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On the problem — association of phenotype
to genotype characteristics

* Genotype
 Phenotype

e One of the main problems in the post-genomic era is to
associate phenotypic characteristics of an organism to
proteins and metabolites encoded by its genome.

* Provide for deeper comprehension of evolutionary processes

 Some prediction possibilities, e.g., trends prediction of some
pandemia

 Importance for bio-defense



Related work

 Microbial phenotypes are typically due to the joined action of
multiple gene functions

Inferring gene function from cross-organismal distribution of
phenotypic traits; reliable when the phenotype does not arise from
many alternate mechanisms — (Jim et al, 2004)

Co-occurrence between sets of genes and the phenotype; association
rule mining algorithms; NETCAR, PCAR (Tamura, D’haeseleer, 2008)

Thermal adaptation vs. structural disorder and functional complexity
(Burra et al, 2010)

Genotype-phenotype associations by combining information from a
biomedical database with the molecular information from COGs
database

Association of genes to phenotypes by literature mining and
comparative genome analysis (Korbel et al, 2005)



Databases

Plenty of genotype data and gene sequences for different
organisms

Usually well structured and placed into databases

Data on phenotypic characteristics of organisms often
scattered across different text documents, e.g., scientific
papers or encyclopedias

Public databases (both kinds of information), e.g.,
— NCBI Entrez Genome database (the most extensive)

— Comprehensive Microbial Resource

— Genome Atlas Database

— DOE-Joint Genome Institute databases

— Databases and tools for specific types of genotype-phenotype
research, etc.
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Database mining: Example

e NCBI Entrez Genome database
 Aninstance (2011)- collection (table) organism info:
e Characteristics:

— genome size, GC content

— shape, oxygen, habitat, salinity, temperature, gram,
motility, pathogenicity

— number of isolates / different species : 7467/2163
— some columns sparse

— under half-populated



Example

ining

Database m

e Statistics on organism_info:

oads-b6-1-y-o

oSl B+1+U+0

oads-1-y-o

|0SI-}-y-0

oads-y-o

|oSI-y-0

oads-welb

|osI-welb

oads-dway

|osI-dwa)

Jads-gey

JosI-crey

oads-bBAxo

|oSsI-BAXO

saloads

saje|osl

8000

7000
6000 |
5000
4000 |
3000
2000
1000

TABLE Organism_info




Database mining: Example

e Modalities

S — + +
| oxygen | count(*) |
N — + +
| | 4182 |
| Aerobic | 1064 |
| Anaerobic | 792 |
| Facultative | 1300 |

| Microaerophilic | 129 |
N — ¥ S — +
S — ¥ S — +
| habitat | count(*) |
+ — +
| | 4273 |
| Aquatic | 502 |
| Host-associated | 1429 |
| Multiple | 856 |
| Specialized | 204 |
| Terrestrial | 203 |
+ + +

+-————————————————



Database mining: Example

e Modalities

S — + +
| temp | count(*) |
S — + +
| | 3835 |
| Cryophilic | 1 |
| Hyperthermophilic | 78 |
| Mesophilic | 3377 |
| Psychrophilic | 35 |
| Thermophilic | 141 |
S — + +
NS S S — +
| gram | count(*) |
+ S — +
| | 4043 |
| + | 1371 |
| - | 2047 |
l_ | 6 |
S S +



Database mining: Example

* Association rule mining

— Given a set of transactions consisting of one or more elements (items),
find rules that predict occurrence of an item based on occurrence of
other items in the transaction

— Support / Confidence / Support*Confidence / Lift

s(A= B) = ”"’1;’ B) KT
i . B supp({-X U
, . it (X = ¥) = supp(X) x supp(Y)
_ . aldu B)
c(A = B) = —
|"."|:_':|._:I

* |IBM Intelligent Miner - two examples:

— geno/pheno
— pheno



Database mining: Example 1

[HABITAT=Host-associated]
[CEYGEM=F acultative]

16%
2087

149%
2145

[FART ==1 AND = 3.5 {=3r3}] [TEMP=me=ophilic]

17%
o O 2026
1.215

1.965
12%

1.965
158%

1.81%5

C T [GRAM=+]
[FARZ == 27.5 AND = 52.5 {=4/5]] e

-



Database mining: Example 2

[GRAM=+]

[HABITAT=Host-associated]+[CxY GEMN=F acultative]

