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Chapter 3

Mapping Sequence to Rice FPC 

Carol Soderlund, Fred Engler, James Hatfield, Steven Blundy, Mingsheng Chen, Yeisoo Yu and Rod Wing

3.1 Introduction

In the late 1990’s, there were discussions on whether to build physical maps to select clones for sequencing [Green, 1997] or to use a whole genome shotgun strategy [Weber and Myers, 1997]. A draft sequence of the human genome was published by the International Sequencing Consortium [2001] which was based on the human FPC (FingerPrinted Contig) map by the International Mapping Consortium [2001], and a draft sequence was published by Celera which was based on the whole genome shotgun strategy and included the draft sequence from the public consortium [Venter et al., 2001]. The current general attitude is that the best approach is a combination of the two. Regardless as to whether a map is essential for sequencing, it provides a mechanism for tying together information gathered over the years, i.e. genetic, physical and sequence information. It provides a tremendous amount of locational and comparative information without having to sequence. Many large genomes will not be sequenced anytime soon as the cost is still prohibitive, yet the cost of mapping is acceptable. Currently, the price of sequencing a genome is about 3 cents per base, so approximately $4500 for a 150 kb clone, whereas fingerprinting a BAC clone is approximately $5. If an organism has a physical map with landmarks such as genetic markers and ESTs, sequencing can be restricted to the interesting regions. As sequences become available, they can be consolidated and organized along the map, as will be described in this paper. 

Over a decade ago, the first contigs built by restriction fragment fingerprints were published. Coulson et al. [1986] used the end-labelled double digest method with cosmid clones for mapping the 100 Mb C.elegans genome. Olson et al. [1986] used the complete digest method with lambda clones for mapping the 40 Mb yeast genome.  Both genomes were subsequently sequenced based on the map. In both cases, the building of the map was largely interactive for the following reasons: First, there were many gaps as the clones were relatively small; i.e. lambda clones are about 15 kb and cosmid clones are about 40 kb. Second, there was a large amount of error and uncertainty in the data that makes automatic assembly difficult. Last, the problem is NP-hard and not near enough resources went into finding a computational solution. There were other attempts in the early 1990’s to use this approach, but they also suffered from these problems. Obviously, this would not scale up to the 3000 Mb human genome. Hence, the method was thought to be unusable. 

Alternative methods were suggested, such as sequencing the ends of large insert clones (referred to as STC for Sequence Tagged Connector, or BES for BAC End Sequence).  When a new clone is sequenced, the sequence can be compared against the STCs to find the next clone to sequence [Venter et al., 1996]. A whole genome shotgun strategy was suggested, where forward and reverse reads are taken from 2 kb and 10 kb clones, and the sequence contigs are ordered based on information from the orientation and distance between reads and from STC sequences [Weber and Myers, 1997; Myers et al., 2000].

Meanwhile, the Sanger Centre was still building fingerprinted contigs using the double digest method [Bentley et al., 2001] and the FPC (FingerPrinted Contigs) program was developed for this effort [Soderlund et al., 1997; Soderlund et al., 2000]. FPC has the combination of automation and interactive graphics. It tolerates varying amount of data where the better the data -- the better the map, it flags potential incorrect contigs, and it can assemble large numbers of clones. BACs were used for fingerprinting so there are fewer gaps as the length of a BAC is approximately 150 kb. Marra et al. [1999] undertook to fingerprint the whole Arabodopsis genome using the complete digest method using techniques that produced a large reduction in error and uncertainty in the data. Since then, chromosome 2 and 3 (80% of the genome) of Drosophalia [Hoskins et al., 2000] has been mapped, a whole genome human map [The International Mapping Consortium, 2001] and a whole genome rice map [Wing et al., 2001] have been built; in all cases FPC was used. Mouse, zebrafish, and maize are now being mapped, along with many other genomes. In summary, the combination of longer clones, less error and uncertainty, and robust software has rejuvenated this method.

