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Jorge Luis Borges: El Rigor de la Ciencia (On the 

Exactitude in Science)

.. In that Empire, the Art of Cartography attained such Perfection 

that the map of a single Province occupied the entirety of a City, 

and the map of the Empire, the entirety of a Province. In time, 

those Unconscionable Maps no longer satisfied, and the 

Cartographers Guilds struck a Map of the Empire whose size was 

that of the Empire, and which coincided point for point with it. 

The following Generations, who were not so fond of the Study of 

Cartography as their Forebears had been, saw that that vast map 

was Useless, and not without some Pitilessness was it, that they 

delivered it up to the Inclemencies of Sun and Winters. In the 

Deserts of the West, still today, there are Tattered Ruins of that 

Map, inhabited by Animals and Beggars; in all the Land there is 

no other Relic of the Disciplines of Geography.”

purportedly from Suárez Miranda, Travels of Prudent Men, Book 

Four, Ch. XLV, Lérida, 1658



Overfitting refers to a model that fits the 

training data too well. Overfitting happens 

when a model learns the detail and noise in the 

training data to the extent that it negatively 

impacts the performance of the model on new 

data.



The overfitting phenomenon tells us that any data set has inside

both general (applicable to an entire class of problems) and 

idyosincratic  (specific of the data set) information.

Too precise fitting provokes the model to get stuck into idyosincratic

properties: after a given complexity level we start to model noise.

The observables are not ‘the real thing’, the ‘real thing’ is latent.













A common (even if often misunderstood) feature of biological

structures in both space and time are the presence of few

‘priviliged’ forms. 

1) Around 1000 folds are sufficient to get rid of any protein structure

2) Any metazoan can be built by no more than 250 tissue types (with

a very invariant gene expression profile).

3) Four basic ‘body-plans’ (bauplan) are at the basis of 

animal morphologies.

4) Four main rhytmic activities explain heartbeat dynamics.

……

The presence of few discrete priviliged forms has important consequences

on data analysis strategies..



A shape is kept invariant if the relations between the mutual distances

of a set of landmarks is kept invariant.

Here: 3/5 = 6/10 = 9/15…





Laws do not exist as such

Forms do exist 

Biology has to do with forms

Variables (gene expressions,

metabolite concentrations, behavioral

tests..) are relevant only if they allow

to describe a form.



Self-Organizing-Criticality (SOC)
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The ‘tissue attractor’ is much stronger

than the organism individuality 







Pearson correlation coefficient (something we should learn at the introductory statistics courses)

