Gramene CMap Exercises
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Gramene CMap Module Exercises

Go to http://www.gramene.org and select "CMap" from the navigation bar.  
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1a. What are the types of maps found in CMap?  What are the map units that each map type uses?  Briefly explain each map type. 

Select “Map types” in the secondary navigation bar as shown above. The following Map Type Info page will result. 
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Map Type Info
Items 1 to 5 of 5.

Map Type: Sequence
Accession ID: sequence
Map Units: bp
Is Relational Only: No
Appearance: black Hbearn
Description: The sequence map is a summarized representation of the contiguous, assembled genomic sequence of an organism in a linear map format
Map Type: Physical
Accession ID: physical
Map Units: bands
Is Relational Only: No
Appearance: mediumslateblue dumbbell
The physical map, as used by Chap in Gramene, is the representation of the collection of cloned DNA fragments that make up a genome, ordered with
respect to a reference map (such as genetic map). A genome-sequencing project orders and assembles this collection in its diflerent stages towards
obtaining a full genorme sequence. The collection contains elements such as independent large clones, contigs of clones , and finally, a minimurn ting
path of arge clones that would be selected for sequencing
Different levels of resolution make up diflrent kinds of physical maps, and therefore, diflerent defintions. See this link for other definitions of this term in
a dictionary
Map Type: Deletion
Accession ID: deletion
Map Units: arm fraction
Is Relational Only: No
Appearance: tan box
A deletion-based cytogenetic map of an organism: A series (or collection) of mutant lines containing sub-chromosomal deletions and a reference wild-
type line form a !l genorne deletion panelf. Markers can be mapped onto the genorme using this panel (by Southern hybridization or by PCR) based on
Description: their presence or absence of signal when comparing the banding pattern in the mutants lines with the pattern in the wild type. Linked markers (present
in the same deleted region) have the same absence/presence pattern on the deletion panel
The mapping process is analogous to mapping on panels of Radiation Hybrid lines
Map Type: Genetic
Accession ID: genetic
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Answer: The Map types (and map units) in this version of Gramene are: Sequence (base-pairs), Physical (restriction bands), Deletion (chromosome arm fraction), Genetic (centimorgans), and QTL (centimorgans). 

The Sequence Map is a summarized representation of the contiguous, assembled genomic sequence of an organism in a linear map format.

The Physical map, as used by CMap in Gramene, is the representation of the collection of cloned DNA fragments that make up a genome, ordered with respect to a reference map (such as genetic map). A genome-sequencing project orders and assembles this collection in its different stages towards obtaining a full genome sequence. 

The Deletion-based cytogenetic map of an organism is a type of low-resolution physical map.  It is constructed using a “genome deletion panel” which consists of a series (or collection) of mutant lines containing sub-chromosomal deletions and a reference wild-type line . Markers can be mapped onto the genome using this panel (by Southern hybridization or by PCR) based on the presence or absence of signal when comparing the banding pattern in the mutants lines with the pattern in the wild type. Linked markers (present in the same deleted region) share the same banding pattern ( presence or absence) \on the deletion panel.

The Genetic map is a representation of a meiotic-recombination map based on analysis of marker segregation in a population of offspring derived from a biparental cross.  Marker polymorphism between the parents is required to monitor recombination among loci along a chromosome .  

The QTL map is a type of genetic map which indicates the approximate location of a quantitative trait locus (QTL) within an interval delineated by two or more markers on a genetic map.

1b. What is a relational map in CMap? 

Go to the “Help” section of CMap and select “Map Types.”
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Answer: Relational maps can only be viewed in relation to some reference map (They have no backbone on their own so they need the coordinate system of the reference map to indicate location.).

2a). Go to the “Maps” section in CMap’s main navigation bar.  In the Map Viewer that results, select rice as the species and Rice-Morph 2000 as the Ref. Set.  How many linkage groups are included in this map set? 
The number of linkage groups that a particular map contains is available from the drop-menu of “Ref. Map” in the Map Viewer.
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Answer: There are currently 13 linkage groups in the rice morphological map.  Linkage group 8 is broken into “a” and “b” portions. 

2b) Select linkage group 1 from the Map Viewer displayed above.  What is an interpolated phenotype? 

The following map will result when linkage group 1 is selected.  
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Select “interpolated phenotype” from the Feature Types at the bottom of the map.  

