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Gramene Ontology Module Exercises

Gene Ontology

Go to http://www.gramene.org and select “Ontology” from the navigation bar.

1a. Search for the term “polysaccharide biosynthesis” and report its GO id and its definition.

1) Enter “polysaccharide metabolism” in the Ontology Search field, as shown below.

;QRA::'V% Search for:: Database: Al ¥ Search | Feedback

Genome Browser BLAST SSR Search CMap Markers Protein Ontology Mutant QTL Literature Resources About Gramene Site Map

O Current Ontologies | Documentation | Evidence code | FTP | Ontology suggestion | Associations | Publications | Tutorial
| FAGQ

Ontology Database _
Type ID or keyword to search polysaccharide metabolism Search | Clear | HELP

#Gene (GO) [IPlant structure (PO) [1Growth stage (GRC)) [e.g. flower or TO:0000303]

selict ontologyHoRtional) OTrait (TO) O Environment (EO)

2) The following Summary page will result.

Summary for polysaccharide metabolism

Iltems 1to 3 of 3

Tern! Term Name Synonym Definition
Accession
———~bolysaccharide Ve [The chemical reactions and physical changes involving polysaccharides
(GO:DDDSQTE ysace dly ) (synonym:glycans), a polymer of more than about 10 monosaccharide residues joined
~—_ __—metabolism metabglism. g
by glycosidic linkages.
[The chemical reactions and physical changes involving lipopolysaccharides, any of a
linonolvsaccharide group of related, structurally complex components of the outer membrane of
2| GO:0008653 n?etzbglism None Gram-negative bacteria. Lipopolysaccharides consist three covalently linked regions,
lipid A, core oligosaccharide, and an O side chain. Lipid A is responsible for the
toxicity of the lipopolysaccharide.
extracellular . . . . . . .
3| GO:0046379 polysaccharide None [The chemical reactions and physical changes involving polysaccharides used in
metabolism extracellular structures.

Answer: The GO id is GO:0005976 and its definition is “The chemical reactions and
physical changes involving polysaccharides (synonym:glycans), a polymer of more
than about 10 monosaccharide residues joined by glycosidic linkages..”

1b. How many of its children have children of their own?
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Select the appropriate Term accession, as shown above. The following Summary
Page will result. The @ symbol indicates that the tree is expandable, i.e., the children
terms have children terms of their own.

Summary for GO Term: polysaccharide metabolism (GO:00059786)

Term Name polysaccharide metabolism
Synonym glycan metabolism.

- The chemical reactions and physical changes involving polysaccharides (synonym:glycans), a polymer of more than about
Definition . . e S
10 monosaccharide residues joined by glycosidic linkages.
Derivation

+ hiological process (GO:0008150) #79728 &
o [i] physiological process (GO:0007582) #719354 o
u [i] metabolism (GO:0008152) #10584 &
u [i] macromolecule metabolism (GO:0043170) #4291 &
u [i] carbohydrate metabolism (GO:0005975) #747 @
u [i] polysaccharide metabolism (GO:0005976) #122

m [i] polysaccharide biosynthesis (GO:0000271) #53 &
= [i] polysaccharide catabolism (GO:0000272) #58 @
= [i] glucan metabolism (GO:0006073) #69 o
= [i] chitin metabolism (GO:0006030) #40 @
= [i] mannan metabolism (GO:0006080) #0 @
u [i] lipopolysaccharide metabolism (GO:0008653) #4 @
u [i] colanic acid metabolism (GO:0046377) #0 &
u [i] O antigen metaholism (GO:0046402) #0 &
u [i] enterobacterial common antigen metabolism (GO:0046378) #0 &
u [i] K antigen metabolism (GO:0046375) #0 o
u [i] fructan metabolism (GO:0010145) #0 o
m [i] GDP-alpha-D-mannosylchitobiosyldiphosphodolichol metabolism (GO:0046376) #0 @
m [i] poly-N-acetyllactosamine metabolism (GO:0030309) #0 &
m [i] alginic acid metabolism (GO:0042120) #0 &
m [i] extracellular polysaccharide metabolism (GO:0046379) #0 &
m [i] pectin metabolism (GO:0045488) #0 &
= [i] xylan metabolism (GO:0045491) #0 o
= [i] galactomannan metabolism (GO:0051069) #0 @
m [i] 4,6-pyruvylated galactose residue metabolism (GO:0051071) #0 &

Answer: All the children terms have children of their own.

1c. How many total (direct and indirect) number of proteins are associated to the GO term
polysaccharide metabolism? Are there any proteins which are not directly associated to
this term? If so, which child term has the greatest number of associations?

1) In the same Summary page, examine the number next to the term “polysaccharide
metabolism.” That number indicates the total number of proteins associated. Then
examine the number next to the children terms. Adding them together indicates the
number of proteins not directly associated to the term, as shown below. However
sometimes the parent term may display the number less than the actual total
because same protein may have been annotated to tow of the children terms and
while adding these numbers for the parents, the protein accession is counted only
once.
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Summary for GO Term: polysaccharide metabolism (GO:00059786)

Term Name polysaccharide metabolism
Synonym glycan metabolism.

- The chemical reactions and physical changes involving polysaccharides (synonym:glycans), a polymer of more than about
Definition . . e S
10 monosaccharide residues joined by glycosidic linkages.
Derivation

+ hiological process (GO:0008150) #79728 &
o [i] physiological process (GO:0007582) #719354 o
u [i] metabolism (GO:0008152) #10584 &
u [i] macromolecule metabolism (GO:0043170) #4291 &
u [i] carbohydrate metabolism (GO:0005975) #747 @
= [i] polysaccharide metabolism (GO:0005976)&1222

m [i] polysaccharide biosynthesis (GO:0000271 ')
= [i] polysaccharide catabolism (GO:0008272) #58w
m [i] glucan metabolism ('GO:DDOGDTS)%S)
m [i] chitin metabolism (GO:0006030) #40 @
= [i] mannan metabolism (GO:0006080) #0 @
u [i] lipopolysaccharide metabolism (GO:0008653) #4 @
u [i] colanic acid metabolism (GO:0046377) #0 &
u [i] O antigen metaholism (GO:0046402) #0 &
u [i] enterobacterial common antigen metabolism (GO:0046378) #0 &
u [i] K antigen metabolism (GO:0046375) #0 o
u [i] fructan metabolism (GO:0010145) #0 o
m [i] GDP-alpha-D-mannosylchitobiosyldiphosphodolichol metabolism (GO:0046376) #0 @
m [i] poly-N-acetyllactosamine metabolism (GO:0030309) #0 &
m [i] alginic acid metabolism (GO:0042120) #0 &
m [i] extracellular polysaccharide metabolism (GO:0046379) #0 &
m [i] pectin metabolism (GO:0045488) #0 &
= [i] xylan metabolism (GO:0045491) #0 o
= [i] galactomannan metabolism (GO:0051069) #0 @
m [i] 4,6-pyruvylated galactose residue metabolism (GO:0051071) #0 &

2) To find the child term with the greatest number of associations, examine the Gene
Product Association list, as shown below.