Is the basic metrics for approaching organized complexity













nome wild0h wild1h wild4h Myd88ko0hMyD88ko1hMyD88ko4h

AFFX-BioB-5_at101,1 105,2 117 115,3 133,7 136,2

AFFX-BioB-M_at188,3 185,7 168,4 223,4 239,3 234,8

AFFX-BioB-3_at 70,8 80,4 104,7 91,1 105,4 115,7

AFFX-BioC-5_at289,2 265,1 321,8 293,3 321,2 344,6

AFFX-BioC-3_at190,9 220,6 193 223,3 225,9 247,1

AFFX-BioDn-5_at167,8 178,8 186,8 198,2 231,3 248

AFFX-BioDn-3_at1295,9 1243,7 1404 1276,3 1742,7 1813,5

AFFX-CreX-5_at2143,7 2484 2385,7 2353,3 2740,8 3031

AFFX-CreX-3_at3532,9 4247,8 4606,1 4019,1 4995 6266,2

AFFX-DapX-5_at 2,8 2,8 6,2 8,6 1,3 2,5

AFFX-DapX-M_at9,2 21,2 13,4 16,4 14,5 18,4

AFFX-DapX-3_at 7,1 1,5 3 2,9 2,7 1,4

AFFX-LysX-5_at 2,2 0,9 1,2 1,2 1,3 2,1

AFFX-LysX-M_at 2,9 10,6 4,7 2,4 2,7 2,3

AFFX-LysX-3_at 13,2 14,7 13,3 12,9 14,3 12,7

AFFX-PheX-5_at 2,9 2,1 1,3 1,7 1,7 2

AFFX-PheX-M_at 8 1,9 3,4 2,4 2,3 3

AFFX-PheX-3_at 9,2 22,3 9,8 4,9 18,7 7,9

AFFX-ThrX-5_at 1,6 4 7,8 2,9 4,2 2,3

AFFX-ThrX-M_at16,9 10,1 8,3 19,7 14,3 13

AFFX-ThrX-3_at 3,5 8,6 6,2 14,4 11,6 2,7

AFFX-TrpnX-5_at 5,7 3,8 14,4 5,5 2,4 3,3

AFFX-TrpnX-M_at 3 5,5 2,3 5,2 2,1 2,6

AFFX-TrpnX-3_at 1,2 1,6 1,3 1,8 1,4 0,6

AFFX-r2-Ec-bioB-5_at106,3 126 128,2 116,1 173,8 179,5

AFFX-r2-Ec-bioB-M_at237,7 233,8 228,1 232,6 276,9 312

AFFX-r2-Ec-bioB-3_at198,1 163,4 156,8 155,9 203,4 227,3

AFFX-r2-Ec-bioC-5_at423,4 387,3 333,4 362,5 473,4 487,7

AFFX-r2-Ec-bioC-3_at414,1 441,5 385,9 430,7 515,5 554,6

AFFX-r2-Ec-bioD-5_at1042,7 965,2 1038,7 916,2 1299,8 1480,9

AFFX-r2-Ec-bioD-3_at1498,7 1630,5 1592,9 1575,2 2054,2 2177,2

The attractor-like properties of cell

kind implies (at the stable state) a 

near to unity positive Pearson 

correlation between expression 

profiles. 
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wild0h 101,1 188,3 70,8 289,2 190,9 167,8 1295,9 2143,7 3532,9

wild1h 105,2 185,7 80,4 265,1 220,6 178,8 1243,7 2484 4247,8

wild4h 117 168,4 104,7 321,8 193 186,8 1404 2385,7 4606,1

Myd88ko

0h 115,3 223,4 91,1 293,3 223,3 198,2 1276,3 2353,3 4019,1

MyD88k

o1h 133,7 239,3 105,4 321,2 225,9 231,3 1742,7 2740,8 4995

MyD88k

o4h 136,2 234,8 115,7 344,6 247,1 248 1813,5 3031 6266,2

On the contrary, gene-gene correlations are relatively low with

both positive and negative values (around 0.20-0.30) but greater than what

expected by chance alone.



In the vicinity of a transition between cells correlation decreases because the 

previous order (driving the correlation) starts to fade away with different

rates and trajectories in different cells. 

In the vicinity of a transition between genes correlation increases because the 

non synchronized changes in gene expression increase variance and thus correlation. 











Component Eigenvalue Explained Variance 

(%) 

Cumulative variance 

(%) 

PC1 17.63 97.95 97.95 

PC2 0.129 0.72 98.67 

PC3 0.065 0.36 99.04 

PC4 0.040 0.22 99.26 

PC5 0.031 0.17 99.43 

 

Table 2b Loading Pattern (HRG) 

LABEL TIME(min) PC1 PC2 PC3 

T0  0 0,984 0,046 -0,023 

T10  10 0,983 0,150 0,034 

T15  15 0,956 0,280 0,064 

T20  20 0,992 -0,004 -0,089 

T30  30 0,989 0,018 -0,128 

T45  45 0,993 0,000 -0,076 

T60  60 0,991 0,011 -0,106 

T90  90 0,994 -0,025 -0,040 

T2H 120 0,995 -0,020 -0,006 

T3H 180 0,994 -0,022 0,017 

T4H 240 0,992 -0,071 0,050 

T6H 360 0,995 -0,046 0,038 

T8H 480 0,994 -0,055 0,053 

T12H 720 0,994 -0,042 0,040 

T24H 1440 0,990 -0,083 0,060 

T36H 2160 0,994 -0,044 0,034 

T48H 2880 0,994 -0,047 0,039 

T72H 4320 0,990 -0,035 0,040 

 



When cell kind transition happens, motion does not involve only

‘peripherical’ genes (sand grains) but invades (domino/violin effect)

all the genome expression and provokes the motion of normally invariant 

(near the identitiy line) genes…