The advantages of having a map for the plant community is tremendous as many of the plant genomes have a much higher complexity than the human genome. Their genomes tend to be larger, more repetitive, and they can have multiple distant genomes within the nucleus. For example, maize has a haploid genome size of 2500 Mb and 60-80% of the maize genome is composed of highly repetitive retrotransposons [San Miguel et al., 1996]. Barley is a diploid and has a genome size of 5000 Mb. Nearly 90% of the barley genome is composed of repetitive DNA and only one type of retrotransposon (BARE-1) constitute 2.8% of the barley genome [Vicient et al., 1999]. Wheat is an allohexaploid with genome constitution AABBDD and has a genome size of 16000 Mb. It was formed through hybridisation of AA with a B genome diploid, and the subsequent hybridisation with a D genome diploid [Devos and Gale, 1997]. Table 1 shows a sample set of genomes, sizes, percent repetitive and polyploid. Even if there were the funds to sequence these genomes, it would be difficult with a whole genome shotgun approach exclusively, i.e. without an underlying map.

Arabidopsis has been physically mapped [Marra et al., 1999] and sequenced [The Arabidopsis Genome Initiative, 2000].   At CUGI  (Clemson 

	Genome
	Size(Mb)
	Repetitive
	Description

	Arabidopsis
	125
	14
	Diploid

	Rice
	380
	76
	Diploid

	Maize
	2500
	83
	ancient tetraploid

	Barley
	5000
	88
	Diploid

	Wheat
	16000
	88
	Hexaploid


     Table 1. Attributes of a few plant genomes.

University Genome Institute), we have built a physical map of  rice  [Chen et al., 2002] to aid the sequencing of rice in collaboration with the International Rice Genome Sequencing Project (IRGSP). The sequence from these model genomes will be used in comparative analysis with other plant genomes that are not being sequenced. Regardless as to whether a plant genome will be totally sequenced, partially sequenced, or only have small pieces of sequence information available such as ESTs, the ability to map the sequence to the physical map is valuable. To aid this mapping, STCs are often generated for the clones in a fingerprinted map as this can provide a fairly even distribution of small pieces of sequence over the map. The STCs are used to map clone sequence [Hoskins et al., 2000] and marker sequence [Yuan et al., 2001] to the physical map.

Existing sequence can be used to anchor contigs, close gaps and verify contigs. Any BAC genomic sequence can be mapped back to the FPC map in one of three ways: (1) FSD (FPC Simulated Digest) will digest a sequence and convert it to migration rates such that it can be incorporated into the map as a fingerprint. (2) BSS (BLAST Some Sequence) blasts a clone sequence against the STC database and the sequence can be added as an electronic marker attached to all the clones to which it had a high hit with the STC. (3) BSS blasts a marker sequence against the STC or clone sequence database and the marker can be added as an electronic marker attached to all the clones to which it has a high score. All of these new features are being used extensively to complete our rice physical map. We display our contigs on the Web using a java program called WebFPC. A brief overview of FPC will be given, then a description of each of these features and results from our rice project.

3.2 Overview of FPC

For a detailed description of the algorithm, see [Soderlund et al., 1997]. For simulation results, see [Soderlund et al., 2000]. The following gives a brief overview. FPC (FingerPrinted Contigs) assembles clones into contigs using either the end-labelled double digest method [Coulson et al., 1986; Gregory et al., 1997] or the complete digest method [Olson et al., 1986; Marra et al., 1999]. Both methods produce a characteristic set of bands for each clone. To determine if two clones overlap, the number of shared bands is counted where two bands are considered ‘shared’ if they have the same value within a tolerance. The probability that the N shared bands is a coincidence is computed, and if this score is below a user-supplied cutoff, the clones are considered to overlap. If two clones have a coincidence score below the cutoff but do not overlap, it is a false positive (F+) overlap. If two clones have a coincidence score above the cutoff but do overlap, it is a false negative (F-) overlap. It is very important to set the cutoff to minimise the number of F+ and F- overlaps. 

