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Summary 
 
We are creating a new microsatellite marker set for 
public use.  Because many projects involving 
genetic disorders in humans depend on 
microsatellite markers, there is an existing need for 
a reliable and cost-effective marker set that 
provides higher-quality statistical data while still 
being affordable. Our proposed set will consist of 
approximately 800 markers and currently has a 
rough spacing of one marker every 4.1 cM.  The 
average heterozygosity is currently 0.85.  To 
further reduce costs to users, we are arranging 
markers and corresponding PCR primers into ~178 
multiplexed groups consisting of 4-5 markers each.  
These multiplexed groups will allow research 
teams to perform genomewide scans at minimal 
cost. 
 
Introduction 
 
Microsatellite marker sets for genomewide linkage 
scans have been widely used in Mendelian 
disorders1.  Current marker sets, however, are often 
unsuccessful in their demonstration of linkage of 
diseases and traits.  A survey of 101 linkage studies 
of human diseases found that “most” (66.3%) of 
the studies did not show “significant” evidence of 
linkage.  Furthermore, it found that studies of the 
same disease were often inconsistent in their 
results2, demonstrating the need for a higher-
quality and more reliable marker set.     
 
High quality microsatellite marker  sets for linkage 
studies are available from several commercial 
sources for a price, effectively eliminating their use 
for cost-conscious research groups.  Public 
microsatellite marker sets, with primer sequences 
freely available, have several shortcomings.  First, 
some sets have a marker density of roughly 10 cM 

or more.  With such widely spaced markers it is 
often difficult to determine co-segregation of a 
specific marker allele and phenotype.  At a 10 cM 
density level, the inheritance information content 
obtained is only ~70% when parental genotypes are 
available and drops to ~30% when parental 
genotypes are unavailable3. 
 
Current microsatellite maps also contain numerous 
markers with lower heterozygosities, with many 
studies reporting average heterozygosities of ~0.72.  
Using markers with high heterozygosities is an 
important aspect of genotyping and linkage studies.  
The heterozygosity of a marker is directly 
proportional to the amount of inheritance 
information obtained3.  
 
Other areas of concern with current public sets are 
that many existing primers fall within repetitive 
sequences, were often designed from poor quality 
sequence data, and were not designed by current 
standards in PCR primer design software. 
 
Methods 
 
Established markers were derived from both the 
Japan Biological Information Research Center4, A 
(JBIRC) database and the Mammalian Genotyping 
Service of the Marshfield Clinic Research 
Foundation5, B.  Markers were then arranged by 
heterozygosity.  The JBIRC database yielded 
62,505 micro-satellite markers, with 30,630 
showing no displayed heterozygosity and an 
additional 26,969 having a heterozygosity below 
our minimum criteria of 0.82.  The remaining 
4,906 markers had an acceptable heterozygosity 
(>0.82).  The Marshfield database yielded 8,306 
microsatellite markers with 89 showing no 
displayed heterozygosity, an additional 6,961 
having a heterozygosity of <0.82, and the 



remaining 1,256 having an acceptable 
heterozygosity.   
 
After removing duplicates, acceptable Marshfield 
markers were merged with the ~5,000 acceptable 
markers from the JBIRC database.  Markers were 
then organized by physical and meiotic position as 
derived from the University of California-Santa 
Cruz (UCSC) Genome Browser database6, C.  A set 
was then selected utilizing one marker every 4-5 
cM based on the deCode recombination map7, with 
the most common marker featuring a dinucleotide 
repeat.  Any gaps between established markers 
with high heterozygosities are filled with a 
candidate simple tandem repeat (STR) at a 5 cM 
density level or less. 
 
To create new markers, STR tables were 
downloaded using the UCSC Genome Browser 
table retrieval tool8.  STRs were chosen for 
markers by algorithms we developed, which rank 
the STRs based on repeat length, match %, and 
other factors.  All work was based on the March 
2006 (build 36.1, NCBI) build of the human 
genome. 
 
Current Work 
 
While designing marker sets and corresponding 
PCR primers into multiplexed reactions is tedious 
and labor intensive, multiplex PCR offers several 
advantages over “singleplexed” PCR reactions to 
the end user.  First, the number of individual 
reactions, and thus time required in set-up and 
analysis, is greatly reduced.  Secondly, the amount 
of reagents consumed will be lower, reducing costs 
significantly.  By multiplexing PCR reactions we 
are increasing the usability and functionality of this 
marker set.   
 
Multiplexed sets of primers, including markers 
utilized from current public databases, are being 
designed and tested from several PCR primer 
design programs: Visual OMP v5.0 (DNA 
Software, Ann Arbor, MI), muPlex: Multi-
Objective Multiplex PCR Design v2.29, D and 
Primer3 on the World Wide Web v0.210, E.  
Multiplexed sets typically contain 4-5 markers and 
their corresponding PCR primers.  The multiplex 
primer design software select primer groups based 
on user selected criteria including target Tm, 
mishybridization, duplex formation, amplicon size, 
and cross-hybridization.  All primers are blasted 
against the human genome to ensure specificity 
using internal software blast capabilities as well as 
the NCBI online blastF. 

