Cereal Genomics Workshop
9/12/05 — 9/19/05
Cold Spring Harbor Lab

Answers for Gramene Exercise 1 — Ontologies
9/15/05

1. Imagine you are a plant breeder interested in working with drought tolerance. What
term will you search for?

1. Be careful not to limit your terminology too early in your research, so start out doing a
general search on “drought.”



General Gramene:

Do a general search for “drought” from the top of the Gramene home page.

2a- What types of information in Gramene are associated with “drought”?

2b — Why is this general search important?

2a - Answer: Genome info from Oryza
and Arabidopsis, Protein info, Ontology
info, Gene info, Literature info, QTL info
and Information from Rice Genetics
Newsletter.

2b — It gives a good general background
on drought information, and reviewing
the literature and RGN are good places
to get educated on drought traits to
search for, and provides internal
information and outside resources

\ Search the Gramene Database

[ Resutts: Oryza_sativa Sequence | Arabidapsis_thaliana Sequence | Prctein | Ontology | Gene | Literature | QTL | Newsletter & Dacs
Search for (object name, identier, or keyword)

drought Search
Database: | Al ¥ ¥l incude Rice enitics Nessltte & Gramens Docurentaion
0ryza_sativa Sequence Search Result
Gene (3 resufts)

=LOC_0s01573960 drought induced 19
=L0C_0s04533240 shart chain alcohol d

=L0C_OsAy01730 drought induced 19
hagenase cprdl 2, diought-indu

Arahidopsis_thaliana Sequence Search Result

(B resuts)
=AZ200-TIGR-G drought-respansive family protein
=AtdytE3ND-TIGRG drought-responsive protein / dhought-induced protein

=AM yIZPE0-TIGRG drought-responsive
=At gEB20-TIGR-G droughi-responsive family protein

e pratein; R1G1A Oryza sativa (indica culivar-group)

(R E2266-42:62 )
Oryza sativa findica culivar-gio)
(ot available )

S ien DPZ G2

[EAISS

Quyza sativa (aponica culivar-grovg)
(ot avgable |

[EA

Ontology Search Result for drough

Candidate Term (13 terms found)

Definition

Synonym

response to defydration,

=ABISTI-TIGR-G arougf-esponsive famiy proten =ASZEEATIGR-G drought-esponsive family proten  towate sorset g, o A change in stale or actvty ofan organsm intems of movement, secrefion, gene expression,
=AHOBTEC-TIGR-G drought-responsive family protein =AEgdI230-TIGR-G drought-responsive family protein n o thitst ' Brzyme procucfon, et as & resut of prlonged deprivetion of water
Protein Search Result dlerance None OBSOLETE was not defined before being mads obsolete),
matching protein records have heen found,
{4 change i state or activy of an organist (in terms of movernent, scretion, gene exgression,
AccessionNo Nemes /Sy mbalsSyrenys ?ém:r”; B e Ceovery None enzym‘e( pmdu{ctmn‘ de)tc)adstaresuh of rolonged deprivation of water that restores that arganisrn to 3
ol (on-stressed) conditon,
08546 Drought inducitle aguaporin, diporin Oz sativa 135
(Mot aviilable )
Q8547 Drought indueible late embryogenesis abundant protein; dilea Owza sativa | EEBA i
Hhougit, behavioral response
(Mot avsilable ) o o wat o i, ekl esonee {4 change in the behavir of an organism as a result of a depriation of water
OBSATT Putative drought protein (ﬁ);tyza a‘atﬁ‘va) N nwater‘ depivaion
ot wailable
08532 Putative drought resistant protein Oz sativa 135
(o vl ) Joronce A chanie in the state or acthity of 2 cell (interms of enzjme production, gene expression, et as a

per resp o doug resut of 2 prolonged deprivation of water,

6| TO.0000085

leaf rolling LFRL Leaf rolling is a feature observed in response to drougfit orwater stress. | precedes leaf drying stage
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3a - How many standard vocabulary (ontology) terms are associated with “drought” in the

database?

3b - What ontologies are they associated with?
3c - How many contain drought in the term name?
3d - Why did some terms show up but did not contain drought in the term name, and what does

this mean for you?

3a - There are 13 results for “drought” in the ontology search.