A FPC complete build bins clones into transitively overlapping sets where each clone in a set has an overlap with at least one other clone in the set and no clone has an overlap with any clone outside the set. The clones in a bin are given an appropriate ordering by building a CB (consensus band) map and the CB map is instantiated as a contig. Hence, a complete build guarantees that each contig is a transitively overlapping set of clones based on a given cutoff. The length of a clone in a contig is equal to the number of its bands, and the overlap between the coordinates of the two clones is approximately the number of shared bands. If clone CA has exactly or approximately the same bands as clone CB, CA can be buried in CB and CB will be called the parent. Clones that do not have an overlap with any other clone are not placed in a contig and are called singletons. Markers can be attached to a clone and are displayed in the contig with the clone.  A clone can only be in one contig, but a marker can be attached to clones in multiple contigs (e.g. duplicated locus). An externally ordered subset of the markers can be input into FPC as the framework. Contigs containing these markers can be listed by framework order in the project window. Briefly, the following are some of the most salient features of FPC:

CpM (Cutoff plus Marker): FPC provides the option of defining a set of rules on what constitutes a valid overlap, which are entered into the CpM table. For example, the table can be set so that two clones will be considered to overlap if they (i) have less than a 1e-12 score, (ii) share at least one marker and score less than 1e-10, (iii) share at least two markers and score less than 1e-09, or (iv) share at least three markers and score less than 1e-08. 

IBC (Incremental Build Contigs): The IBC routine automatically adds new clones to contigs and merges contigs based on the cutoff and CpM table, and then the clones in each modified contig are re-ordered by executing the CB algorithm. The IBC provides a summary of the modifications performed on each contig in the project window.

Q clones:  If there is a severe problem aligning the bands of a clone to the CB map, it is marked as a Q (questionable) clone. If there are many Q clones in the contig, the simulations show that this generally indicates at least one F+ overlap and the ordering will almost certainly be wrong.  Interactive tools are available to fix these contigs.

Merge: Due to the uneven coverage of restriction fragments and the random picking of clones, there is an uneven coverage of the clones so that they assemble into many contigs. Contigs can often be merged by querying the end clones of a contig. Interactive tools are available to detect and merge contigs.

The simulations verify that the better the data  -- the better the map. With a set of simulated clones from 110 Mb of human sequence, a simulated digest using EcoRI was performed. The largest contig assembled has 4783 clones with two out-of-order pairs, that is, when clone A should start before clone B but clone B starts before clone A, though they do correctly overlap. As error is added, the number of out-of-order pairs increases.

3.3 Mapping Sequence to FPC contigs

The following three sections describe new software developments to aid mapping and display of sequence on a FPC map.

FSD (FPC Simulated Digest)

FSD is a supplemental program (see Figure 1) to FPC that performs a complete digest in silico on a sequence that produces the sizes of the fragments. The sizes are converted into migration rates so that they can be assembled into the FPC map. Note that FPC can use either sizes or migration rates for each clone fingerprint. Generally, migration rates are used for FPC maps as they represent the bands on the gel image.  The bands are assigned migration rates and then converted into sizes by Image (see http://www.sanger.ac.uk/Software/Image). The Human Mapping Consortium digested sequence in silico into fragment sizes, but did not further convert them into rates; hence, they maintained two FPC files, one in rates and one in sizes [The Human Mapping Consortium, 2001]. We have taken the extra step to convert the sizes into migration rates so that we only need to maintain one FPC file. 
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Figure 1. FSD window. FSD is a stand alone tool that takes as input one or more sequences and outputs the band and size files in a FPC format.

