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Abstract

Millions of species reside in the Tree of Life, making the task of
resolving the evolutionary origin of many organisms difficult.
Biologists draw on genetic and phenotypic information to sort the
Tree of Life, but the study can be slow and complex. Phenomic
data (such as cell shape, metabolism and ecology), particularly for
microorganisms, is often found in scientific publications and has
little digital presence outside of being scanned into an online
database. This has been aided by a new text mining computer
program, MicroPIE (Microbial Phenomics Information Extractor),
that sifts through relevant phenomic data and creates a matrix of
key phenomic characters taken from the published descriptions.
MicroPIlE utilizes multiple natural language processing tools to
extract data, along with the knowledge of microbiologists to help
with developing and verifying the tools. One major challenge to
building such a tool is the time it takes to collect and edit phenomic
data for tens of thousands of sentences needed to develop a
functioning program. We have helped to further the development
of MicroPIE to identify new characteristics by providing sentences
from published microbial descriptions. We also are creating a
“Gold Standard” matrix (GSM) of phenomic information for 100
different bacteria that can then be compared to the MicroPIE
output in order to test that MicroPIE has correctly identified and
extracted phenomic information. So far MicroPIE has shown
potential to aid in resolution of the microbial Tree of Life.
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Phenomics for the

Visual Map of Workflow Used to Improve GSM v2 for MicroPIE

Example of Collecting and Formatting
Publications for Use in MicroPIE
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Example of How Training Sentences were Corrected for

Improving MicroPIE Algorithm

Negation | Modifier | Main Value | Units |Subtypes

***|MPORTANT: Each character should have its own format which is the transform of the basic format. For some character, the
value types can include both, e.g., Cell Shape.

For the two types of character values respectively:
String Type: Negation | Modifier | Main Value

1. The string type values have no units and subtypes;
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Development and System Architecture of
MicroPIE Algorithm
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Three types of linguistic rules are applied: l

sregular expressions,

Part-Of-Speech (POS) tag patterns, Taxon-character
syntactic patterns; matrix

One character extractor can be shared by multiple
extractors.

GSM_v2_103_desccriptions_030117_matrixB.csv &

2. Some values do have modifiers, e.g., slightly curved,

e o how, Bt Eome. Pes Bt Adtone, T 3. [ only having main value, it can he formatted as: curved if have modifiers and no negation, as slightly | curved; if anly
e o~ s % oo 00 123- | A w -|[@lz=a|lon.m- have the negation and no modifiers, it's better to format as: not| | curved (the modifier is left as blank).

misc notes while correcting GSM v2

4, The negation should be literally recorded. | mean what negation is appeared, write that one. The negation words are;

SEeeeg 5 e S " s > ) : . A B o E F i ; 2 I it . :
&l Piscibacillus halophilus sp. nowv., a moder t:ely halephilic bacterium :FrDrn a hypersaline Iranian lake Tools nﬂtll no, Maﬂv ElSEl. |f thE main '|||'E|L[E- I3 ﬂEgatWE |t59]'|:' |E3UE as |t 15, ]c[}r E)"E['t'|F}|E'J HGHSUDF'EFGHWHEI as mll |
Authors: T AL AMOCEeEs '1_. =. Sanchez-Porro?, R. Rokba ., M. Hallghasemn l, o, VWentosa™ e W Add to My Fevorites : \ . ;
£ ViCwW AFFILIATIONS 123.00 Kb e - IO tson nonsporeforming. In this way, it can be counted how many negations are extracted.
L L BB e HI‘-""— 3},. _ “ :_ ey b correcting GSM v2 .Taxon Genus  Species Strain  %gsc o
First Published Online: 01 December 2008, Intemational lournal of Systematic anc Dvolutionary AT T R 2 initials of person correcting: JLF 3/2917 Dom J
i R 0 i e | = Standard Character Code: 1.1 | Numerical Type: Negation | Modifier | Main Value | Units | Subtypes
Subject: New Taxa - Firmicutes And Related Organisms el Recomwnend Lo librany 4 format for the spec:lﬁccategory _Maln"u"alueUnltsh . :