Answer: There are 122 proteins associated to the term 'polysaccharide metabolism’.
None of the 122 proteins are directly associated to the term “polysaccharide
metabolism”. “chitin catabolism” has the greatest number (40) of associated
proteins.

1d. Browse through the "Gene Product Symbol" column of the associations and report the
protein name and gene symbol of an important cereal gene that is associated with
seed/grain quality.

WWW.gramene.org
© Gramene Database 2005



Gramene Ontology Exercises

Current as of 7/12/05
4
108starch catabolism Alpha-amylase isozyme 3E precursor AMY1.4 1SS
109starch catabolism Alpha-amylase isozyme C precursor AMYC IEP 1SS
110[starch catabolism Alpha-amylase isozyme C2 precursor AMY1.8 1SS
111[starch catabolism Adptra=amylase Precursor A IEP 1S3
112[starch melaholi(Starch granule-bound starch synthase WAKXY 155
113[starch metabolism Granule-bound starch symiase WAKY ISS
114[starch metabolism Granule-bound starch synthase WX IEP ISS
115[starch metabolism Granule-bound starch synthase WAXY 1SS
1186|starch metabolism sranule-bound starch synthase WAXY IEP 1SS
117|starch metabolism Granule-bound starch synthase WX IEP 1SS
118[starch metabolism 1 4-alpha-glucan branching enzyme SBE1 1SS
119)starch metabolism Ealt L e Not available IEP 155
120|starch metabolism Soluble glycogen [starch] synthase, chloroplast precursor Mot available IEP IDA
121|starch metabolism Granule-bound starch synthase WAXY 155
122/starch metabolism Granule-bound starch synthase WAXY 1SS IMP

Examining the above list, scroll down the “Gene Product Symbol” column.

Answer: The name of the protein is “Granule-bound starch synthase” and its gene
symbol is “WAXY.”

1e. Which GO term is directly associated with the gene found in question 1d? Click on the
gene name and report its molecular function, role in biological processes, and its
localization in cellular components. Is there a phenotype associated with this protein?

1) Examine the Associated Term column for the term that is directly associated, as
shown below.

[111]starch catabolism Alpha-amylase precursor AMY 1.1 IEP 155
T Starch granule-bound starch synthase WAXY 155
Granule-bound starch synthase WAKY 1S5
Granule-bound starch synthase WX IEP 1SS

T T S Y ramila haind ctarvah cumtbhaca AIAYN oo

[113[starch metabalism

2) Then click on the gene product name. The following Protein Summary will result.

General Information about 043012

MName Sarch granule-bound sterch synthase
Symbol WAXY

GBSS, Granule-bound ghycogen [starch] synthase, chloroplast pracursor, Granule-bound glycogen synthase, Gss1, UDP-glycogen synthase, LDPG-glycogen
Synonymis) aynthatase, UDPG-ghyeogen transglucosylase, ghtinous endospanm, glycogen [starch] synthatase, ycogen [starch] synthass, unding

diphosphoglucose-glycogen glucosyltransferase, waxy
E.C. Number{s) 24111
Gene Symboel(s) Wy

Accession GenBank TREMBL
Numbers CAAISATZ Q43012
Organisis) Species Cultivar
Oryza saliva LF. SPONTANEA (GRIN ,IRIS )
Phenotype wet (glutinous endosperm)
The Weny (W) gane encodes a gramile-bound starch synthase (GESS) that pleys a key role in the amyose synthesis of nce It s expressad in the seed

endosperm and pollen grains, that carmy starcg grains. At sub-cellular level the protein is localized in the amyloplasts. This gene undergoes altemative splicing
of its franscripts suggesting that the amylose content of nce endosperm is regulated at the kevel of Wi ranscnpt processing, and more specifically, at the
staqe of intron | excision fram the VWi pra-miRNA - The altemative splicing IS affectad by the change in tamperature. k1S a singls copy gens in nce

Comment

Associations
GO Term Evidence Evidence Cods

ghycogen (starch) synthase acimty Gramens Ral 8047 55

gramene progen - P19395 155

Biological s\arch metabolism Gramene Rel 8047 IS5

Process gramens protein - P 18385 155

Cellular oplast gramenda protein - P 19395 Iss
Component

ghastid Gramene Ref 7047 155

K avwnrde Clurnolirancteraca Tranclarace
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3) look in the phenotype section for the associated phenotype. You will notice the
link to the phenotype database for more details.

Answer: The term directly related is “starch metabolism”. Its molecular function is
glycogen (starch) synthase activity. Its role in the biological processes is starch
metabolism and glycogen biosynthesis. It’s located in the amyloplast and plastid.
The associated phenotype is “glutinous endosperm”.
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Plant Ontology

2a. Go to the Ontology search section on the Gramene Ontology page. Type, ‘plant
anatomy” and search by selecting Plant Ontology (click on the check box). In the search
results click on the term plant structure (PO:0009011) and report how many major classes
of plant structures are listed. Also tell us the names of parts of a “sporophyte”. Hint: the
symbol [i] stands for Instance of and [p] stands for Part of.

1) Enter “plant anatomy” in the Ontology Search field and select Plant Ontology, as
shown below.