3b — These are associated with Gene Ontology (GO), Trait Ontology (TO) and Cereal Plant
Growth Stages Ontology (GRO)
3¢ —7 term names contain the word “drought”

3d - Terms other t

n those with “drought” in the name are associated with drought, and it’s

important to explorfllother terms possibly associated with drought, such as leaf rolling.

sSummary for drought

‘ ltems 1to 13 of 13

Term Name

Synonym

Definition

Process

Biological |response to water
deprivation

response to dehydration,

response to drought, response

& change in state or activity of an organism (in terms of movement, secretion, gene expression,
enzyme production, etc.) as a result of prolonged deprivation of water.

index

DRSID, DRSSID, DSI

to thirst.
. Biological .
2| GO:0009633 Process drought tolerance [None OBSOLETE (was not defined before being made obsolete).
Bilogical & change in state or activity of an organism (in terms of movement, secretion, gene expression,
3| GO:0009319 F'roc%ss drought recovery  [None enzyme production, etc.) as a result of prolonged deprivation of water that restores that organism to a
hormal (hon-stressed) condition.
) viaral response to
Biological el ought, behavioral response ) ) . o
4| GO:0042630 response to water 2 " & change in the behavior of an organism as a result of a deprivation of water.
Process Yenrivati ta thirst, behavioural response
eprivation 2 o8
to water deprivation.
) cellular respons . . . ) )
5| co-0n42E31 Biglogical ko water Fesponse to drought. & change in the state or activity of a cell {in terms of enzyme production, gene expression, etc.) as a
255 - result of a prolonged deprivation of water.
deprivation
B TO: Trait  [leaf rolling LFRL. Leaf rolling is a feature observed in response to drought or water stress. It precedes leaf drying stage.
drought P . . _ ) )
7| To-on0015s Trait  [susceptibility drought sensitivity index, [The index is calculated as, DSl = (1-Yds/Yns), where Yds and Yns are mean yields of a given

qenotype in drought susceptible (DS) and non-susceptible (NS) environments respectively.

TO:0000158 Trait

drought sensitivity

drought susceptibility, DRS,
DRSM.

Drought sensitivity is highly interactive with crop phenology, plant growth prior to stress, and timing,
duration, and intensity of drought stress. For many soils, it takes at least 2 rainless weeks to cause
marked differences in drought sensitivity during the vegetative stage and at least 7 rainless days during
the reproductive stage to cause severe drought injury. Leaf rolling precedes leaf drying during drought.
Repeated ratings are recammended through progress of the drought.

TO:0000276 Trait

drought tolerance |[drought resistance, DRTL.

Becoming tolerant to drought like conditions of minimal or no water content in environment ar high salt
stress due to flash flooding in coastal areas

TO:0000354 Trait .
trait

drought related

dessication related trait.

Mo Definition Available

TO:0000458 Trait

drought recovery (D

Scores are taken after 10 days following soaking rain or watering- Indicate the degree of stress befare
recovery,

LFRLT

hWeasure time taken by the leaf to roll completely under drought or water stress.

12| TO:0§0 it |leaf rolling time
13|croonorozz | SN 2 silking
Stage

aize growth stage-5.2, R1,
silk emergence.

Silks (styles) emerge from the husks at the ear tip. Normally the first silks appear slightly after
anthesis begins, but this interval can be delayed by drought or other stresses. Silks of spikelets at the
haaofthe ear emerge prior to those from more apical spikelets




4a - How many ontology terms are there for “drought tolerance”?
4b - Why is there more than one?
4c - What are some synonyms for “drought tolerance”?

4a - There are two terms for drought tolerance
4b — They are in different ontologies - One is in GO, one is in TO
4c - Synonyms are drought resistance and DRTL.