The following Feature Type Info page will result.  
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Answer: An Interpolated phenotype is a phenotypic marker that has been positioned in a separate mapping study and placed on the displayed map relative to other (molecular) markers.

2c) Return to the Map.  In both the “Show Labels” field and the “Include Feature Types” field, select all.  Enter “d10” in the “Highlight” field.  Click on the feature “d10” in the map.  On the resulting page, click on “View Phenotype Details.”  Explain what d10 stands for and how it affects the phenotype of the rice plant.  

Select to show all labels and features on the map, as shown below.  Highlight “d10,”as shown below.  
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The following Feature Detail page will result after clicking on the feature “d10” in the map.  Select “View Phenotype Details.”
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The following Mutant Summary Page for “d10” will result.
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Answer: “d10” is synonymous for the mutant phenotype “dwarf-9”, which makes the rice plant shorter, with small panicles. It also affects other traits from the stems, shoots and inflorescences.  

2d) Cite the oldest reference for the phenotype “d10” (This probably gives an idea of how long the trait has been studied).

On the same Mutant summary Page, references are provided. 
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Answer: The oldest reference listed in Gramene is from 1943, by Morinaga and Fukushima.

3. What are the different species that CMap in Gramene deals with?

Return to the CMap navigation bar.  Select “Species.”  The following Species Info page will result.  
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Answer: Gramene-CMap currently deals with maps from Rice, Barley, Rye, American wild rice (Zizania), wheat, oat, maize and sorghum.

4) Return to CMap’s “Maps” page and select rice as the Ref. Species.  Select “Rice–JRGP RFLP 2000” as the Ref. Set.  Select linkage group 1 as the Ref. Map.  This is a dense map populated with many molecular marker features (of RFLP type).  Can you explain any advantages in using this map over the previously viewed morphological map in genetic studies?  When would the less dense morphological map be useful?

In the “Maps” section, select rice as the Ref. Species, Rice-JRGP RFLP 2000 as the Ref. Set and linkage group 1 as the Ref. Map, as shown below.  
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The following map will result.  
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Answer: Pure morphological genetic maps have fewer markers than most modern molecular maps because the phenotypic makers (traits) these maps are based on are harder to obtain. Dense genetic maps such as the JRGP 2000 RFLP map have a finer resolution and better coverage of the genome with molecular markers, which are abundant.  Other markers (of any kind) and traits can be added, or interpolated into the map. Traits that are difficult to measure and that have been added to the map can be evaluated indirectly by its linked (neighbor) molecular markers. The morphological maps are still valuable for the traits they contain that have not been interpolated nor added to any molecular map.

5a) Possibly the best feature in CMap is the ability to compare and display two or more independent maps at once. This is most useful between related species that have maps sharing many marker features (correspondences).  Start by drawing Map “C” from the “Sorghum – Paterson 2003” map set as a reference.  

Return to the “Maps” section.  Select sorghum as the Ref. Species, “Sorghum-Paterson 2003 as the Ref. Set and map C as the Ref. Map, as shown below.  
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The following Map Viewer will result.  
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5b) Which rice and maize genetic maps are the best to compare to the sorghum reference map, based on the highest number of correspondences

Scroll through the genetic rice maps in the Comp. Map (Right) field, searching for the highest number of correspondences displayed in the brackets, as shown above.  Scroll through the genetic maize maps in the Comp. Map (Left) field, searching for the highest number of correspondences displayed in the brackets, as shown above. 

Answer: The best rice map to compare to Sorghum-Paterson 2003 “C” is the “Cornell - RFLP 2001” with 23 correspondences and the best maize map is the “Maize – IBM2 Neighbors 2003” with 78 correspondences.  

5c) Which linkage groups from those rice and maize maps are the most conserved with sorghum “C”?  

In the same manner as above, scroll through the linkage groups from the “Cornell - RFLP 2001” map and the “Maize – IBM2 Neighbors 2003” map, searching for the highest number of correspondences displayed in the brackets.   

Answer: linkage group 3 from rice has the highest number of correspondences (11) and linkage group 1 from maize has the highest number of correspondences (30).  

5d) Now click on the “Show Map” button to view those corresponding rice and maize linkage groups added to the right and left of the sorghum reference map.  If you need to flip one or more maps in order to get a better picture with fewer crossings between the lines joining the maps, click on the “F” in the menu at the top of the map.  Notice the number of lines connecting the resulting comparative maps is the same number of correspondences displayed in the above mentioned brackets.  