%%%% Search for: Database: | All v Search | Feedback

Genome Browser BLAST SSR Search CMap Markers Protein Ontology Mutant QTL Literature Resources About Gramene Site Map

o Current Ontologies | Documentation | Evidence code | FTP | Ontology suggestion | Associations | Publications | Tutorial
| FAQ

Ontology Database

Type ID or keyword to search plant structure| Search | Clear | HELP
. [1Gene (GO)(@ Plant structure (PO) C1Growth stage (GRO) .
select ontology (optional) OTrait (TO)  CTEMiro 5 [e.g. flower or TO:0000303]

2) The following Summary will result. Select “plant structure” as shown below. \

Summary for plant structure

ltems 1to 3 of 3

# Term Accession Term Name 3ynonym| Definition
1 obsolete_plant obsolete_plant None No Definition Available
structure structure

ohsolete plant The instances of this parent term are those anatomical terms which have

2 PO:0006300 hone

structure become obsolete.
A . -
<:‘.’ PO:0009011 @ structure hone Any morphological or anatomical feature of a plant.
o
v

3) The following summary will result. Those terms with a [i] indicate a “instance of.”

Summary for PO Term: plant structure (PO:0009011)

Term Name plant structure
Definition Any morphological or anatomical feature of a plant.
Derivation

» plant ontology (PO:0009075) #3712 @
¢ [i] plant structure (PO:0009011) #8712
[i\cell (PO:0009002) #24 &
m [i] gametophyte (PO:0009004) #2 &
m [i] $porophyte (PO:0009003) #788 @
[i] fissue (PO:0009007) #73 &
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4) Click on sporophyte to find various parts and instances of this plant structure.
Summary for PO Term: sporophyte (PO:0002003)

Term Name sporophyte

Definition A diploid plant, or phase of a life cycle, that bears spores formed by meiosis.
Derivation

+ plant ontology (PO:0009075) #3712 &
s [i] plant structure (PO:0009011) #8712 &

u [i] spegophyte (PO:0009003) #7388
[p]\infructescence (PO:0006342) #155 @
[i] sked (PO:0009010) #1595 &

[p] Eot iPO:DOOQDDSi#Q o

hoot (PO:0009006) #627 @

Answer: The major classes of plant structures are cell, gametophyte, sporophyte
and tissue. The root, shoot and infructuscence are parts of sporophyte.

2b. Is seed (PO:0009010) a Part of [p] or an Instance of [i] sporophyte ?

Examining the same Summary Page, check to see if there is a [p] or [i] in front of the
term “seed.”

Summary for PO Term: sporophyte (PO:0009003)

Term Name sporophyte

Definition A diploid plant, or phase of a life cycle, that bears spores formed by meiosis.
Derivation

« plant ontology (PO:0009075) #5812 &
< [i] plant structure (PO:0009011) #8312 &
u [i] sporophyte (PO:0009003) #7388

:0006342) #155 @
u [i] seed (PO:0009010) #1539 &
= [p] roo : 5)#9 @

= [p] shoot (PO:0009006) #627 &

Answer: Seed is an instance of a sporophyte.

2c. Click on the term seed (PO:0009010) and report the names and id’s of its two
immediate parents. Also tell the types of relationships does it have with them. Hint: In a

simple hierarchy, seed was always a part of fruit, but Ontology can represent its multiple
lineages.

Select “seed,” as shown above. The following Summary will result.
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Summary for PO Term: seed (PO:0009010)

Term Mame seed
Definition A propegating organ formed in the reproductive cycle of gyrmosperms and anguospernrs, derrved from the ovule and enclosing an embryo.
Derivation

‘ plant ontology (PO:0008075) #1172 @

] &l |).o, D U0D9009] #51 &

. [|:| anl (FO.0009090) #0

u [p] arllaid (PO 0018022 #0 @

= [p] comma (PO 002006 1) &0

iz (PO:0009080) #47 &

= [p So00micropy (PO 0006354) #0
u [p] sead aparculum (FO0018024) #0
= [p] seed raphe (PO DODEIZ 1] #0

= [p] tracheid bar (P 0001 S0

i L%}
= {p]ﬂp |=.p9rr"1 {PO 00"00‘;81 #ir
= |p] seed chalaze (PO OO0G233] #0

= [p] seed coat (POO000088) #23 @

s [p] seed fimicls (PO-O00RAAZ #0 @
w [p] seed microgyle (PO UUUU-&J— #U
n [p] seed opercuum (PO

Answer: The two immediate parents are sporophyte (PO:0009003) and fruit
(PO:0009001). Seed is an instance ([i] of sporophyte and is part of [p] fruit.

2d. On the same page, report how many phenotypes are associated with the term “seed”
(PO:0009010). Hint: Examine the number following the term id.

In the same Summary, examine the number next to “seed.”
Summary for PO Term: sporophyte (PO:0002003)

Term Name sporophyte
Definition A diploid plant, or phase of a life cycle, that bears spores formed by meiosis.
Derivation

+ plant ontology (PO:0009075) #3712 &
s [i] plant structure (PO:0009011) #8712 &
u [i] sporophyte (PO:0009003) #7388
m [p] infructescence (PO:0006342) #155 @
u [i] seed (PO:0009010) 155
n [p] root (PO:0009005)
n [p] shoot (PO:0009006) #627 &

Answer: 155 phenotype genes are associated with the term “seed.”
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2e. With the answer from 2d, report how many phenotype genes in total are associated to
the children terms of seed (PO:0009010). Also explain why this number is not the same as
you see next to the term seed (PO:0009010). Hint: There are two types of associations in
the ontology: direct associations, which are directly associated to the term for which a
phenotype has been characterized and indirect associations, which a term gets from its
children terms by virtue of a parent-child relationship. This means anything associated to
the child is also associated to its parent and to its grandparent.

In the same Summary, add the numbers located next to “seed’s” children.

Answer: A total of 101 phenotype genes are associated with the children terms of
seed. This is not the same number as shown next to the term “seed” because there
are certain genes that are directly associated to the term “seed” and are not
associated to its children terms.