" Term
# | Accession Aspect Term Name Synonym
Biological |response to water GO T,
1| GO:0009414 - response to drought, response to
Process [deprivation ] et
lthirst.
2 GO:DDDBEﬂ:' drought tolerance  [Mone (]
3| Go000sE19 Ell:|‘0I0g|caI drought recovery  [Mone A
racess et
. behavioral response to drought,
Biolagical gl behavioral response to thirst
4| GO:0042630 g response to water ) P ' %
Process - behavioural response to water
deprivation -
deprivation. E|ther
) Biological |cellular response . .
5 GOO042631 | o e Ko water deprivation|°S/1U137 response to drought. ']) review previous results for
‘ )
drought tolerance’ (there were
G| TC:0000085 Trait leaf ralling LFRL. L tWO)
. . drought drought sensitivity index, DRSID, [T| or
7| TOO00mES ) Trait | ceptibility index|DRSSID, DS o
”»
2) search for “drought tolerance
D . . .
ol AP directly in ontologies
g| Tooooo1BE | Trat  [drought sensitiity oo ant susceptibiity, DR, /
DRSHN. b
ith
2| TO:0000275 ‘rought tolerance |drought resistance, DRTL. f?~
0 TO.0000394 | Trait [0S S yoeication related trait N
| 2
sSummary for drought tolerance
lterns 1to 2 of 2
" Term i
Pl Accession Aspect Term Name Synonym Definition
1| coonogess | Bologeal - jougnt None OBSOLETE fwas not defined before being made obsolats).
rocess  [tolerance
bl Toonooz7s Trait drought drought resistance,  [Becoming tuleran_t to_drought like conditions of minimal or no water content in environment or high salt stress
tolerance DRTL. due to flash flooding in coastal areas




Click on the TO Accession ID’s for drought tolerance.
5a - What do you find?

5b - What is a parent term?

5c - What is a child term?

5d - What are sibling terms?

5e - Why do you think we point this out to you?

5a — you find the ontology tree

5b Parent terms are the root term, located hierarchically above a term. Stress trait is

the parent of abiotic stress trait.

5c¢ A child term is derived from a parent term, and is located hierarchically below it.

Drought tolerance is a child of drought related trait.
5d — Siblings of drought tolerance are drought sensitivity and drought recovery.
5e - This options provide suggestions for other search terms for your research

queries.
Summary for TO Term: drought tolerance (T0:0000276)
Term Name draught tolerance
Synonym drought resistance, ORTL
Definition Becaming tolerant o drought like conditions of minimal or na water cartent in emvironment ar high salt stress due to flash foading in coastal arzas
Derivation

» trait ontology (T0:0000387) #3760 @
o [i] stress trait (T0:0000164) #1477
o [i| abiotic stress trait (T0:0000168)
® ||| water stress trait {T0:0000237)

[i] drought related trait (T0:0000394)
/___' o il drought tolerance (T0:0000276) #

Parent Term (1)

o [I| drought related trat (TO:0000394)

Summary for TO Term: drought refated trait (TO:0000394)

Term Name ought related trait

Synonym deMwigation related trait.

Derivation
» trait ontology (T0:0000387) #3760 &
o [i] stress trait (T0:0000164) #7477 &
n [i] abiotic stress trait (TO:0000168) #3943 &
= [i] water stress trait (TO:0000237) #7125 &
n [i] drought related trait (TO:0000394) #45
n [i] drought sensitivity (TO:0000188) #22 &

» [i] drought tolerance (TO:000027E) #23
n [i] drought recovery (TO:0000458) #0

Parent Term (1) Child Terms (3)
o [i] drought sensitivity (TC:0000188)

. . _ e [i] drought tolerance (TO:0000276)
o [i] water stress trait (TO.0000237 e [i] drought recovery (TC:0000458)




6. What sibling or parent terms

for drought tolerance may also give information on drought?

6. Siblings of ‘drought tolerance” are “drought sensitivity” and “drought recovery.” Will these
be pertinent to your area of interest?

The parent of “drought tolerance” is “water stress trait”, which has other child terms that may
or may not be related to your interest.

In the case of Trait Ontology, you would probably want to go as far back as “abiotic stress
trait.” Other terms may be related to drought, such as root penetration, leaf rolling, etc.
Drought affects many traits, and the term “drought” may not be in all of their definitions.
Therefore, it is important to not limit yourself too early in your research unless you have
already researched “drought” in the general literature and have several known traits to
research. Ontologies are used for classification purposes, but browsing the ontologies for

pertinent related information wi

Il likely yield stronger results than a single search for a single

term. As ontologies become more commonly used, these terms will be more familiar to

