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Whitlock & Schiuter The analysis of biological data.
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Caobb. Introduction to design and analysis of experiments.
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Crawley: Statistics. An introduction using Rl
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We do not “see” causes directly

(A bit of epistemology)




Natural Sciences

Explaining Nature

Explaining biological systems

Expectation and Prediction

Statistical inference and causal inference

Ptolemeic astronomy and MNewtonian astronomy
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of the trajectory of the planets in the skl




Mendelan penetics and Modern synthesis

Gregor Mendel
(1822-1884)
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Reification of the gene

Morgan chromossomes
Muller X-ray gene mutation
Delbriick variants precede selection
James Watson & Francis Crick DINA structure

Reification of the gene




Reification of the gene
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Modelling MNature, Matural Law

At least two distinct levels of observation

"Structure and function”

The Modelling Helation
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Models in Biology

Conceptual, Propositional Models in Matural Language

(Cartoons)

Experimental models

Mathematical Models

T la-pperos
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What about time ?




Why are mathematical descriptions and models better 1

Through mathematics one can be cold-bloodedly objective

LUBMATURAL
NWATURE OF
COIENCE
Lewis Wodpert

“It is often held that science and common sense are daosely linked.
Thomas Henry Hiedey, Darwin's brilliant colleague, spoke of sdence as
being nothing more than trained common sense. (...) Howewer
reasonable they may sound, such views are, alas, quite misleading. In
fact, both the ideas that scence generates and the way in which science
is carmied out are entirety counter intuitive and against common sense.
{...) Soence does not fit with our natural expectations”

= Lewis Yvolpert




Earth moves around the Sun

Earth is round

“If ane bullet is dropped from your hand and another is fired horimntolly
from o gun at exoctly the same time, which will hit the ground first 7

... COMSaqUences of consaquences of CONSBOUANCRS...




Mathematics in communication and intersubjectivity

“Then, || months ater [ample time for chimensm 40 develop), we measuned
chimnerim in the Biood [). Unespeciedly; there were no dononderved B oslls and
sddormn amy APCE the dhimenic cells were dmost entirely Todll receptor ([TOR)ab
+, D4 o CDA T cells {ralled ‘chirmeric T oxlls' bere) [}

A catackrsmic inflammatory event, for sample, fom 2 microbal inorson, might
initizhe an autoimmune disese process, and any readily proceteed detenminant

which gains astendance in either the dass | or dass | presentation gystems wil
shimubrte anbeent T oslis Inthe cate, the Gt T ool 0 be acthabed will sther be

the: modt atwmdant or Fave the moest avid recepiors”

x=a'x-b

Occam’s Razor

“Plueality non est ponenda sine necessitote. (Plunfity
should not be posited without necessity) "

William of Occam, X1V century

“Everything should be mode os smple os possible,
But not simbler”

Albert Einstein, X0( century

Complicate only when simplicity folls
c

The Modelling Helation

Inference
1 IUEE
Model H.iFLJ]’.i]
Swvstem

[AnEr: Rean (1907) Lo tEedl. Columza. Univasity Prasd. Naw Yo

nferentizl struciure is mappsd to cawsality struciure



THE MISMEASURE < MAN

\ A B

STEPHEN JAY GOULD

e Ll o 6 Thae Mirvesss. of Triarcsr Deps iy Gl vered. Devusl Cacops Borca o Tl o B Mo Bend (30 |1y s RIDECETT

Stochastic processes, probability,
and the central limit theorem

Random events

Probability and probability distributions

Mormal distribution and the central imit theorem




Randomness rules the world

Fortuna Imperatrix Mundi

What is 2 random event ?

What is Probability?

Probability is a numerical measure of uncertainty about an event




Laplace's Concept

_ # favorable events
probability .
# all possihle events

Problems
Bvery event is equally likely to ocour
Finite number of events
Pierre Simon Laplace
(1749-1827)

Frequency-based Concept

It is the relative freguency of

oocurrence of an event if am
eccperiment is repeated
od infinitum.

Classical Statistics

Subjective Concept

it is a measure of the degree
of belief of an indvidual on
the oowrence of a certzin

et oo, Troeuieh By (1 =180

Bayesian
Statistics




Random Variable

Random experiment
Buary exqpariment in which the outoome is not deterministic,
£ Eeing o dick inhedtornce of 0 poternal alisls

Event space :

The set of all possible cutoomes. of the rendom experiment.
o o dfice =[1, 2. 34541

patemal aliele =[prondther aliele, grardmother olee)

Random variable X:
A mapping that assigns a probability to every possible cutcome.

tossing o dice : PX =x| = 1/6, where x = 1,2,3.4,.5,6

A few properties of probability
and
it's computation

&

Probability of an event




Probability that the “outcome is 2"

P(X=2) = I/6

Probability that the “outcome is &"

P(X=6) = /6

Addition of probability of mutually exclusive events:
either this or that

PR{==I AND X==2] =0

P(X=1 OR X=2) = P(X=1}+P(X=2)=2/6




Probability of all possible mutually exclusive events adds to 1

P(Xe 1) = I- P(X=1)

Probability that the “outcome is an even number”

PCX is even) = 3/6

P(X is even) + P(X i odd) =I
P(X is even AND odd) =0




Adding probabilities of non-mutually exclusive events

Probability that the outcome “is an even number”

PCX is even) = 3/6

Probability that the outcome “is equal to or greater than 3"

P(X23) = 4/6




Probability that the outcome “is equal to or greater than 3"
OR."is an even number”

P¢>=3 OR X is even) = P(X>=3) + P(X is even)

- P({>=3 AND X is even)

P(A OR B) = P(A) + P(B) - P(A AND B)

Independence and the multiplication rule




Probability of drawing “three in the first dice”
AND "two in the second dice”

1/é

PO<I=3 AND X2=2) = P(X1=3) % P02=2) = (1/6) x (I/&)=1/36

if two events A and B are independent

P(A AND B) = P(A) x P(B)




What events are interdependent ?

