Answers to Radiation Hybrid Mapping Exercise

By Ron Okagaki and Ron Phillips

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

FINDING SOME CANDIDATE SEQUENCS

Search NCBI nucleotide database for AY242058

3176 bp

TAAATATATTTCTTATACGACTCCTTTTGTATTTTCAAAAGTGAACAAACATAAAAGCTAACTCAAACAC

AAATCTATATTTGCAAAAGCGAACGAAATTAAAAACCAGCTCAAACAAGAATGACATACAAAGTACTGAC

AAAAACATATTTAATTTTTATAATAGTAGAGATATGAGTAAAAGGGACCAAAATCAACAAAGCAAATAGT

GGAGAGCCGGAATCAACACTGTCTGACTTGGTGAAGATCTCAATTACACAAAAATGAATGCTTTAAAAGG

ATCATTTAATTAAAGAAATACCAAATATATAATAATAGCTAGTACCATCATATTATATATACTCCCTTTG

TCCCTGAAAGAGTATTATCCAGATTCATTCATAGCTAAAAATACACTCTTTTAGAGATGGCCGGAGTATC

ATTATATGTCTATAGCATATACTTCTACTTAACATATATAAATACATACTCCCTCCGCCCTAAAATAAGT

GCAGTTTTGCACTATTCACGTTCAACGTTTGACCGTCCGTCTTATTTGAAAATTTTTTATGATTAGTATT

TTTATTGCTATTAGATGATAAAACATGAATAGTACTTTATGTGTGACTAAATGTTTTTAATTTTTTATAA

ATTTTTCAAATAAGACGGACGGTCAAACGTTGAACGTGAATAGTGCAAAACTGCACTTATTTTGGGACGG

AGTTAGTACATATATATACACATTACACATTGCATACATAAACATACAACCACACTGCCCTCTAGCTATA

CACATGCCATGATGCCAAGAGCCAATGATCACCACCCAAATCCTTCTAGCAATAGCTCCCTATGGCACAA

ACAGTCACAGCTGCACAAACACACACACACACACACATATCACCCATTCATCTACTCTAGCTAATCTAAA

GGCACTAGCATAGTACTACAATCAACCAGTAGTAGTAGCCCTCATTTGCATGTTTTTATTTCGCCCACCA

ATCCTTGGAATGTTTTAGATTCCCCCCTCTCACTCTCTCATCAAGGAATGAGCATCCCCCATTCTCCCCC

AACCCCTCATATTTTCAGTTTCTCACTCTACCTTTCCCCTCCTCCCCTAGCTAACCCCTCTCTCTTTCTC

TCTCTAAAGCTCCAATCTTTCTACCTTTCTCTCTCTAAAAGCTGGAGTAGCTTAATTTCTTTCTTTCTTT

TTCTTTCTCAGCTGGGATTGCACAGTGAAGCTAGGGAGAGGCTATAGCTATGGGGGTGATGTAGCTGGGC

AGTGAGGCTAGTGACAATCTCTCTCTCACACACACACACACAAAAACACTTGTGTATTTTTGGCAGATGA

TGTCCTGTCAAGGAAGCTGCAATTGCAAGCCCAGATGTTGGACGTGCACGCTCGCCCTCCCTATTAAACC

CGCCCTCCTCCGATGCTCCCTCTCCTCCTCCCCCCTCGCCGCCGCCGCCGCCACCTTCTCCGGCAGCTCA

CCGTCGTTGTAGTAGCTCTGGTGGTGGTGGTGGTGACGACGACGGCTACGGCGGCGGCGACGGCATGCTC

CGGTCACTCCACTCCTCGTCGTCTTCTGACACGGATAACAACAGCGGTGGCTGCAAGAACAATGGCGGCG

GCGGTGGCGAGGCCGCCGCCGCCGTTGAGGGTGGCGGTGATCAGCGTGCCGTTGCGGCGGCGGCGCCGTC

GACGCGGGACTTGCTGCTGGCGTGCGCGGACCTGCTGCAGAGGGGGGACCTGCCGGCGGCGAGGCGAGCG

GCGGAGATCGTCTTGGCGGCGGCGGCGTCGCCGCGGGGCGACGCGGCGGACCGCCTGGCGTACCACTTCG

CCCGCGCGCTGGCGCTCCGGGTGGACGCCAAGGCCGGCCATGGCCACGTCGTCGTCGGCGGCGGCGCGGC

