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Random amplified polymorphic DNA (RAPD) markers were initially used to gain provisional insight into 
the genetic variation among and within population of Spartina and their hybrids (Ayres et al., 1999). In 
contrast to simple sequence repeat (SSR) markers, RAPD does not involve high costs of time and money. 
The arbitrary decamer primer amplifies a set of unknown genomic sequences, which are run on an 
agarose gel and which can be scored as present or absent. However, a highly controlled and monitored 
setting is necessary to ensure its reproducibility (Ellsworth et al., 1993; Pan et al., 1997; Riedy et al., 
1992; Scot et al., 1993).  The ISP found that the variation in results between laboratories (University of 
California, Davis and STA Laboratories, Colorado) made this technique inappropriate to use for 
identifying hybrid spartina as it stood.  However, if the RAPD analysis could be modified such that its 
error rate would be decreased, then this technique would become more predictable and more cost 
effective than SSR markers.  

Converting the RAPD markers to sequence characterized amplified region (SCAR) markers could 
increase the efficiency and predictability of the RAPD assay. SCAR markers are created by using a longer 
primer that is developed by extending the sequence of the RAPD primer, and increasing the size of the 
primer to approximately 20 bases. By increasing the specificity (longer more specific primer, increasing 
the reaction temperature), the results are less sensitive to changes in the reaction conditions and are more 
reproducible.  Ultimately, SCAR markers can provide robust genetic markers that are low cost and that 
can be used to identify hybrid spartina derived from interspecific hybridizations.  

In 2010 the ISP addressed the issue of reducing genetic testing costs for identifying Spartina hybrid by 
developing a series of SCAR markers.  The eleven (11) RAPD bands that have historically been used by 
the ISP were chosen for further analysis based on their repeated use for hybrid identification (Table 1).  
To convert the RAPD bands developed by Ayres et al., (1999); each unique band was cut from an agarose 
gel and eluated in TE buffer. The RAPD analysis was conducted by UCD to ensure reproducibility of 
scoring bands and to ensure the current bands were chosen for SCAR marker development (Ayres et al., 
1999).  The bands were then sent to the Genomics/Transcriptomics Analysis Core at San Francisco State 
University (SFSU), to Dr. Frank Cipriano for cloning and sequencing.  In order to develop longer and 
more specific SCAR marker primers the sequencing of the RAPD bands was conducted. As RAPD 
primers often amplify a range of bands it was necessary to transfer the fragment of interest (i.e. B7 650 bp 
marker), into a self-replicating genetic element, a bacterial plasmid.  The RAPD band can then be used to 
generate multiple copies to be used for further study without fear of contamination from similar but non-
related bands produced in the RAPD reaction.  

Results 

The RAPD band sequencing that were obtained by SFSU are presented in Table 1.  The fragments were 
compared to other known sequences in the gene bank database (http://www.ncbi.nlm.nih.gov) to obtain 
more information as to their reported function and/or location if any.  More information will enable us to 
understand how these bands are segregating in the population that will inform us as to their usefulness as 
species-specific markers to identify hybrid plants. The results of the BLAST analysis are reported in 
Table 1. 
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Table 1. RAPD bands historically used by ISP to identify hybrid spartina with their expected size as per Ayres et al., 1999, and observed size conducted by SFSU (2010).  
The RAPD band sequence used to develop SCAR markers is provided.   NA refers to bands that could not be amplified or cloned from the RAPD bands and will not be 
used for SCAR marker development. 

RAPD BAND 
ID 

BAND SIZE 
EXPECTED 

(bp) 

BAND SIZE 
OBSERVED 

(bp) RAPD BAND SEQUENCE Results of BLAST analysis 
A2-575 575 N/A   

B7 550 368 

GGTGACGCAGGTGGCTAGAAAACAAGGTGTAGATCACCACCGAATCATCCGTGCGGAGA 
AGTCGAGCAGTTTTGAACCAATTCTGAGCCAAAACTCATGTGATGGCTATCAAGTTAGA 
TGTGATCCCCCATGCGTCAGATGGTCATAACTCCTTCGTGCAAACTCCGAATCGAGGGCT 
GTTTCTTCCGTTGGATGCAGAACAACTTGTGTGACACCCAGTGAAGTGAATTTAAGAAA 
ATAGAACAAGTATACATATTCTATGATTAAAATTGTGGCCCACAAGAGTGAAGAAGCCT 
CTGTTGGGTCCGGTACCCAGCGTGGCCAATGATAGGTCCCGTTTTACATCACGAGAGTCC 
GGCTGCGTCACC 

none 

B7 650 538 

GGTGACGCAGGAACTGTTGGAATTTAGGCTGCAGCTGTTACTAACTTGCTA 
TTTGGGAAGCCTAAATTTTAAATAGTAAGTCAATGGTGGTGTGTAGAGATGT 
CATGAGAAATTTTAGTCCTATATTATTCATCTAGCTGGATGCATACCAACTTA 
TAAGTGGAGTCTATGTAAATGCTTTACATGAGAGAACAAAAGATATGATGTCT 
GCTATGTGTACATGCATAACACACGCGCGCGTTTCATATTTTACGTGTTATYA 
TCACGTGACTTATGCGATCACGTCGTGGCATGATGTGTTTAATAAGCAGTTTA 
TTTTTGTCCTATGTTTTTATTGGTTAATTCTACCACACCTACACTGTCACATCAA 
CTACGATTGGTTGCACGTAGAGAGGTTTCAGGGGTGGTTCCTGAAATTTGGGC 
AGATCAAATTTGAGACGGACTGCGTCCTTCARTATATATAGGAGATGTCCTGTA 
TACGGAAGTCCCCTCACGGTTCATTCGACTCTCTGAAAACTGACTCACTTTCTG 
CGTCACC 