Conditional probability

Is the probability of an event given that ancther event occurs,
i.e. the probability of an event given that a condition is met

Law of total probability

The probability of an event X is:

PD‘FE P(Y) PCXIY)

where Y represents all possible mutually exclusive values of the
conditions




Probability Muttiplication Rule

P{A AND B) = P(A|B) x P(B)
= P(BJA) x P(A)

P(AJB) = E[-E""'f':' = PA)

(B)

Bxample
Bayes Theorem and the diagnosis of Down syndrome

Down myndioms i 4 dhromsonral condtion thit cocurs i about
I pregrances. The most acourste e for DO requines
arniocaniess, which & nol devoid of itk of miscariags (1200 R
waould be good to heve an acqurate non invesive test without righs.
Puscently a masthod has besn proposed invobing the quantifiction of
throd arinyTred i e Bood

Thix so-called triple test does noft abways identify 2 fetus with
D5 (Gl regrtion], and S G it ivdaimedly idenlifies &
fets with & nomal et of comosomes (Bils podithe). il :}I 'R H
Under normal condiions, the detection rate of the tiple test [l . )
{the probablity that a fetus with DS b identified comecty 5 FTRRIERL H ]
0600 The feise posiive rate & Q05 [Mewberper ot al 2000 ' j
Apnerican Familly Phyiiin]
P Mot pecphes: miulicn thess numbers & Booaptibis,
ek & puess of the rabe 8t which 4 el positividy identified has D5,

Aglapted frofcWhithod: & Schiutec The arabsis of Bclogienl dits. Roberts and Company Publishers:



P(DS) = 0.001

P(TT+ | DS ) = 0.60

P(TT+ ) = 0.001x0.60+(1-0.001 jx 0.05=0.05055

P(DS |TT+) =P(TT+|DS) xP(DS)/P(TT+)

= 0.60 x 0001/ 0.05055
= 0012

Recapitulating

Addition Multiplication
P& OR B) = P{A) + P(B) « P& AND B) P{AAMD B = PAE) x F{E)
= P{EA) x F{A)

Tt —

ATCGG CCATT CCG

What is the probability of finding the following
sequence in a genomes

And in a Plasmodium falciparum with a
GC content of 20%%




Probability Distributions

& !e?

Probability Distributions

& f‘?

Discrete Probability Distributions

Event space has a countable number of possible outcomes

!.-r_ Binaial Polison
- Tming i coin -t Sdymbwer o barh v i oErL peread
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Continuous Probability Distributions

Event space has a non-countable number of possible events

Lopnormal e

Probability is an area under the curve

Cumulative probability functions

Probability functions
Mass probabilicy function Probabilicy Densicy Function




Mormal distribution

- 4
§

Gauss (1777-1855)

Symmetric around the mean
Mean=Median=Mode

Why is Normal Distribution so important?

Can you single out a major

concept, exiperiment, or result in science

as THE one ?




Bicfelance (2001) 51,341

The Central Limit Theorem
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The Central Limit Theorem

Let X;, X: X; ..., X, be identical and independently
distributed random variables with mean m and variance 5%

Let 3X be the sum of the values of the n variables.

When n is very large 3 X follows approsdimately a Normal
distribution with mean n-m and variance n-s

As a corollary

A sample mean tends to be normally
distributed irrespective of the distribution
of the population one is sampling from




Histogrom of 100000 dice drows

7
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What about some additional implications
of the Central Limit Theorem ?

d[ X]

dt

= —k, [X][Y]+ k,,[XY]




Collision Theory of Reaction

Callislon

Collision Theory of Reaction

A2 o k(X)X + k(XY
= _ y

Valid when we have many, many molecule
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How many copies of each molecule
does a cell have ?
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How are the data produced #
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Flow cytometer (FACS)
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Moise in protein expression scales with natural

protein abundance




Super resolution microscopy:
PALM, STORM beyond the Rayleigh diffraction limit

Airy disc is the central bright disc present in the diffraction
pattern ganerated by a parfect, aberradon-free lans.

Radius of the Ajry Disc

radius,,, =122A/2NA,,

A wavelength and MNA is the numerical aperture of the objective




MMumerical aperture

Reylaigh critarion is used to establish the minimum resohable

distance between two light sources
{indapendent of the magnification)

Diffraction Limic

Conventional fluorescance microscope

wich isibe lgh 4307 < ) < 70072
and high numerical aparture objective NA=14

500 — 800nm (2

Hmnriques. & Fhlanga. AL ans STORM: What hides: beyond the Radeigh limic. Sstechoal | (D009 4 . #84




The ceniral limit theorem

Let X, X, X5 ... X, be identical and independently
distributed random wariables with mean m and
yanance 2.

Let X, be the sum of values of the n variables,

When n is very large E, follows approximately a Normal
distibution with mean nm and variance ns®

Resolution in PALM, STORM

(0]
I:
VN (x.5)

Suatistics: Standard error of the sample mean

Henrigques & Mhbnga. PALM ans STORM: Yot bhides beyond she Rapleigh Imit. Blotechnof | (009 4 , 844

But would ba resolvad if one could look at

Unresobed by one flucrophors at a dmea

comvantional wide-fiald
E"ﬂm
Eﬁr

microscopy




Photo-activated Localiration Microscopy (PALM)

TIEF i P] &0 AL AN S T o TSy by A s B Sl D S B M Ul O oo Ligebs

"Mathematics is Biology's next microscope, only better,
Biology is Mathematics'next Physics, only better.”

— Joel E. Cohen PLOS Biology