GCGGCCGGCGTCGTCCGGGGCGTACCTGGCGTTCAACCAGATCGCGCCGTTCCTGCGTTTCGCGCACCTC

ACGGCGAACCAGGCCATCCTCGAGGCCGTCGACGGCGCGCGCCGCGTCCACATCCTCGACCTCGACGCCG

TCCACGGCGTGCAGTGGCCGCCGCTGCTGCAGGCCATCGCCGAGCGCGCGGACCCGGCGCTCGGCCCGCC

CGAGGTCCGCGTCACCGGCGCCGGCGCCGACCGCGACACCCTCCTCCGCACCGGCAACCGCCTCCGCGCC

TTCGCCCGCTCCATCCACCTCCCCTTCCACTTCACCCCGCTCCTCCTCTCCTGCGCCACCACGGCGCCCC

ACCACGTCGCCGGCACGAGCACCGGCGCCGCCGCCGCCGCCTCGACCGCCGCCGCCGCCACTGGCCTCGA

GTTTCACCCGGACGAGACGCTCGCCGTGAACTGCGTCATGTTCTTGCACAACCTGGCCGGCCACGACGAG

CTCGCCGCGTTCTTGAAGTGGGTGAAGGCCATGTCGCCCGCCGTGGTGACCATCGCCGAGAGGGAAGCAG

GCGGCGGCGGCGGCGGCGGCGACCACATCGACGACCTGCCGCGGCGGGTCGGGGTGGCCATGGATCACTA

CTCGGCGGTGTTCGAGGCGCTGGAGGCGACGGTGCCGCCGGGGAGCCGGGAGCGCCTCGCCGTGGAGCAG

GAGGTGCTGGGCCGGGAGATCGAGGCCGCGGTGGGGCCCTCCGGCGGCCGGTGGTGGCGCGGCATCGAGC

GGTGGGGCGGCGCCGCCCGCGCCGCGGGGTTCGCGGCGCGGCCGCTCAGCGCGTTCGCCGTGTCGCAGGC

GCGGCTGCTGCTCCGGCTGCACTACCCGTCGGAGGGCTACCTCGTGCAGGAGGCGCGCGGCGCCTGCTTC

CTCGGGTGGCAGACGCGCCCGCTGCTCTCCGTCTCAGCGTGGCAGCCGTCGTCGTCGTAGCCGGCGACGA

AGACGACGATGGCGACGGCGGCGGCGACCACGGGCTAGGGTTTGCCAAGCTCGATTGATCGATCGATCAC

TACTGCTCCCATATATAAATAGAGAATATATATATATATATTATATATGAACATTTGCATAGATGCAATA

ATATTGGCTACTCGATCTCTAGTTAGCATGCAAGATCTCATGGAGGTTTTGGGAGGATGTGAACTAGTTG

GGTTTGCAAGGAGGAAGAAACCCTAACCCTAGCTAGCTGCTTCATTAATTGCTGTTAAATCTTTGGTTGT

TTTGCTTGCTTGGCTAGTTAATCAAG

First, learn something about the sequence. 

BLASTN using the non-redundant database

The top hit is to itself, then there are a number of hits to rice genomic clones on several chromosomes. These hits go to the first 700 bp of the sequence. This could be a repetitive sequence.

Try BLASTN searches of other databases in GenBank

HTGS:


Top 2 hits are to rice chromosome 6 clones, AP003616.2 and AP003944.1. The remaining hits go mostly to the first 700 bp and are on several chromosomes- again suggesting that this region is repetitive.  

EST_others:


Top hit is to a rice EST from a panicle drought stress library, but this hit is to the region that could be repetitive sequence. The next two hits are to maize ESTs in the region from 2100-2800. CF648535 and CF243724.

