MAPPING SEQUENCES WITH OAT-MAIZE CHROMOSOME ADDITION LINES AND RADIATION HYBRID LINES

By Ron Okagaki and Ron Phillips

OUTLINE

1. Background

· What are oat-maize addition lines and radiation hybrid lines?

· How are OMA and RH lines made?

· What is the difference between these radiation hybrid lines and those developed in other systems?

· When should I consider using OMA and RH lines?

2. Using OMA and RH lines

· Overview of using OMA and RH lines.

· Identifying candidate genes.

· Designing PCR primers.

· What sequence should you use for designing PCR primers?

· PCR troubleshooting.

3. Workshop exercise: Finding candidate sequences for a tillering trait and mapping them using OMA and RH lines

· Starting your search.

· Finding candidate sequences.

· Designing PCR primers.

· And for your entertainment.

SECTION 1: BACKGROUND 

WHAT ARE OAT-MAIZE ADDITION LINES AND RADIATION HYBRID LINES?

Oat-maize chromosome addition lines (OMA lines) are oat plants, Avena sativa, carrying one or more maize chromosomes. The appearance of the plant depends on which maize chromosome is present, and ranges from minor outward differences to major alterations in morphology (Figures 1 & 2). Plants are often fertile with the maize chromosomes being transmitted to the offspring (Riera-Lizarazu et al., 1996). Radiation hybrid (RH) lines developed from OMA lines carry segments of the maize chromosome in the oat host (Riera-Lizarazu et al., 2000). Radiation is used to introduce breaks into the maize chromosome. Chromosome segments produced may be identified in the next generation. Breaks are also introduced into the oat chromosomes, however oats are hexaploid, which buffers the genome against sequence loss causing phenotypic problems. The primary use of these materials is for mapping, although these materials have many uses.

HOW ARE OMA AND RH LINES MADE?

Oat by maize crosses were originally undertaken as part of the oat program to produce haploid oat lines through the uniparental elimination of maize chromosomes. In the course of this work, it was observed that some oat plants from these crosses retained one or more maize chromosomes (Riera-Lizarazu et al., 1996; Ananiev et al., 1997). This result suggested a means for subdividing the large complex maize genome into individual chromosomes. An individual chromosome could then be studied without the complexities introduced by the other nine maize chromosomes. 

There are three major steps in the production of OMA lines. Figure 3 provides an overview of the process. First, emasculated oat florets are pollinated with maize pollen. Two days after pollination the florets are treated with a mixture of growth regulators to promote embryo development in the absence of normal endosperm development. Embryos develop from approximately 10% of the pollinations, and 16 days after pollination embryos are excised and cultured on media. About 20 to 30% of the embryos germinate to produce plantlets that can be transplanted to soil. Second, plantlets are tested to determine if they retain a maize chromosome. During early embryo and plant development maize chromosomes are preferentially lost. Typically about one-third of the plantlets retain one or more maize chromosomes. We test for the presence of the maize sequences using a PCR assay for the maize retrotransposon Grande1. This element is widely dispersed throughout maize chromosomes and provides a simple test for retention of maize sequences. Any seedling retaining maize sequences is then tested with maize chromosome-specific SSR markers to determine which maize chromosome(s) is present. Root tips are collected for cytological evaluation at this time. Genomic in situ hybridizations are performed to examine the maize chromosome (Figure 4). The repetitive portion of oat and maize genomes is quite different allowing clear identification of maize chromosomes without blocking procedures. The third step is producing a fertile line that can be propagated. The initial F1 oat x maize hybrids are haploid. During meiosis, first division restitution occurs to produce diploid progeny.

Seed monosomic for the introduced maize chromosome is the starting point for producing RH lines. These seed carry a single copy of the maize chromosome, and they are normally produced by backcrossing the disomic addition line to the oat parent. Irradiation of monosomic seed produces random breakage and loss of maize sequences (Figure 5). Oat chromosomes are also subject to breakage and loss, but the hexaploid oat genome tolerates a considerable amount of sequence loss without serious detrimental effects. Following irradiation, seeds are germinated and the resulting plants allowed to self-pollinate. Plants from irradiated seeds may be mosaics and are unsuitable for analysis. Seeds are harvested from individual panicles and planted.  Seedlings are then tested for the presence of maize DNA using PCR assays for Grande1 sequences. Seedlings that test positive for maize DNA are characterized with molecular markers. These seedlings are used to establish the radiation hybrid lines. A collection of radiation hybrid lines forms a panel that is used to locate sequences to chromosome segment (Figure 6).  