There were two main reasons for developing FSD.  First, we wanted a way to verify both the fingerprints and the final sequence assembly.  By simulating a complete digest on the final sequence, we should get a set of bands that closely match the fingerprint produced in the laboratory.  This simulated fingerprint should automatically be positioned very close to the lab fingerprint.  If the simulated fingerprint is very different from the lab fingerprint, this could possibly indicate misnamed clones or an incorrect sequence assembly. The second main motivation is the large amount of data publicly available from Genbank, where a percentage of the sequenced clones are not from our FPC map. With this sequence data, many new fingerprints can be generated.  By adding in silico fingerprints from sequences generated at other labs, we would confirm our contig assembly, join additional contigs in FPC, anchor more contigs, and provide an integrated map of sequence from many sources.

FSD will take as input one or more sequences, producing bands and sizes files.  The sizes file is a list of resulting fragment sizes when a sequence file is cut using a specified restriction enzyme.  In order to convert the sizes to migration rates, the standard file is used. The standard file is created at the beginning of the fingerprinting project. When a gel is run, the set of standard markers (i.e. fragments) are also run, these markers have known rates and sizes so that the rates of the new clones can be normalized by Image.  FSD fits a cubic spline curve to the standard values.  It then converts the sizes to migration rates using this spline curve.

For our rice project, a cronjob downloads an incremental update file from Genbank every evening that contains all of the previous day’s updates to Genbank.  This file is scanned for Genbank entries pertaining to the organism ‘Oryza sativa’.  These entries are parsed out and put in separate file, named by the Genbank accession number associated with that entry.  These files are then run through FSD to generate clones for that sequence.  A remark file is generated at the same time that can be imported into FPC to comment the clones with their associated chromosome and also credit the clone to the person who submitted it to Genbank. The clone name is the Genbank accession number followed by “sd1”; if the sequence is over 180 kb, it is split up into overlapping sequences labelled “sd2”, etc.  Using this information we can validate clone and contig placement on chromosomes. We refer to these clones as the SD clones (see Figures 3 and 4).

BSS (BLAST Some Sequence)

Given that the clones in an FPC map have STCs, sequence can be mapped to the clones in the following two ways: The next clone for sequencing is selected by comparing the STCs with a new sequence, finding the one closest to the end of the clone and verifying the results by looking at the gel image [Hoskins et al., 2000]. Sequence from markers has been compared to STCs to anchor contigs [Yuan et al., 2001]. In both cases, much of this process is automated by BSS, saving the biologist time spent examining results, and allowing more experimentation with search parameters.  BSS uses the popular BLAST software [Altschul et al., 1997], which provides results in a format that the biologist is familiar with. In addition to mapping sequence and markers to the STCs, the BSS allows mapping of marker sequence to genomic sequence associated with clones in the map. The BSS mappings are summarized in Table 2. 

These mappings can be run on a sequence associated with a clone in a contig or on a directory of sequences. The database sequences (STC or genomic) must be associated with clones in FPC; this association is done  by 

	Query
	Database

	Sequence
	STC

	Marker
	STC

	Marker
	Sequence


Table 2. BSS mappings of Query(Database.

having the FPC clone name be a substring of the STC or genomic sequence name. The function can be run in contig mode,  in  which  only  the sequence  within a contig is searched, or in batch mode, in which all sequence in the database is searched. In this section, we will look at three tasks that can benefit from such procedures.

Picking a minimal tiling path (MTP) 

For this task, a minimally overlapping set of clones is selected for sequencing. Note that it costs a lot of extra effort if there is a gap between two supposedly overlapping clones, or if their overlap is large causing too much redundant sequencing.  The MTP clones may be picked by viewing the fingerprints of the adjacent clones. The benefits of this method are that it gives orientation information and many clones can be selected without having to wait for the sequence of a clone. The disadvantage is that a large piece at the end of a clone may not be detected by electrophoresis; by only looking at the fingerprint, what appears to be a minimally overlapping clone may actually overlap a lot.  Another approach is to query a database of STCs with a sequenced clone to determine the next clone to sequence.  The advantage of this method is that when a hit is found near the end of a clone, the overlap will probably be minimal. The disadvantage is that when run against all the STCs, this produces a large number of false hits that the user must filter through. These false hits occur due to the presence of repetitive sequence and there is error in the STC sequence as it is single pass sequence.  A second problem is that a large number of STCs are misnamed. A third problem is that this approach does not show orientation, that is, a STC may hit near the end of the clone but whether it extends away from the clone or into the clone is often not obvious. It is therefore vital to confirm these hits by linking each hit to a clone and viewing the results on the physical map.  