Summary for PO Term: seed (P0O:0009010)

Term Name seed
Definition A propagating organ formed in the reproductive cycle of gymnosperms and angiosperms, derived from the ovuls and enclosing an embryo
Derivation

+ plant ontology (P0:0009075) #3772 @
 [i] plant structure (PO:0009011) #2812 &
= [i] sporophyte (P0:0009003) #7858 &
= [|] seed (PO:0009010) #155
]
= [p] aril (PO:0009090) #7

] arilloid (FO:0019022) #
] coma (PO:0020081] #0
] endosperm (PO.0009059IN
] hilurn (PO0020063) #0
] perisperr (PO:0020058) #0
]
]
]
]
]
]
]

2
8
l8
[P
2
8
n [p] seed chalaza (PO-000# 7R
[p] seed coat (PO 00090
2
8
[l
[P
i3

seed funicle (PO0006338+#0 &
seed micropyle (PO:0006334) #0
seed operculum (PO:0018024) #0
seed raphe (PO.0006331) #0
tracheid bar (FO:0019026) #0

2f. On the same page, go to the phenotype association section and click on display all
button. After it downloads the list, sort by “associated gene name” and click on the indirectly
associated gene agravitropism-1 and report:

What does the description say about this gene?

Name the germplasm where it was identified.

What are the associated traits?

At what growth stages were the traits assayed?

In what plant parts (anatomy) were the traits assayed?

PO T

1) On the same Summary Page, scroll to the bottom and select “Display All,” as
shown below.

Phenotype Association ( 155 records found ) Diownload | ( Display Al |)
3 site Map | Documentation | Downloads | Submissions | Mailing List Archive | Feedback | Contact Us | Copyright Statement Back to top
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2) Select the term “agravitropism,” as shown below.

Phenotype Association ( 155 records found ) @ Download
e

# Associated Term (sort) Associated Gen Gene Symbol (sort) Evidence Codes
1 embryo agrl TAS

2 embryo AT And TAS

] ermnbryo apical displacement-1 apd1 TAS

4 embryo club-shaped embryo-1 clel TAS

4] arnbryo Dorminant hybrid lethal-1 Dhl1 TAS, IAGP

5 embryo Darninant hybrid lethal-2 Chi2 TAS, AGP

7 embryo depressed palea-1 dp1 TAS, AGP

3) The following Mutant Summary page will result. Examine the individual rows and
columns for the requested information.

Summary for Rice Mutant: agravitropism-1 (GR:0060019)

Gene Name agravitropism-1
Gene Symbol agri
Phenotypic Description Ahnormal_ germination, embryo with Shrunken_sho_ut and root. Seedlings have various morphological and histological
abnormalities of leaves and roots, loss of gravitropism.
[Top]
Allele aqrl.1
@ odm24
[Top]
Associated Feature Sort by TO Accs (default) Sort by Developmental Stage
# i evelopmental Stage Anatomy Location Evidence Code
1 |leaf related trait 02-seedling TAS
2 |root related trait 02-seedling TAS
3 lernbryo related trait 01-germination TAS
4 lembryo related trait 01-germination TAS
[Top]

Answer: a) Abnormal germination, embryo with shrunken shoot and root. Seedlings
have various morphological and histological abnormalities of leaves and roots, loss
of gravitropism.

b) Odm24

c) leaf related trait , root related trait, embryo related trait

d) 02-seedling, 01-germination

e) leaf, root, embryo

3a. Return to the Ontology Search page. Search for the term plant growth stage
(GRO:0007199) and report how many organisms the growth stages are listed for.

1) Enter “plant growth stage” in the search field, as shown below.

Ontology Database
Type 1D or keyword to search plant growth stage ontology Search | Clear | HELP

select ontology (optional) [e.g. flower or TO:0000303]

OTrait (TO) O Environment (EQ)

WWW.gramene.org
© Gramene Database 2005



Gramene Ontology Exercises
Current as of 7/12/05
-11

2) The following Summary will result. Then select the rice growth stage
(GR0O:0007040)

Summary for plant growth stage ontology

ltems 1 to 1 of 1

Term Accession Term Name Synonym Definition

#
<T GRO:ODDNQb plant growth stage ontology None Ontology of the growth stages in various cereal crops.

Summary for Gramene Term: plant growth stage ontology (GR0O:0007199)

Term Name plant growth stage ontology
Definition Ontology of the growth stages in various cereal crops.
Derivation

+ cereal plant ontol
o [i] pl rowth stage ontology (GRO: 000?199) #1332

[i] maize growth stage (GRO:0007002) #0 &

m [i] rice growth stage (GRO:0007040) #1332 @

u [i] sorghum growth stage (GRO:0007124) #0 &

i] wheat, barley and oat growth stage (GRO:0007156) #0 &

Answer: From six organisms: Barley, Oat, Wheat, Maize, Rice, and Sorghum. Of
which wheat, barley and oat have the same growth stage ontology.

3b. Follow the links on rice growth stages and report the definition and id of the “08 dough
stage” in rice.

1) Select “rice growth stage” from the Summary page shown above. And keep on
scrolling up to the view until you reach C-embryo stage (GRO:0007141). You will see
08-dough stage as one of the instances of reproductive stages of rice.

2) The following Summary will resulit.

Summary for Gramene Term: 08-dough stage (GR0:0007042)

Term Name  08-dough stage

Synonym rice growth stage-8.
< Definition _ One af the ripening stages when endasperm starts hardening —
Derivation

+ cereal plant ontology (GRO:0080001) #2744 &
o [i] plant growth stage ontoloqy (GRO:0007199) #1332 &

n [i] rice growth stage (GRO:0007040) #1332 @
n [i] rice plant growth stage (GRO:0007001 #1332 ]
= [i] C-embryo stage (GROD00FHHTI &
n [i] 08-dough staQe (GRO: 000?042 ¥133
n [i] 8.1-dough STame-SRETI007 152) #)
n [i] B.2-hard dough stage (GRO:0007154) #0
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Answer: The definition is “One of the ripening stages when endosperm starts
hardening.” The id is GRO:0007042

3c. How many “brittle culm” genes are associated with “dough stage” in rice?