WHAT IS THE DIFFERENCE BETWEEN THESE RADIATION HYBRID LINES AND THOSE DEVELOPED IN OTHER SYSTEMS?

Radiation hybrid mapping was developed in the 1970s as a tool for mapping human genes (Goss and Harris, 1975). Improvements in the technique in the 1990s have made this an important technique for mapping sequences (reviewed in Walter and Goodfellow, 1993; McCarthy, 1996). In the standard approach, tissue culture cells from a donor species are treated with a lethal dose of irradiation. Irradiated cells are fused to a hamster or mouse cell line where some of the fragmented DNA is taken up by the recipient cells. Derived individual cell lines are termed radiation hybrid lines. They will contain, as fragments, approximately 25% of the donor genome. A set of approximately 100 radiation hybrid lines is produced to make a mapping panel. Marker order is based on the co-retention of markers in radiation hybrid lines; markers close together have a higher probability of both being present in an RH line. 

Radiation hybrid lines developed from chromosome addition lines differ from standard radiation hybrid lines in several respects. First, oat-maize radiation hybrid lines are specific for each chromosome while standard radiation hybrid lines map the entire genome. Second, because resolution is determined by the amount of chromosome breakage, practical resolution is limited in oat-maize RH lines where viability must be maintained and requires lower radiation dosages and thus fewer breaks.

Radiation hybrid mapping has not been widely reported in plants. There have been recent reports of radiation hybrid mapping in cotton (Gao et al., 2003) and barley (Waldrop et al., 2002). These studies took different approaches to creating RH lines.

WHEN SHOULD I CONSIDER USING OMA AND RH LINES?

OMA lines and RH lines can be used to map any sequence. However, there are three common situations where this material has advantages over traditional genetic mapping. 

· If you have to sort through a large number of sequences


A common problem facing geneticists is reducing a long list of candidate sequences to a manageable number. If, for example, you are interested in a trait affecting days to maturity that is located on chromosome 1 short arm, there could be hundreds of candidate sequences. Determining which of these sequences co-segregates with your trait would be a major task. However, with the OMA and RH lines you could quickly identify those sequences on 1S. Then the number of candidate sequences to test would be more manageable.

2.  If you have tried mapping your gene, but you haven't found a useful polymorphism.


Mapping with OMA and RH lines relies on presence/absence assays, not polymorphisms. Is a sequence present or absent in a line carrying a particular chromosome or chromosome segment? If you are unable to find a useful polymorphism, OMA and RH lines provide an option. 

3.  Do you want to distinguish between individual members of a gene family?


Distinguishing between closely related sequences is difficult with hybridization based or PCR based assays. Mapping sequences with OMA and RH lines gives you the option of sequencing the PCR products to verify the identity of a sequence. A panel of DNAs from the 10 OMA lines will allow the location of gene family members to chromosome in one experiment. 

SECTION 2: USING OMA AND RH LINES

OVERVIEW OF USING OMA AND RH LINES 

Let's assume you are interested in a plant height QTL that maps to 9S. How could you use OMA and RH lines to help you identify the gene responsible? The first step is to identify candidate genes or sequences. Second, you would map sequences to chromosome using OMA lines. This requires designing PCR primers for each sequence and testing them on the panel of OMA lines (Okagaki et al., 2001). Figure 7 shows a section of one of our mapping gels. The first two sets of primers, 33A and 33B, placed a duplicated sequence onto chromosomes 2 and 7. The second sets of primers placed another duplication onto chromosomes 4 and 5.  We routinely replicate our PCR assays. Once your have determined which chromosomes your sequences are located on, you would map sequences on chromosome 9 using the RH lines, see figure 6. At this point you should be left with a small number of candidate sequences that map to the region containing your QTL.

IDENTIFYING CANDIDATE GENES

Searching the literature is often the starting point for selecting candidate genes. Have genes giving similar phenotypes been cloned from maize or another plant? This should uncover obvious candidates. Dwarf genes would be candidates if you were interested in plant height. From this starting point you expand your search for candidate genes based on the biology involved. Look at the physiology and biochemistry for clues. Plant hormones can produce dwarfing. Genes in hormone biosynthetic pathways may be candidate genes, as are genes in receptors and signal transduction pathways. Other possibilities may be suggested by other characteristics of your trait. Making a comprehensive list of candidate genes may be the trickiest step. How can you be confident that your list of candidate genes includes the gene in which you are interested?  

