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(ABSTRACT) 

Restriction fragment length polymorphisms (RFLPs) of chloroplast DNA 

(cpDNA), mitochondrial DNA (mtDNA), and ribosomal DNA (rDNA), were used 

to estimate and compare the extent of diversity among the organellar and nuclear 

genomes, and to infer species relationships. Eight cultivated turfgrass species and 

subspecies were used in this study including: Festuca rubra spp, rubra, F. rubra spp 

commutata Gaud., F. rubra spp trichophylla Gaud., F. longifolia Thuill., F. ovina L, F. 

arundinacea Shreb, Lolium perenne L., and Poa pratensis L. Genomic DNA from 

tissue samples of 208 cultivars representing the eight turfgrasses was digested with 

each of four restriction enzymes: Hind III, Bam HI, Eco RI, and Xba I, and probed 

with a set of ten barley cpDNA clones, nineteen wheat mtDNA clones, and one 

wheat rDNA clone. 

The degree, type, and distribution of diversity detected within and between 

these species and subspecies were compared by RFLP analysis. Relative phenotypic 

diversity in the cytoplasmic and nuclear genomes was evaluated using Shannon’s 

information statistic. Genetic similarities used for computing species relationships 

were based on the proportion of shared RFLP fragments. 

Substantial inter- and intra-specific nuclear and cytoplasmic DNA variation 

was detected with RFLP markers in the eight turfgrass species and subspecies. 

Comparison of phenotypic diversity estimates indicates that, in general, the highest



level of variation was detected by rDNA, followed by mtDNA, and the lowest was by 

cpDNA. The high variability in rDNA indicates that rDNA in these species evolves 

at a faster rate than both cpDNA and mtDNA, and cpDNA evolves at a slower rate 

than mtDNA. Species relationships derived based on the data of the three genomes 

indicate that the five fine fescues are clustered in the same group in agreement with 

the traditional classification. Relationships among the eight turfgrasses based on 

mtDNA data are in accordance with those from cpDNA. Furthermore, results from 

these analyses indicate that F. arundinacea and L. perenne are closely related to each 

other, and P. pratensis has a rather low degree of relationship to any of the 

turfgrasses studied. 

This is the first study where the data from three genomes have simultaneously 

been used to address genetic variation and species relationships in plants. The results 

of this study further indicate that RFLPs of cpDNA, mtDNA and rDNA are useful 

markers for species and variety identification, and as criteria in germplasm collection 

as well as in the elimination of duplicates accessions in germplasm banks.
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Introduction 

Turfgrasses, an important source of natural vegetation, serve a functional 

purpose by controlling wind and water erosion of soil, eliminating dust and mud 

problems, helping to remove air pollutants, and providing an ideal surface for sports 

fields. They have and are being developed to conserve our soil and water resources, 

to protect our environment, and to provide recreation and enjoyment for all people. 

Today, turfgrasses are most widely used in the highly developed industrial regions of 

the world such as North America, England, Europe, New Zealand, Japan, and 

Australia. The turfgrass industry is one of the major agricultural industries, and will 

become more and more important for the future environment. Thus, large areas of 

turfgrasses will replace other plant species such as trees and bushes, especially around 

cities, due to their function and low maintenance requirements. 

Festucoideae subfamily contains three turfgrass tribes, and one of the most 

important tribes is Festuceae, which includes three major turfgrass genera (Festuca 

L., Lolium L., and Poa L.). Eight turfgrasses within these three genera include 

Festuca rubra ssp. rubra, F. rubra ssp. commutata Gaud., F. rubra ssp. trichophylla 

Gaud., F. longifolia Thuill., F. ovina L., F. arundinacea Shreb., Lolium perenne L., and 

Poa pratensis L.. They are cool-season grasses widely distributed throughout the 

temperate and subarctic climates such as the cool humid, cool subhumid, and cool 

semiarid climates. They are the most extensively utilized as turfgrasses in the United 

States and Europe. 

Plant germplasm is a natural resource and genetic diversity is the raw material 

for plant breeding. For developing effective breeding strategies, breeders must be 

aware of the genetic diversity available in the species of interest. To develop 

effective programs for germplasm evaluation, conservation and breeding, and to 

understand species phylogenetic relationships and evolutionary processes, it is 

important to measure the level of variability of nuclear as well as chloroplast and



mitochondrial genomes. 

Current advances in electrophoresis technology and biotechnology, including 

molecular genetics, have provided useful tools and made possible the study of genetic 

variation at the molecular level in higher plants. This variability can be measured by 

molecular markers such as proteins, isozymes, and DNA. Biochemical markers such 

as seed storage proteins and isozymes are useful in examining species variability. For 

example, seed storage proteins have been used to clarify relationships within the 

primary gene pool for beans, lentils, chickpea, pigeonpea, watermelon, and peanut 

(Gepts, 1990). Isozyme studies have been applied to banana, barley, millet, maize, 

rice, and tomato (Doebley, 1989). In addition, isozyme variation has been commonly 

used for studies of natural diversity in wild relatives (e.g., Hordeum spontaneum, Jana 

and Pietrzak, 1988). These biochemical methods have been valuable in 

differentiating and identifying some turfgrass cultivars. Electrophoresis of proteins 

has been used to identify Agrostis cultivars (Wilkinson and Beard 1972, Clark et al. 

1989). Analysis based on isozyme systems have proven useful as a diagnostic tool in 

differentiating several turfgrass species such as Stenotaphrum sp. (Green et al. 1981), 

Festuca spp. (Villamil et al. 1982), Poa sp. (Wu et al. 1984), Lolium (Ferguson and 

Grabe 1986), and Cynodon spp. (Vermeulen et al 1991). 

Although biochemical markers have proven to be very useful, they do not 

provide a complete picture of genetic diversity. This is because they are based on 

molecular characters which are frequently influenced by environmental or 

physiological factors. In particular, only a relatively small proportion of genes present 

in the genome are actually transcribed and translated into proteins at any given time, 

and environmental conditions, physiological age, and the overall state of the plant can 

affect the factors that control expression of such proteins. 

Recently, methods to analyze the genome at the DNA level have been 

developed. Molecular genetic techniques have produced new information on the 

amount of genetic variation present in species of interest. This has proven especially
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useful in genetic studies, and has already shown tremendous potential for analyzing 

problems in plant genetics, evolution, and phylogenetic relationships (Saghai Maroof 

et al. 1984; Palmer et al. 1985a,b; Palmer et al. 1988; Clegg 1989; Harris and Ingram 

1991; Soltis et al. 1989a,b; Kim et al. 1992). Restriction fragment length 

polymorphisms (RFLPs), as DNA markers, provide a rapid approach for obtaining 

estimates of ribosomal DNA (rDNA), chloroplast DNA (cpDNA), and mitochondrial 

DNA (mtDNA) variability in population samples. This is particularly true for 

research on the extent and distribution of variation within a species or between 

related species where DNA markers are considered to fulfill many of the criteria 

required for such studies. Since RFLP genetic markers are screened directly at the 

DNA level, an unlimited number of genetic loci can be detected easily. In addition, 

they show high levels of polymorphism, provide markers throughout the genome, and 

their expression is unaffected by the environment (Clegg, 1989). Other biochemical 

markers, such as seed proteins or isozymes, do not fulfill these criteria to the same 

extent, although they can be assayed easily in plant populations. RFLP markers, 

therefore, provide a reliable index of plant genotypes. 

Estimates of cpDNA, mtDNA, and rDNA variation based on RFLPs have been 

reported for numerous angiosperms, particularly in major food crops. Despite the 

economic importance of turfgrasses in developed countries, they have received much 

less attention than other crops. Studies of genetic diversity, phylogenetic 

relationships, evolution, and evaluation of germplasm in turfgrass species at the DNA 

level have not been sufficiently investigated. Ohmura et al. (1993) reported cpDNA 

and rDNA variation in Festuca, Lolium, and Poa genera but the data were based on 

only one or two accessions for each species. Limited information on the extent and 

distribution of cpDNA and rDNA variation is available. Little is known about 

mtDNA variation in turfgrasses. Therefore, a study of genetic variability in turfgrass 

species at the molecular level is proposed. 

This study represents the first large-scale sampling in cultivated turfgrass
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Species using RFLPs as genetic markers to: 1) estimate the level, type, and 

distribution of cytoplasmic diversity in chloroplast and mitochondrial genomes both 

within and between species of turfgrass; 2) investigate the amount and patterns of 

variability of rDNA; 3) compare the extent of polymorphisms detected using cpDNA, 

mtDNA, and rDNA as molecular markers; and 4) infer species and subspecies 

relationships based upon the data of cpDNA, mtDNA, and rDNA. 

Results from these fundamental genetic studies are expected to provide some 

informative data which can be used to address questions on the evolution and 

phylogenetic relationships which can not be answered by conventional methods. In 

addition, this study is expected to provide meaningful information to aid in 

germplasm evaluation and conservation, and in developing breeding programs. 

This dissertation is subdivided into three major chapters entitled: 

1. Chloroplast DNA Polymorphism in Three Turfgrass Genera: Festuca L., Poa 

L., and Lolium L. 

2. Mitochondrial DNA Polymorphism in Three Turfgrass Genera: Festuca L., 

Lolium L., and Poa L. 

3. Ribosomal DNA Polymorphism in Three Turfgrass Genera: Festuca L., 

Lolium L., and Poa L..
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Chapter I 

Introduction 

The improvement of any plant is dependent upon the genetic variability existing 

in the available germplasm. Molecular markers are becoming increasingly useful in 

measuring the genetic variability in crop plants. The use of chloroplast DNA 

(cpDNA) markers in genetic studies has already shown tremendous potential for 

analyzing problems in plant genetics, origin, evolution, and phylogenetic relationships 

(Palmer et al. 1985a; Palmer 1985b,c; Palmer et al. 1988; Clegg 1989; Harris and 

Ingram 1991; Soltis et al 1989a,b; Wolf et al. 1990; Kim et al. 1992). One of the 

many important contributions of restriction fragment length polymorphism (RFLP) 

analysis is its wide application in analysis of genetic variation in natural populations 

and for exploration of the evolutionary relationships among plant taxa (Saghai 

Maroof et al. 1984; Song ef al. 1988). Genetic diversity in corn and rice germplasm 

has been studied extensively using isozyme and DNA data (Doebley et al. 1983; 

Goodman and Stuber 1983; Clegg 1989; Messmer et al. 1991, 1992; Dudley et al. 

1991; Melchinger et al. 1991; Smith et al. 1992; Zhang et al. 1992). In addition, some 

geneticists suggest that the chloroplast genome plays a role in cytoplasmic male 

sterility (Chen et al. 1990). Therefore, an assessment of the extent of cytoplasmic 

genetic diversity is important in evaluating germplasm resources for broadening the 

genetic base of crop plants. This information is useful in germplasm evaluation and 

conservation and in plant breeding programs. 

All plants contain three separate genomes: nuclear, chloroplast, and 

mitochondrial. Although relatively few genes are located in the chloroplast genome, 

they are a genetically and functionally important part of a plant’s genetic information 

and play an indispensable role in the key processes of photosynthesis. The 

chloroplast genome is small and relatively constant in size with many copies per cell.



8 

This genome is highly conserved in the evolution of plants and is maternally inherited 

in the majority of plant species (Kirk and Tilney-Bassett 1978). These unique 

features of cpDNA have made its analysis relatively simple, rapid, and inexpensive. 

Use of cpDNA as a marker to measure genetic diversity has been reported for many 

plant species including Lupinus texensis (Banks and Birky 1985), Linum spp. (Coates 

and Cullis 1987), Hordeum vulgare and H. spontaneum (Holwerda et al. 1986; Neale 

et al. 1988), Zea spp. (Doebley et al. 1987), Helianthus bolanderi and H. annuus 

(Rieseberg et al. 1988), Heuchera micrantha (Soltis et al. 1989a), Tolmiea menziesii 

(Soltis et al. 1989b), and Coreopsis spp. (Crawford et al. 1990). These studies have 

demonstrated that assaying for cpDNA variation is a reliable and useful tool to study 

phylogenetic relationships, evolutionary processes, and evaluation of germplasm. 

More recently, studies have demonstrated that intraspecific cpDNA variation is very 

common and extensive among different plant species (Soltis et al. 1992). 