BLAST TIGR's maize site (genomic survey sequences)


Top hit is AZM3_34375 (contig is 2169 bp long). There were five hits to this sequence. The best one was 3.5e-157, 603/747 (80%). Three other hits look like they could be other exons separated by introns. The last hit is weak and in the opposite orientation. These hits are in the region that the maize ESTs hit. 

You can also BLAST the maize ESTs.

BLAST maize EST CF243724 against TIGR's maize site. 

CGCCTCCTGCACGAGGTAGCCCTCCGACGGGTAGTGCAGCCGCAGCAGCAGCCGCGCCTGCGACACGGCG

AAAGCGCTGAGAGGCCGCGCCGCAAATCCGGCGCCGCGCGCCGCGGCTCCCCACCGCTCGAGTCCGCGCC

ACCACCTCCCACCGGAGGGACCCAGCGCGGCGTCGATCTCCCTGCCGAGCACCTCGTGCTCCACCGCCAG

CCGCTCCCGGCTCCCCGGCGGCACAGTCGCCTCGAGCGCCTCGAACACGGCCGAGTAGTGATCCATGGCT

ACCGCGGACCGCTGGGGCAGGTCGTCGATGCGGTCGAAACCCCCGCCGATTGTCTCCCTCTCCGCGATGG

TCACCACGGCGGGGGCCATGGCCTTGACCCACTTCAAGAAGGCGGCAAGCTCGTCGTGCCCGCCTAGCTT

GTGCAAAAACATGACGCAGTTGACGGCTAGCGTCTCGTCCGGGTGCAGCTCCAGCTGGCTCGTCGTGGCC

GCGCTCGAAGTGGTGGTGTTGGTCGTGGTGCTCGCGCTGGTGACGACCTGCTGCTGATGGGTAGCGGCGC

AGGAGAGCAGGAGCGGCGTGAAGTGGAAGGGGAGCTGGATGGAGCGGGCGAAGGCGCGGAGGCGGCTGCC

GGTGCGGAGGAGGGTGTCGCG
Top hit is AZM3_34375 (perfect match) 

Second hit is OGRBK07TV. 2.6e-66, 349/372 (93%)- the way the two sequences overlap looks good. The end of the overlap is also the end of the sequence; there is nothing weird hanging off. 

Third hit is OGRBK07TV, and it’s a borderline hit. P = 6.4e-24. 

You now have two pretty good candidate genes to look at. 