» trait ontology (TO:0000387) #9760 &3
o [i] stress trait (TO:0000164) #7477 &
m [i] abiotic stress trait (TO:0000168) #3435 g3
» [i] water stress trait {TO:0000237) #1725 &

m [i] drought related trait (TO:0000394) #45
» [i] drought sensitivity (TO:0000138) #22 ¢
m [i] drought tolerance (TO:ODODZYE) #23
m [i] drought recovery (TO:O000458) #)

» trait ontology (TC:0000387) #9760 &

researchers.
Term Name ahiotic stress trait
Synonym ahiotic stress tolerance.
Definition Response by the plant in
Derivation

o [i] stress trait (TO:0000164) #7477 &

m [i] abiotic stress trait {TO:0000168) #9453 &
m [i] water stress trait (TO:0000237) #7125
m [i] osmatic response sensitivity (TO:0000095) #33
[i] deepwater stress (TO:0O00103) #0
[i] flooding related trait (TO.0000114) #47 &3
[i] drought related trait (TO:0000354) #45 &3
[i] humidity related trait (TO:00004417 #0

* trait ontology (TO:0000387) #4760 &
o [i] stress trait (TO:0000164) #7477 Q@
= [i] abiotic stress trait {TO:0000168) #943

m [i] stern strength (TO:0000051) #47 &
m [i] lodaing incidence (TO:0000068) #3
m [i] root number (TO:0000084) #7100 &

= [i] Ieaf rolling (TO:0000085) #42 &

m [i] root pulling force (TO:0000023) #1712
m [i] root mass density (TO:0000115) #0 &
m [i] leaf water potential (TC:0000131) #32 @

m [i] canopy termperature (TO:0000157)

m [i] radiation sensitivity (TO:0000161) #24 &3

= [i] root volurne (TO:0000233) #13

m [i] water stress trait (TO:0000237) #125 &

m [i] root branching (TO:0000257) #1
m [i] root weight (TO:0000279) #7103 &

m [i] ternperature response trait (TO:0000432) #57 &

#

m [i] leaf drying (TO:0000446) #25

m [i] root penetration index (TO:0000471) #18

m [i] chemical stress sensitivity (TO:0000482) #7166 &

m [i] leaf composition trait (TO:0000493) #20 &

m [i] leaf ternperature (TO:0000504) #9
w [i] leaf weight (TO:0000505) #0

m [i] penetrated to total root ratio (TO:0000510) #714

m [i] relative growth rate (TO:0000515) #7171

m [i] rooting depth (TC:0000519) #17

= [i] stomatal frequency (TO:0000566) #4 &
n [i] stem length (TO-O00057E) #7140 & 7




7a - How many associations are there for the term accession for “drought
tolerance” in trait ontology (TO)?
7b - If any, what type are they and what species are they associated with.

7a — There are 23 association for this term.
7b — They are QTL associations, 6 of which are associated with oryza
sativa, and 17 associated with pennisetum glaucum

Summary for TO Term: drought tolerance (T0:0000276)

Term Name draught tolerance

Synonym drought resistance, ORTL

Definition Becaming tolerant o drought like conditions of minimal or na water cartent in emvironment ar high salt stress due to flash foading in coastal arzas
Derivation

» trait ontology (T0:0000387) #3760 @
o ] stress trait (TO:0000164) #1477
o [i| abiotic strass trait (T0:0000168) #543 @
u ||| water stress traif (T0:0000237) #125 @

o (i drought related trait (T0:0000394) #45
o il drought tolerance (T 0:00002?

Parent Term (1)

o [I| drought related trat (TO:0000394)

Tatal Number of
Annotations:
qm: 23 Q7L (oryza sativale), pennisetum glaucumi(17))

23 objects, 23 associations




8a — What are the Accession ID’s for the QTL associated with Oryza Sativa?
8b - What is the evidence code associated with them?
8c - What does the evidence code mean?