Despite the economic importance of turfgrasses in developed countries, they 

have received much less attention than other crops in the study of genetic variation 

at the DNA level. Biochemical methods have been valuable in differentiating and 

identifying some turfgrass cultivars and only a few studies have been reported for 

distinguishing turfgrass germplasm based on isozyme techniques. Previous studies 

based on these techniques have proven useful for genotypic identification of several 

turfgrass species such as Agrostis (Wilkinson and Beard 1972; Clark et al. 1989), 

Stenotaphrum spp. (Green et al. 1981), Festuca (Villamil et al. 1982), Poa pratensis 

(Wu et al. 1984), Lolium (Ferguson and Grabe 1986), and Cynodon spp. (Vermeulen 

et al. 1991). Genetic variation, evolution, phylogeny, and evaluation of germplasm 

in turfgrass species at the DNA level has not been investigated and little is known 

about intraspecific and interspecific cpDNA variation. Species classification and 

assumed phylogenetic relationships in turfgrasses are based on variation in 

morphological and physiological characteristics. Since this variation is dependent on 

the expression of nuclear genes and interactions of nuclear and cytoplasmic genes
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with each other and with the environment, this information does not always represent 

the true genetic variation. The major objectives of this work were: 1) to estimate the 

level and types of cytoplasmic diversity in cpDNA both within and between species 

and subspecies of cultivated turfgrasses, and 2) to elucidate the phylogenetic 

relationships among these species and subspecies. 

Materials and Methods 

Plant materials 

A total of 208 cultivars representing three major cool-season turfgrass genera 

were assessed for RFLPs of cpDNA. These genera were: 1) Festuca L. which 

contains two subgenera: the fine fescues and the coarse fescues, the former includes: 

Festuca rubra ssp. rubra (here after referred to as F. rubra); F. rubra ssp. commutata 

(F. commutata); F. rubra ssp. trichophylla (F. tichophylla), F. longifolia; and F. ovina; 

and the latter includes: F. arundinacea, 2) Poa L. which contains Poa pratensis, and 

3) Lolium L. which contains Lolium perenne. These cultivars were entries in the 1989 

National Turfgrass Test and are listed in Table 1. Seeds of each cultivar were 

planted in field plots (3 x 3 feet for each plot) in April, 1990, at the Turfgrass 

Research Center at VPI & SU in Blacksburg, Virginia. Ten pounds of nitrogen were 

applied per acre per year. When the grass was 2.5 inches in height it was mowed. 

The plots were not irrigated and no insect control practices were carried out. In 

May, 1991, a bulk sample of 15 grams of fresh leaf tissue from each cultivar 

(approximately 20 individuals) was randomly collected from each plot (one of the 

three replications), frozen immediately with dry ice, and then stored at -80 °C. 

Source of cpDNA Clones 

A set of ten cpDNA (designated as P1 to P10) clones (probes) from a Pst |
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Table 1. Turfgrass cultivars and sources of plant material analyzed. 

  

  

Genus, species Cultivar Sources of seed material 
and/or subspecies 

Festuca genus: 
F. rubra ssp commutata 
(chewings fescue) NK 82492 NK lawn & Garden 

Molinda Van der Have Oregon, Inc. 
Barnica Barenbrug USA 
Shadow Turf-seed, Inc. 
Atlanta Van der Have Oregon, Inc. 
Mary Van der Have Oregon, Inc. 

Jamestown Loft’s seeds, Co. 
Waldorf Van der Have Oregon, Inc. 
Epsom Van der Have Oregon, Inc. 
N-105 Normarc, Inc. 

Raymond Van der Have Oregon, Inc. 
Estoril International Seeds 
Wilma E. F. Burlingham & Son 
BAR FR 9F Barenbrug USA 
Capitol Ampac Seed Company 
Enjoy International Seeds 
Koket E.F. Burlingham & Sons 

F. rubra ssp rubra 
(creeping red fescue) Elanor Production Service 

Franklin Van der have Oregon, Inc. 
Sylvester Van Der Have Oregon, Inc. 
WW RS 130 E.F. Burlingham & Sons 
ZW 42-158 Green Genetics Inter. 

PST-4NI Pure-Seed, Testing 
Bargena Barenbrug USA 
Bar FR8RC3 Barenbrug USA 
Cindy International Seeds 
Boreal National Turf. Feder. Inc. 
WW RS 138 E.F. Burlingham & Sons 
PST-4C8 Pure-Seed, Testing 
Herald International Seeds 
Longfellow International Seeds 
Ensylva International Seeds 
Jasper Pickseed West
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(Table 1 continued) 

  

Genus, species Cultivar Sources of seed material 
and/or subspecies 

  

F. rubra ssp. trichophylla 
(slender creeping fescue) Bar FR 9P Barenbrug USA 

Barlotte Barenbrug USA 
Barcrown Barenbrug USA 
FRT-30149 Pure-Seed, Testing 

HF 102 Van der Have Oregon, Inc. 
Marker International Seeds 
LD 3488 Daehnfeldt 
ZW 42-160 Green Genetics Inter. 
HF 138 Van der Have Oregon, Inc. 

F. longifolia 
(hard fescue) Serra Willamette Seed Co. 

Melody Van der Have Oregon, Inc. 
Attila KWS Seeds 
Aurora Turf-Seed, Inc. 

Biljart Van der Have Oregon, Inc. 
Valda International seeds 

F. ovina 
(sheep fescue) MX 86 Jacklin Seed Co. 

Bighorn Turf-Seed, Inc. 
F. arundinacea 
(tall fescue) Adventure Warren’sTurf Nursery 

Trident Seed Research of Oregon 
Titan Seed Research of Oregon 
Pick DDF Pickseed West, Inc. 

Pick 127 Pickseed West, Inc. 

Pick SLD Zajac Performance Seeds 
PE-7E Reed Funk - Rutgers 

Hubbard 87 Reed Funk - Rutgers 
Legend Agway 

Taurus Turf Merchants, Inc. 
Sundance Seaboard Seed Co. 

Fatima Van der Have Oregon, Inc. 
Normarc 25 Reed Funk - Rutgers 
Willamette Willamette Seed & Grain 
Chieftain Roberts Seed Co.
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Genus, species Cultivar Sources of seed material 
and/or subspecies 

Thoroughbred Pickseed West, Inc. 
Pick TF9 Pickseed West, Inc. 
PST-S0L Turf-Seed, Inc. 

PST-5D7 Pure-Seed Testing, Inc. 
Cimmaron LESCO, Inc. 

Bonanza Cenex Seed Plant 
PST-5AG Pure-Seed Testing, Inc. 
PST-5BL Pure-Seed Testing, Inc. 
PST-SMW Pure-Seed Testing, Inc. 
Trailblazer LESCO, Inc. 

Jaguar Zajac Performance Seeds 
PST-DBC Pure-Seed Testing, Inc. 
Olympic Turf-Seed, Inc. 
Jaguar II Zajac Performance Seeds 
Apache Turf-Seed, Inc. 
PST-5DM Pure-Seed Testing, Inc. 
Pick DM Pickseed West, Inc. 

Pacer International Seeds, Inc. 
Carefree International Seeds, Inc. 

Richmond Jonathan Green, Inc. 

Tip NPI Seed, Inc. 
KY-31 University of Kentucky 
Bel 86-1 Jack Murray - USDA, ARS 
PST-SEN Pure-Seed Testing, Inc. 
Finelawn 5GL 

Rebel 

Tribute 

Arid 
Wrangler 
Mesa 

JB-2 

Falcon 

Syn GA 
Pick GH6 

PST-5HF 

Monarch 

Finelawn Research Corp. 
Loft’s Seed, Inc. 

Loft’s Seed, Inc. 

Jacklin Seed Co. 
Jacklin Seed/LESCO, Inc. 
Jonathan Green, Inc. 

Jacklin Seed Co. 

E. F. Burlingham 
O. M. Scott & Sons 

Pickseed West, Inc. 

Northrup King Co. 
Turf-Seed, Inc.
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Genus, species Cultivar Sources of seed material 
and/or subspecies 

Normarc 99 Normarc, Inc. 
PST-5F2 E. F. Burlingham 

Poa genus: 
Poa pratensis 
(Kentucky bluegrass) Barzan Mount Emily Seeds, Inc. 

Gnome Turf Merchants, Inc. 
P-104 Loft’s Seed, Inc. 

Ram-1 Jacklin & Loft Seed Inc. 
Compact Tib Szego Associates 
Joy Green Seed Company 
Sydsport E. F. Burlingham & Sons 
Georgetown Loft’s Seed, Inc. 
Somerset Loft’s Seed, Inc. 

Able 1 Warren’s Turf Nurs. Inc. 
Bar VB 577 Barenbrug Holland 
Annika Production Services 
Kenblue National Turf. Feder. Inc. 

Bristol O. M. Scott & Sons 
Ba 72-5000 Finelawn Research Corp. 
Bar VB 534 Barenbrug Holland 
NE80-88 Uni of Nebraska-T.Riordan 

America Pickseed West, Inc. 

Ba 69-82 O. M. Scott & Sons 
Ba 73-540 O. M. Scott & Sons 
Parade Van der Have Oregon, Inc. 
HV 97 Pure-Seed Test, Van der 

Cheri Jacklin Seed Co. 
Eclipse Turf Cultivar Assoc. 
Liberty Zajac Performance Seeds 
Destiny Jonanthan Green & Son 
Dawn LESCO, Inc. 

Merion Jacklin & Loft’ Seed Inc. 
239 (Suffolk) Loft’s Seed, Inc. 
Wabash Loft’s Seed, Inc. 

Ikone Jacklin Seed Co. 
F-1872 Jacklin Seed Co.
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Genus, species Cultivar Sources of seed material 
and/or subspecies 

Aquila Northrup King Co. 
K 1-152 Northrup King Co. 
Welcome Rothwell Seeds 
Rugby Northrup King Co. 
Trenton Northrup King Co. 
Midnight Turf-Seed, Inc. 
Challenger Turf-Seed, Inc. 
Blacksburg Turf-Seed, Inc. 
PST-CB 1 Pure-Seed Testing, Inc. 
S.D. Certified National Turf. Feder. Inc. 
WW Ag 468 E. F. Burlingham & Sons 
Mom PP 2926 National Turf. Feder. Inc. 
Bar VB 55 National Turf. Feder. Inc. 
HV-96 National Turf. Feder. Inc. 
Vantage National Turf. Feder. Inc. 
Classic Peterson Seed Company 
Ba 72-492 Roberts Seed Co. 
Ba 73-626 Northrup King Co. 
Amazon Jacklin Seed Co. 
Julia LESCO & Jacklin Seed Co. 
WW AG 491 E. F. Burlingham & Sons 

Lolium genus: 
Lolium perenne 
(perennial ryegrass) Barry Barenbrug Holland 

Tara Hubbard Seed & Supply 
Barlp 410 Barenbrug Holland 
Yorktown | Loft’s Seed, Inc. 
Palmer Loft’s Seed, Inc. 
Diplomat Loft’s Seed, Inc. 
Pavo E. F. Burlingham & Sons 
Caliente NPI Seed, Inc. 

Aquarius Fred Ledeboer-KWS Einbeck 
Goalie Northrup King Co. 
Acrobat Van der Have Oregon, Inc. 
Brenda Van der Have Oregon, Inc. 
Derby International Seeds, Inc. 
Gator International Seeds, Inc.
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Genus, species Cultivar Sources of seed material 
and/or subspecies 

Patriot Turf Merchants, Inc. 
Rodeo Turf Merchants, Inc. 
Allaire Jonathan Green & Sons 

Pick 300 Pickseed West, Inc. 
Ovation O. M. Scott & Sons 

SR 4000 Seed Research, Inc. 
SR 4031 Seed Research, Inc. 
Pick 647 Roberts Seed Co. 
Ranger Van der Have Oregon, Inc. 
ISI-K2 International Seeds, Inc. 
Pennfine Joe Duich-Penn State 
Psu-222 Joe Duich-Penn State 

Mom Lp 763 Van der Have Oregon, Inc. 
Sheriff Van der Have Oregon, Inc. 
Birdie II Turf-Seed, Inc. 
Regency LESCO, Inc. 
PST-2PM Zajac Performance Seeds 
PST-2DD Pure-Seed Testing, Inc. 
PST-250 E. F. Burlingham & Sons 
Vintage-2DF LESCO, Inc. 
PST-259 Turf-Seed, Inc. 