AZM3_34375 

AAGCCTCTGATTATTTGAACTAAATTATTGCGCACATGAATAGAAAACGAAGAACGGTCA

GAAGAGGACATTCTGCAAGATCACACGTCCAACTTAAACGAAGAAGAGCAGGATCTCACA

TCAAAATAACAAATAATTAATAATATAGACGACTAAAATCTCCCTACTAGTATGGAATCC

ACACATGAGCTATTGAGAGAAACAGATGAAagaacaaatatataaataaaagatagatag

atagatacaAGTATGAAAATATAATAGCAAAGCCGATTTTAGTACGTTGAAGAAATTGCT

AGCCGAACAAAGCCTGAAGGCCGACCTCTTCACTTGTTCCAATGCCGCCATTCCATGCAT

GCAAGGCTACATATGGACTTAAACTCCTCAAATTAACAAGAGTGCTAATCAACCAACCAA

CTAACCATCCATCCATCCAAGCTGCCAAGATCAACAGCAATTAAACCACAGCAAGCTAGG

GTTAGGGTTTCCTCCTTCCAATTGACCCAACAAACCCATCCTCCAAAATCACAATGAGAT

CTTGCTAAGTACGTACGTAGCGCAAGTAACAACCAATATTATTGCTACAAAATGCAATGC

TCATATATACGCTAGCTCTATATATGCGGTACTGATGACTAGTGATGAGCGAGGCAAACC

CTAGTCCGTCCGTCGGCGCCGCCGGCATGAATGCATGCACGCAGCAGGTAGAGAAGGCTC

GTCCTCAGTGGCGGCGGCGGCGGGCTACTGCCACGACGACACGGACAGCAGCGGCCGCGT

CTGCCACCCGAGAAAGCACGCGCCGCGCGCCTCCTGCACGAGGTAGCCCTCCGACGGGTA

GTGCAGCCGCAGCAGCAGCCGCGCCTGCGACACGGCGAAAGCGCTGAGAGGCCGCGCCGC

AAATCCGGCGCCGCGCGCCGCGGCTCCCCACCGCTCGAGTCCGCGCCACCACCTCCCACC

GGAGGGACCCAGCGCGGCGTCGATCTCCCTGCCGAGCACCTCGTGCTCCACCGCCAGCCG

CTCCCGGCTCCCCGGCGGCACAGTCGCCTCGAGCGCCTCGAACACGGCCGAGTAGTGATC

CATGGCTACCGCGGACCGCTGGGGCAGGTCGTCGATGCGGTCGAAACCCCCGCCGATTGT

CTCCCTCTCCGCGATGGTCACCACGGCGGGGGCCATGGCCTTGACCCACTTCAAGAAGGC

GGCAAGCTCGTCGTGCCCGCCTAGCTTGTGCAAAAACATGACGCAGTTGACGGCTAGCGT

CTCGTCCGGGTGCAGCTCCAGCTGGCTCGTCGTGGCCGCGCTCGAAGTGGTGGTGTTGGT

CGTGGTGCTCGCGCTGGTGACGACCTGCTGCTGATGGGTAGCGGCGCAGGAGAGCAGGAG

CGGCGTGAAGTGGAAGGGGAGCTGGATGGAGCGGGCGAAGGCGCGGAGGCGGCTGCCGGT

GCGGAGGAGGGTGTCGCGGTCGGCGCCGGCGCCGGTGATGCGCACCTCCGGCGGTCCCGC

GGCCGGGTCGGCGCGCTCGGCGATCGCCTGCAGCAGTGGCGGCCACTGCACCCCGTGCGC

GGCGTCCAGGTCGAGGATGTGGATCCGGCGCGCGCCCTCGACGGCGTCGAGGATGGCCTG

GTTCGCCGTCAGGTGCGCGAAGCGCAGGAAGGGCGCGATCTGGTTGAACGCGAGGTAGGC

GGCGGACGACGCCGGCCGCGCGGCGGCGGCGGCCACCAAGCCCGTGGCGGCGGCCCTGGC

GTCCGCCCGGAGAGCGAGCGCGCGCGCGAAGTGGTAGGCGAGCCGATCGGCGGCGTCCGC

GCGCGGGGACGCCGCGGACAGGAGGACCCCCACGGCGCGGCGCGCGGCCTGGAGGTCCCC

GCGCTGCAGCAGGTCGGCGCACGCGAGCACGAGGTCCCGCGCGGACGGCAccgccgccgc

cgcgaggacgtcgctgttgttgctgctgccgttcttgttgttgccattgttgttgtcggt

gtcggaggaggacgaGGAGTGGTGGTGGAGTGAGCTGAGCATAGCTTCGTCGGTCGTTGG

ACGGCGCAGGCCGAGCTTCTTCTTCTTCAGCGGCGGCGGCGGCCGGAGTCGGCGGTGATG

GCAGGCGAGGAGCATGAGGGGGTGGAGCGCGAGTGGAAGGACGTGCATCTCATCTCCTGG

CGGGTTTAA
*annotation suggests similarity to lateral suppressor genes as expected.