 
Primer oligos are ordered from Integrated DNA 
Technologies, Inc (Coralville, IA).  Fluorescent 
labels are incorporated on to PCR products as 
documented by Markus Schuelke11.  Markers are 
then run using standard fragment analysis methods 
on an ABI 3100 Genetic Analyzer. 
 
Heterozygosities for the uncharacterized STR 
markers will be determined on a panel of 
approximately 100 random normal control DNA 
samples.  Those not meeting acceptable 
heterozygosities will be replaced with a 
neighboring STR. 
 
Difficulties 
 
Although the software we are using screen for 
potential problems with multiplex primer design, 
several obstacles are still present.  First, 
VisualOMP, software intended primarily for 
multiplex primer design, does not take into account 
the 3’ end stability of newly created primers, 
allowing a polymerase to amplify—albeit less 
efficiently—non-target DNA. Preliminary 
fragment analysis tests of primers have yielded 
less-than-specific peaks, also suggesting the blast 
filter criteria need to be adjusted.  VisualOMP 
does, however, predict overall stability of primers 
and also avoids sequence areas with high amounts 
of secondary structure. 
 
Primer3 presents a related problem.  Primer3, 
which does not currently support multiplex primer 
design, seems to have an issue with its blast 
filtering.  Although it claims to blast potential 
primers against a human mispriming library to 
avoid placing primers in repetitive sequences, 
alternate blasts using the NCBI online blast 
indicate poor overall primer specificity.   
 
The muPlex server seems to overcome many of 
these difficulties, though it does not take into 
account DNA secondary structure.  Preliminary 
fragment analysis tests of primers designed using 
muPlex have yielded specific peaks.  muPlex also 
offers the benefit of placing primers designed from 
user-inputted sequences automatically into “tubes” 
of a pre-selected size.  This greatly reduces man-
hours spent on organizing multiplex groups. 
 
Intended Use 
 
Our research group’s current focus is to create a 
suitable set of markers to perform segregation 
analysis of nonsyndromic cleft lip with or without 



cleft palate (CL/P) in large, three and four 
generation, consanguineous Pakistani families.  
Although there have been a number of previous 
genomewide scans for CL/P, heterogeneity seems 
to be an important factor12 and has represented a 
serious obstacle towards progress in this field.  
 
Discussion 
 
This microsatellite marker set will be tested in our 
project on DNA samples from Pakistan.  The 
markers, however, will have wide applicability and 
high heterozygosities in other populations as well.   
Many cultures place an emphasis on marriage 
outside of one’s immediate family, increasing 
genetic diversity.  For recessive diseases, however, 
the power to detect linkage more than doubles 
when working with samples from consanguineous 
families such as those found in Pakistan, where 
half of all marriages are to first-degree relatives.  
Often, each family represents a unique genetic 
isolate and hence simplifies immensely the 
enormity of such studies.  The impact of being able 
to simplify the study of inherited traits (be they 
simple highly heterogeneous Mendelian traits or 
more complex traits) can be demonstrated by the 
progress deCODE Corporation has made in 
mapping many different inherited traits in the 
Icelandic population.  A deCODE paper published 
in this years March issue of Nature Genetics13 
includes data on a specific mutation accounting for 
some 21% of attributable risk for diabetes type II in 
European populations, based on first looking for 
such a gene among the Icelandic people and then 
applying the information discovered to other 
populations.   
 
With the advent of single-nucleotide polymorphism 
(SNP) maps becoming increasingly prominent in 
linkage and association studies, a question may 
arise concerning the focus we are placing on 
microsatellite maps.  Individual microsatellite 
markers are more polymorphic than individual 
SNPs and as a result are more informative14, 15. 
Grant, et al (2006)13, found that to increase the 
power of a linkage study, it is effective to utilize 
microsatellite markers to determine linkage and 
then saturate possible linkage areas with high-
quality SNPs and STRs.  The aforementioned study 
found that no SNP “demonstrated stronger 
association” then an equally well placed STR. 
 
Conclusion 
 
By creating a higher density marker set, we hope to 
improve the statistical analysis data of our 

research, as well as provide a suitable set of 
markers to other research groups involved in 
mapping genetic traits.  There is a premium to be 
paid for the “latest technology” that we and many 
others can little afford.  Great strides in 
understanding the inheritance of many human 
genetic disorders can be made from improvements 
of current technology. 
 
Internet Resources 
 
A

 http://www.jbirc.aist.go.jp/gdbs  
B

 http://research.marshfieldclinic.org/genetics/ 
C

 http://genome.ucsc.edu/ 
D

 http://genomics14.bu.edu:8080/MuPlex/  
     MuPlex.html 
E

 http://fokker.wi.mit.edu/cgibin/primer3/primer3_  
     www.cgi 
F

 http://www. ncbi.nlm.nih.gov/blast/index.shtml 
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