Pst-M2E Manhat. Rye Grower Assoc. 
246 Turf-Seed, Inc. 
PST-2HH Pure-Seed Testing, Inc. 
ISI-851 International Seeds, Inc. 
Manhattan National Turf. Feder. Inc. 
Repell Loft’s Seed, Inc. 
Del 946 Northrup King Co. 
J 207 Jacklin Seed Co. 

J 208 Jacklin Seed Co. 
Linn National Turf. Feder. Inc. 

Runaway Van der Have Oregon, Inc. 
Cowboy Loft’s Seed, Inc. 
Delray Northrup King Co. 
Pick 600 Pickseed West, Inc. 

Manhattan II 

Omega II 
Turf Merchants Turf-Seed 

Turf-Seed, Inc.
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chloroplast genomic DNA library of barley, kindly provided by Dr. T.H.N. Ellis (John 

Innes Institute, UK), were used in this study. Two reasons for using cpDNA clones 

from barley were 1) a chloroplast genomic DNA library of turfgrasses was not 

available; and 2) they were highly homologous to turfgrass DNA and revealed 

variation in our preliminary studies with four cultivars randomly chosen from each 

species and subspecies. Plasmids containing each of the ten barley cpDNA clones 

were transformed into DH5 alpha competent cells (£. coli bacteria) and plasmid 

DNA was extracted according to the procedures described by Sambrook et al. (1989). 

Identification numbers and insert sizes of the ten barley cpDNA probes assigned by 

Day and Ellis (1985) are given in Fig. 1. These clones cover or mark the whole 

barley chloroplast genome. 

DNA preparation and RFLP assays 

DNA Isolation--Total cellular DNA was extracted from freeze-dried leaf tissues 

of each cultivar following previously established procedures (Saghai Maroof et al. 

1984). The concentration of DNA samples was measured with a DNA Fluorometer 

TKO100 (Hoefer scientific instruments, San Francisco) according to the 

manufacturer’s protocols. The DNA samples were immediately used for RFLP 

analysis or stored at 4 °C. 

Restriction Enzyme Digestion and Electrophoresis--The four restriction 

enzymes; Hind III, Bam HI, Eco RI, and Xba J; used in this investigation were 

purchased from Bethesda Research Laboratories. A sample of about 1 to 3 yg total 

cellular DNA was individually digested with each of the four restriction enzymes. 

Altogether, the RFLP data set included 40 probe/enzyme combinations. Digestion 

was carried out at 37 °C for 16 hours. Digested DNA fragments were then size- 

fractionated by electrophoresis in 0.8% agarose gels with a running buffer {1 M Tris, 

0.125 M NaAC (sodium acetate), 0.01 M EDTA (ethylenediamine tetraacetic acid), 

pH 8.1] at 60 milliamps for 24 hours.
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�n�o�n�-�r�a�d�i�o�a�c�t�i�v�e� �D�i�g�-�d�U�T�P� �u�s�i�n�g� �a� �D�N�A� �l�a�b�e�l�i�n�g� �a�n�d� �d�e�t�e�c�t�i�o�n� �k�i�t� �(�B�o�e�h�r�i�n�g�e�r� 

�M�a�n�n�h�e�i�m�)� �f�o�l�l�o�w�i�n�g� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �i�n�s�t�r�u�c�t�i�o�n�s�.� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� �v�a�r�i�a�t�i�o�n� 

�w�a�s� �d�e�t�e�c�t�e�d� �t�h�r�o�u�g�h� �b�l�o�t� �h�y�b�r�i�d�i�z�a�t�i�o�n� �u�s�i�n�g� �e�a�c�h� �o�f� �t�h�e� �t�e�n� �c�p�D�N�A� �p�r�o�b�e�s�,� �o�n�e� �a�t� 

�a� �t�i�m�e�.� 

�A�u�t�o�r�a�d�i�o�g�r�a�p�h�y�-�-�D�N�A� �f�r�a�g�m�e�n�t�s� �w�e�r�e� �v�i�s�u�a�l�i�z�e�d� �b�y� �a�u�t�o�r�a�d�i�o�g�r�a�p�h�y�.� 

�F�o�l�l�o�w�i�n�g� �h�y�b�r�i�d�i�z�a�t�i�o�n�,� �p�o�s�t�-�h�y�b�r�i�d�i�z�a�t�i�o�n�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �b�y� �w�a�s�h�i�n�g� �t�h�e� �b�l�o�t�s� 

�t�w�i�c�e� �i�n� �2�X� �S�S�C� �(�N�a�C�l� �s�o�d�u�i�m� �c�i�t�r�a�t�e�)� �a�n�d� �0�.�1�%� �S�D�S� �(�s�o�d�i�u�m� �d�o�d�e�c�y�l� �s�u�l�f�a�t�e�)� 

�s�o�l�u�t�i�o�n� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �5� �m�i�n�u�t�e�s�,� �a�n�d� �o�n�c�e� �i�n� �0�.�5�X� �S�S�C� �a�n�d� �0�.�1�%� �S�D�S� 

�s�o�l�u�t�i�o�n� �a�t� �6�5� �°�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�.� �A�f�t�e�r� �t�h�i�s� �s�t�e�p�,� �t�h�e� �b�l�o�t�s� �w�e�r�e� �e�x�p�o�s�e�d� �t�o� �K�o�d�a�k� 

�X�-�r�a�y� �f�i�l�m�s� �w�i�t�h� �i�n�t�e�n�s�i�f�y�i�n�g� �s�c�r�e�e�n�s� �f�o�r� �8� �t�o� �4�8� �h�o�u�r�s� �a�t� �-�8�0� �°�C�.� 

�C�o�m�p�a�r�i�s�o�n� �o�f� �d�e�t�e�c�t�i�o�n� �o�f� �o�r�g�a�n�e�l�l�a�r� �D�N�A� �v�a�r�i�a�t�i�o�n� �b�a�s�e�d� �o�n� �r�e�s�t�r�i�c�t�i�o�n� �e�n�d�o�n�u�c�l�e�a�s�e� 

�p�a�t�t�e�r�n�s� �a�n�d� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� 

�O�r�g�a�n�e�l�l�a�r� �(�c�p� �a�n�d� �m�t�)� �D�N�A� �p�o�l�y�m�o�r�p�h�i�s�m� �c�a�n� �b�e� �d�e�t�e�c�t�e�d� �i�n� �t�w�o� �w�a�y�s�:� �i�)� 

�i�s�o�l�a�t�i�o�n� �o�f� �p�u�r�e� �c�p� �o�r� �m�t�D�N�A�,� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �d�i�g�e�s�t�i�o�n� �a�n�d� �d�i�r�e�c�t� �o�b�s�e�r�v�a�t�i�o�n� 

�o�f� �e�t�h�i�d�i�u�m�-�b�r�o�m�i�d�e� �s�t�a�i�n�e�d� �a�g�a�r�o�s�e� �g�e�l�s� �f�o�r� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�,� �o�r�,� �a�l�t�e�r�n�a�t�i�v�e�l�y� �i�i�)� �t�o�t�a�l� 

�c�e�l�l�u�l�a�r� �D�N�A� �c�a�n� �b�e� �d�i�g�e�s�t�e�d� �b�y� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e�s�,� �S�o�u�t�h�e�r�n� �b�l�o�t�t�e�d� �a�n�d� �h�y�b�r�i�d�i�z�e�d� 

�w�i�t�h� �c�l�o�n�e�d� �c�p� �o�r� �m�t�D�N�A� �p�r�o�b�e�s�.� �D�a�t�a� �c�a�n� �b�e� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �X�-�r�a�y� �f�i�l�m� �a�f�t�e�r



�1�9� 

�a�u�t�o�r�a�d�i�o�g�r�a�p�h�y�.� �T�h�e� �l�a�t�t�e�r� �m�e�t�h�o�d� �i�s� �p�r�e�f�e�r�r�e�d� �f�o�r� �l�a�r�g�e� �s�c�a�l�e� �s�c�r�e�e�n�i�n�g� �a�n�d� �t�h�u�s� 

�w�a�s� �c�h�o�s�e�n� �f�o�r� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�.� �O�n�e� �p�o�t�e�n�t�i�a�l� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �t�h�e� 

�d�e�t�e�c�t�i�o�n� �o�f� �n�o�n�-�t�a�r�g�e�t� �D�N�A� �s�e�q�u�e�n�c�e�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �c�r�o�s�s�-�h�y�b�r�i�d�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� 

�h�o�m�o�l�o�g�o�u�s� �s�e�q�u�e�n�c�e�s� �a�m�o�n�g� �c�h�l�o�r�o�p�l�a�s�t�s�,� �m�i�t�o�c�h�o�n�d�r�i�a�,� �a�n�d�/�o�r� �n�u�c�l�e�i�.� �F�o�r� �i�n�s�t�a�n�c�e� 

�m�i�t�o�c�h�o�n�d�r�i�a�l� �a�n�d� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �s�e�q�u�e�n�c�e�s� �h�a�v�e� �b�e�e�n� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �n�u�c�l�e�a�r� 

�g�e�n�o�m�e� �(�T�i�m�m�i�s� �a�n�d� �S�c�o�t�t� �1�9�8�3�;� �S�c�o�t�t� �a�n�d� �T�i�m�m�i�s� �1�9�8�4�)�,� �a�n�d� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� 

�s�e�q�u�e�n�c�e�s� �a�r�e� �c�o�m�m�o�n�l�y� �f�o�u�n�d� �i�n� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �o�f� �h�i�g�h�e�r� �p�l�a�n�t�s� �(�S�t�e�r�n� 

�a�n�d� �L�o�n�s�d�a�l�e� �1�9�8�2�;� �S�t�e�r�n� �a�n�d� �P�a�l�m�e�r� �1�9�8�4�;� �L�o�n�s�d�a�l�e� �1�9�8�5�)�.� 

�D�a�t�a� �a�n�a�l�y�s�i�s� 

�T�o� �e�v�a�l�u�a�t�e� �t�h�e� �d�e�g�r�e�e� �o�f� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �b�o�t�h� �w�i�t�h�i�n� �a�n�d� �b�e�t�w�e�e�n� �s�p�e�c�i�e�s� 

�a�n�d� �s�u�b�s�p�e�c�i�e�s�,� �S�h�a�n�n�o�n ��s� �i�n�f�o�r�m�a�t�i�o�n� �s�t�a�t�i�s�t�i�c� �(�B�o�w�m�a�n� �e�t� �a�l�.� �1�9�7�1�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� 

�f�o�r� �e�a�c�h� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �f�o�r�m�u�l�a� �h�,�=�-�L�f�,� �I�n� �f�,�,� �w�h�e�r�e� �h�,� �i�s� �t�h�e� 

�p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �a�n�d� �f�j� �i�s� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �a� �g�i�v�e�n� �c�p�D�N�A� �p�h�e�n�o�t�y�p�e�.� �O�n�l�y� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �p�h�e�n�o�t�y�p�i�c� 

�d�i�v�e�r�s�i�t�y�.� �C�a�l�c�u�l�a�t�i�o�n� �o�f� �g�e�n�e�t�i�c� �s�i�m�i�l�a�r�i�t�i�e�s� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �p�h�y�l�o�g�e�n�e�t�i�c� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e�s�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �w�e�r�e� �b�a�s�e�d� �o�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �s�h�a�r�e�d� 

�f�r�a�g�m�e�n�t�s� �a�c�c�o�r�d�i�n�g� �t�o� �N�e�i� �a�n�d� �L�i� �(�1�9�7�9�)�.� �I�n� �a�l�l� �c�a�s�e�s�,� �t�h�e� �i�n�d�i�c�e�s� �o�f� �r�e�l�a�t�e�d�n�e�s�s� �(�F�-� 

�v�a�l�u�e�s�)� �f�o�r� �e�a�c�h� �p�a�i�r� �o�f� �t�h�e�s�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �t�h�e� �f�o�r�m�u�l�a�,� �F�-� 

�v�a�l�u�e�=�2� �N�,�,�/�(�N�,� �+� �N�,�)�,� �w�h�e�r�e� �N� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �f�r�a�g�m�e�n�t�s� �h�y�b�r�i�d�i�z�i�n�g� 

�f�o�r� �s�p�e�c�i�e�s� �x�,� �N�,� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �f�r�a�g�m�e�n�t�s� �h�y�b�r�i�d�i�z�i�n�g� �f�o�r� �s�p�e�c�i�e�s� �y�,� 

�a�n�d� �N�,�,� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �f�r�a�g�m�e�n�t�s� �s�h�a�r�e�d� �b�y� �e�a�c�h� �p�a�i�r� �o�f� �s�p�e�c�i�e�s� �x� �a�n�d� �y� 

�(�N�e�i� �a�n�d� �L�i� �1�9�7�9�)�.� �A� �d�e�n�d�r�o�g�r�a�m� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �b�a�s�e�d� �o�n� �g�e�n�e�t�i�c� �s�i�m�i�l�a�r�i�t�i�e�s�.