Select “Display All” at the bottom of the above Summary page. The following list will

resulit.
# Associated Term (sort)
1 08-dough stage
2 03-dough stage
3 08-dough stage
4 08-dough stage
5 08-dough stage
B 08-dough stage
7 D8-dough stage
8 08-dough stage
9 08-dough stage
10 08-dough stage
11 D8-dough stage
12 D8-dough stage
13 D8-dough stage
14 D8-dough stage
15 D8-dough stage

Associated Gene Name (sort)
Activator for anthocyanin pigmentation
adaxialized leaf-1

adaxialized leaf2

Aawn-1
A2
w3
Awen-4
a5
Awin-B
A7

brittle culm-1
brittle culm-2
brittle culm-4
Eirittle culm-6

Gene Symbol (sort)
A
adl1
adl2
Ant
An2
And
And
ans
Anb
And
aul
bel
bc2
bcd
Bch

Evidence Codes

TAS
TAS
TAS
TAS

TAS,
TAS,
TAS,
TAS,

TAS
TAS

TAS,
TAS,
TAS,
TAS,
TAS,

| 1AGP

IAGP
&GP
IAGP
4GP

IAGP
IAGP
IAGP
IAGP
IAGP

Answer: There are four brittle culm genes associated with growth stage “dough
stage.” They are brittle culm-1, brittle culm-2, brittle culm-4, and brittle culm-6.
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Trait Ontology

ba. Go to the Ontology search section on the Gramene Ontology page and search for “trait
ontology.” How many major categories (except obsolete) of traits are there and which one
has the greatest number of associations?

1) On the Ontology search page, enter “trait ontology,” as shown below.

Ontology Database
Type 1D or keyword to search trait ontology Search | Clear | HELP

[Gene (GO) OPlant structure (PO) O Growth stage (GRO) [e.g. flower or TO:0000303]

select ontalogy (optional) @Trait (TO) 0 Environment (EO)

2) The following Summary will result will result. After this click on the term with id:
TO:0000387 (Trait Ontology)

Summary for TO Term: trait ontology (T0O:0000387)

Term Name trait ontology
Synonym TO.
Derivation

+ trait ontology (TO:0000387) #786
o [i] biochemical trait (TO:0000277) #94 &
o [i] fertility or sterility trait (TO:0000392) #36 &
o [i] yield related trait (TO:0000371) #3 @
o [i] plant anatomy and morphology related trait (TO:0000017) #482 &
o [i] plant development related trait (TO:0000357) #7139 &
o [i] quality related trait (TO:0000597) #7119 @
o [i] stature or vigor related trait (TO:0000133) #58 &
o [i] stress related trait (TO:0000164) #2711 @

Answer: There are eight major categories of traits. They are biochemical trait
(TO:0000277) , fertility or sterility trait (TO:0000392), vield related trait (TO:0000371),
plant anatomy and morphologqy related trait (TO:0000017), plant development related
trait (TO:0000357), quality related trait (TO:0000597), stature or vigor related trait
(TO:0000133), and stress related trait (TO:0000164).

5b. How many phenotype genes are associated with the trait endosperm color?

In the same Summary Page, select “Display All” at the bottom of the page. The
following list will resulit.
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286 lermbryo related trait globular embryo-1 glel TAS
287 alated trait apical displacement-1 apdl TAS
S endospern color arnylose extender-1 ael TAS
89 |lendosperm color Red pericarp and seed coat Rd TAS, IAGP
290 lendosperm color armylose extender-2 a2 TAS
291 |endosperm color Rice R gene (Anthocyanin biosynthesis)-a Ra TAS, IAGP
endosperrm color Rice R gene-b Rhb TAS, IAGF
endosperm color Brown pericarp and seed coat Rec TAS, IAGP
endosperm color armylose extender-3 ae3 TAS
295 |endosperm guality (sensu Poaceas) amylose extender-1 ael TAS
296 lendosperm quality (sensu Poaceae) reduced ernbryo-3 red TAS

Answer: There are seven phenotype genes associated with the trait term endosperm
color (TO:0000487).

5c. What linkage group is the gene Rice R gene (Anthocyanin biosynthesis)-a located on?

1) In the same summary page, select Rice R gene, as shown below.

286 lermbryo related trait globular embryo-1 glel TAS
287 |lembryo related trait apical displacement-1 apdl TAS
288 lendosperm color arnylose extender-1 ael TAS
289 lendosperm color Red pericarp and seed coat Rd TAS, IAGP
290 lendosperm color armylose extender? ae? TAS
291 |endosperm color @nthocyanin biusynth@ Ra TAS, IAGP
292 lendosperm color Rice F gere-tr Rhb TAS, IAGF
293 |lendosperm color Brown pericarp and seed coat Rec TAS, IAGP
294 lendosperm color armylose extender-3 ae3 TAS
295 |endosperm guality (sensu Poaceas) amylose extender-1 ael TAS
296 lendosperm quality (sensu Poaceae) reduced ernbryo-3 red TAS

2) The following Mutant Summary will result.

Summary for Rice Mutant: Rice R gene (Anthocyanin biosynthesis)-a (GR:0060719)

Gene Name Rice R gene (Anthocyanin biasynthesis)-a

Gene Symbol Ra
One rice R gene. An active homologue with extensive homology with other R genﬁécated at a position on chromosome D
Phenotypic Description previously shown to be in synteny with regions of maize chromosomes 2 and 10 that contain the B an oci, respectively.

Ra gene can activate the anthocyanin pathway.

Answer: The gene Rice R gene (Anthocyanin biosynthesis)-a is located on linkage
group 4 (evidence Rice-Cornell RFLP 2001 ).

6. Return to the Ontology search page. Name the two ftrait categories to which the trait
“amylose to amylopectin ratio” belongs.

Enter the term “amylose to amylopectin ratio” in the main Ontology search field.
The following Summary will result.
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Summary for TO Term: amylose to amylopectin ratio (TO:0000372)

Term Name amylose to amylopectin ratio

Synonym AMYAMYPCTRO.
Definition Ratio of amount of amylose to amylopectin content.
Derlvatlon

] [|] cuhohytll ate contem 1!0 0000291) #19 &
= [i] amylopectin content (TO:0000097) #0 &
n [i] amylose to amylopectin ratio (TO:0000372) #0

n [i] amylose content (TO:0000196) #79 &
n [i] amylose to amylopectin ratio (TO:0000372) #0

u [i] carbohydrate composition related trait (TO:0000489) #37 &
» [i] amylopectin content (TO:0000097) #0 &
n [i] amylose to amylopectin ratio (TO:0000372) #0

Answer: The trait amylose to amylopectin ratio (TO:0000372) belongs to two
categories: biochemical trait (TO:0000277) and quality related trait (TO:0000597).

