Ui

Optimization
- Convex optimization

- Coordinate decent by iterating through codons c and learning
C
Hip. 12

- L-BFGS [rnatlab wrapper)
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N. Loman, ... J. Simpson
A complete bacterial genome assembled de novo using only nanopore

sequencing data,
BioRxiv, 2015

reads

i

overlaps

b

Corrected reads

Rule based trimming

Reliable corrected reads

%

Assembliy G
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N. Loman, ... J. Simpson
A complete bacterial genome assembled de novo using only nanopore

sequencing data,
BioRxiv, 2015

sequence

Gyrg = arg max P(signal|G)

Electric
current
signal
information
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N. Loman, ... J. Simpson
A complete bacterial genome assembled de novo using only nanopore

sequencing data,
BioRxiv, 2015

To handle split event, anc skip event

n
P(m, eq, ey, ...,e,5,0) = 1_[ P(el- |7rl-, Us,) Usi)P(ﬂi|7Ti—1» S)
i=1

S
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N. Loman, ... J. Simpson

A complete bacterial genome assembled
sequencing d
BioRxiv, 201

nly nanopore

< /\\g\l

D

L, S
/L o \L
. Optim K// C’E

— Block acement algorithm
* Sample alternative substring from the reads

— Mutation algorithm (inspired by Quiver)
* Generates all strings within given edit distance

'a—<l//

(2 [(V\ o e
A @“/\Z»z o(DW )
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Summary Secigion

e A
* MLE is everywhere
R 1A
(D | H-L ve

. @ P
‘ i‘g og P( " @
* argmax |0g P() fesc U P \ =

Good fofiinference,/ not good for prediction
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