[GRANM=+]+ [0 EEMN=Facultativa]

oom 17%
C [HABITAT=Multiple] 2.026

%
2121

11%
2.092

[y EEM=Facultative]+[HABITAT=Multiple]

Fi%
2156
13%
1.964
16%
2.087

[N GEM=Aerohic]

[GRAM=+]+[HABITAT=Host-associated]

6%
17% 2149
2.026
7%
2187
19%
2145
PRETME=0Rhlic] [HABITAT=Host-associated]
19%
qy 2145
16% 1.748

2.087

[0 GEMN=Anaerohic]
[OHNGEM=F acultative]
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Text mining; method

Much more information about microbes and other
organisms in unstructured and semi-structured
documents

Text mining: Goal - mining genotype / phenotype
organism characteristics from text
Method:

— two phase method based on finite state transducers (FST)
for information extraction from text

Tool: system UNITEX; regular expressions; graphs;
example



(a)
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Example

e Text mining in bioinformatics

— Materials: encyclopedia of microorganisms

— Bergey's Manual of Systematic Bacteriology, Volume 2 : The
Proteobacteria (2005)

— Bergey's Manual of Systematic Bacteriology, Volume 3: The Firmicutes
(2009)

— Bergey's Manual of Systematic Bacteriology, Volume 4: The
Bacteroidetes, Spirochaetes, Tenericutes (Mollicutes), Acidobacteria,
Fibrobacteres, Fusobacteria, Dictyoglomi, Gemmatimonadetes,
Lentisphaerae, Verrucomicrobia, Chlamydiae, and Planctomycetes,
(2010)



robium zavarzinii Hirsch 1989b, 495" (Effective
n: Hirsch 1989, 1903.)

2. MLL. gen. n. zavarzini of Zavarzin, named for
zin, the Russian microbiologistwho isolated these

- cells drop- or pear-shaped, somewhat slender,
1e that rarely branch. Mother cells 0.63 X 1.8 um
3—0.9 X 0.7-2.5 pm). Swarmer cells with 1-3 sub-
ella. In liquid media under most growth condi-
:ttes are formed, since mother cells produce a
lfast. Growth in liquids mitally as turbidity and
pellicle, with precipitation on the bottom. Colo-
lid media are colorless to light brownish or beige,
1d shiny, with entire edges.

organotrophic, aerobic, oligocarbophilic. Good
h the following carbon sources: methanol, meth-
Cl, formate, n-butyrate, isovalerate, crotonate, f3-
ityrate, ethanol, n-propanol, isobutanol, and glyc-
th is stimulated significantly by acetate, n-valerate,
wrate, galacturonate, formaldehyde, p-glucose, D-
p-melibiose, amygdalin, esculin, chitin, Bacto
OL-lysine, pr-aspartate, and dilute human urine.
sources utilized are: NH4+, NO,™, NO; 7, and
bacto peptone. There is slow growth in the ab-
wdded nitrogen sources (oligonitrophily). Poor

growth on sheep blood agar with a-hemolysis. T!
antibiotics inhibit growth at 30 ug (per disc):
necomycin, and tetracycline. Streptomycin at |1
inhibitory. There is growth in the presence of
Temperature range: 15-37°C. Optimal pH: 6.5
light inhibits growth slightly. -
Grow anaerobically with nitrate and gas forn
methanol as the carbon source). With methy
and thioglycolate, there is little growth. Catala
chrome oxidase are positive; gelatin liquefaction
Poly-B-hydroxybutyrate is a storage product.
Not pathogenic for mice or guinea pigs.
Genome size: 2.73 X 10" Da (strain ZV-
Boelke et al., 1985).
Habitat: peaty and moist soil near Moscow,
The mol% G + Cof the DNA is: 61.8-64.8 (Bd
(Mandel et al., 1972; Gebers et al., 1986; U
Komagata, 1987b; Urakami et al., 1995b).
Type strain: ATCC 27496, IFAM ZV-622.
GenBank accession number (165 yRNA): Y143(
Additional Remarks: Additional strains incluc
580, ZV-620, MY-619, MC-625, MC-629, MC-6¢
627.
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Phyla
¥ID
FPhylumMName
Description

Example: database

Class Orders
% D - 7
PhylumiD J= ClassID
ClassMame OrderMame
Description OrderDesc

