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General Information
Accession

Gene Symbol

Gene Name

Gene Synonym(s)

Species
Chromosome No.
Gene Type

Has Phenotype

Descii

GRO1010

w

glutinous endospern

UDP-glycogen synthase, GBSS, Granule-bound starch syrthase, Waxy, chloroplast precursor, glycogen [starch] syrthase, Granule-bound
dlycogen synthase, UDPG-glycogen transglucosylase, uridine diphosphoglucose-glycogen glucosyhransferase, glycogen [starch] synthetase,
waxy, Granule-bound glycogen [starch] synthase, UDPG-glycogen synthetase

Rice

6

CDS (Protein coding)

yes

The Waxy (W) gene encodes a granule-bound starch synthase (GBSS) that plays a key role in the amylose synthesis of ice. It is expressed in
the seed endosperm and pollen grains, that carry starch grains. At sub-cellular level the protein is localized in the amyloplasts. This gene
undergoes ahemative splicing of its transcripts suggesting that the amylose content of rice endosperm is regulated at the level of W transcript
processing, and more specifically, at the stage of intron | excision from the W pre-mRNA, The altemnative splicing is afected by the change in
ternperature. It is a single copy gene i rice. The phenotype shows white and non-translucent endosperm which tums brown to the iodine staining

[protei

[Gramene Protein: P19395, 042968, 043012, 0BGZDB, Q94LY7, Q957U4, 09SBO3, QSXHNS

Nucleotide (DNA)

GenBank Nucleotide: AFO031162, AF141954, AF141955
Rice Ensembl Gene: LOC_Os06g04200

Map Set Name [ Linkage Group [ Start Position [ Stop Position
Comell BS125/2/B5125/WL02 RFL [ 3 [ B.70 cM [ B.70 cM
JRGP Nipponbare/Kasalath RFLP [ 3 [ 820 cM [ 820 cM
Hokkaido Morphological 2000 [ 3 [ 2200 cM [ 2200 cM
Comell BS125/2/B5125/WL02 RFL [ 3 [ 150 cM [ 150 cM
IGCN ZhaiYeQing 8/Jingi 17 19 [ 3 [ 570 cM [ 570 cM
IGCN Oryza sativa/Oryza eichin [ 3 [ 000 cM [ 000 cM

lglutinous endosperm (TO:0000098)

Plant Structure

lendosperm (P0:0003089)

(Cellular Component

amyloplast (GO'0009501), amyloplast starch grain (GO-0009568), plastid (G0:000536)

Molecular Function

lalycogen (starch) synthase actiity (GO-0004373)

Biological Process

|starch metabolisr (GO-0005982)

Reference




Conduct a trait search for milling yield.

(At Gramene, the QTL database is searchable by trait. On the Gramene home page point your mouse to ‘Search’ on the menu. Click on ‘QTL’ in the dropdown box.  Type “milling yield” in the quick search box and click submit).
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You will find out that there are no results for this trait.
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The QTL search for “milling yield” came up empty, therefore you have two options: Search the whole database for information on it (#2), or go to “Ontologies” to find a better term (#3). 
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Search all of Gramene for “milling yield”.
(Use the box at the top of the page for a search of the whole database. Type “milling yield” in the ‘find anything’ search box at the top right, and click ‘search’.)
Results have turned up in the literature and other publications. Since “milling yield” is in the title of the first literature database result, it looks like a good match.  

a. Select that article on milling yield and get data on published results. (Click on ‘More info’) 
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You should look to see what ‘associations’ there are in the database with this article. There are 3 QTL associated with this article. 
b. Select the QTL for more information on them (click on ‘QTLs (3)’ )..
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Reference ID 7778
Title Molecular mapping of GTLs for rice milling yield traits