DESIGNING PCR PRIMERS

A number of programs are available that will design PCR primers. Some can be purchased either by itself or as part of a larger package of programs for DNA sequence analysis. Several programs are available on the web. We primarily use the web based program Primer3 which was developed at the Whitehead Institute, http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi (Rozen and Skaletsky, 2000). You may use the default values in the program, or you may adjust the default values to your needs. 

If you compare primer melting temperatures calculated by different programs you may find that melting temperatures (Tm) are wildly different. There are several reasons for this. Three different formulas have been used to calculate Tm. A few programs still use the rough estimate Tm = 2(A+T) + 4(G+C). The formula, Tm = 81.5 + 16.6(log10([Na+])) + .41(%GC) - 600/sequence length, has been used, although this equation was based on hybridization of sequences several hundred basepairs long and may not be accurate for short oligonucleotides. More recently, formulas based on nearest neighbor analysis are being used in programs such as Primer3. A second cause for differences is the default values used for variables in the programs. Salt concentration is one of the variables that will determine Tm. 

There are different approaches to designing the 3' end of a primer. Some people like to include a "GC-clamp" at the end of their primers. The idea here is that GC basepairing is more stable and the stability will promote amplification; we have not found that this makes a difference. The overall stability of the 3' end of a primer may influence specificity. A primer with high GC content at the 3' end, high 3' end stability, may have a greater tendency to mis-pair and amplify sequences than primers with low 3' end stability. However, if there is a likelihood of sequence mis-matches, then a primer with high 3' end stability may be desirable. 

The size of your expected PCR product generally isn't critical. If you need to sequence your product to confirm its identity, a longer product may be preferred. If you are designing primers based on EST sequences, a shorter product may be advisable to avoid introns. 

WHAT SEQUENCE SHOULD YOU USE FOR DESIGNING PCR PRIMERS?

The ideal candidate sequence for designing PCR primers would be a high quality maize genomic sequence. Unfortunately, many of your candidate sequences will be ESTs. If you have an EST sequence, you may be able to find its corresponding genomic sequence. Two projects have sequenced a large number of genomic sequences from libraries enriched for genes (Palmer et al., 2003; Whitelaw et al., 2003). You can do a BLAST search with your EST sequence; search the genomic survey sequence database at GenBank or the TIGR Maize Database at http://www.tigr.org/tdb/tgi/maize/.

If you use EST sequences, then using an EST sequence rather than an EST contig sequence may be advisable. A certain percentage of the EST contig sequences are suspect. Occasionally sequences from different genes are put into one contig, and the sequence resulting is rather peculiar. Below are several EST contigs from the TIGR website (http://www.tigr.org/tigr-scripts/tgi/T_index.cgi?species=maize) that illustrate concerns.

TC219173 contains many sequences, and full length clones been sequenced. There is an extensive overlap between clones, and this looks like a good contig. 

TC218450 is represented by 11 different clones. When the sequences were aligned manually, there were too many mismatches in the sequences. 

TC218452 might be a chimera. Eighteen clones contain nucleotides 569-1049, and two clones contain nucleotides 1-566. One clone connects these two groups. 

If your candidate gene is from another species, there is the difficulty of designing primers based on an orthologous sequence. This is complicated by the need to amplify maize sequences without amplifying oat sequences. Fortunately, you may be able to find the homologous sequence in maize. Search the maize EST and GSS databases first. Remember that maize is an ancestral tetraploid and there often will be two paralogous maize genes. 

PCR TROUBLESHOOTING 

Mapping sequences to chromosome is accomplished by testing primers on 10 OMA lines, a maize Seneca 60 positive control, and a Starter-1 oat negative control. Listed below are some of the problems we have encountered. In most cases, the first thing to try is repeating the experiment and the second step is designing new primers. You can also try adjusting PCR conditions. We feel that this becomes too difficult when testing large numbers of primers, but for a small number of primers this may work for you. 

1. No product is detected in any of the samples: If this happens the PCR primer should be redesigned. The sequence in Seneca 60 may be different from the sequence obtained from GenBank. In this case, the primer should work with DNA from B73 or another common inbred lines.  

2. If a product is detected with the maize positive control, but is not detected in any of the OMA lines: There are several possible explanations for this. The maize parent of most of the OMA lines was Seneca 60. This is a hybrid sweet corn, and it is possible that only one of the two parental alleles can be amplified by your primers. It is also possible that your PCR primers will work in maize but not in addition lines because oat has a much larger genome.