The gray lines in the resulting comparative maps demonstrate the number of correspondences, as shown below.  
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5e) To concentrate on a smaller region in the comparative maps, enter “70” as your starting coordinate and “115” as your ending coordinate.  What changes take place to the number of features in the region that you zoomed to?

Enter “70” in the “Start” field and “115” in the “End” field.  Click on “Show Map.”  The following maps will result.  
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Answer: Zooming into a region allows CMap to better display a large number of markers that would normally not fit in the full view.

6a. The Matrix, found in CMap's navigation bar, is a quicker way of comparing one reference map set to several others and finding which other map sets have correspondences (sometimes called anchor markers) to the reference. This is particularly useful when comparing across different species.  Begin by comparing wheat to rice genetic maps, starting with wheat as the reference.

Select “Matrix” from the CMap navigation bar, as shown below.  Restrict the reference sets by “Genetic” and select “wheat,” as shown below.  
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The following Matrix will result.  
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6b) Define the best genetic map-set pair to compare between these two species based on the largest number of correspondences. 

Examine the number of correspondences in the above matrix.  

Answer: Based on the largest number of correspondences in the matrix, the best map sets to compare between rice and wheat are the “Rice – Cornell RFLP 2001” and the “Wheat – Cornell Synthetic/Opata 1995”.

6c) Click on the matrix cell that corresponds to the best pair of map sets to compare.  Which linkage groups from wheat (from the A, B and D wheat genomes) are the most similar to rice linkage group 5?

Selecting the match described above will provide you with the following Matrix page.  
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Answer: Wheat linkage groups 1A, 1B and 1D are the most similar to rice linkage group 5.

7a) Rice breeders are constantly looking for natural genetic resistance to a very wide spread disease caused by the fungus Magnaporthe grisea (the disease is also called “blast” or “pyricularia” in many areas of the world).  Several rice genes conferring resistance to this infection have been discovered through the years and an interesting one is Pi-ta (or “Pita”).  Search for the term “pi*” in the Search field of CMap.  To limit the results, limit the species to rice and restrict the features to the following two items (select them with the control/command keyboard button): “Phenotype”, and “Interpolated phenotype”.

Enter “pi*” in Feature names, restrict the species to rice and restrict the feature types to phenotype and interpolated phenotype, as shown below.  
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Several features are found when searching for “pi*”.  Find the “pita” Feature Name in the resulting tables (you may have to select “next page” to find it).
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7b) Select “View on Map” to view the map that contains this feature.  To which rice linkage group is the “Pita” phenotype mapped to? 

Select “View on Map,” as shown above.  The following Reference Map will result.  
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Answer: It is mapped to linkage group 12, as labeled in the Map Menu.  

7c) Click on “N” in the Map Menu to display a new view of this map (this is necessary in order to be able to add comparative maps).  Add the rice JRGP RFLP 2000 map linkage group 12 to the right of the reference morphological map.  Other “Pi” genes have been mapped to this added map.  To make it easier, type "Pita", "Pi6" and "Pi20" in the highlight box to see the gene locations in the maps. Are these selected genes located nearby?

After clicking on “N”, adding the other map and highlighting the extra features, the following comparative maps will result.  
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Answer: The displayed Pi genes are indeed mapped to nearby locations.

7d) Click on “N” in the Map Menu of the JRGP RFLP map to make this the reference map. Then limit this reference molecular map to coordinates 40-60 cM, and add the “Rice - Gramene TIGR Assembly 2003” chromosome 12 to the right.  The new view allows you to move from the genetic map into the genome through the sequence map. Pi6 and Pi20 should still be highlighted, as shown below.  
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7e) What do the light blue diamonds (or dumbbells) represent in the sequence map? 

Select any of the blue diamonds that you believe to be in the zone that might contain the pyricularia resistance genes. 

Answer: The light blue dumbbells (which look like diamonds at this resolution) represent large-insert “BAC” clones (Bacterial Artificial Clones). Each contains a large piece of genomic DNA (in the Kilobases range). 

8a) Repeat steps 6a and 6b, but compare rice to maize instead.  Which are the best rice and maize map sets to compare? 

Restrict the reference sets by “Genetic” and the species by “rice” in the Matrix.  The following will result.  
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Answer: The best map sets to compare between rice and maize are the “Rice – Cornell RFLP 2001” and the “Maize – Cornell Wilson 1999,” based on the highest number of correspondences.