Source Acta-Genetica-Sinica , 2002, 29, pp. 791797

Authors Mei-H, Luo-L, Guo-L, Wang-Y, YuX, Ying-C, LiZ

Abstract QTLs of three rmilling yield traits, including brown rice (R, %), milled rice (MR, %) and head milled rice (HR, %) were

mapped using a set of 212 Lemont/Teging Rl population, an RFLP linkage map with 162 markers and a mixed model
approach (QTLMapper V1.0). The population showed continuous distributions with transgressive segregation on both sides
for al traits while HR had a wider variation than BR and MR. One and four main effect QTLs were detected for MR and HR
Two QTLs for HR (QHB and QHY7) had large additive effects. Twelve five and sixteen pairs of digenic epistatic loci were
associated with BR, MR and HR respectively. Epistasis was more important than main eflect QTLs according to the
mapping result. A complex relationship was observed for epistatic pairs mapped in same trait or among different traits by
sharing intervals

Cross-reference  Not available

Associated Data OTLs (3)

Please note:
To request reprints, please contact the authors or the sourcefjoumal website. Due to copyright issues Gramene does not distribute reprints





	This will bring up a table that lists those three QTL, and following those links will provide more information.


	c. Select the first QTL to get more information. (Click on ‘AQL001’.)
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	You will be able to select the link to learn the trait name (milled rice ratio) and to view this QTL on a map. Note that there are synonyms. The trait is called “Milled Rice Ratio”. 
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QTL Accession ID /AQLO01

Species Rice (GR_tax.013681)

Published Symbol QMr12

Trait Symbol MR

Trait Name milled rice ratio

T

rait Ontology Accession: TO:0000144.

Trait Synonym(s)milled rice
rmilled rice percentage

Trait Category Quality

Linkage Group 12

Map Position Rice-TAMU Lem/Teq RI GTL 1995-12 (15.00-15.00 ch) [ View On Map |

Comments Trait was related with grain quality.

DBXRefs Gramene Literature 7776






	The second option to your lack of QTL search for “milling yield” is to determine if you need another ‘keyword’. Perhaps others used different vocabulary (ontologies) to describe the trait. You should … 
3) Conduct a search for “milling yield” in the ontologies database in order to look for other terms to consider. 
On the Gramene navigation bar point your mouse to ‘Search’ on the menu, then click on ‘Ontologies’ in the dropdown box.  Type “milling yield” in the quick search box and select ‘Trait Ontology’ to narrow your search. Click ‘Search’.)
a. Try a different term. Conduct a search for “milling ” in the ontologies database.
b. Try a different term. Conduct a search for “mill ” in the ontologies database.
Searches for “milling yield” and “milling” come up negative, but shortening our search term to simply “mill” gives us 14 results.  (milled, millimeters, millet, etc), but only one – milled rice, synonym milled rice ratio – seems to be a match for milling yield.
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	c. Select the Trait Accession for ‘milled rice ratio.’ (Click on “TO:0000144”)
Ontologies show relationships between terms, and this reflects that milled rice (ratio) is an example of seed quality, which is an example of a quality trait. There are 8 QTL that are associated with this trait, which we will come back to in a minute.

First, however, you should know that sometimes it can be helpful to explore related terms so that we can consider other terms to search for. 
d. Select the parent term of milled rice. (Click on “seed quality (TO:0000162).”) 
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More terms are revealed that are also associated with seed quality. Many of these will also affect milling yield, so in further research you may wish to explore some of these other options. 

4) For now, go back to “milled rice (TO:0000144)”  and select the link to the 8 associated QTL. (Use the Browser “back” button, or simply click on ‘milled rice’) click on ‘8 oryza sative QTL.’) 
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You will receive a table with information about these 8 QTL. 

	5) Learn how these QTL were identified. (Click on ‘IAGP’ in the “Evidence” column.)
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The evidence for these QTL being associated with milled rice ratio is strong, based on experiments showing an association between the QTL and the phenotype (see below) (as opposed to another form of evidence, such as a non-traceable author statement.)