�2�0� 

�R�e�s�u�l�t�s� 

�I�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�e�s�t�u�c�a� �g�e�n�u�s� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �r�u�b�r�a�-�-�N�i�n�e� �o�f� �t�h�e� �1�0� �c�p�D�N�A� �c�l�o�n�e�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� 

�d�e�t�e�c�t�e�d� �R�F�L�P�s� �i�n� �F�.� �r�u�b�r�a� �f�o�r� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e�s� �t�e�s�t�e�d� 

�(�T�a�b�l�e� �2�)�.� �P�o�l�y�m�o�r�p�h�i�s�m� �w�a�s� �d�e�t�e�c�t�e�d� �f�o�r� �5�8�%� �o�f� �t�h�e� �4�0� �p�r�o�b�e�/�e�n�z�y�m�e� 

�c�o�m�b�i�n�a�t�i�o�n�s� �a�s�s�a�y�e�d�.� �I�n� �m�a�n�y� �c�a�s�e�s�,� �a� �s�i�n�g�l�e� �c�l�o�n�e� �p�r�o�d�u�c�e�d� �d�i�f�f�e�r�e�n�t� �R�F�L�P� 

�p�a�t�t�e�r�n�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �e�n�z�y�m�e�s�.� �T�w�o� �o�f� �t�h�e� �c�l�o�n�e�s� �d�e�t�e�c�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m�s� �w�i�t�h� �a�l�l� 

�f�o�u�r� �e�n�z�y�m�e�s�,� �t�w�o� �w�i�t�h� �t�h�r�e�e� �e�n�z�y�m�e�s�,� �f�o�u�r� �w�i�t�h� �t�w�o� �e�n�z�y�m�e�s�,� �a�n�d� �o�n�e� �w�i�t�h� �o�n�e� 

�e�n�z�y�m�e�.� �E�x�t�e�n�s�i�v�e� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �w�a�s� �d�e�t�e�c�t�e�d�,� �a�n�d� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� 

�r�a�n�g�e�d� �f�r�o�m� �0�.�4�8�7� �t�o� �1�.�1�4�3� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�8�6�8�.� �F�o�u�r� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� 

�b�y� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �i�n� �e�a�c�h� �o�f� �t�h�e� �s�i�x� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �(�T�a�b�l�e� �2�)�.� 

�P�o�l�y�m�o�r�p�h�i�s�m� �w�a�s� �r�e�v�e�a�l�e�d� �i�n� �t�h�e� �P�1�/�E�c�o� �R�I� �c�o�m�b�i�n�a�t�i�o�n� �(�F�i�g�.� �2�A�,� �l�a�n�e�s� �1� �t�o� �4�)� �a�n�d� 

�f�o�u�r� �D�N�A� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n�s� �w�e�r�e� �d�e�t�e�c�t�e�d�.� �L�a�n�e�s� �1� �t�h�r�o�u�g�h� �4� �a�l�l� �h�a�d� �D�N�A� 

�f�r�a�g�m�e�n�t�s� �o�f� �3�.�2�,� �2�.�2�,� �1�.�0�,� �0�.�9�4�,� �0�.�9�0�,� �a�n�d� �0�.�6� �k�b�.� �L�a�n�e� �4� �(�p�h�e�n�o�t�y�p�e� �d�)� �h�a�d� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �f�r�a�g�m�e�n�t� �o�f� �3�.�6� �k�b�;� �t�h�i�s� �p�h�e�n�o�t�y�p�e� �r�e�p�r�e�s�e�n�t�s� �6�2�%� �o�f� �t�h�e� �t�o�t�a�l� �c�u�l�t�i�v�a�r�s� �i�n� 

�t�h�i�s� �s�p�e�c�i�e�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �l�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)� �h�a�d� �a� �f�r�a�g�m�e�n�t� �o�f� �4�.�0� �k�b�.� �L�a�n�e� �2� 

�(�p�h�e�n�o�t�y�p�e� �b�)� �h�a�d� �a�d�d�i�t�i�o�n�a�l� �f�r�a�g�m�e�n�t�s� �o�f� �4�.�0� �a�n�d� �3�.�6� �k�b�.� �L�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� �a�)� �h�a�d� 

�e�x�t�r�a� �f�r�a�g�m�e�n�t�s� �o�f� �4�.�0� �a�n�d� �4�.�3� �k�b�.� �W�h�e�n� �c�o�m�b�i�n�i�n�g� �t�h�e� �d�a�t�a� �f�r�o�m� �a�l�l� �p�o�l�y�m�o�r�p�h�i�c� 

�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �1�1� �h�a�p�l�o�t�y�p�e�s� �(�A� �t�h�r�o�u�g�h� �K� �a�s� �s�h�o�w�n� �i�n� �t�h�e� �l�a�s�t� �c�o�l�u�m�n� 

�o�f� �T�a�b�l�e� �3�)� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �a�m�o�n�g� �t�h�e� �c�p�D�N�A�s� �f�r�o�m� �1�6� �F�.� �r�u�b�r�a� �c�u�l�t�i�v�a�r�s�.� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �c�o�m�m�u�t�a�t�a�-�-�R�F�L�P�s� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �w�i�t�h� �a�l�l� �t�e�n� �c�p�D�N�A� 

�p�r�o�b�e�s� �f�o�r� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �e�n�z�y�m�e�s� �u�s�e�d�.� �M�o�s�t� �p�r�o�b�e�s� �r�e�v�e�a�l�e�d� 

�p�o�l�y�m�o�r�p�h�i�s�m�s� �w�i�t�h� �m�o�r�e� �t�h�a�n� �o�n�e� �e�n�z�y�m�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�w�o� �o�f� �t�h�e� �t�e�n� �c�l�o�n�e�s� 

�d�e�m�o�n�s�t�r�a�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h� �a�l�l� �f�o�u�r� �e�n�z�y�m�e�s�,� �t�w�o� �w�i�t�h� �t�h�r�e�e� �e�n�z�y�m�e�s�,� �f�o�u�r� �w�i�t�h� 

�t�w�o� �e�n�z�y�m�e�s�,� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �t�w�o� �w�e�r�e� �p�o�l�y�m�o�r�p�h�i�c� �f�o�r� �o�n�l�y� �o�n�e� �e�n�z�y�m�e� �(�T�a�b�l�e� 

�4�)�.� �T�h�e� �h�i�g�h�e�s�t� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �w�a�s� �1�.�2�1�1� �a�n�d� �t�h�e� �l�o�w�e�s�t� �w�a�s� �0�.�2�2�7�.� �U�p� �t�o� �6�0�%� �o�f� 

�t�h�e� �t�o�t�a�l� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �p�o�l�y�m�o�r�p�h�i�c� �i�n� �t�h�i�s� �s�u�b�s�p�e�c�i�e�s�.� �M�o�s�t



�2�1� 

�T�a�b�l�e� �2�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �1�6� �F�.� �r�u�b�r�a� �c�u�l�t�i�v�a�r�s�y�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �c� �d� �d�i�v�e�r�s�i�t�y� 

�P�1�/�H�3�*� �0�.�1�9� �0�.�8�1� �0�.�4�8�7� 
�P�1�/�B�H� �0�.�1�3� �0�.�6�2� �0�.�1�9� �0�.�0�6� �1�.�0�4�6� 
�P�1�/�R�I� �0�.�1�3� �0�.�1�2� �0�.�1�3� �0�.�6�2� �1�.�0�6�4� 
�P�1�/�X�B� �0�.�0�6� �0�.�6�9� �0�.�1�9� �0�.�0�6� �0�.�9�1�0� 
�P�3�/�H�3� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�P�3�/�B�H� �0�.�7�5� �0�.�2�5� �0�.�5�6�2� 
�P�3�/�R�I� �0�.�3�1� �0�.�6�9� �0�.�6�1�9� 
�P�3�/�X�B� �0�.�3�1� �0�.�6�9� �0�.�6�1�9� 
�P�4�/�B�H� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�P�4�/�R�I� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�P�4�/�X�B� �0�.�0�6� �0�.�5�6� �0�.�3�8� �0�.�8�6�2� 
�P�5�/�B�H� �0�.�1�3� �0�.�6�2� �0�.�1�3� �0�.�1�2� �1�.�0�8�0� 
�P�5�/�X�B� �0�.�0�6� �0�.�5�6� �0�.�3�8� �0�.�8�2�6� 
�P�6�/�R�I� �0�.�1�9� �0�5�6� �0�.�2�5� �0�.�9�8�7� 
�P�6�/�X�B� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�P�7�/�B�H� �0�.�1�9� �0�.�5�6� �0�.�2�5� �0�.�9�8�7� 
�P�7�/�R�I� �0�.�3�1� �0�.�6�9� �0�.�6�1�9� 
�P�7�/�X�B� �0�.�0�6� �0�.�5�6� �0�.�3�8� �0�.�8�6�2� 
�P�8�/�R�I� �0�.�1�9� �0�5�6� �0�.�2�5� �0�.�9�8�7� 
�P�8�/�X�B� �0�.�1�3� �0�.�5�0� �0�.�3�1� �0�.�0�6� �1�.�1�4�3� 
�P�9�/�R�I� �0�.�1�9� �0�5�0� �0�3�1� �1�.�0�2�5� 
�P�9�/�X�B� �0�.�1�3� �0�5�6� �0�.�2�5� �0�.�0�6� �1�.�1�0�5� 
�P�1�0�/�X�B� �0�.�1�3� �0�.�6�0� �0�.�2�7� �0�.�9�2�4� 
� � 

�A�v�e�r�a�g�e� �0�.�8�6�8� 

�f�t� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�1�-�P�1�0� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� 
�(�1�9�8�5�)�;� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� 
�X�b�a� �I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.
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�b�o� �0� �m�e� �m�e� �o�e� 
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 �� �w�a� �q�e� 

�t�e�c� �T�e� �D�e�y� �w�e� 
�6�.�)� �a�s� �w�s� 

�4�.�)� !"�"� �w�e� �f�t�,� �v�e�m� 

�t�t� �=� 

�c�P�,� �w�e�r�?� �B�e�y� �S�e�!� �.� �.� 

�3�.�1�0� �e�e� �o�e� �e�e� �t�e�h� �e�H� 
�C�e� �w�i�e� �w�s� �a�n� 
�W�e�e�k� �R�e� �O�R� 