P-450 expressed gene  

B7 800 802 

GAGAGAGCGGAAGTGATGGGACTGGATGCACTCAGCAATGCTTAGCTTTATAT 
GTGTAGGAGACGACAGTATGATGATTCACTTCCTGAGAAAAAGATATATTTCTGT 
TTCAACCACCAGCGCAATCCGGACGTGGGATCAAGGAGCCAAAAAGTTTAGAA 
GTTTAAAAGATTTTGAAGTCCGTGACATCCATAAGAAGGAACCTTGGGCTCAAC 
GGATAAGATTTATTAATGCAATGGGCACGGTGATTGGCTCGAAGCAAGAGGAG 
GAGGGACGTTGTGATTACGCTATCAACAACAGTGCCCGATCGGCCCCAGCCAA 
AGCTCAGTGCCCAATCAGCCATTCATGACAAGTATACAAGCTAAGTCTTACTTTA 
CATTGTTAATCGATGTCGATCAGCATTTATCACGTGCTCAATTAAAATAAGACCA 
ATGTGATAAGAAGGTTAAAGTTGTTCGATTTGGTGCTCGTTAGCATTCATCATGA 
AACCGATTGAAGTCAGGTTGTTAAGCAGATAAGAGTTGAGTGTCGAAGTTCTCA 
TTGCAATGACTTATATCAATTCCATCTAAGTCTAAAGAAGAACACACAAGAATAT 
AGCAAAAGATCCAGATTTCATTAATTTGGATTGAAGAGATCTCCTACCACAGTTC 
TAAGAAGTCTATAGATTACATTAAGGACATTACCGARATAAAAGAAGTTACAAAG 
ACAGAAGCAGCATGAGAGTATTAAAGTATGTCAATGATTCTGSGTCACC 

Conserved oligomeri golgi 
comlex component 3 

C10 475 467 

TGTCTGGGTGCATGTCACCACTATGCACTTCGAGGGACCAGTGGCACAGTGGTTGA 
AGTCTATCAATCATCACGTGCGTTCGGCGTCTTGGAAGGAGTTGTGCAGCTGGATTC 
ACGACCGATTCAATCATGATCAGCATGAGTCACTCATTAGGCAGTTGTTTCACATC 
AAACAAGTAGGCACAATTCAGGAGTATATTGACAAATTCAGTTAGTTAGTCCATCAG 
TTAGTAGCTTATGAACACTCATCTGATTTTTGGTATTATACTACACGTTTCGTGCATG 
GGTTGAAGGATGATGTGAAAGCAGTTGTGCTTGTTCAAAGGCCCACTGACCTCGATA 

Unspliced genomic 
retrotransposon protein, 
putative, unclassified but 
expressed 
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CTGCCTATACTAACGTCTTGTTGCAGGAAGAAGTGGACTCGGCGCATAAGTGGGATT 
TCAGACACACTGATTTCTCCTTCAAGCTCAAGAGCAACCATTGCCTCTCCCACCACCT 
CCACCCAGACA 

D11 575 546 

AGCGCCATTGAATCCAAATTCCAATCATAATCCTGTCACATTAGTGTTGTCCTGAAC 
ATGGATAGAATCGCCAAAATATAATACTAACAGTATACGGTATATCATTAAAATTTAT 
TGTGCTATATCATAAACTTGATGCAACAAAGTATCGTCATCAAAACGTAACACTTTTT 
TTTCTCTTTCTTGTGACAAAGAAGCTAGCGAATGCACATACTATAGGCTGATCCACT 
AGGAACTTTCCATACTTCCAATTTATTAATGGTGAAAATACTGTACATCCTATTGTGA 
CAACGACGACTCCAAATCATAGCCGTCTTCCGTGTGGGAATCCTTTGGCTCTGGCT 
GCTTCTTACCTCCAAACATTGACTTTTAATGTAGTCTCCAATTTATCTGAAACCTACT 
GTATCAAAAAAATTCAAATTTGGGCCAGACATATCTTTTCCAACGTCAATCCAACCG 
ACGATCCCTTATCAACAGACTCGTATGGCTTGGACGACCCGGCTCCTCCGAGGTCA 
ACTTCCCGTCAAGCCGGACCGCAATGGCGCT 