3. A product is detected in several OMA lines: Your gene may be part of a gene family. If you do a BLASTN search of an EST database, you might find hits to several related sequences or EST contigs. You may be able to design specificPCR primers.

4. A variation of this problem is a strong maize band with a weak oat band: If you are lucky, one OMA line will give a strong band. You should repeat the experiment a couple times to convince yourself that the band intensity differences are real.

5. A product is detected only in the oat control: This occasionally happens, and it doesn't make a lot of sense.

SECTION 3: WORKSHOP EXERCISE: FINDING CANDIDATE SEQUENCES FOR A TILLERING TRAIT AND MAPPING THEM USING OMA AND RH LINES

STARTING YOUR SEARCH

Search MaizeGDB for "tillering" (http://www.maizegdb.org/)

This takes you to tlr2 (tillering2) which may be allelic to tlr1. 

Going to tlr1 (tillered1) takes you to tb1. 

tb1 (teosinte branched1) may be allelic to tlr1 and tlr2. 

The list of references suggests connections between tillering with gibberellic acid, axillary shoots, and temperature. There are also references to studies on the genetics of tillering. These hints may be followed up to generate more candidate genes.

Searching MaizeGDB for "tillered" brings up a list of seven loci. One locus is tlr1. The other six are induced mutations that could be allelic to tlr1. Other searches can call up the genes gt1 (grassy tillers), cg1 and cg2 (corngrass). 

Your search can be broadened to include other plants by searching other databases. The NCBI website allows you to search PubMed. From the NCBI website, http://www.ncbi.nlm.nih.gov/, select PubMed from among the options for searching. 

Examples of references that you may find. These references can lead you to consider other candidate genes.

Babb, S., and G.J. Muehlbauer, 2003. Genetic and morphological characterization of the barley uniculm2 (cul2) mutant. Theor. Appl. Genet. 106: 846-857.

Li et al., 2003. Control of Tillering in Rice. Nature 422:618-621

This gene encodes a protein that is related to the tomato lateral suppressor gene (44% amino acid identity). This ties tillering to axillary bud formation, and moc1 has been sequenced.

Paterson, A.H., K.F. Schertz, Y. Lin, S. Liu and Y. Chang, 1995. The Weediness of Wild Plants: Molecular Analysis of Genes Influencing Dispersal and Persistence of Johnsongrass, Sorghum halepense (L.) Pers. Proc. Natl. Acad. Sci. USA 92: 6127-6131.

FINDING CANDIDATE SEQUENCES

tb1 has been cloned and sequenced:

cDNA sequence U94494

Download the sequence U94494 from GenBank in FASTA format.