�2�1�]� �s�a�t�e�,� 

�1�.�0� �p�e�r� �a�n� �g�e� 

�o�n�"� �-� �w�o�w� �t�a�,� �w�e�e� �B�e�h�e� 

�F�i�g�.� �2�.� �A�u�t�o�r�a�d�i�o�g�r�a�m� �o�f� �S�o�u�t�h�e�r�n� �b�l�o�t� �s�h�o�w�i�n�g� �d�i�f�f�e�r�e�n�t� �c�p�D�N�A� �p�h�e�n�o�t�y�p�e�s�.� �A�:� 
�J�a�n�e�s� �1�-�4� �s�h�o�w�i�n�g� �f�o�u�r� �p�h�e�n�o�t�y�p�e�s� �i�n� �F�.� �n�u�b�r�a� �w�i�t�h� �P�1�/�E�c�o� �R�I�;� �B�:� �l�a�n�e�s� �1�-�4� �s�h�o�w�i�n�g� 
�f�o�u�r� �p�h�e�n�o�t�y�p�e�s� �i�n� �F�.� �c�o�m�u�m�u�t�a�t�a� �w�i�t�h� �P�1�/�X�b�a� �J�;� �C�:� �l�a�n�e�s� �1�-�3� �s�h�o�w�i�n�g� �t�h�r�e�e� 
�p�h�e�n�o�t�y�p�e�s� �i�n� �P�.� �p�r�a�t�e�n�s�i�s� �w�i�t�h� �P�1�/�X�b�a� �J�]�.� �L�a�n�e� �M�:� �1� �k�b� �A� �l�a�d�d�e�r� �m�a�r�k�e�r�.
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�T�a�b�l�e� �3�.� �H�a�p�l�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �a�m�o�n�g� �c�p�D�N�A�s� �o�f� �1�6� �F�.� �r�u�b�r�a� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� 
�S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� 
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�*� �P�1�-�P�9� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� �(�1�9�8�5�)�;� 
�H�3�,� �B�H�,� �X�B�,� �a�n�d� �R�I� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �X�b�a� �I�,� �a�n�d� �E�c�o� �R�I�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� 
�1� �a�,� �b�,� �c�,� �a�n�d� �d� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.
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�T�a�b�l�e� �4�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �1�7� �F�.� �c�o�m�m�u�t�a�t�a� �c�u�l�t�i�v�a�r�s�t�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �c� �d� �d�i�v�e�r�s�i�t�y� 

�P�1�/�H�3�*� �0�.�5�9� �0�.�2�9� �0�.�1�2� �0�.�9�2�4� 
�P�1�/�B�H� �0�.�5�3� �0�.�1�2� �0�.�3�5� �0�.�9�5�7� 
�P�1�/�R�I� �0�.�6�3� �0�.�3�1� �0�.�0�6� �0�.�8�2�3� 
�P�1�/�X�B� �0�.�0�6� �0�.�1�8� �0�.�3�5� �0�.�4�1� �1�.�2�1�1� 
�P�2�/�X�B� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�3�/�H�3� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�3�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�3�/�R�I� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�3�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�4�/�B�H� �0�.�7�6� �0�.�2�4� �0�.�5�5�2� 
�P�4�/�R�I� �0�.�7�6� �0�.�2�4� �0�.�5�5�2� 
�P�4�/�X�B� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�5�/�B�H� �0�.�7�6� �0�.�1�2� �0�.�1�2� �0�.�5�1�7� 
�P�5�/�X�B� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�6�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�7�/�B�H� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�7�/�R�I� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�7�/�X�B� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�8�/�B�H� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�8�/�X�B� �0�.�7�6� �0�.�1�2� �0�.�1�2� �0�.�5�1�7� 
�P�9�/�R�I� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�9�/�X�B� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�P�1�0�/�B�H� �0�.�8�8� �0�,�1�2� �0�.�3�6�6� 
�P�1�0�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
� � 

�A�v�e�r�a�g�e� �0�.�4�5�9� 

�f�t� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�1�-�P�1�0� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� 
�(�1�9�8�5�)�;� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� 
�X�b�a� �I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�2�5� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �r�e�v�e�a�l�e�d� �t�w�o� �p�h�e�n�o�t�y�p�e�s�,� �s�o�m�e� �i�d�e�n�t�i�f�i�e�d� 

�t�h�r�e�e�,� �a�n�d� �o�n�e� �c�o�m�b�i�n�a�t�i�o�n� �(�P�1�/�X�b�a� �I�)� �d�e�t�e�c�t�e�d� �f�o�u�r� �p�h�e�n�o�t�y�p�e�s� �(�F�i�g�.� �2�B�,� �l�a�n�e�s� �1� �t�o� 

�4�)�.� �F�r�a�g�m�e�n�t�s� �o�f� �1�4�,� �2�.�7�,� �2�.�5�,� �0�.�7�,� �0�.�4�,� �a�n�d� �0�.�2� �k�b� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �p�h�e�n�o�t�y�p�e�s� �s�h�o�w�n� 

�i�n� �l�a�n�e�s� �1� �t�o� �4�.� �L�a�n�e� �4� �(�p�h�e�n�o�t�y�p�e� �d�)� �h�a�d� �a�n� �a�d�d�i�t�i�o�n�a�l� �f�r�a�g�m�e�n�t� �o�f� �5�.�9� �k�b� �w�h�i�c�h� �i�s� 

�c�o�m�m�o�n� �a�m�o�n�g� �4�1�%� �o�f� �t�h�e� �t�o�t�a�l� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �L�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)� �h�a�d� 

�a�n� �e�x�t�r�a� �f�r�a�g�m�e�n�t� �o�f� �6�.�2� �k�b�.� �L�a�n�e� �2� �(�p�h�e�n�o�t�y�p�e� �b�)� �h�a�d� �t�w�o� �e�x�t�r�a� �f�r�a�g�m�e�n�t�s� �o�f� �5�.�9� 

�a�n�d� �6�.�2� �k�b�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �5�.�9� �a�n�d� �6�.�2� �k�b� �f�r�a�g�m�e�n�t�s�,� �l�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� �a�)� �h�a�d� 

�a�d�d�i�t�i�o�n�a�l� �f�r�a�g�m�e�n�t�s� �o�f� �6�.�5� �a�n�d� �3�.�1�5� �k�b�.� �F�r�o�m� �t�h�e�s�e� �r�e�s�u�l�t�s�,� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�s� 

�o�f� �1�7� �F�.� �c�o�m�m�u�t�a�t�a� �c�u�l�t�i�v�a�r�s� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �1�2� �t�y�p�e�s�,� �A� �t�h�r�o�u�g�h� �L�,� �a�s� �s�h�o�w�n� �i�n� 

�t�h�e� �l�a�s�t� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �5�.� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a�-�-�P�o�l�y�m�o�r�p�h�i�s�m�s� �o�f� �c�p�D�N�A� �i�n� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a� 

�w�e�r�e� �d�e�t�e�c�t�e�d� �f�o�r� �e�i�g�h�t� �o�f� �t�h�e� �t�e�n� �c�p�D�N�A� �p�r�o�b�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� 

�e�n�z�y�m�e�s� �t�e�s�t�e�d�.� �I�n� �t�o�t�a�l�,� �1�5� �p�o�l�y�m�o�r�p�h�i�c� �c�p�D�N�A� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� 

�o�b�s�e�r�v�e�d�.� �T�w�o� �o�r� �t�h�r�e�e� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �m�o�s�t� �p�r�o�b�e�/�e�n�z�y�m�e� 

�c�o�m�b�i�n�a�t�i�o�n�s�.� �N�u�m�b�e�r� �o�f� �o�b�s�e�r�v�e�d� �p�h�e�n�o�t�y�p�e�s� �a�n�d� �v�a�l�u�e�s� �o�f� �c�y�t�o�p�l�a�s�m�i�c� �d�i�v�e�r�s�i�t�y� 

�a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.� �T�h�e� �r�a�n�g�e� �o�f� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �w�a�s� �f�r�o�m� �0�.�3�6�6� �t�o� �1�.�0�0�1� �w�i�t�h� �a�n� 

�a�v�e�r�a�g�e� �o�f� �0�.�5�5�6�.� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �p�a�t�t�e�r�n�s� �o�f� �E�c�o� �R�I� �d�i�g�e�s�t�s� �o�f� �t�o�t�a�l� �D�N�A�,� 

�p�r�o�b�e�d� �w�i�t�h� �t�h�e� �c�l�o�n�e� �P�3�,� �d�e�t�e�c�t�e�d� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �p�h�e�n�o�t�y�p�e�s� �a�m�o�n�g� �t�h�e� �n�i�n�e� �F�.� 

�t�r�i�c�h�o�p�h�y�l�l�a� �c�u�l�t�i�v�a�r�s� �(�F�i�g�.� �3�,� �l�a�n�e�s� �1� �t�o� �3�)�.� �F�r�a�g�m�e�n�t�s� �o�f� �4�.�2�,� �2�.�4�,� �a�n�d� �2�.�2� �k�b� �w�e�r�e� 

�c�o�m�m�o�n� �f�o�r� �l�a�n�e�s� �1� �t�o� �3�.� �L�a�n�e� �2� �(�p�h�e�n�o�t�y�p�e� �b�)� �h�a�d� �t�w�o� �a�d�d�i�t�i�o�n�a�l� �f�r�a�g�m�e�n�t�s� �o�f� �3�.�2� 

�a�n�d� �1�.�0� �k�b� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t� �m�o�s�t� �c�u�l�t�i�v�a�r�s�.� �L�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� �a�)� �h�a�d� �t�h�r�e�e� �e�x�t�r�a� 

�f�r�a�g�m�e�n�t�s� �o�f� �6�.�4�,� �3�.�2�,� �a�n�d� �1�.�0� �k�b�.� �L�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)� �h�a�d� �a�n� �e�x�t�r�a� �f�r�a�g�m�e�n�t� �o�f� �1�.�2� 

�k�b�.� �B�a�s�e�d� �o�n� �t�h�e� �d�a�t�a� �f�r�o�m� �f�o�u�r� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�n�d� �a�s� �s�h�o�w�n� �i�n� �t�h�e� 

�l�a�s�t� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �7� �(�A� �t�h�r�o�u�g�h� �H�)�,� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�s� �o�f� �a�l�l� �n�i�n�e� �F�.� 

�t�r�i�c�h�o�p�h�y�l�l�a� �c�u�l�t�i�v�a�r�s� �a�r�e� �d�i�f�f�e�r�e�n�t� �e�x�c�e�p�t� �f�o�r� �c�u�l�t�i�v�a�r�s� �B�a�r� �F�R� �9�P� �a�n�d� �B�a�r�c�r�o�w�n�.� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �l�o�n�g�i�f�o�l�i�a�-�-�I�n�t�r�a�s�p�e�c�i�f�i�c� �D�N�A� �p�o�l�y�m�o�r�p�h�i�s�m�s� �w�e�r�e� 

�i�d�e�n�t�i�f�i�e�d� �i�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �o�f� �F�.� �l�o�n�g�i�f�o�l�i�a�.� �A�i�l� �t�e�n� �p�r�o�b�e�s� �e�x�c�e�p�t� �P�8� 

�d�e�t�e�c�t�e�d� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �A�s� �i�n� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a� �a�n�d� �F�.� �c�o�m�m�u�t�a�t�a�,� �m�o�s�t



�2�6� 

�T�a�b�l�e� �5�.� �H�a�p�l�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �a�m�o�n�g� �c�p�D�N�A�s� �o�f� �1�7� �F�.� �c�o�m�m�u�t�a�t�a� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� 
�S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� 

� � 

� � 

�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �C�h�l�o�r�o�p�l�a�s�t� 
�h�a�p�l�o�t�y�p�e� 

�P�1�*� �P�i� �P�l� �P�l� �P�2� �P�3� �P�4� �P�4� �P�5� �P�S� �P�7� �P�8�&� �P�Y� �P�I� 
�H�3� �B�H� �R�I� �X�B� �X�B� �X�B� �B�H� �R�I� �B�H� �X�B� �X�B� �X�B� �R�I� �X�B� 

�N�K� �8�2�4�9�2� �a�l� �a� �a�a�o�a�o�a�o�a�o�a�o�a�o�a�o�a�o�a�o�a�e�o� �a� �A� 
�M�o�l�i�n�d�a� �a� �a�o�a�e�o�a�o�a�o�a�a�o�a� �o�a� �a� �a� �a�a� �a� �A� 
�B�a�r�n�i�c�a� �a�a� �o�a� �o�a� �o�a�o�a�o�a�o�a�a�a�o�a�o�a�o� �a�o�a� �A� 
�S�h�a�d�o�w� �a� �b� �b� �b� �a� �a�a� �a�a� �a�a�o�a�e�o�a�e�@� �a� �B� 

�A�t�l�a�n�t�a� �b�c� �a�e�o�c�o�a�o�a�o�a�o�a�e�b�a�e�o�a�o�a�e�o�a�e�@� �a� �C� 
�M�a�r�y� �b�c� �a�c� �a�o�a� �a�o�a� �b� �@�a� �@ ¬� �a� �a�i�a� �C� 
�J�a�m�e�s�t�o�w�n� �a� �a� �b� �b� �a� �a�a�a� �a� �a� �a� �a� �a� �a� �D� 