T ——— T = e S ——— 1. Basic rules are as the string value format,
] B 6 Legionella massiliensis 1.xml  Legionella massiliensis ' ' . 0 0
Epfcce 7 Haloarchaeobius baliensis 10.xm| Haloarcha baliensis 67_2|mol% A 2 SEparate thE LII"IIt frﬂm thE main UE|UE. '!19 m\[fﬂ“’}ag | ml:lm"
- Bl ol 3. Subtypesis used in the salinity characters to indicate the types of substances:
] Alkalinema sp 101 .xml Alkalinem sp
10 Alkalinema pantanalense 102 xml Alkalinem pantanalense :_D?;: 35 1{] l %qu | NEIC|
: ; , o 5 11 Haloarcula amylohytica 11.xml Haloarcul: amylohytica 62 4|mol% f . = .
Allﬂl:‘.]:. M. A. AIMO0Zegar, C. Sanchez-Porro, R. Rohban, M. Hajl asemi, A. Ventosa 12 Halomicroarcula pellucida 12.xml Halomicro pellucida 64.1|mol% E Jﬂ., Put 'thE 5",{me|5 20r<In thE' mﬂdlflEr pﬂﬂltlﬂﬁ: :"[}% a5 :='| {]|%Wf'l.|l' M&'l‘
Year: 2009 - : : » 13 Halosimplex rubrum 13.xml Halosimpl rubrum 64.0|mol% g
Title: Piscibacillus halophilus sp. nov., a moderately halophilic bacterium from a hypersaline Iranian lake > Natribaculum longum 14.xmi | Natribacul longum 63.8/mol% 6 i _
Journal (ﬂﬂi}: l[).iﬂggf’ijs.i}.i}liﬂl}ﬂ 15 Halovenus salina 15.xml Halovenus salina 63.1|mol% 63.1 mol% [The DMNA G+C c rod-shaped rod-shaped
Genus name: Piscibacillus 18 Halorhabdus tiamatea 16.xml Halorhabd tiamatea
SpEﬂiES name: Hai{}phiius 17 Halomicrobium zhouii 17.xml Halomicro zhouii 63.1|mol% 69.1 mol% [The genomic DM pleomorphic#rod: pleomorphic # rg
Accession: FMR64227 18 Halomarina oriensis 18.xml Halomarin ariensis 67.7|mol% 67.7 mol% [The DMA G+C c irregular|cocci#di irregular # cocci
Morphology: Cells are Gram-positive, motile rods (0.5-0.7%2.5—4.0 um). Cells produce oval endospores terminally positioned within = HEborcrus ledondencis B, |FEoricos e mgense ED'E'El'BlmD'% EU'E'EL'E i [The DHAGHC ooy s i i,
. . ) . . : . ] . i . - i ] 10% EIM ] di frer 48 1 20 Sarcobium sp 2xml  Sarcobium sp 43|mol% 43 mol% [The DMNA base c rods rods
swollen sporangia. Colonies are circular, entire, smooth, cream in colour and 2 mm in diameter on 10% agar medium after 1 = Natronneichasar monnanE el 2050 | Newascod mannaradyican 10 £3 molh [The DNA G+C content of the type strain is 63 mol®
incubation at 35 °C. Facultatively anaerobic. Moderately halophilic. The optimum NaCl concentration for growth is 10%o (w/v), with a 22 Salarchasum japonicum 21 xml  Salarchae japonicum 64|mal% 64 mol% [Its DNA G+C co rods#short rods | rods|short rods
range of 1-20% (w/v) NaCl for growth. No growth occurs in the absence of NaCl. Growth is observed at 15-55 °C (optimum at 35 °C) = B e = Pl i 64|mol% 64 mol% [The G4C content af the DRA of SIS
and at pH 7.0—10.0 (optimum at pH 7.5). Catalase- and oxidase-positive. Indole and H2S are not produced. Gelatin, casein, aesculin, and = EE‘:D';””’“E: '5'3'5;"_5' jj'xm: EE:D:}'W” 'E:C'SE"Z'_ E;?T;T -~ Eg': "S”Sf% - HhE e patkon F’:Eﬂmurp:fczmj F’:“”‘”“:fc:mj
3 F 2T ; : 5 3 E oLl % k) % - g
Tweens 20, 40, 60 and 80 are hydrolysed. Starch and DNA are not hydrolysed. Nitrate is not reduced to nitrite. Acid is not produced from = —————— L Fenee M i e
d-glucose, d-fructose, galactose, lactose, maltose, melibiose, d-mannose, trehalose, d-xylose or myo-inositol. Methyl red, Voges—
Proskauer, urease, ff-galactosidase, lysine and ornithine decarboxylase, arginine dihydrolase and phenylalanine deaminase tests are
negative. The following compounds are not utilized as sole source of carbon and energy: d-fructose, galactose, d-glucose, lactose, maltose,
d-mannose, melibiose, d-ribose, sucrose, glycerol, myo-inositol, alanine, arginine, asparagine, cysteine, glycine, leucine, lysine, .
methionine, proline and valine. Sensitive to carbenicillin (100 pg), nitrofurantoin (300 pg), tetracycline (30 pg) and rifampicin (5 pg). PrOg ress M ade on GS M fOr M ICIo PI E V1 an d V2
Resistant to amoxicillin (30 pg), gentamicin (30 pg), tobramycin (10 pg), kanamycin (30 pg) and polymyxin B (100 U). Polar lipids are
phosphatidylglycerol and diphosphatidylglycerol as well as two minor phospholipids. The isoprenoid quinone is MK-7. The
peptidoglycan type is Aly, with meso-diaminopimelic acid as the diagnostic diamino acid. Cellular fatty acids are anteiso-C15:0, iso-
; 150-C17:0, is0-C16:0, is0-C17:0, iso-C14:0, 1 @7 ¢, C16:0, la : 1s0-C17: iso- : : . g :
C15:0, anteiso-C17:0, iso-C16:0, iso-C17:0 150IC‘L4 0, Cl6:1 w7 ¢, C16:0, C16:1 tlJlll ¢ and 511111111&[? fearl;:re 4 (iso-C17:1 and/or :aﬂTE‘lSD Micropie Minimal Micropie
C17:1). The DNA G+C content of the type strain is 37.5 mol% ( T ). The type strain, HS224 T (=CCM 7596 T=DSM 21633 T=JCM V.1 Numb f Desired V.2
15721 T=LMG 24786 T), was isolated from the hypersaline lake Howz-Soltan in Iran. ) umber o esire :
Category Sentence Sentences Number of ISentence |Total Sentence
Code Category Label Count Needed Sentences Count Count
i ] e i 2.5 Cell relationships & aggregations 114 200 300! 375 489
Example of Results From MircoPIE in Phenology Reclassification - External features 136 200 2001 190 326
5 Biofilm formation |
0 "8 s s v < 0 2.12 4 100 200 4 4
7 i ) . ol
o 22, . w UZB8 o AE8S o W o, 8%20°% o hi‘; = 2.13 Filterability 8 100 200y 5 5!
n 3 €0 % = N pT UeN  w o g m ~ o & N . T
[rd g § o3t g = g : iy : S80S 28 5o ssl S5 P os g i AL 2.14 Lysis susceptibility 14 100 200 41 55i
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pmm ORMEZY ngBmm 0§ & Eﬁwgéﬂg Sgﬁ-magﬂéﬁésﬁﬁ sonf £ o8 233%%55«:%9%§§EE~E#E%ﬁg%m%m%@%h%%ﬁ% o 2.15 ell division pattern « reproduction 12 100 200 24 36
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igg%wgg_;;-gm&%g&%;géggg[}ggmgg-gmégg;EEBEEE§g§33233gﬁ@gﬁgaggg‘é%;%é%ggg‘g[‘;g§ESS%§E§ﬁﬁ§ﬁﬁ%§3§§5§§ﬂ§§ o 3.11 Pressure preference 3 100 200! 0 0