GCCTTGGAGTCCCATCAGTAAAGCACATGTTTCCTTTCTGTGATTCCTCAAGCCCCATGGACTTACCGCT

TTACCAACAACTGCAGCTAAGCCCGTCTTCCCCAAAGACGGACCAATCCAGCAGCTTCTACTGCTACCCA

TGCTCCCCTCCCTTCGCCGCCGCCGACGCCAGCTTTCCCCTCAGCTACCAGATCGGTAGTGCCGCGGCCG

CCGACGCCACCCCTCCACAAGCCGTGATCAACTCGCCGGACCTGCCGGTGCAGGCGCTGATGGACCACGC

GCCGGCGCCGGCTACAGAGCTGGGCGCCTGCGCCAGTGGTGCAGAAGGATCCGGCGCCAGCCTCGACAGG

GCGGCTGCCGCGGCGAGGAAAGACCGGCACAGCAAGATATGCACCGCCGGCGGGATGAGGGACCGCCGGA

TGCGGCTCTCCCTTGACGTCGCGCGCAAATTCTTCGCGCTGCAGGACATGCTTGGCTTCGACAAGGCAAG

CAAGACGGTACAGTGGCTCCTCAACACGTCCAAGTCCGCCATCCAGGAGATCATGGCCGACGACGCGTCT

TCGGAGTGCGTGGAGGACGGCTCCAGCAGCCTCTCCGTCGACGGCAAGCACAACCCGGCAGAGCAGCTGG

GAGGAGGAGGAGATCAGAAGCCCAAGGGTAATTGCCGCGGCGAGGGGAAGAAGCCGGCCAAGGCAAGTAA

AGCGGCGGCCACCCCGAAGCCGCCAAGAAAATCGGCCAATAACGCACACCAGGTCCCCGACAAGGAGACG

AGGGCGAAAGCGAGGGAGAGGGCGAGGGAGCGGACCAAGGAGAAGCACCGGATGCGCTGGGTAAAGCTTG

CGTCCGCAATTGACGTGGAGGCGGCGGCTGCCTCGGTGCCGAGCGACAGGCCGAGCTCGAACAATTTGAG

CCACCACTCATCGTTGTCCATGAATATGCCTTGTGCTGCCGCTGAATTGGAGGAGAGGGAGAGGTGTTCA

TCAGCTCTCAGCAATAGATCAGCAGGTAGGATGCAAGAAATCACAGGGGCGAGCGACGTGGTCCTGGGCT

TTGGCAACGGAGGATACGGCGACGGCGGCGGCAACTACTACTGCCAAGAGCAATGGGAACTCGGTGGAGT

CGTCTTTCAGCAGAACTCACGCTTCTACTGAACACTACGGGCGCACTAGACTTCGTAATTGGCTGTGTGA

CGATGAACTAAGTTTGGTCATCGCATGATGATGTATTATAGCTAGCTAGCATGCACTGTGGCGTTGATTC

AATAATGGAATTAATCGGTGTCGTCGATTTGGTGATTTCCGAACTGAAAAAAAAAAAAAAAAAAAAAAAA

AAAA

Note what appears to be a polyA tail on this cDNA sequence.

A BLAST search on the NCBI website may allow you to identify related sequences (http://www.ncbi.nlm.nih.gov/ ). Doing a BLAST search with the tb1 cDNA sequence (Nucleotide-nucleotide BLAST (blastn)) gives you over 100 sequences from maize. These sequences appear to be genomic sequences from different maize lines. They are nearly identical and appear to represent different alleles. 

Note, when you do a BLAST search you can choose from several databases. The default database is "nr" (non-redundant sequences). 

You can also search other sequence databases. The obvious ones to search are:

GSS (Genomic Survey Sequences) these are short unmapped genomic sequences. 

HTGS (High Throughput Genomic Sequences) the BAC sequences are in this database.

EST (Expressed Sequence Tags) you can search the maize EST sequences on the TIGR or MaizeGDB websites instead.

STS (Sequence Tagged Sites) these are short genomic sequences that have been mapped.

A BLAST search on the MaizeGDB site (EST database) hits a number of ESTs that are nearly identical 98% or better. These could easily represent alleles of the same locus.  There is one hit to a diverged sequence CF010043 (hits in two places, the top hit e-106 and 256/276 (92%)). 

When you evaluate BLAST hits, the "e-value" gives you a measure of the probability that the observed sequence similarity was due to chance. Remember that a large overlap between two poorly conserved sequences can give the same e-value as a short overlap between two nearly identical sequences. The percent sequence identity will help you determine how closely related two sequences are. The length of sequence overlap and where the overlap exists between two sequences can also help you evaluate a BLAST hit. Are you looking at a protein domain shared by two unrelated proteins or are you looking at two members of a gene family?

You can then search the databases to see if there are genomic sequences corresponding to these cDNA sequences. On the NCBI (GenBank) website, you would do a BLAST search choosing the GSS (genomic survey sequence) database. In the TIGR Maize database (http://www.tigr.org/tdb/tgi/maize/) you may search their list of genomic sequences for sequences related to cDNA sequence U94494.  

The two top hits with U94494:

AZM3_57954, Expect = 1.3e-167, 936/1104 (84%)

AZM3_35344, Expect = 1.0e-146, 672/672 (100%)

The two top hits with CF010043 are AZM3_57954 and AZM3_35344 which makes sense. 

DESIGNING PCR PRIMERS

Using Primer3:

http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi

· Paste in your sequence in FASTA format

· Product size ranges. If a product between 150-250 nucleotides is acceptable, then you do not need to make any changes here.

· Other primer characteristics may be adjusted to meet your needs. Descriptions and background information are available by clicking on the parameter. 

· Click on Pick Primers and the program will design a pair of primers. The output gives you the estimated melting temperatures of the primers, product size, locations of primers in your sequence and other information. 

· Inspect your primers. Does your primer sequence overlap a repeated sequence (SSR) or some other sequence feature that should be avoided?

AND FOR YOUR ENTERTAINMENT

The rice tillering gene moc1 has been sequenced. Its GenBank number is AY242058. Find maize sequences related to moc1 and design PCR primers. 
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