Farmily
¥ D
OrderlD
FamilyMame
FamilyDesc

|-

2]~

Species

¥ i

Genus
GenusiD
SpeciesName
SpeciesDesc
Source

Size

Cellsize

GC
GenBankNmbr
Typestrain
Gram
Habitat
Temperature
TempRange
pH

Genus

¥ ID
FamilylD
Genus
GenusHame
GenusDesc
CellSize
GC
Gram
Habitat
Temperature
TempRange
pH




Example: graph “genome size”

“genome sizes of four G. oxydans strains were estimated to be
between 2240 and 3787 kb”

“genome size of R. prowazekii is 1,111,523 bp”

“genome size of R. africae is 1.248 kb”

“genome size of R. australis is 1256-1276 kbp”

“genome size is 2.62 X 109 Da”

“Genome size: 2.73 X 109 Da”

“genome size is 1.713 Mbp”

“genome size was estimated to be approximately 4061 kb”

“genome size of all the classical strains examined was about
3000 kb”
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Example: graph “gram”
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Example: phase 1

Database

1D | Gans [Canusi] Soscisnane] = T Srocisbest T [Gizo] OC | CenBarkiutiy | Typecum| Gram | Habhat |

1 Ganus 1 Rhodaspirillu Esmarch 1887) Molisch 1907, 25AL (Spinillun
rubrum Esmarch 1887, 230.) rub'rum. M.L.

£ Adi, n:bnunrad Cells are vibrioid _
2 Genus Immdasuiri.lmhhhsc Al pho to me'lc-eunTGr. n. f
m"ﬂuﬂ pimslgl't Gr .“ stric| s wes ing:

3 Genus 2 Azospirilum tﬂqannck 1925) Ta

— mbbcaﬁm:Tmnd_

4 Genus 2 Azospirillum Magalha—es, Balkdani,
amazonense Do bereiner 1984, 355VH (Eﬂacln-e

=il publication. Maoalha~es. |B . 0

5 Genus 2 Azospirillum  Tarrand, I{nagnndDo'
brasiense (Effective publication: Tarfrand,

Do bereiner 1978. 979.) bra.




Example: phase 2

B Species : Table

ID | GenuslD| SpeciesName SpeciesDesc Source| Size CellSize GC GenBankNmbr| TypeStrain | Gram|  Habitat | Temperature| TempRange pH
1320 430 Bacillus Demharter and Hengel 19893, 495(Effective 3 0508 428437 6939 (DSM  S6025,05M pos  healdreated  thermophilic 5560 89
thermocloacae publication: Demharter and Hensel 1983b, 274.) 5240) 5250 sewane sludge

ther.mo.cloca.cae. Gr. n, therme heat, L n
cloaca sewer, N.L gen. n. thermocloacae of a
heated sewer. Agrobic, moderately alkaliphilic
and thermophilic, Gram-positive, nonmotile
rods, 0.5:0.8 mm by 3.08.0mm. Description is
based upon three isolates. Soore formation anly




Insert Format Records Tools Window Help Type aqu
e AR EEN - NN YR TR A=A R == RN C)

Specieshame SpeciesDesc Source| Size CellSize GC GenBankMmbr| TypeStrain | Gram Habitat Temperature | TempRange pH Oxygen
Facillus Dernharter and Hensel 1989a, 495(Effective 3 0508 42.8-437 26939 (DSM 56025, DSM pos heat-treated therrmophilic  55-60 39 aerobic
hermocloacae  publication: Demharter and Hensel 19080, 274.) 5250) 5240 sewage sludge

ther.mo.cloca.cae. Gr. n. therme heat, L. n.
cloaca sewer, M.L gen. n. thermocloacae of a
heated sewer. Aerobic, moderately alkaliphilic
and thermaphilic, Gram-positive, nanmaotile
rods, 0.5-0.8 mrn by 3.0-8.0rmm. Description is
based upon three isolates. Spore formation only

Jacillus Berliner 1915, 29AL thur.in.gi.encsis. N.L. 3 1.0-1.2 by 3.0-  33.5-401 D1B281 (lAM 1AM 12077, neg  all continents, facultative
huringiensis  rmasc. adj. thuringiensis of Thuringia, the 50 12077 ATCC 10792, including