ggggiﬁéxgagﬁggbuungEﬂﬁgugutngﬁﬁgkﬁﬁﬁzéEEEﬁgm%EEEEHEgHggﬁEEEggﬂgggm?QEE%MmmE%ﬁ%2%E%g@§§§§§§§§§§%%%%%%%%%? < : : u

§§§gEEEEEE,t,m',;‘mghf‘d%gﬁgﬁgﬁguuzug;gwﬁg.ggﬁgﬁ’ﬁﬁﬂ%ggﬁg33giﬂmgggaﬁgé”ﬁgg,gg_ge'g'ggg‘g§§§E§5353333333§§§§§§§§§§§§ 3.13 Magnesium requirement for growth 35 100 200! 117 152

e R Tt s e e e e e e T T Vitami f ired f h

G600550 00099t L un o RR e en st 8sFERcus o035 000000805830005ES00088 8 8 0s0005E555050r cererrr000000000000 3.14 itamins/cofactors required for growt 164 300 5001 97 261
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Gz 8 8R0S0 Liz0020002<<50222420A000S0UZa0000348%z00000RE50080LAE<<3500000410FEAGAURVEEAEALELLAARAARAARARAD 3.17 Sa||n|ty preference - 100 200 135 135H

00000009 99500 T Tl LTI TT Tl TTTT T li”. oaon%?o 00000000 00 Q0 —o .
5.5 Film test result 24 100 200 3 27
:
5.6 Spot test result 17 100 200 0 0;
; 6.1 Fermentation products 99 200 300 1464 1563
B .
1 t ] 6.3 Methanogenesis products 53 100 200f 0 53
=] .
N T N 0 =& 6.4 Other metabolic product 169 300 5004 762 931
T ; 8.1 Symbiotic relationship 1 100 200 8 ol
5
I .
1 § 8.3 Pathogenic 38 200 300 112 150
Character: Average Cell Diameter .
_ - 8.4 Disease caused 20 200 300! 78 98
Marginal prob recon with model
Mk1 0.00012437
! R W fpet]iare esth) | 8.5 Pathogen target organ 21 200 300 67 88|
4 * ? [ J< 2.5 microns N ':51
O ->=2.5 mcirons L
1 0 £
GOE . . .
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a 1
1
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Future Work

*Explore new methods for detecting extraction boundaries and for
constructing linguistic rules automatically.

‘Replace simple term lists with a new microbial ontology, MicrO (Blank et
al. 2010).

Expanding the variety of target characters for extraction.
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MicroPIE source code in GitHub (https://github.com/biosemantics/micropie2/tree/0.1.0).
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