7a. Return to the Ontology search field. Name the major trait categories of which “stem
length” is an instance of.

Enter “stem length” in the main Ontology search field. The following Summary page
will result.

Summary for TO Term: stem length (TO:0000576)

Term Name stem length
Definition Measure from soil surface to highest point on stem.
Derlvatlon

= [i] culm Iength To: DDDDSDQ #39
n [i] internode length (TO:0000145) #14

= [i] abiotic s‘uessmlned trait (T0:0000168) #7129 &
n [i] stem length (TO:0000576) #53

w [i] culm length (TC:0000305) #39

n [i] internode length (TO:0000145) #14

n [i] stem Ienqlh (TO:0000576) #53
= [i] culmn length (TO:0000309) #39
n [i] internode length (TO:0000145) #14

= [i] plant height (TO:0000207) #56 &
n [i] stem length (TO:0000576) #53
w [i] culm length (TC:0000305) #39
n [i] internode length (TO:0000145) #14

Answer: The trait stem length (TO:0000576) is an instance of four trait categories.
The categories are plant development related trait (TO:0000357), stress related trait

(TO:0000164), plant anatomy and morpholoqy related trait (TO:0000017), and stature
or vigor related trait (TO:0000133).
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7b. Name the dwarf genes associated with stem length’s child term “internode length.”

On the same Summary page, scroll down the list of Phenotype Associations.

37 |culm length reduced culm number-B rcni TAS
38 |culm length semidwar-1 =d1 TAS, IAGP

39 |culm length Crweart-44 Dt d TAS, [AGP
40 internode length srelated overgrowth of internode a0 TAS

41 |internode length dwarf-1 Wl TAS, IAGP
42 internode length dhwarf-9 S TAS

43 internode length dwarf-10 dwfl0 TAS, [AGP
44 internode length dwarf-24 dwi2d TAS, IAGP
45 internode length dwarf-25 dwi25 TAS, [AGP

Answer: There are 5 dwarf genes associated with the trait term internode length.
They are dwarf-1, dwarf-9, dwarf-10, dwarf-24, dwarf-25.

8a. Return to the Ontology search field. Name the two planthopper resistance traits.

Enter “planthopper resistance” in the main Ontology search field. The following
Summary will resuilt.

Summary for planthopper resistance

lterns 1to 2 of 2.

Term Name Synonym Definition

Causal agent: Milparvata lugens (also MNilaparvata lugens). Symptoms: partial to pronounced yellowing and

prown planthopper BPH, BPHRS. |increasing severity of stunting. Extrerne signs are wilting to death of plants. Infested areas in the field may

resistance

be patchy
white-backed \WEPH Causal agent: Sagotella furcifera. Symptorns: partial to pronounced yellowing and increasing severity of
planthopper : stunting. Extrermne signs are wilting and death of plants. Infested areas in the field may be patchy. (similar to
. WEFHRS. ;
esistance the symptoms of whitebacked planthopper)

Answer: The two traits are brown planthopper resistance (TO:0000424) and white-
backed planthopper resistance (TO:0000205).

8b. Report how many genes are associated with each one of these traits.

Select each of the planthopper resistance term accessions, as shown above. The
following summaries will result.
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Summary for TO Term: brown planthopper resistance (TO:0000424)
Term Name brown planthopper resistance
Synonym BPH, BPHRS.
Definition C_ausal agent: Milparvata lugens (also Milaparvata IL_|gens). Symptomns: partial to pronounced yellowing and increasing severity of stunting. Extreme
signs are wilting to death of plants. Infested areas in the field may be patchy
Derivation
o trait ontology (TO:0000387) #7593 &
o [i] stress related trait (TO:0000164) #2711 &
= [i] insect damage resistance (TO:0000261) #7132 &
n [i] brown planthopper resistance (T0:0000424) @
summary for TO Term: white-backed planthopper resistance (T0:0000205)

Term Name  white-backed planthopper resistance
Synonym WEPH, WEPHRS.
Definition Causal agent: Sagotella furcifera. Symptoms: partial to pronounced yellowing and increasing severity of stunting. Extreme signs are wilting and

death of plants. Infested areas in the field may be patchy. (similar to the symptoms of whitebacked planthopper)
Derivation

 trait ontology (TO:0000387) #7589 &
o [i] stress related trait (TO:0000164) #2717 &
n [i] hiotic stress related trait (T0:0000179) #52 &

» [i] insect damage resistance (T0:0000261) #13 &
u [i] white-backed planthopper resistance (T0:0000205) #0
n [i] white-backed planthopper eqy martality (TO:00005

Answer: The trait brown planthopper resistance (TO:0000424) has 13 genes
associated with it and the white-backed has 0.
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Annotation exercises

Exercise-1

Please read the following abstract published on a rice semidwarfing gene and answer the
questions that will help in its annotation.

ABSTRACT: ref: DNA Res. 2002 Feb 28;9(1):11-7.

A rice semidwarfing gene, sd-1, known as the "green revolution gene," was isolated by
positional cloning and revealed to encode gibberellin 20-oxidase, the key enzyme in the
gibberellin biosynthesis pathway. Analysis of 3477 segregants using several PCR-based
marker technologies, including cleaved amplified polymorphic sequence, derived-CAPS,
and single nucleotide polymorphisms revealed 1 ORF in a 6-kb candidate interval. Normal-
type rice cultivars have an identical sequence in this region, consisting of 3 exons (558,
318, and 291 bp) and 2 introns (105 and 1471 bp). Dee-Geo-Woo-Gen-type sd-1 mutants
have a 383-bp deletion from the genome (278-bp deletion from the expressed sequence),
from the middle of exon 1 to upstream of exon 2, including a 105-bp intron, resulting in a
frame-shift that produces a termination codon after the deletion site. The radiation-induced
sd-1 mutant Calrose 76 has a 1-bp substitution in exon 2, causing an amino acid
substitution (Leu [CTC] to Phe [TTC]). Expression analysis suggests the existence of at
least one more locus of gibberellin 20-oxidase which may prevent severe dwarfism from
developing in sd-1 mutants.