German province from where the organism was MRRL MRS- Antarctica

first isolated. Facultatively anaerobic, Gram- 95965, DS

positive, usually motile rods 1.0-1.2 by 3.0-5.0 2046, LMG

ram, occurring singly and in pairs and chaing, 7138, NCIMB

and forming ellipsoidal, sometimes cylindrical, 9134

subterminal. sometimes naracentral. snores
Facillus Bonjour and Aragno 1885, 223WP 3 0.8 by 4-5 57-58 ABD42062 Aragno T2, neg | an acidic pond | thermophilic 4248 aerobic
usciae (Effectivepublication: Bonjour and Aragno 1984, (IF2 15312) DEM 2912, in a solfatara

400.) tusceia.e. L. gen. n. tusciae from Tuscia, LG 17540, in Italy

the Roman name for the region of central ltaly IFO EMBLY

where the organism was found. Facultatively
chemalithaautatrophic, moderately
thermaphilic, strictly aerobic, motile (by one
lateral flanellurnt. Gram-positive rods 0.8 by 4-5

Jacillus Robers, Makamura and Cohan 1996, 474%P 3 0.8-1.0 by 2.0- 430 ABD21198 Ov1-F-3, neg  desert soil 28 28-30 aerobic
allismortis val lis.marctis. L. n. vallis valley; L. fem. n. 4.0 (DSM 11031 MRRELEB-

rnors death; BLL. gen. fem. n. vallismortis of 14890, DSk

Death “alley. Aerobic, Gram-positive, motile 11031, LMz

rods, forming ellipsoidal spares which lie 18724, KCTC

centrally or paracentrally in unswallen 3707

sporangia. Cells 0.8-1.0 by 2.0-4.0 i,
occurring sinaly and in shart chains. Colonies

Facillus vedderi| Agnew, Koval and Jarrell 1996, 362 [Effective 3 15 383 748306 (JaH) JaH, DSM neg  red mud 40 40 10.0 facultative
publication: Agnew, Koval and Jarrell 1995, G768, ATCC bauxite-
228) vedcderi. M.L. gen. n. vedderi of edder, 7000130, LMG processing
named after A “edder, the Dutch 17954, NCIM waste, using
rnicrobiologist who described Bacillus B 13458 alkaline
alcalophilus in 1934, Alkaliphilic, facultatively oxalate
anaerobic, Grarm-positive, motile, narrow rods enfichrment
farming ellingoidal to spherical spores which lie
Jacillus Moguchi, Uchina, Shida, Takano, Makamura 3 0.5-1.0 by 2.0- 43 ABNGS703 neg  “ietnamese 50 B.5-10.0
ietnamensis | and Komagata 2004, 2115VP vi.et.nam.encsis. 30 fish sauce and
ML adj. vietnarmensis referring to “ietnarn, the fram the Gulf
country where the type strain was isolated. of Mexico

Cells are rod-shaped, measuring 0.5-1.0 by 2.0-
3.0mm, Gram-positive and aerobic. They are
rnotile with peritrichous flagella. Ellipsoidal
snores develon centrally in the cells and
Facillus vireti  Heyrman, Vanparys, Logan, Balcaen, Rodr 3 0609 39.8-403 Ala426509 LG 21834, neg | soil of Drentse |30 7 after 48 facultative
guez-0 az, Felske and De Yos 2004, 54%P (LMG 21834) DSM 15602 A agricultural

o owivebi mf s fald Eambmdivale 0 0L e b e

EI Py
a6a [» 1)) of 2412

SN2 100%



Example: postprocessing

e Manually / biocuration
e E.g., habitat -> aquatic, terrestrial, host-associated,...
e Tables Species, Genus

3000
2500
2000
O Table Species
1500
B TABLES Species+Genus
1000
500
O T

total oxygen habitat temp gram ph




Example: Species vs.Organism_info

Species vs. Organism _info: TABLE Species

3000

2500

2000

1500 O TABLE Species

1000

500

total IN Organism_info NOT IN Organism_info

Species vs.Organism_info

Species vs. Organism_info: TABLE Species

500
450
400
350 +—

300 O in Organism_info

250 B in Orgnism_info: equal

200 T O in Organism_info: not equal
150 7—
100

oxygen habitat temp gram




Example: Species vs.Organism_info

Species vs. Organism_info: TABLEOrganism _info

1600

1400

1200

1000

O in Species

800

B in Species: equal

600 in Species: not equal

400 |

0 ; ; :

oxygen habitat temp gram




Example: integration of data sources

Tables: organism_info, species

Populating the table organism_info by using data from the
table species

Table organism_info_int

6000

5000

4000

O TABLE Orgnism_info

3000

B TABLE Organism_info_int

2000

1000

oxygen habitat temp gram




Example: integration of data sources

e Tables: organism_info _int, species
— union of the tables organism_info_int and species;