�W�a�l�d�o�r�f� �c� �b� �b�d� �b�a�o�a�é�o�b�e�o�c�e�o�a�e�o�a�e�o�b�e�o�a�é�e�i�b� �E� 
�E�p�s�o�m� �c� �c� �b�e�c� �b�a� �b�b�c� �a�a� �b�a�a� �F� 

�N�-�1�0�5� �b�o�c� �o�b� �c�¢�c� �a� �a� �b�a�e�o�a�o�b�p� �o�b�e�c� �a�o�a� �G� 
�R�a�y�m�o�n�d� �a� �a�o�a�a�o�a�a�a�o�a�o�a�a�o�a�a� �a�i�o� �a� �A� 
�s�t�o�r�i�l� �b�c�e�a�o�c�o�a�o�a�o�b�a�e�o�a�o�a�o�a�e�o�a�e�o� �a�i�a� �H� 

�W�i�l�m�a� �a�a� �o�c� �a� �o�a� �o�a� �a�a�a� �b� �b� �e�c� �b�e�a� �I� 
�B�A�R� �F�R�9�I�F�b� �c� �b�c� �a� �a�o�a�o�a�o�a�o�a�o�a�o�a�e�o� �a�e� �a� �J� 
�C�a�p�i�t�o�l� �a�a�a� �o�b� �a�o�b�c� �a�o�a�a�c�a�a�e�q�e� �K� 
�E�n�j�o�y� �a�a�a�o�a�a�o�a�a�o�b�a�o�a�a�o�a�a�e�i�o�a� �L� 

�K�o�l�e�t� �a�a�o�a�o�a�e�o�a�o�a�e�o�a�o�b�a�o�a�o�a�o�a�e�o� �a�i�a� �L� 

� � 

�*� �P�1�-�P�1�0� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� 
�(�1�9�8�5�)�;� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� 
�X�b�a� �I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�f�a�,� �b�,� �c�,� �a�n�d� �d� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.



�2�7� 

�T�a�b�l�e� �6�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �n�i�n�e� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a� �c�u�l�t�i�v�a�r�s�y�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �c� �d�i�v�e�r�s�i�t�y� 

�P�1�/�H�3�*� �0�.�8�6� �0�.�1�4� �0�.�4�0�5� 
�P�1�/�B�H� �0�.�7�5� �0�.�2�5� �0�.�5�6�2� 
�P�1�/�R�I� �0�.�7�4� �0�.�1�3� �0�.�1�3� �0�.�7�5�3� 
�P�1�/�X�B� �0�.�8�6� �0�.�1�4� �0�.�4�0�5� 
�P�3�/�H�3� �0�.�7�8� �0�.�1�1� �0�.�1�1� �0�.�6�8�0� 
�P�3�/�R�I� �0�.�3�3� �0�.�5�6� �0�.�1�1� �0�.�9�3�4� 
�P�4�/�B�H� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�4�/�R�I� �0�.�7�5� �0�.�1�3� �0�.�1�2� �0�.�7�3�5� 
�P�4�/�X�B� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�5�/�B�H� �0�.�4�3� �0�.�1�4� �0�.�4�3� �1�.�0�0�1� 
�P�6�/�R�I� �0�.�8�9� �0�.�1�1� �0�.�3�4�7� 
�P�7�/�R�I� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�9�/�R�I� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�9�/�X�B� �0�.�7�8� �0�.�1�1� �0�.�1�1� �0�.�6�8�0� 
�P�1�0�/�X�B� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
� � 

�A�v�e�r�a�g�e� �0�.�5�5�6� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�1�-�P�1�0� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� 
�(�1�9�8�5�)�;� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� 
�X�b�a� �I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�2�8� 

�K�D� 

�6�.�1� 

�4�.�)� �o�n� �n�e� 

�3�.� 

� � � � 
�F�i�g�.� �3�.� �A�u�t�o�r�a�d�i�o�g�r�a�m� �o�f� �S�o�u�t�h�e�r�n� �b�l�o�t� �s�h�o�w�i�n�g� �t�h�r�e�e� �c�p�D�N�A� �p�h�e�n�o�t�y�p�e�s� �i�n� �F�.� 
�t�r�i�c�h�o�p�h�y�l�l�a� �w�i�t�h� �P�3�/�E�c�o� �R�I� �(�J�a�n�e�s� �1�-�3�)�.� �L�a�n�e� �M�:� �1� �k�b� �4� �l�a�d�d�e�r� �m�a�r�k�e�r�.



�2�9� 

�T�a�b�l�e� �7�.� �H�a�p�l�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �a�m�o�n�g� �c�p�D�N�A�s� �o�f� �n�i�n�e� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a� �c�u�l�t�i�v�a�r�s� �b�y� 
�t�h�e�i�r� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� 

� � 

� � 

�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �C�h�l�o�r�o�p�l�a�s�t� 
�h�a�p�l�o�t�y�p�e� 

�P�1�*� �P�i�l� �P�i� �P�3� �P�3� �P�4� �P�S� 
�B�H� �R�I� �X�B� �H�3� �R�I� �B�H� �B�H� 

�B�a�r� �F�R� �9�P� �a�l� �a�o�a� �a� �a� �a� �a� �A� 
�B�a�r�l�o�t�t�e� �a� �b� �o�a� �a� �a� �a� �b� �B� 
�B�a�r�c�r�o�w�n� �a� �a� �a� �a� �a� �a� �a� �A� 

�F�R�T�-�3�0�1�4�9� �b� �a� �b� �a� �b� �a� �a� �C� 
�H�F� �1�0�2� �a� �a� �a� �a� �b� �a� �C�c� �D� 

�M�a�r�k�e�r� �a� �a� �a� �b� �a� �a� �a� �E� 
�L�D� �3�4�8�8� �a� �a� �a� �a� �b� �a� �C�c� �F� 
�Z�W� �4�2�-�1�6�0� �a� �a� �a� �a� �b� �a� �d� �G� 
�H�F� �1�3�8� �b� �C�c� �a� �C�c� �b� �b� �C�c� �H� 

� � 

�*� �P�1�-�P�5� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� �(�1�9�8�5�)�;� 
�B�H�,� �R�I�,� �X�B�,� �a�n�d� �H�3� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �X�b�a� �1�,� �a�n�d� �H�i�n�d� �M�I�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� 
�f�l� �a�,� �b�,� �c�,� �a�n�d� �d� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.



�3�0� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �d�e�t�e�c�t�e�d� �t�w�o� �p�h�e�n�o�t�y�p�e�s� �(�T�a�b�l�e� �8�)�.� �T�h�e� 

�P�4�/�E�c�o� �R�I� �c�o�m�b�i�n�a�t�i�o�n� �r�e�v�e�a�l�e�d� �f�o�u�r� �p�h�e�n�o�t�y�p�e�s� �w�h�i�c�h� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.� �L�a�n�e�s� 

�1� �t�h�r�o�u�g�h� �4� �a�l�l� �h�a�d� �D�N�A� �f�r�a�g�m�e�n�t�s� �o�f� �3�.�2�,� �2�.�4�,� �2�.�2�,� �0�.�8�,� �0�.�7�,� �0�.�5�,� �0�.�4�,� �a�n�d� �0�.�2� �k�b�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �l�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)� �h�a�d� �a� �f�r�a�g�m�e�n�t� �o�f� �1�.�2� �k�b�.� �L�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� �a�)�,� �l�a�n�e� 

�2� �(�p�h�e�n�o�t�y�p�e� �b�)�,� �a�n�d� �l�a�n�e� �4� �(�p�h�e�n�o�t�y�p�e� �d�)� �a�l�l� �w�e�r�e� �m�i�s�s�i�n�g� �t�h�e� �1�.�2� �k�b� �f�r�a�g�m�e�n�t�,� �b�u�t� 

�l�a�n�e�s� �1� �a�n�d� �2� �h�a�d� �f�r�a�g�m�e�n�t�s� �o�f� �2�.�8� �a�n�d� �2�.�6� �k�b�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�r�o�m� �T�a�b�l�e� �9�,� �i�t� �c�a�n� �b�e� 

�s�e�e�n� �t�h�a�t� �a�l�l� �s�i�x� �F�.� �l�o�n�g�i�f�o�l�i�a� �c�u�l�t�i�v�a�r�s� �(�c�o�l�u�m�n� �1�)� �c�a�n� �b�e� �_� �i�d�e�n�t�i�f�i�e�d� �b�y� �t�h�e�s�e� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �(�A� �t�h�r�o�u�g�h� �F�,� �a�s� �s�h�o�w�n� �i�n� �t�h�e� �l�a�s�t� �c�o�l�u�m�n�)�.� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �o�v�i�n�a�-�-�O�n�l�y� �t�w�o� �c�u�l�t�i�v�a�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �F�.� �o�v�i�n�a�.� 

�F�i�v�e� �o�f� �t�h�e� �4�0� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �p�o�l�y�m�o�r�p�h�i�c�.� �R�F�L�P�s� 

�w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h� �t�h�e� �c�l�o�n�e�s� �P�1�,� �P�4�,� �P�6�,� �P�8�,� �a�n�d� �P�9� �w�i�t�h� �o�n�e� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� 

�(�X�b�a� �I� �o�r� �E�c�o� �R�I�)�,� �a�n�d� �t�h�e�s�e� �t�w�o� �c�u�l�t�i�v�a�r�s� �a�r�e� �e�a�s�i�l�y� �d�i�s�t�i�n�g�u�i�s�h�e�d� �b�y� �S�o�u�t�h�e�r�n� 

�h�y�b�r�i�d�i�z�a�t�i�o�n� �a�b�a�l�y�s�i�s� �(�T�a�b�l�e� �1�0�)�.� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a�-�-�E�x�t�r�e�m�e�l�y� �l�o�w� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �w�a�s� 

�d�e�t�e�c�t�e�d� �i�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �o�f� �F�.� �a�r�u�n�d�i�n�a�c�e�a�.� �O�n�l�y� �o�n�e� �o�f� �t�h�e� �4�0� 

�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �d�e�t�e�c�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m�.� �B�a�s�e�d� �o�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �p�a�t�t�e�r�n�s� 

�o�f� �t�h�e� �X�b�a� �I� �d�i�g�e�s�t�s�,� �c�l�o�n�e� �P�3� �r�e�v�e�a�l�e�d� �t�w�o� �p�h�e�n�o�t�y�p�e�s� �a�m�o�n�g� �5�3� �F�.� �a�r�u�n�d�i�n�a�c�e�a� 

�c�u�l�t�i�v�a�r�s� �e�x�a�m�i�n�e�d� �(�F�i�g�.� �5�)�.� �F�o�u�r� �c�u�l�t�i�v�a�r�s� �w�e�r�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �r�e�s�t�.� �L�a�n�e� �1� 

�r�e�p�r�e�s�e�n�t�s� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �t�y�p�e� �(�4�9� �c�u�l�t�i�v�a�r�s�)�,� �a�n�d� �l�a�n�e� �2� �i�s� �t�h�e� �s�e�c�o�n�d� �t�y�p�e� �(�4� 

�c�u�l�t�i�v�a�r�s�)� �w�h�i�c�h� �h�a�d� �a�n� �e�x�t�r�a� �f�r�a�g�m�e�n�t� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7�.�1� �k�b�.� 

�I�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �g�e�n�u�s� �P�o�a� 

�F�i�f�t�y�-�t�h�r�e�e� �c�u�l�t�i�v�a�r�s� �o�f� �P�.� �p�r�a�t�e�n�s�i�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �w�i�t�h� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �p�r�o�b�e�s� 

�a�n�d� �e�n�z�y�m�e�s� �a�s� �u�s�e�d� �f�o�r� �t�h�e� �o�t�h�e�r� �t�u�r�f�g�r�a�s�s�e�s� �i�n� �F�e�s�t�u�c�a�.� �N�i�n�e� �p�o�l�y�m�o�r�p�h�i�c� 

�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �f�o�u�n�d� �a�m�o�n�g� �t�h�e�s�e� �c�u�l�t�i�v�a�r�s�.� �P�h�e�n�o�t�y�p�e�s�,� 

�f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �e�s�t�i�m�a�t�e�d� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �1�1�.� 