8a — AQAN001, AQAN002, AQANO03, AQANO04, AQANOO5, AQANOOG

8b —IAGP

8c — Click on IAGP to find “inferred by association of genotype from phenotype”

-u Current Ontologies | Documentation | Evidence code | FTP | Ontology suggestion | Associations | Publications | Tutori:

Type ID or keyword to search

select ontology (optional)

CGene (G0) CIPlant structure (PO) [ Growth stage (GRO)
DTaxunnmy(GR_ta}{)

L Trait (TO)

Ontology Database

Ll Emvironment I

EQ)

Search |

Clear | HELP

[e.g. flower ar TO:0000303]

Term drought tolerance ( Trait ) Associations

ltems 1 to b ofB Download |
i Object Accessi Object . i

T erm Name Ehige Lot \ L Object Name Ubject .. Evidence

Type 1Y Svimbol Synonyms Specie:
el aTL A0 ANDOT DRTL Dl 4OT-5 Oryza sativa  |IAGP
tolerance tolerance
el aTL A0 ANDO2 DRTL Pliegi qDT-12 Oryza sativa  |IAGP
tolerance tolerance
e aTL A0 ANDN3 DRTL UL Oryza sativa  IAGP
tolerance tolerance
el aTL A0 ANDO4 DRTL Pliegi Oryza sativa  |IAGP
tolerance tolerance
drought Drought ,

LTL BOANOOS DRTL Oryza sativa  lAGF
tolerance tolerance
drought Drought .

GATL LA MO0E CRTL Oryza sgtiya — HAGHP
tolerance tolerance -

IAGP :r'nferred by association of genotype from phenbitype

+ Palymarphism ar segregation of genetic markers eq. isozymes, RFLPs (Random Fragment Length Palymarphism), RAPDs (Random
amplified polymorphic DAY, AFLPs (Amplified Fragment Length Palymorphism), SMPs (Single Mucleotide Polymorphisms), Microsatellite
markers or 35R [Simple Seguence Repeats), TD (Transposon Display).

+ Polymarphism or segregation of physical markers eg. FISH, centromeric, heterochromatic regions, chromosomal banding patterns.

+ Detection of polymorphisms in segregating plant material derived from Bi-parental crosses eg. F2 lines, F3 families, Back cross
populations, wiz., BC1, BC2 ete. ; Doubled Haploid lines (DH), Recombinant Inbred Lines (RIL).

+ Detection of polymorphisms in genetic stocks, e g, Mear Isogenic Lines (NIL), Introgression Lines (IL), Radiation Hybrids (RH),
Cytogenetic Stocks (CG), i.e., trisomics, aneuploids, ete.




9a - If you click on a rice QTL Accession ID from this page, what module do you go to?
9b - Can you identify the chromosome and map position where each QTL resides.
9c - How many studies are associated with these QTL?

9a — The QTL Module
9b - AQANO0O01 (131.60-134.90 cM) (chromosome 5);
AQANO002 (69.10-93.60 cM) (chromosome 12);
AQANO003 (97.30-97.30 cM) (chromosome 1);
AQANO004 (162.60-162.60 cM) (chromosome 4);
AQANOO05 (96.50-96.50 cM) (chromosome 8);
AQANO006 (11.30-11.30 cM) (chromosome 3)
9c — All 6 QTL were taken from one article, on one study, Gramene Literature 6923.

Y QTL He oimple Search | Power Search | Help | Tutorial

QTL Detail "AQAN001"

OTL Ac®ssion ID |AGANID1

Sp&cies|Rice IGRE tax:013681)

Trait Symbol DRTL

|
|
| Published Symbol \gDT-5
|
|

Trait Name [drought tolerance

|Trait Ontology Accession: ITO:EIEIEIEIE?E

Trait Synonymis) |druught resistanc

Trait Categorﬂ&.hiutic
Linkage Group|5
Map Position |Rice-IGC Y1847 DH QTL 19955 (131 .60-1 [ “iew On Map ]

Comments Three loci, AQANIDZ (RG541), AQANDDS (G318), ACANDIDS (5152, were
ound interacting with this QT

| DEKR&fs|Gramene Literature B923

10




10 - If you had already done all your background research, and were simply interested in
finding the QTL for drought tolerance in rice, where would you begin?

Search directly in the QTL module, or

Browse abiotic stress in QTL

& 7L Hame | Sirnple Search | Power Search | Help | Tutarial

QTL Search

oearch by Trait Category;
Abiotic stress | Anatomy | Biochemical | Biotic stress | Development | Quality | Sterility or fertility | “igor | Yield
OR
search for ™ search in; Species:
[~All Fields— o] [-AiSpecies— =+ Submit | Reset |
*ey, development, vegetative™ YGTM, QTL®, COATT. Orview help,
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