With BSS, this is done by selecting a Sequence(STC mapping in contig mode, setting the query to the clone’s sequence file, and setting the database to the STC library.  After setting any desired BLAST parameters, a Current Contig search is performed to search the STCs of clone within the current contig, and/or a Contig Ends search is performed to search the STCs from all clones at the end of contigs.  A summary of the resulting hits and their quality is provided in the BSS Results display and the exact alignment details may also be viewed.  If the hits are deemed significant, they may be added to the FPC map either as electronic markers or as remarks.  From these results, one can easily select the clone with minimal overlap and confirm the overlap by looking at the fingerprints. 

Merging contigs  

Often, fingerprints do not give enough information to identify overlapping clones.  Even with 20x coverage, this problem still exists since usually 70% of the bands must be shared between two clones to rule them as overlapping.  Because of these apparent gaps in the map, the physical map of a single contiguous segment often takes the form of several contigs.  These contigs must be manually examined to determine which contigs should be merged.  Analyzing the fingerprints close to the ends of contigs with a less stringent cutoff is generally used to determine which contigs to merge.  Furthermore, sequencing a clone close to the end of contig, querying it against a STC database, and looking at hits close to the ends of contigs provides additional, more fine-grained information.  For this task, BSS helps us identify potential merges.  If significant STC hits occur in another contig, that contig may be merged with the current one.  The setup is identical to the one used when picking a MTP.  However, a Contig Ends search will always be performed and using the batch mode allows many sequences to query the database. Figure 2 shows an example of BSSing a directory of 5x draft sequences against the STC database.

Anchoring contigs

When sequence is associated with genetic markers, the markers may be placed on the map electronically by querying  the  STC  or   clone   sequence 
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Figure 2: BSS windows. (a) The driver window for running BSS in batch mode. A list of the result files is shown at the bottom. (b) The setup window for selecting function, directories and files. (c) A selected results file is shown in the results window for a Monsanto sequence file of 5x coverage which assembled into many sequence contigs, referred to as SeqCTG. (d) The alignment of one SeqCTG to an STC.

database for matches to the marker sequence and positioning the marker where hits occur.  If we wish to query the STC database for hits, we will select the Marker(STC mapping. If we wish to query a set of sequences with corresponding clones in the physical  map,  we  will  select  the  Marker(Sequence mapping.  The batch mode would be the most useful for this option, as it would be typical to want to map all the markers to any contig.

The following scenario gives us an example of an application for the Marker(Sequence mapping. Sequence is downloaded from GenBank via the Internet, and band files are created from the sequence using FSD (previously described), which allows us to add the sequence as clones to the FPC map.  Marker sequences then search these clone sequences for hits.  If significant hits should occur, we can anchor contigs based on the information. Most importantly, all of these steps can be performed without any lab work.

All three problems just described demonstrate the advantages of integrating the physical mapping approach with sequence comparisons.  By filtering out unwanted hits, and allowing the user to view results in light of a physical map, BSS effectively reduces the tedious work of sorting through pages of results, and opens up new opportunities for solving problems arising during map building and sequencing.

WebFPC

FPC is very powerful and sophisticated program. However, there are some users for whom all this power is far more than they need. These researchers are simply interested in viewing the data, nothing more. For these researchers, WebFPC was created. Written as a Java applet, WebFPC provides the user with an easy way of viewing physical maps simply by clicking on a link in a web page, see Figure 3 for an example. The applet locates and downloads the data automatically. Because of the amount of data involved, a few server side scripts have been developed to separate and compress the data to speed up download time. 