Cytoplastic membrane protein

D11 575 524 

AGCGCCATTGCCTAATCGTCCCACTGGAAGCCATCCGCTTTACGTAGCAGCTTATAG 
AAAGGCATGCCATGTTTGTCTGACTTGGATATGAATCAGCTGAGCACTACCATCATG 
CCTGTCAGCTTCTGGATTTCTCTTCAGATTCGAGGTGGTTGTAATTGTTTGATGGCCT 
CCACCTTCTTTGGATTTGTGTTGATCCCCCAAGCCGATACCATATAGCGGAGTAGTTT 
ACCTGATGATACACTGAACACACATTTTTTAGAGTTAACCATCATCTTGTACTTATAGA 
GATTGTCAAAGGTCTCTTTGATGTCGTCAAGCAAATAATCCCCATGCTTTTTCAACTTC 
ACTACCACATCATCGATATATGCTTCAGCATTTCTTCTGATTTAAGTTTTCAAGATGAT 
CTGAATGCCCTTCTGATATGTAGCTCCCCTATTTTTGAGGTCGAACGCCATCTCTGTG 
TAACAGAAGATTCCAAATAGAGTGATGAACGCTGTTTTTTCTTCATCATCAATGGCGCT 

Unspliced genomic 
retrotransposon protein TY-3 
Gypsy 

D5 600 N/A   

X9 1000 N/A   

X11 750 N/A   

X18 450 422 

GACTAGGTGGCATCAAAAGTTTTGACATCAGTATTTTGATCTGTCGATTCTAATT 
CTGGAGGTTGGAATATTTTCTGATCGACAGAGTTGTCACCAATTAGCTTGAAAA 
TCTGAGGTTGGTTTCTTCCAAATTATTTCACTTATTGACTTATTTTATAAAATAAA 
TTTCAAAATCTACCAGAGGCTAATGCCAGTTTAGACCTCTCTAGATGCAGAACAA 
AAGCGATGATTGCCAATTGCTTCTCTGGTCAGTAAGAAGACGTGGCAAGTTTGG 
AATTGATTTATTACTTTAACCATTCGTTCGAGTACATCGCATTGTATCGGAATGG 
CGCGACACGATCAGTAACACACATACAAGAAAAAAAGGGCGAATATTCCAATAC 
TACATGGAGAACCTACAAAACCAGGCCACCCACCTAGTC 

Unknown protein 

X18 750 N/A   

X18 900 N/A   
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As Table 1 shows, there are distinct differences between the expected sizes of the RAPD bands and their 
observed sizes. Differences in the expected and observed sizes are important as researchers use the 
expected size to determine the presence or absence of hybrid genes in the plant population. This type of 
scoring error can potentially lead to overestimation or underestimation of hybrid genes in plant samples 
and may help to explain the disagreement of field data and genetic data in 2008 and 2009.  It is likely that 
the resolution of the agrose gels used in the RAPD analysis are not sufficiently sensitive to distinguish an 
increase or decrease of 50 bp from the expected size and have resulted in incorrect species determination 
calls.   

In addition, all of the presumed single unique bands cut from the agrose gels were in fact a mixture of 
fragments. This means that the bands currently considered species specific are a mixture of many 
fragments, not one sole fragment and the amplification of any of these would result in the reported 
presence/absence determination. SCAR markers will enable us to increase the specificity of the primers 
by increasing their length and increasing the temperature of the reaction in order to decrease the amount 
of bands produced in the analysis from many to just one.   

A series of SCAR marker primers are currently being developed from the sequences presented in Table 1. 
These primers will be a minimum of 20bp in length and with high melting temperatures that will ensure 
high specificity for the target sequence and eliminate those non-target or erroneous sequences 
complicating the analysis. To finally assess the ability of the RAPD bands (now SCAR markers), to 
function as species specific markers, they will be tested in known high confidence foliosa and hybrid 
plant samples and their presence/absence will be compared to their respected species profile as detailed in 
Ayres et al., (1999).  

References 

Ayres, D. R., D. Garcia-Rossi, H. G. Davis, and D. R. Strong. 1999. Extent and degree of hybridization 
between exotic (Spartina alterniflora) and native (S-foliosa) cordgrass (Poaceae) in California, USA 
determined by random amplified polymorphic DNA (RAPDs). Molecular Ecology 8:1179-1186. 

Ellsworth, D.I, D.K Rittenhouseand R L Honeycutt (1993) Artifactual variation in randomly amplified 
polymorphic DNA banding patterns. Biotechniques 14:214:216 

Pan Y B, D M Burners, K.C Ehrlich, M.P Grisham and Q Wei (1997) Analysis of primer derived 
nonspecific amplification products in RAPD-PCR Biotechniques 22, 1071-1077.  

Reidy M.F, WJ Hamilton, 3d and C.F.,  Aquadro (1992) Excess of non-paterntal bands in offspring from 
pedigrees assay using RAPD PCR. Nucleic Acids Rearch 20, 918. 

Scott, M.P, K.M Haymes et al. (1993) Parentage analysis using RAPD PCR. Nucleic Acids Research. 