[image: image11.png]IAGP “inferred by association of genotype from phenotype

« Polymorphisrn or segregation of genetic markers eg. isozymes, RFLP (Random Fragment Length Polymorphisrm), RAPD (Randorn
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	6) For this exercise, select AQFU049. (In most cases you may wish to review all 8 of these QTL to learn what data is known about them.)
Once again you can see that this is a rice QTL for milled rice ratio. You can also learn that it is on chromosome 11. If you would like more reference information for this QTL you should select the literature reference link, since it is different than the previous article we reviewed. 


	a. View the map for “AQFU049” (Click on “View on Map”) 
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Published Symbol NA
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Notice that the QTL is highlighted as “MR”, and is located near Marker RM144. You may also find it interesting to learn that it is also co-located with the QTL AMYCN, which is a QTL for amylose content.
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Clicking on any of the features on the map will link you to the detail page for that feature. 
7) View “RM144” marker detail information. (Click on ‘RM144’) 
We can see that this marker has been mapped to several different maps and map types.  However, you are still in the maps module (look at the module heading to know which module you are in) and you want to get to the markers module. 
a. Go to the markers module detail page. (Select the first “View Oryza sativa SSR marker “RM144” in Marker DB” to view the marker in the markers module.)
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	You are now in the Markers Database. (look at the module heading)
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	8) Notice the following:

a. Forward and Reverse Primers – these are the primary defining characteristics of the SSR markers that make it unique. You need to know this if you want to synthesize the primer for yourself.
b. Anneal Temperature – need to know this to program the PCR
c. Expected PCR Product size – approximate size of the band that you should expect to see
d. Genome Positions – click to see marker displayed in the genome browser.
e. Images – May or may not be available. The images gives a better idea of the range of band sizes on representative germplasm. If you don’t see a band in the expected size you may need to adjust your PCR conditions.
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	9) Return to the Cmap view in #6 (click the browser’s  ‘Back’ button two times.)
10)  Compare this map to a genetic map  and a sequence map to see what other features may be in the same region. 
· Genetic maps will give a general order to surrounding features, but do not offer the exact sequence and distance. 
· **Underneath the map select “Show additional options menu” and check “yes” for “Collapse overlapping features”. This will speed up your results time**
· Underneath the map click on ‘Show Reference Menu.’ We will put the genetic map on the left, and the sequence map on the right. 
· Under the left heading select the ‘Select Map Set’ menu to open a list of maps with comparisons. Click on “Genetic: Rice – Cornell SSR 2001 [7]” (7 comparisons are on chromosome 11). If there were more than one chromosome with correlations you would need to select the ones you wanted to compare. 
· Under the right heading select the ‘Select Map Set’ menu to open a list of maps with comparisons. Click on “Sequence: Rice – Gramene Annot Seq 2006 [8]”.

· Click on ‘Redraw Map.
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	You will see that the marker that is associated with your QTL is also located near several other markers and some interpolated genes. Once again, following those links will provide more information that may or may not be useful or interesting to you.

11) Use the CMAP tools to alter the view.
a. Crop the maps to magnify the view (Click on the arrows for cropping.)

b. Use “options” and “additional options” menus. (Located below the map image. Click on ‘Show Options Menu” and “Show Additional Options Menu”)

[image: image21.png](EFE

LSU Caiapost. glaberion TRGC103544 O S6R T 2008

|60]

=
$-
—.
SoMD —— L
s
w40
PN
L.
Rn29 —— ¥ 5 §cmnnzo LOC_05 11347444
el B

-, e it:

=
.

i

,Eiiz:;;;z







	
[image: image22.png]Blhide Options Menu _Rediaw Map | _Feset
Highiignt Fatures: "ADFUOAS

Feature Types:

Festre fanore B e )Nwm Display]