Use the highlighted terms to answer the following.
9a. What is the name of the rice gene mentioned in the above abstract?
Answer: semidwarfing gene, green revolution gene

9b. What is the gene symbol suggested by the authors?
Answer: sd-1

9c. What is the name of the enzyme (protein) encoded by this gene?
Answer: gibberellin 20-oxidase

9d. Name the rice germplasms from where the mutant gene was isolated.
Answer: Dee-Geo-Woo-Gen and Calrose 76

9e. Using the Gene Ontology search, suggest the following characteristics of this gene by
providing the GO terms and their respective id’s.

a. Molecular function
b. Biological process
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Answer: a) gibberellin 20-oxidase activity (GO:0045544)
b) gibberellic acid biosynthesis (GO:0009686) and gibberellic acid mediated
signaling (GO:0009740)

9f. Find the Trait Ontology terms and their ids representing the traits observed in the
phenotype.

Answer: plant height (TO:0000207) and gibberellic acid sensitivity (TO:0000166)

See an example at http://www.gramene.org/db/protein/protein _search?acc=Q8S492

Exercise-2

Gene actions of QTLs affecting several agronomic traits resolved in a recombinant
inbred rice population and two testcross populations.

Mei HW, Luo LJ, Ying CS, Wang YP, Yu XQ, Guo LB, Paterson AH, Li ZK.

Theor Appl Genet. 2003 Jun;107(1):89-101. Epub 2003 Apr 30.

PMID: 12721635

To understand the types of gene action controlling seven quantitative traits in rice,
QTL mapping was performed to dissect the main effect (M-QTLs) and digenic
epistatic (E-QTLs) QTLs responsible for the trait performance of 254 recombinant
inbred lines (RILs) of "Lemont/Teqing", and two testcross (TC) F(1) populations
derived from these RILs. The correlation analyses reveal a general pattern, i.e. trait
heritability in the RILs was negatively correlated to trait heterosis in the TC hybrids.
A large number of M-QTLs and E-QTLs affecting seven traits, including heading
date (HD), plant height (PH), flag leaf length (FLL), flag leaf width (FLW), panicle
length (PL), spikelet number per panicle (SN) and spikelet fertility (SF), were
identified and could be classified into two predominant groups, additive QTLs
detected primarily in the RILs, and overdominant QTLs identified exclusively in the
TC populations. There is little overlap between QTLs identified in the RILs and in the
TC populations. This result implied that additive gene action is largely independent
from non-additive gene action in the genetic control of quantitative traits of rice. The
detected E-QTLs collectively explained a much greater portion of the total
phenotypic variation than the M-QTLs, supporting prior findings that epistasis has
played an important role in the genetic control of quantitative traits in rice. The
implications of these results to the development of inbred and hybrid cultivars were

discussed.

Phrase from abstract Trait Ontology term Trait Ontology id
heading date (HD) Days to Heading T0O:0000137
plant height (PH) Plant Height T0:0000207
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flag leaf length (FLL) Leaf length T0:0000135
flag leaf width (FLW) Leaf width T0O:0000370
panicle length (PL) Panicle length T0:0000040
spikelet number per panicle spikelet number T0O:0000456
(SN)
spikelet fertility (SF) spikelet fertility T0O:0000180
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Annotation exercise on Expression libraries

() | ibrary Browser - Netscape

. File Edit View Go Bookmarks Tools Window Help

@ @ @ O | = http: /v, ncbi.nlm. nib. gov/UniGeneflbrowseZ . cgir TAXID=4530&_UTOFF=0

b A= BMalI J%AIM 4 Home Gg Radio [My] Metscape QSearch E3Backmarks EIDES Edsearches F3on

Term: Sporophyte
Id: PO:0009003

N

Term: Leaf
Id: PO:0009025

-~

Term: Inflorescence
Id: PO:0009049

Synonym: PanicIeV\

Term: Sporophyte
Id: PO:0009003

Growth stage:
Term::
Id: GRO:0007047

Term: Shott apical |
meristem
Id: PO:0020148

|m| [ EEI Databases | ] [ Mucleotide | ] Far |
e = oo
lelts Index History ClipBoard Details

dbEST Libraries for Oryza sativa
Show entries with at least |0
Collapse All | Expand All

sequences Eefresh

Tissue
@ 1 Libraries
Lib. 105901 Rice Uni Zap Library 29
0 3 Libraries
Lib. 9652 Drought stress (leaf) 5615
Lib. 1010 Rice cDMNA from immature leaf including apical meristemn 2680
Lib. 9551 Drought stress (root) 200
'@ 3 Libraries
Lib. 459 Rice panicle at flowering stage 5502
Lib. 535 Rice panicle at ripening stage 3056
Lib. 1009 Rice panicle shorter than Scm 2899
w rter than 3cm 1 Libraries
Lib. 14641  rice panicle shorter than 3cm 1
W 1 Libraties
Lib. bl Rice cold stress germination cDMA library 3080
5
= Shootape, 1 Libraries

http://www.ncbi.nim.nih.gov/UniGene/lbrowse2.cgi?TAXID=4530&CUTOFF=0

The Plant Ontology terns for Plant structure (PO) (anatomy) and the growth stages
(GRO) terms are suggested for use in defining the descriptors for expression libraries
or the tissue samples that were used in these experiments.
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@O @O @ Q ‘f—: http:f fuswaa . ncbi. nlm. nib. govjUniGene/lbrowse 2, cgif TAXID=4530&CUTOFF=0
=

. B, =Emai ﬁAIM 4% Home (P Radio [W] Metscape QSearch ESBookmarks £I0BS EJsearches TJont