In order to integrate WebFPC maps with other relevant databases around the world, we have set up two mappings (see Table 3 for rice mappings). The first allows any external site to start up the Java Applet for a particular contig with a given clone or marker highlighted. The second allows any external site to send us a file of clones and/or markers  for  which 

	Rice

WebFPC
	Links: Genbank. Gramane
	http:://www.genome.clemson.edu/projects/rice/fpc

	Rice

Status
	Links: WebFPC
	http:://www.genome.clemson.edu/projects/rice/ccw

	Gramane 
	Links: WebFPC
	http://www.gramene.org


Table 3. URLs for Rice FPC.
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Figure 3. WebFPC with SD clones. The clones ending in ‘sd’ are from digesting in silico. They are coloured yellow to represent finished clones; the grey clones are the corresponding true fingerprints. 

they have Web-based information, a URL and a database name. We only need to add their file to a directory of files and run a script. Thereafter, their database will be listed on the database pull-down button for a contig, and when a clone or marker is selected, it will say if there is a clone or marker in the external database, and if so, the user can request it.

Results from Our Rice FPC Map

Rice FPC has 68k clones (~20x coverage) from two BAC libraries, one cut with EcoRI and the other cut with HindIII. We have 1202 markers and 706 genetic markers from the Japanese High Density Genetic Map [Sasaki and Burr, 2000]. By hybridising genetic markers to clones, the contigs are ordered and anchored to the chromosomes. Approximately 90% of the genome is covered by anchored contigs. We also have STCs for about 80% of our BAC clones. The CCW consortium (CUGI: Clemson University Genome Institute, CSHL: Lita Annenberg Hazen Genome Sequencing Center at Cold Spring Harbor Laboratories, GSC: Washington University Genome Sequencing Center) are sequencing and annotating the short arms of chromosomes 3 and 10. 

A total of 346 sequences from chromosome 1 have been submitted to Genbank by the RGP (Rice Genome Program, http://rgp.dna.affrc.go.jp) as of September 2001. These clones are not from our rice FPC but are BACs and PACs from the RGP minimal tiling path. These have been downloaded, run through the FSD program, and added to the rice FPC file automatically. The map locations of the SD fingerprints were in agreement with the chromosome anchoring and marker orders determined during physical map construction of their contig for 305 of these fingerprints, leaving 41 clones as singletons.  Of these 41 clones, 23 could be positioned correctly by lowering the cutoff.  Of the remaining 18 clones, 12 were located in low coverage regions, 4 were too small to match standard size clone fingerprints, one clone was misassembled, and one clone mapped to the wrong location. The WebFPC display in Figure 4 shows the minimal tiling path of a subset of the Japanese clones. A total of 1352 rice sequence clones have been downloaded from Genbank and can be viewed from the WebFPC for rice, see table 3 for the URL. 

As mentioned, we anchor contigs based on the Japanese High Density Genetic Map. FPC takes as input a framework file of ordered markers with their   locations.   This  function  was  written  for  the  chromosome  specific 
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Figure 4. Anchored contig. The clones ending in ‘sd’ are from digesting in silico the Japanese clones. In the contig remark, additional information is given as to the amount of evidence for the anchoring:

        Chr1 [32 Chr2-1 Chr10-1 Fw7 Seq27] ::

indicates that this contig has 7 framework markers and 27 SD clones giving a total of 34 hits, where 32 of the hits were on chromosome 1, and the other two hits were on chromosome 2 and chromosome 10. Note that the “Update ChrN contig remark” in FPC puts the remark at the beginning of the contig remark. Anything before a “::” does not get removed unless explicitly requested. Automatic remarks are added after the “::”.