OGAPH52TM

AAATCACAATGAGATCTTGCTAAGTACGTACGTAGCGCAAGTAACAACCAATATTATTGC

TACAAAATGCAATGCTCATATATACGCTAGCTCTATATATGCGGTACTGATGACTAGTGA

TGAGCGAGGCAAACCCTAGTCCGTCCGTCGGCGCCGCCGGCATGAATGCATGCACGCAGC

AGGTAGAGAAGGCTCGTCCTCAGTGGCGGCGGCGGCGGGCTACTGCCACGACGACACGGA

CAGCAGCGGCCGCGTCTGCCACCCGAGAAAGCACGCGCCGCGCGCCTCCTGCACGAGGTA

GCCCTCCGACGGGTAGTGCAGCCGCAGCAGCAGCCGCGCCTGCGACACGGCGAAAAGCGC

TGAGAGGCCGCGCCGCAAAATCGGCGCCGCGCGCCGCGGCTCCCACCGCTCGAGTCCGCG

CCACCACCCTCCACGGAAGGGACCAGCGCGGCGTCGATCTCCCTGCCGAGCAACTCGTGC

TCCCACGCCAGCCCGCTCCGGCTTTCCCGGCGGCACAGTCGCCTCGAGCGCCTCGAACAC

GGCCGAGTAGTGATCCATGGCTACCGGCGGACGCTGGGGCAGGTCGTCGATGCCGTCGAA

ACCCCCCGCCGATGTCTCCCTCTCCGCGATGGTCACCCACCGCGGGGGC
*annotation suggests similarity to lateral suppressor genes as expected.

Notes on TIGR's maize GSS sequences

AZM3_34375: Assembly Zea Mays number 34375, this is a contig of genomic survey sequences. These contigs might have the same problems that EST contigs occasionally have, although I do not know the details on how they were assembled.

OGAPH52TM: This is an individual sequence that has not been placed into a contig. 

Upper/lower case letters: the lower case letters have been classified as repeat sequence- in this case a simple sequence repeat. 

DESIGNING PRIMERS

Think about what part of the sequence to use. When you have a fairly short sequence like OGAPH52TM, you can paste the entire sequence into the program. But when you have a longer sequence, you can be selective (I like to work with about 750 bp). AZM3_34375 is long enough that you should be selective. Obviously you want to avoid repetitive sequences (lower case letters). You may want to use an individual sequence read rather than the assembled sequence. I am fairly comfortable with the assemblies, but I have no data on the how often bad assemblies occur. You can determine where the introns probably are either by comparing this sequence against maize ESTs or the rice genomic sequence. 

I used the following sequence from AZM3_34375 with Primer3 (using their defaults) and got the following primers (highlighted). 

OLIGO            start len tm gc% any 3' seq 

LEFT PRIMER        196   20   59.93   50.00  4.00  0.00 CGTAGCGCAAGTAACAACCA

RIGHT PRIMER       361   20   60.29   60.00  3.00  2.00 CGAGCCTTCTCTACCTGCTG

SEQUENCE SIZE: 780

INCLUDED REGION SIZE: 780
PRODUCT SIZE: 166, PAIR ANY COMPL: 5.00, PAIR 3' COMPL: 2.00
GCAAGGCTACATATGGACTTAAACTCCTCAAATTAACAAGAGTGCTAATCAACCAACCAA

CTAACCATCCATCCATCCAAGCTGCCAAGATCAACAGCAATTAAACCACAGCAAGCTAGG

GTTAGGGTTTCCTCCTTCCAATTGACCCAACAAACCCATCCTCCAAAATCACAATGAGAT

CTTGCTAAGTACGTACGTAGCGCAAGTAACAACCAATATTATTGCTACAAAATGCAATGC

TCATATATACGCTAGCTCTATATATGCGGTACTGATGACTAGTGATGAGCGAGGCAAACC

CTAGTCCGTCCGTCGGCGCCGCCGGCATGAATGCATGCACGCAGCAGGTAGAGAAGGCTC
GTCCTCAGTGGCGGCGGCGGCGGGCTACTGCCACGACGACACGGACAGCAGCGGCCGCGT

CTGCCACCCGAGAAAGCACGCGCCGCGCGCCTCCTGCACGAGGTAGCCCTCCGACGGGTA

GTGCAGCCGCAGCAGCAGCCGCGCCTGCGACACGGCGAAAGCGCTGAGAGGCCGCGCCGC

AAATCCGGCGCCGCGCGCCGCGGCTCCCCACCGCTCGAGTCCGCGCCACCACCTCCCACC

GGAGGGACCCAGCGCGGCGTCGATCTCCCTGCCGAGCACCTCGTGCTCCACCGCCAGCCG

CTCCCGGCTCCCCGGCGGCACAGTCGCCTCGAGCGCCTCGAACACGGCCGAGTAGTGATC

CATGGCTACCGCGGACCGCTGGGGCAGGTCGTCGATGCGGTCGAAACCCCCGCCGATTGT