[fertomee [© [0 [®

[rrpotated oenel[ O o [©

[raser [0 [0 [®

[ [0 [0 [®

[petaut [0 [0 [o

[ [ Crecean || cheskan | ||_creckan

Includs Correspondence Types

[— famore e [l Than foreter Than

e S ORI (N SRR
Jrein © o o o

e © o o o

[ [owsa | owa]

Agaregate Corespandences: @ to O 1 Line O2 Lines O cluster
Number of Clusters (i clusteringx @2 O3 Oa

Total Magnifioaton: | Orginal Magnication v
Fiedian Map_| _Rieset_[(Hide Gptions Menu)

ElHide Additions! Options Menu _Redhaw Map | _Reset

mage sizs Oty @smat Owesm  Oae
Font izs ©smat Owesum  Olae
mage Type ©@emo Oweo  Oor Osvor
ShowLavel= Otone Oantmate O
PO —
Fostwes Ow  Ove
Draw aps bing
Same S Ow  Ove
Conspondense Ines 0505 @ psrs Oy
Stakthe Retrance Maps On Ove
Clasn Vs naaston ST © e Oy
Cidatle nzos Ooetmut O omt restues O ot autons
View et Corsspontenss ©ye Oyr
Agegate dence bpessepasely @y Oyer
Manu Grder of Comparatve Maps: @ pragained O amberof
onser Comespondences
lonore Imge ap Ow  Ove

Sanity Chede
(Hide Additionsl Ontions Menu]





	12) View RM144 in the Rice Genome Browser (Click on the ‘RM144’ on the map to open the maps feature page.  Under ‘Cross-References’ select ‘[View “RM144” in Genome Browser]’.This will open a page with where you need to click on the location. Select “Location 28158704 - 28158928 bps”.
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(You May use “Export the data” to get this information in text format, but selecting the location bps (base pairs) will show you the same information in a diagram, which can aid in understanding the data.) It may take a few moments for the results to load in your browser, but the first thing you will notice is that this marker is located at one end of chromosome 11.

The “overview” diagram identifies other features mapped to this area, including synteny with other species. This view is magnified from the chromosome view, so along the blue DNA (clone) track there is a box indicating the selected area on the chromosome view.
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	The detailed view is once again magnified from the overview, and zooms in to cover only the area in the selected section of the chromosome. It can be customized to provide information of interest to you by changing the magnification, genomic area, features and decorations through the menus at the top of the display box.
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	Finally, at the bottom of this page you will find the Basepair View. This diagram shows the sequence and the possible codon sequences for this section. 
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	13) You may wish to examine the alleles in your germplasm, and begin by viewing RM144 in the Diversity database. (Go to Diversity, search for RM144 in markers)
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Your results will look like:
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Select the “Allele Data” to view all the data for RM144.


[image: image29]
Comparing the alleles of each parent can help determine which allele is in your germplasm. In this example, look at Lemont and Teqing germplasms. All the known markers will be listed, along with their genotype.

14) Biochemical Pathways – An example for biochemists:

Go to the Genes database, and search for Wx. Locate the gene ID. Copy and paste this ID (LOC_) into the search box for Pathways. 
[image: image30]
There are two ways to begin a search on Pathways. Either click on the large red button at the top of the page, or select your species on the right hand side of the page.:
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In this exercise you have simply begun to learn what Gramene can do. For more complete details on all the features available from each module, review the module tutorials available on the web.

Use the feedback button at the top of every page to submit private questions to the Gramene team. The appropriate person will get back to you. For public discussion, join the Gramene listserve.

Thank you!

Workshop Contacts:

Gramene : gramene@gramene.org
Claire Hebbard: cer17@cornell.edu
Or use the Feedback button at the top of every page on the Gramene website www.gramene.org


Features! Those above your sequence are on the forward strand, ones below are on the reverse strand
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Red boxes indicate the part of genome being viewed in the next image.
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Select the “Starch Biosynthesis” link as one example of where this gene is involved in  a biochemical pathway.
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