A|m' [ EEI Databases |V] [ Nucleotide ‘V] far |
Lib. 10221  Oryza sativa Zhong A strain stem 2
+ Unclassified 169 Libraries
Lib. 12105 Oryza sativa library (Han B) 21289
Lib. 8524 Oryza sativa mature leaf library induced by M. grizea 15138
Rice callus 13363
DZJNEb 10471
Endogperm library fram Oryza sativa (10 days after anthesis) 9950
Lib. 12931 OSJINEe 9585
Lib. 14239 OsHDAC1-overexpressing transgenic rice plasmid cONA, library 9392
(HD)
Lib. 12926 OSIEh 9377
Lib. 12930 OSJINEd 8920
Lib. 12825  OSIEa 8914
Lib. 307 Rice green shoot 7986
Lib. 12925 OSJINEc 7898
Lib. 12932 OSJINEf 772
Lib. 1593 Rice shoot 7154
Lib. 1073 Rice Immature Seed Lambda ZAPI cDMA Library 6730
Lib. 14231 Rice etiolated leaf plasmid cOMA library (14ETL) G454
Lib. 16654 Rice flower lambda phage cDMNA library (FLO) 5958
Lib. 14243 AtJMT-overexpressing transgenic rice plasmid cOMA library (IMT) 5740
Lib. 14242 Rice callus plasmid cOMNA library (NACGL) 5655
Lib. 14233 Rice leaf plagmid cDMA library | (30DG5) a624
Lib. 14235  ABF3-overexpressing transgenic rice plasmid cONA library (4BF) 5483
Lib. 12927 OSJINEa 5389
Lib. 101 Rice root 8247
Lib. 12215 IRRI clones 5124
Lib. 14234 Rice leaf plasmid cOMA library |l (FLEAF) 5114
Lib. 12423 IRRI Drought Stress Panicle Library 4581
Lib. 16652 Salt treated rice leaf lambda phage cOMA library (145alt) 3917
Lib. 961 Rice callus cDNA 35607
Lib. 4933 OA 3075
Lib. 8523 Stern library from Oryza sativa (3-5 leaf stage) 2830
Lib. 14244  Regenerated callus lambda phage cDNA library (RCL1) 2531
Lib. 1746 Oryza sativa mature leaf Mipponbare 2323
Lib. 8844 Rice callus (2001) 2260
Lib. 14235 ABF3-overexpressing transgenic rice lambda phage cONA library 2202
(ABF1)
Lib. 14240 OgHDAC!-overexpressing tranggenic rice lambda phage cDNA 2183
library 1 {HOR)
Lib. 14241 AtMT-overexpressing transgenic rice lambda phage cDMA library 2170
D ) 8 6 B |
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Often the description is not
sufficient to infer the information
about the plant structure. For this
try to click the hyperlinked
Lib_number (e.g. Lib. 12928) and
the detail page refers to the tissue
and organ types

http://Iwww.ncbi.nim.nih.gov/UniGene/lbrowse2.cqi?TAXID=4530& CUTOFF=0

& UniGene Library - Netscape
e B ew ( foeais Dok Wndw o

Q) Q 0 Q [ b b e i UG, 7 B o | 2020 | ] ©
o el B e [Raak Bijweecce O serh Doodeets Dot Dhemter Do Oterde Teew it Diguen  capaten
AL ST =) [ =] e [ B

:—j NCBI UniGene

Sagrch UnGene [ Ge || Coar
Limits Frymiowiingar Histoey Clgboard Cotats

Cudtivar
Tissus

Library Description

24 hrs after innocuistion with Rice Blast (Ch

Saquance Submitters
s

a
Wasl 4484, PO, Bow 200088, Tucson, AZ 857210058, USA

Distribution of member sequences in UniGens
28%0 of the 10471 saquances from this Forany have been classified into 3005 UniGens ennas

Transcripts per EST UniGene Entry

on count
N - imilerto NP_181241.1
13140 ® 130 Ozl

SRAO 5

OSJNED (dbEST Library ID.12528) /

Term: Leaf
Id: PO:0009025)
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Listing of Germplasm stocks in ARS-GRIN databases. Can be listed/categorized based
on trait evaluations, with a mapping to the Trait Ontology (TO) terms

&) Descriptor list for, RICE - Netscape

. File Edit Wew Go Bookmarks Tools Window Help
@ @ @ O S http: e, ars-grin. govegi-binnpgsthtmlfdesclist. pl 75
| Q Q |
./ B, EMal Zam 4 Home P Radio [M] Metscape Gl Search | EIBaokmarks FIDBS Esearches E
A|M|' [ EBI Databases |'] [ Nuclectide |vl fiar ‘ /
Category: MORPHOLOGY /
1. Awn Type (AWNTYPE)
Amount and extent of awns.
Code values.

. Bran Color (BRANCOLOR)
Color of geed coat (bran‘pericarp) when fully mature and dry.
Code values.

[

3. Endogperm (ENDOSPERM)
Type of endogperm
Code values.

4. Gram Type (GRAINTYPE)
Grain Type, clazses according to USDA grading standards for brown ri
Code values.

5. Hull Color (HULLCOLOR)

Hull color (Lenuna and Palea) when terminal spilcelets are ripened
Code values. /
6. Hull Cover (HULLCOVER)

Pubescence of lemma or palea
Code values.

=

A 4

7. Kernel Length/Width Ratio (KERNELRAT)
Length/Width ratio for brown (dehulled) rice
Observed values.

8. Length of Kernel (KERNELLEN)
Length of kernel in millimeters for brown (dehulled) rice.

DA orp]

http://www.ars-grin.gov/cqgi-bin/npgs/html/desclist.pl?75

3 Descriptor list for MALZL - Notscape
. Be Bt Wew Go Booearks lesks windew el

L NI = =~
- L el B AIM S rome G2 Rade B Metscane Ol Searth  Bockmarks CI0ES Cleearches S B B o Ll'
- () (R =t 2 e

Category: PHENOLOGY /

1. AES MATURITY (AESMATUR)
FATING BASED COMPARISON TO ENOWN MATERIALS

LEN (DAYSTOPOLL)
TAYE FROM PLANTING TO WHEN 20ts OF OBSERVED PLANTS HAVE SHED POLLEN

A\ 4

E (DAYSTOSILE)
FAYS FROM PLANTING TO WHEN SILES OF 500 OF OBSERVED PLANTS HAVE EMERGED.

http://lwww.ars-grin.gov/cqi-bin/npgs/html/desclist.pl?89

Term: Awn length
Id: TO:0000072

Term: Seed coat color
Id: TO:0000190

Term: endosperm quality

(sensu Poaceae)
Id- TO-nNNN15N0

Term: grain length

Id: TO:0000395

Term: lemma and palea color
Id: TO:0000264

Term: lemma and palea
pubescence
Id: TO:0000417

Term: seed length to width
ratio
Id: TO:0000411

Term: seed length
Id: TO:0000146

Term: days to maturity
Id: TO:0000469)

Term: male flowering
Id: TO:0000365)

Term: female flowering
Id: TO:0000359)
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