�C�o�n�s�i�d�e�r�a�b�l�y� �l�o�w�e�r� �l�e�v�e�l�s� �o�f� �d�i�v�e�r�s�i�t�y� �w�e�r�e� �o�b�s�e�r�v�e�d� �w�i�t�h�i�n� �t�h�i�s� �s�p�e�c�i�e�s� �a�s� �c�o�m�p�a�r�e�d� 

�t�o� �m�o�s�t� �o�f� �t�h�e� �t�u�r�f�g�r�a�s�s�e�s� �i�n� �F�e�s�t�u�c�a�.� �D�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�0�9�8� �t�o� �0�.�5�3�9�,



�3�1� 

�T�a�b�l�e� �8�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �s�i�x� �F�.� �l�o�n�g�i�f�o�l�i�a� �c�u�l�t�i�v�a�r�s�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �C�c� �d� �d�i�v�e�r�s�i�t�y� 

�P�i�/�R�I�*� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�1�/�X�B� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�2�/�B�H� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�3�/�H�3� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�3�/�R�I� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�4�/�B�H� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�4�/�R�I� �0�.�3�3� �0�.�1�7� �0�.�3�3� �0�.�1�7� �1�.�3�3�4� 
�P�5�/�R�I� �0�.�1�7� �0�.�6�7� �0�.�1�6� �0�.�8�6�2� 
�P�6�/�X�B� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�7�/�R�I� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�9�/�X�B� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�1�0�/�X�B� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
� � 

�A�v�e�r�a�g�e� �0�.�5�6�3� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �L�i�s�t�e�d�.� 
�*� �P�1�-�P�1�0� �a�r�e� �c�l�o�n�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �E�l�l�i�s� �a�n�d� �D�a�y� �(�1�9�8�5�)�;� 
�R�I�,� �X�B�,� �B�H�,� �a�n�d� �H�3� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �E�c�o� �R�I�,� �X�b�a� �I�,� �B�a�m� �H�I�,� �a�n�d� �H�i�n�d� �I�I�I�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.



�3�2� 

�K�b� 
�w�e�r�e� �e�y� 

�w�o�m� �n�n� �S�a�a�d� �a�e� �3�.�]� �m�e�e�e� �K�e�n� �a�e� �7� �T�o�w� 

� � 

�2�.�1� 

�1�.�0� �<�a� 

� � 

� � � � 
�4�4� �r�e�t�e� �a�w� �a� �+� �e�r�s� �a�e� 
�e�s� �s�h�e�e� �T�S� �a�t� �-� �a�b� 
�a�n� �O�t� �e�y�e� �a�e� �e�h� �M�o�d�i�f� 

�F�i�g�.� �4�.� �A�u�t�o�r�a�d�i�o�g�r�a�m� �o�f� �S�o�u�t�h�e�r�n� �b�l�o�t� �s�h�o�w�i�n�g� �f�o�u�r� �c�p�D�N�A� �p�h�e�n�o�t�y�p�e�s� �i�n� �F�.� 
�l�o�n�g�i�f�o�l�i�a� �w�i�t�h� �P�4�/�E�c�o� �R�I� �(�J�a�n�e�s� �1�-�4�)�.� �L�a�n�e� �M�:� �1� �k�b� �A� �l�a�d�d�e�r� �m�a�r�k�e�r�.



�3�3� 

�T�a�b�l�e� �9�.� �H�a�p�l�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �a�m�o�n�g� �c�p�D�N�A�s� �o�f� �s�i�x� �F�.� �l�o�n�g�i�f�o�l�i�a� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� 
�S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� 

� � 

� � 

�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �C�h�l�o�r�o�p�l�a�s�t� 
�h�a�p�l�o�t�y�p�e� 

�P�4�*� �P�5� 
�E�c�o�R� �I� �E�c�o�R� �I� 

�S�e�r�r�a� �a�l�l� �a� �A� 
�M�e�l�o�d�y� �a� �b� �B� 
�A�t�t�i�l�a� �b� �b� �C� 
�A�u�r�o�r�a� �c� �c� �D� 
�B�i�l�j�a�r�t� �c� �b� �E� 
�V�a�l�d�a� �d� �b� �F� 

� � 

�*� �P�4� �a�n�d� �P�5� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� 
�(�1�9�8�5�)�.� 
�f�a�,� �b�,� �a�n�d� �c� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�r�o�b�e�/�e�n�z�y�m�e� 
�c�o�m�b�i�n�a�t�i�o�n�.



�3�4� 

�T�a�b�l�e� �1�0�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �t�w�o� �F�.� �o�v�i�n�a� �c�u�l�t�i�v�a�r�s�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �d�i�v�e�r�s�i�t�y� 

�P�1�/�X�B�*� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�P�4�/�R�I� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�P�6�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�P�8�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�P�9�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
� � 

�A�v�e�r�a�g�e� �0�.�6�9�2� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�1�-�P�9� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� �(�1�9�8�5�)�;� 
�X�B� �a�n�d� �R�I� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �X�b�a� �I� �a�n�d� �E�c�o� �R�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�3�5� 

� � 

�c�o�n�a�t�i�n�e�n�s� 

�o�t�e� �7� �|� 

�w�h�e�n� 

�o�m� �5�1�]� 

�a�i�n� 

� � 
�2� �M�i� 

�F�i�g�.� �$�.� �A�u�t�o�r�a�d�i�o�g�r�a�m� �o�f� �S�o�u�t�h�e�r�n� �b�l�o�t� �s�h�o�w�i�n�g� �t�w�o� �c�p�D�N�A� �p�h�e�n�o�t�y�p�e�s� �(�l�a�n�e�s� �1� 
�a�n�d� �2�)� �i�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �w�i�t�h� �P�3�/�X�b�a� �J�.� �L�a�n�e� �M�:� �J� �k�b� �A� �l�a�d�d�e�r� �m�a�r�k�e�r�.



�3�6� 

�T�a�b�l�e� �1�1�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �5�3� �P�.� �p�r�a�t�e�n�s�i�s� �c�u�l�t�i�v�a�r�s�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �C�c� �d� �d�i�v�e�r�s�i�t�y� 

�P�1�/�X�B�*� �0�.�0�4� �0�.�9�2� �0�.�0�4� �0�.�3�3�5� 
�P�2�/�X�B� �0�.�0�2� �0�.�9�8� �0�.�0�9�8� 
�P�3�/�X�B� �0�.�0�2� �0�.�9�8� �0�.�0�9�8� 
�P�4�/�B�H� �0�.�0�2� �0�.�9�8� �0�.�0�9�8� 
�P�4�/�R�I� �0�.�0�2� �0�.�9�8� �0�.�0�9�8� 
�P�4�/�X�B� �0�.�0�4� �0�.�9�4� �0�.�0�2� �0�.�2�6�5� 
�P�6�/�R�I� �0�.�0�2� �0�.�9�8� �0�.�0�9�8� 
�P�7�/�R�I� �0�.�0�8� �0�.�8�6� �0�.�0�2� �0�.�0�4� �0�.�5�3�9� 
�P�7�/�X�B� �0�.�0�4� �0�.�9�6� �0�.�1�6�8� 
� � 

�A�v�e�r�a�g�e� �0�.�2�0�0� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�1�-�P�7� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� �(�1�9�8�5�)�;� 
�X�B�,� �B�H�,� �a�n�d� �R�I� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �X�b�a� �I�,� �B�a�m� �H�I�,� �a�n�d� �E�c�o� �R�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�3�7� 

�w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�2�0�0�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� 

�P�1�/�X�b�a� �I� �c�o�m�b�i�n�a�t�i�o�n� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.� �2�C� �(�l�a�n�e�s� �1� �t�o� �3�)�.� �A�l�l� �t�h�r�e�e� �p�h�e�n�o�t�y�p�e�s� �h�a�d� 

�D�N�A� �f�r�a�g�m�e�n�t�s� �o�f� �6�.�5�,� �3�.�1�,� �2�.�5�,� �0�.�7�,� �0�.�4�,� �a�n�d� �0�.�2� �k�b�.� �L�a�n�e� �2� �(�p�h�e�n�o�t�y�p�e� �b�)� �h�a�d� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �1�4� �k�b� �f�r�a�g�m�e�n�t� �a�n�d� �w�a�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �4�8� �c�u�l�t�i�v�a�r�s�.� �L�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� 

�a�)� �h�a�d� �t�w�o� �e�x�t�r�a� �f�r�a�g�m�e�n�t�s� �o�f� �1�4� �a�n�d� �8�.�1� �k�b�.� �L�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)� �h�a�d� �a�n� �a�d�d�i�t�i�o�n�a�l� 

�8�.�1� �k�b� �f�r�a�g�m�e�n�t�.� �W�h�e�n� �c�o�m�b�i�n�i�n�g� �a�l�l� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �t�e�n� 

�v�a�r�i�a�b�l�e� �h�a�p�l�o�t�y�p�e�s� �(�A� �t�h�r�o�u�g�h� �J�,� �a�s� �s�h�o�w�n� �i�n� �t�h�e� �l�a�s�t� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �1�2�)� �w�e�r�e� 

�i�d�e�n�t�i�f�i�e�d� �a�m�o�n�g� �t�h�e� �c�p�D�N�A�s� �f�r�o�m� �t�h�e� �5�3� �P�.� �p�r�a�t�e�n�s�i�s� �c�u�l�t�i�v�a�r�s�.� 

�I�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �g�e�n�u�s� �L�o�l�i�u�m� 

�F�i�f�t�y�-�t�w�o� �c�u�l�t�i�v�a�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �t�h�i�s� �s�p�e�c�i�e�s� �w�i�t�h� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �c�l�o�n�e�s� 

�a�n�d� �e�n�z�y�m�e�s� �u�s�e�d� �f�o�r� �t�h�e� �o�t�h�e�r� �s�p�e�c�i�e�s�.� �N�o� �i�n�t�r�a�s�p�e�c�i�f�i�c� �p�o�l�y�m�o�r�p�h�i�s�m� �w�a�s� �o�b�s�e�r�v�e�d� 

�a�m�o�n�g� �t�h�e� �c�u�l�t�i�v�a�r�s� �b�y� �S�o�u�t�h�e�r�n� �b�l�o�t� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� �A�n� �e�x�a�m�p�l�e� �o�f� �u�n�i�f�o�r�m�i�t�y� �o�f� 

�D�N�A� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n� �i�n� �t�h�i�s� �s�p�e�c�i�e�s� �w�i�t�h� �P�4�/�X�b�a� �I� �i�s� �s�h�o�w�n� �i�n� �F�i�g�.� �6�.� 

�I�n�t�e�r�s�p�e�c�i�f�i�c� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� 

�T�h�e� �h�i�g�h� �l�e�v�e�l� �o�f� �c�p�D�N�A� �R�F�L�P�s� �a�m�o�n�g� �m�o�s�t� �o�f� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �w�e�r�e� 

�r�e�v�e�a�l�e�d� �b�y� �a�l�l� �1�0� �c�p�D�N�A� �c�l�o�n�e�s�.� �O�f� �t�h�e� �4�0� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �3�8� �w�e�r�e� 

�p�o�l�y�m�o�r�p�h�i�c�,� �a�n�d� �o�n�l�y� �t�w�o� �f�a�i�l�e�d� �t�o� �d�e�t�e�c�t� �a�n�y� �p�o�l�y�m�o�r�p�h�i�s�m�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �f�o�u�n�d� �i�n� �e�a�c�h� �s�p�e�c�i�e�s� �a�n�d�/�o�r� �s�u�b�s�p�e�c�i�e�s� �i�s� 

�s�h�o�w�n� �i�n� �F�i�g�.� �7�.� �C�h�a�n�g�e�s� �i�n� �t�h�e� �c�p�D�N�A� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n� �a�r�e� �d�e�p�e�n�d�e�n�t� 

�u�p�o�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �s�i�n�g�l�e� �c�o�m�b�i�n�a�t�i�o�n� 

�o�f� �P�1�/�X�b�a� �I� �r�e�v�e�a�l�e�d� �s�i�x� �d�i�f�f�e�r�e�n�t� �p�h�e�n�o�t�y�p�e�s�,� �a�n�d� �c�o�u�l�d� �d�i�s�t�i�n�g�u�i�s�h� �s�i�x� �t�u�r�f�g�r�a�s�s�e�s�.� 