— projection to common attribute

 Table species int

10000
9000 [ ]
8000

7000 -

6000
5000 H
4000 -
3000
2000 H
1000 -

O Organism_info
B Organism_info_int

O vrste_int

0




Example: association rule mining

e 1. tables organism_info, organism_info_int

— (some) genotype / phenotype chracteristics (genome size,
GC%, shape, habitat, oxygen, temperature, gram, ph)

e 2.tables organism_info, organism_info_int,
species_int

— Smaller attribute set; phenotype (eco) characteristics
(habitat, oxygen, temperature, gram)



[HaBITAT=Host-associated]
[CENSGEM=F acultative]

16%
Z.087
19%
2145
[PAR1 == 1 AND = 3.5 {=3/5]] T E——
17 %
o L2 2.026
1.216
1.965
12%
1.965
18%
1.815 C IS RAM=+]

[FAR2 == 2T .5 AND = 52.5 {=4r5}] ®a

[HaBITAT=Host-associated]

15%
1.66%
(o= GEM=Aerohic)
15%
22% 1. 6Es 7% .
1.381 1.231 C Y GEM=Facultative]
16% T
1.276
[PAR1 == 1 ARD = 3.5 {=3i5}] [TEMP=Mesophilic]
162 17 %0
1152 1.844
129
1.965
129
1.965 P

[FARZ == 27 .5 AMND = 52,59 {=4r5]]



[GRAM=+]

[HABITAT=Hostassociate d]+[0XYGEM=F acultative]

[GRAM=+]+[0RYGEMN=F acultative]

:‘-IH‘AEIITAT:MuItipIE] 12?09;5 . [GRAM=+]+[HABITAT=Hostassociated]
- 17% 219
2028
391"21 2187
11% 19%
2092 2145 =
[OXYGEMN=F acultative] +[HABITAT=Multiple] [l
[TEMP=Mesophilic] [HABIT
6% [GRAM=+]+[0XYGEN=F acultative]
2156
13% e
2144
8% 17%
1.964 16% 1748 e B%
2.087 [HABITAT=Multiple] .{19343
16% 1
2.087 1.844 ko
6% 1.938
- 22%
; [O¥YGEMN=Anaerobic] 11% 1.381
[OxYGEN=Aerobic] [0 GEM=F acultative] 1.847 [TEMP=Mesophilic]
[OXYGEN=Facultative] +[HABITAT=Multiple]
6%
16% 1.028 15%?23%
1.276 1.668
“ %
1.231
17%
[GRAM=+] 16% itz
1.276
[OXYGEN=Aerohic]
[OXYGEN=F acultative]
[GRAM=+]+[HABITAT=
TOIHABITAT=Nultiple]
.
1495
1.07{06%
18%
9% 1.475
1.972
EMESHesuphilic] [HABITAT=Host-associatad]
16%
1.146 18%
1715875 %
16% : 258
1.249
1 6% 16%
1.146 o
: 12%
[ORYGEN=Agrohic] 1.714

[y GER=Facultative]

[0 GEM=Anaerahic]

B

i HABITAT=Host-associated]+[0XYGEN=Aerobic]

[GRAM=+]+[HABITAT=Host-associated]

[HABITAT=Host-associated]

15%
1.668

[OXYGEN=ANaerohic]
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Conclusion (and beyond...)

Significant enlargement of databases

Applicable to many other specific areas and tasks
Association rules — modest

Sparse structured data

Integration of several microbial databases

Rich set of characteristics
— Genotypic

— Phenotypic

— Structural

— Protein disorder

— COGs

— RNA secondary structures

Multivariate analysis
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Summary

In biology and functional genomics in particular, understanding the dependence and
interplay between different genome and ecological characteristics of organisms 1s a very
challenging problem. There are some public databases which combine this kind of

information, but there is still much more mfm'matmn about microbes and other or gamsm&
that reside in Ilﬂ‘.h'll:’:hlfed a
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