8b) Select the matrix cell corresponding to the best map set pair you defined in the previous question.  How many correspondences are there between the displayed rice linkage group 5 and the maize linkage group 6? 

Selecting the match described above will provide you with the following Matrix page.  
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Answer: There are 14 correspondences between “Cornell RFLP 2001” linkage group 5 and the “Maize – Cornell Wilson 1999” linkage group 6:

8c) Which two maize linkage groups correspond best to rice linkage group 1? 

See the above figure.

Answer: Maize 3 and 8 correspond best to rice 1

8d) Click on the matrix cell containing the highest number of correspondences between maize linkage groups and rice 1 (It is Maize 8, with 16 correspondences). Rice 1 should appear as the reference map situated to the left of the graph.  Add the maize linkage group with the second highest number of correspondences (this time it is Maize 3) to both the left of Rice 1 and also to the right of the already displayed maize linkage group.

Select linkage group 3 from the Maize-Cornell Wilson 1999 map in the “Comp. Map (Right)” field and in the “Comp. Map (Left)” field, as shown below.  
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The following Map Viewer will result.  
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8e) The above figure’s region was narrowed by entering “80” in the “Start” field and “112” in the “End” field, as shown in the first figure from 7d.  The marker “BCD828” was entered in the “Highlight” field as shown in the first figure from 7d.  Can you trace BCD828 from the left all the way to the right through all 4 maps?  Why do you think maize has two linkage groups corresponding to a single rice linkage group? Does it seem like duplication events occurred in maize’s genome relative to rice?  

Examine the figure of the four maps shown above.  

Answer: BCD828 can be traced from maize 3 to rice 1 and then again to maize 8.  Yes, there were duplications in the maize genome relative to rice.

8f) Repeat the exercise of comparing maize to rice, but use the rice sequence map this time, which has a much higher resolution than the genetic maps.  Which maize genetic map has the highest number of correspondences to the rice sequence map?

Go to the Matrix start page.  Restrict the reference set by “Sequence” and the species by “rice”.  The following table will result (the figure is being displayed partially to allow it to fit here).
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Answer: The “Maize IBM2 Neighbors 2003” has the highest number of correspondences to the sequence map “Rice Gramene TIGR Assembly 2003”. 

8g) Select the matrix cell corresponding to those two maps.  Which two maize linkage groups correspond best to the sequence from rice chromosome 1?

The following Matrix will result after selecting the cell that corresponds to the maps from 8f.  
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Answer: As in the comparison between rice and maize genetic maps (see question 8c), Maize 3 and 8 correspond best to Rice 1.  However, in this comparison, the number of correspondences is much higher (124 and 114), due to the resolution of the sequence of the rice genome.

8h) Select the Matrix cell that corresponds to Maize 8 and rice 1 in the previous matrix.  To the left of rice 1, add “Maize IBM2 Neighbors 2003” linkage group 3.  

Select the Matrix cell that corresponds to Maize 8 and Rice 1.  The following Map Viewer will result.  
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Add the “Maize IBM2 Neighbors 2003” linkage group 3 by selecting it in the “Comp. Map (Left)” field, as shown above.  Select the “Show Map” button (You may have to flip one or more maps to get an optimal view).  The following Map Viewer will result.  
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For a detailed view, zoom into a region of the reference map (Rice TIGR assembly chromosome 1).  The sequence map uses base pairs (bp) as map units. Request that CMap draws the same comparative map, but only the region between 0 and 5 Megabases (0-5,000,000 bp).  Also, highlight a marker that is present in all three maps, such as “rz543”.  The following map will appear.  
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8i) From a previous exercise, we know that the blue dumbbells on the sequence map represent BAC clones.  Select the BAC clone that contains the marker “rz543” in the sequence map.  What is the name of that BAC (feature name)?  What other names/aliases does it have?  What are the coordinates of this feature in base pair units?

Selecting the “rz543” BAC will produce the following Feature Detail page.  
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Answer: The BAC has the names “AP003233” and “P0037C04”.  It maps to the current genome assembly of rice chromosome 1 between 1,299,752bp and 1,437,630bp.

8j) From the Feature Detail page, select the Cross-reference “Gramene”.  This new view takes us to another module of Gramene, the “Ensembl Genome Browser”, and displays the same coordinates of the chromosome (see figure below).  The Genome Browser is the most detailed view of the genome with the genome sequence as its base map.  For more explanations of this module please read the Genome Browser tutorial and exercises.
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