Sanger Centre maps. We use it for a whole genome map as follows: The  location can be three digits followed by a digit and one position of accuracy. Proceeding the three digits is the chromosome number, e.g. 1001.3 indicates the marker is at location 1.3 cM on chromosome 1, whereas 10001.3 is at location 1.3 cM on chromosome 10.  The SD sequence provides a second way to anchor contigs and  verify  existing  anchored  contigs.  A routine has been added to FPC, located on the Project Window/Menu Window, button name “Update ChrN contig remark”, which does the following:  For each contig, it counts the number of anchors associated with each chromosome, and it parses the remarks associated with SD clones and counts the number associated with each chromosome. Figure 4 shows a contig with a ChrN contig remark, where there are ambiguities. WebFPC only shows the highest hitting chromosome that a contig hits.

We have used the BSS for selecting a minimal tiling path for rice genome sequencing. We have also used it to map the Monsanto draft [Barry, 2001]. Monsanto has generated 5x coverage of about 3000 BAC clones covering the approximately 50% of the rice genome. They have made available to us the sequence files. Robin Buell of The Institute of Genomic Research provided us with 303 assembled sequence files and BAC end sequences on chromosome 3 and 10. We ran the Sequence(STC function in batch mode, which mapped all the draft to our sequence. Due to the high amount of repetitive sequence, we did not add the sequence as markers as it was too much data. By viewing the result files, we used it to help select the minimal tiling clones and fill gaps. We selected minimal tiling BACs by examining the BSS output of distal contigs in each Monsanto BAC. The amount of sequence overlap (one can get the information based on the STC alignment from the BSS output) was calculated between two BACs and then a few candidates’ fingerprints were compared from adjacent clones to select the best clones to be sequenced. We successfully selected more than 30 clones on chromosome 3 with the BSS function. Moreover, in some cases, we identified a sequence contig that contains STCs of two adjacent sequenced BACs. The direction of STC alignments was compared to the FPC clone order to confirm the possibility of gap or overlap. Simply, if the direction of STC alignments point towards each other, then it is an overlap and if STC alignments point in different directions, then it is a gap. By doing this, we closed three gaps (around 10kb or less) on short arm of chromosome 10.

Table 3 shows the URLs to web based Rice FPC maps. The Chromosome 10 status page has links to the WebFPC map. WebFPC has links from SD clones back to the original Genbank record and to the Gramene clone description [Ware et al., 2002]. And we are working with other groups to link databases, e.g. the Gramene map, which is a comparative mapping resource for grains, links back to the Rice  FPC  map.

3.4 Discussion

Sequences from various sources are being generated and this sequence can be mapped to the FPC map using the FSD and BSS tools. Additionally, the FSD software helps validate clones, merge contigs and anchor contigs. The BSS software helps select a minimal tiling path, merge contigs, and we are now using it to further anchor contigs. The genome produces massive amounts of data. It takes time and energy to consolidate the data, and doing the mundane parts of this works is prone to error. Much less, the results are in many places. The mapping of sequence to a FPC map using FPC compatible functions will reduce error and make the ability to do these mapping available to many laboratories, even those with small to non-existent bioinformatics staff.  The WebFPC allows everyone to view our data and link with other databases, hence, greatly supporting collaborative efforts.

The mapping and sequencing of rice is an international effort, our software developments over the last year greatly aids this international effort by consolidating and displaying data, as follows: we use the Japanese High density map to order our contigs, and then add clones from around the world through the SD (simulated digest) clones, and display the integrated rice map on WebFPC.  We are now using BSS to map more of the 3267 Japanese High Density markers to our map based on the sequence of these markers, when a new marker gets added to FPC that is in the framework map, the contig gets automatically anchored. We will then proceed to map ESTs from various plants to our map, which will work exactly the same as mapping the genetic markers.

Mapping ESTs, marker sequence, and genomics sequence from other genomes will be a great aid to comparative genomics. The genomes will not

need to be sequenced completely in order to get valuable cross information. And as discussed in the introduction, this is exceptionally valuable to plant genomes, as various laboratories generate regional or function specific sequence, it can be place on a global FPC map.
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