�W�h�e�n� �c�o�m�b�i�n�i�n�g� �m�o�r�e� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �a�l�l� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �c�o�u�l�d� �b�e� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �f�r�o�m� �e�a�c�h� �o�t�h�e�r�.� �T�h�e� �a�v�e�r�a�g�e� �c�p�D�N�A� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �o�b�s�e�r�v�e�d� 

�a�m�o�n�g� �t�h�e�s�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �i�s� �1�.�2�2�2� �(�T�a�b�l�e� �1�3�)�.� �T�h�e� �f�r�e�q�u�e�n�c�i�e�s� �(�F�-�v�a�l�u�e�s�)� �o�f� 

�s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �a�m�o�n�g� �t�h�e� �e�i�g�h�t� �d�i�s�t�i�n�c�t� �c�p�D�N�A� �g�e�n�o�m�e�s� �b�a�s�e�d� �u�p�o�n� �t�h�e� �d�a�t�a� 

�f�r�o�m� �a�l�l� �4�0� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �1�4�.� �F�r�o�m� �t�h�i�s
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�(�T�a�b�l�e� �1�2� �c�o�n�t�i�n�u�e�d�)� 
� � 

� � 

�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �C�h�l�o�r�o�p�l�a�s�t� 
�h�a�p�l�o�t�y�p�e� 

�P�1� �P�2� �P�3� �P�4� �P�4� �P�4� �P�6� �P�7� �P�7� 
�X�B� �X�B� �X�B� �B�H� �R�I� �X�B� �R�I� �R�I� �X�B� 

�I�k�o�n�e� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�F�-�1�8�7�2� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 

�A�q�u�i�l�a� �c� �a� �a� �a� �a� �c� �a� �c� �a� �F� 
�K� �1�-�1�5�2� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 

�W�e�l�c�o�m�e� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�R�u�g�b�y� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�T�r�e�t�o�n� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 

�M�i�d�n�i�g�h�t� �a� �a� �a� �a� �a� �a� �a� �b�b� �G� 
�C�h�a�l�l�e�n�g�e�r� �a� �a� �a� �a�o�a� �a� �a� �b�a� �B� 
�B�l�a�c�k�s�b�u�r�g� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�P�S�T�-�C�B� �1� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�S�.�D�.� �C�e�r�t�i�f�i�e�d� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�W�W� �A�G� �4�6�8� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�M�o�m� �P�P� �2�9�2�6� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�B�a�r� �V�B� �5�5� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�H�V�-�9�6� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�V�a�n�t�a�g�e� �a� �a� �a� �a� �a� �a� �a� �b�a� �B� 
�C�l�a�s�s�i�c� �a� �a� �a� �b� �a� �a� �a� �b� �a� �H� 
�B�a� �7�2�-�4�9�2� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�B�a� �7�3�-�6�2�6� �a� �a�a� �a� �a� �a� �a� �b� �a� �B� 

�A�m�a�z�o�n� �a� �b�b� �a� �a� �a� �a� �b� �a� �I� 
�J�u�l�i�a� �a� �a� �a� �a� �a� �a� �a� �b� �a� �B� 
�W�W� �A�G� �4�9�1� �a� �a� �a� �a� �a� �a� �b� �d� �a� �J� 

� � 

�*� �P�1�-�P�7� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� �(�1�9�8�5�)�;� 
�X�B�,� �B�H�,� �a�n�d� �R�I� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �X�b�a� �I�,� �B�a�m� �H�I�,� �a�n�d� �E�c�o� �R�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�f�l�a�,� �b�,� �a�n�d� �c� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�r�o�b�e�/�e�n�z�y�m�e� 
�c�o�m�b�i�n�a�t�i�o�n�.



�4�0� 

�k�b� 

�5�.�6� �C�P� �G�D� �n�a�t�e� �t�e� �a�e� �E�D� �e�e�e� �G�p� �e�a�e� �c�o�p� �a� �G�p� �l�e� �G�D� �w�e� 
�B�.�S� �e�r� �e�m� 

�2� �|� �«� �S�o�e� �w�i�t�s� �m�w� �E�F� �L�a�y�  ��B�P�H� �a�t�h�e�.� �t�n�e� �o�m�e�,� �a�e� �L�a�n�e� �w�e�e�t� �s�h�a�k�e� �~� �y�e�w� �U�N� 

�|� �2� �3� �4� �5� �6� �7� �8�B� �°�F� �1�0�.�0�7�]� �1�2� �1�3� �1�4� �#�1�5� �1�6� 

�F�i�g�.� �6�.� �A�u�t�o�r�a�d�i�o�g�r�a�m� �o�f� �S�o�u�t�h�e�r�n� �b�l�o�t� �s�h�o�w�i�n�g� �t�h�e� �u�n�i�f�o�r�m�i�t�y� �(�l�a�n�e�s� �1�-�1�6�)� �i�n� �L�.� 
�p�e�r�e�n�n�e� �w�i�t�h� �P�4�'�V�Y�b�a� �I�.� �L�a�n�e� �M�:� �1� �k�b� �A� �l�a�d�d�e�r� �m�a�r�k�e�r�.
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�C�o� �R�u� �T�r� �L�o� �P�r� �O�v� �A�r� �P�e� 
�T�u�r�f�g�r�a�s�s�e�s� 

�F�i�g�.� �7�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �p�e�r�c�e�n�t�a�g�e� �o�f� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� 
�d�e�t�e�c�t�e�d� �i�n� �c�p�D�N�A�.� �C�o�=�F�.� �c�o�m�m�u�t�a�t�a�,� �R�u�=�F�.� �r�u�b�r�a�,� �T�r�=�F�.� �t�r�i�c�h�o�p�h�y�l�l�a�,� �L�o�=�F�.� 
�l�o�n�g�i�f�o�l�i�a�,� �P�r�=�P�.� �p�r�a�t�e�n�s�i�s�,� �O�v�=�F�.� �o�v�i�n�a�,� �A�r�=�F�.� �a�r�u�n�d�i�n�a�c�e�a�,� �a�n�d� �P�e�=�L�.� �p�e�r�e�n�n�e�.



�4�2� 

�T�a�b�l�e� �1�3�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�c�p�D�N�A� �f�o�r� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s�f�.� 
� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �o�c� �d� �e�e� �f� �g� �d�i�v�e�r�s�i�t�y� 

�P�1�/�H�3�*� �0�.�5�0� �0�.�3�8� �0�.�1�2� �0�.�9�6�8� 
�P�1�/�B�H� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�2�5�7� �0�.�1�1� �1�.�7�3�0� 
�P�1�/�R�I� �0�.�2�5� �0�.�2�5� �0�.�1�3� �0�.�2�5� �0�.�1�2� �1�.�5�5�7� 
�P�1�/�X�B� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�2�5� �0�.�1�0� �1�.�9�0�1� 
�P�2�/�H�3� �0�.�6�3� �0�.�2�5� �0�.�1�2� �0�.�8�9�1� 
�P�2�/�B�H� �0�.�5�0� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�1� �1�.�3�8�4� 
�P�2�/�R�I� �0�.�1�3� �0�.�2�5� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�5�5�7� 
�P�2�/�X�B� �0�.�7�5� �0�.�1�3� �0�.�1�2� �0�.�7�3�5� 
�P�3�/�H�3� �0�.�3�8� �0�.�1�3� �0�.�1�3� �0�.�2�5� �0�.�1�1� �1�.�4�8�7� 
�P�3�/�B�H� �0�.�3�8� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�1� �1�.�4�8�7� 
�P�3�/�R�I� �0�.�3�8� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�3�1�4� 
�P�3�/�X�B� �0�.�3�8� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�1� �1�.�4�8�7� 
�P�4�/�H�3� �0�.�6�3� �0�.�2�5� �0�.�1�2� �0�.�8�9�1� 
�P�4�/�B�H� �0�.�3�8� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�0� �1�.�6�5�8� 
�P�4�/�R�I� �0�.�2�5� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�1� �1�.�7�3�0� 
�P�4�/�X�B� �0�.�2�5� �0�.�2�5� �0�.�1�3� �0�2�5� �0�.�1�2� �1�.�5�5�7� 
�P�5�/�H�3� �0�.�6�3� �0�.�2�5� �0�.�1�2� �0�.�8�9�1� 
�P�5�/�B�H� �0�.�3�8� �0�.�1�3� �0�.�1�3� �0�.�2�5� �0�.�1�1� �1�.�4�8�7� 
�P�5�/�R�I� �0�.�7�5� �0�.�1�3� �0�.�1�2� �0�.�7�3�5� 
�P�5�/�X�B� �0�.�3�8� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�3�1�4� 
�P�6�/�B�H� �0�.�6�3� �0�.�2�5� �0�.�1�2� �0�.�8�9�1� 
�P�6�/�R�I� �0�.�3�8� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�3�1�4� 
�P�6�/�X�B� �0�.�3�8� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�3�1�4� 
�P�7�/�B�H� �0�.�5�0� �0�.�1�3� �0�.�2�5� �0�.�1�2� �1�.�2�1�1� 
�P�7�/�R�I� �0�.�3�8� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�1� �1�.�4�8�7� 
�P�7�/�X�B� �0�.�3�8� �0�.�3�8� �0�.�2�4� �1�.�0�7�9� 
�P�8�/�B�H� �0�.�6�3� �0�.�2�5� �0�.�1�2� �0�.�8�9�1� 
�P�8�/�R�I� �0�.�1�2� �0�.�2�5� �0�.�2�5� �0�.�3�8� �1�.�3�1�4� 
�P�8�/�X�B� �0�.�1�3� �0�.�2�5� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�5�5�7� 
�P�9�/�H�3� �0�.�6�3� �0�.�3�7� �0�.�6�5�9� 
�P�9�/�B�H� �0�.�6�3� �0�.�1�3� �0�.�1�3� �0�.�1�1� �1�.�0�6�4� 
�P�9�/�R�I� �0�.�3�8� �0�.�2�5� �0�.�2�5� �0�.�1�2� �1�.�3�1�4� 
�P�9�/�X�B� �0�.�2�5� �0�.�2�5� �0�.�1�3� �0�.�2�5� �1�.�5�5�7� 
�P�1�0�/�H�3� �0�.�7�5� �0�.�1�3� �0�.�1�2� �0�.�7�3�5� 
�P�1�0�/�B�H� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�1�0�/�R�I� �0�.�6�3� �0�.�2�5� �0�.�1�2� �0�.�8�9�1� 
�P�1�0�/�X�B� �0�.�3�8� �0�.�1�3� �0�.�1�3� �0�.�2�5� �0�.�1�2� �1�.�4�8�7� 
� � 

�A�v�e�r�a�g�e� �1�.�2�2�2� 
�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�1�-�P�1�0� �a�r�e� �p�r�o�b�e�s� �f�r�o�m� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �l�i�b�r�a�r�y� �o�f� �D�a�y� �a�n�d� �E�l�l�i�s� 
�(�1�9�8�5�)�;� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� 
�X�b�a� �I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�4�3� 

�T�a�b�l�e� �1�4�.� �P�r�o�p�o�r�t�i�o�n� �(�F�-�v�a�l�u�e�)� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �b�e�t�w�e�e�n� �e�a�c�h� �p�a�i�r� �o�f� �t�h�e� �e�i�g�h�t� 
�t�u�r�f�g�r�a�s�s�e�s� �o�b�t�a�i�n�e�d� �b�y� �p�r�o�b�i�n�g� �w�i�t�h� �t�e�n� �c�p�D�N�A� �c�l�o�n�e�s�.� 

� � 

� � 

�T�r� �C�o� �L�o� �O�v� �A�r� �P�e� �P�r� 

�R�u�*� �0�.�7�6�*�*� �0�.�7�5� �0�.�9�7� �0�.�9�3� �0�.�4�3� �0�.�4�2� �0�.�4�5� 

�T�r� �0�.�9�4� �0�.�7�4� �0�.�7�3� �0�.�4�2� �0�.�4�2� �0�.�4�6� 

�C�o� �0�.�7�3� �0�.�6�5� �0�.�4�1� �0�.�4�1� �0�.�4�7� 

�L�o� �0�.�9�5� �0�.�3�6� �0�.�4�2� �0�.�4�5� 

�O�v� �0�.�4�1� �0�.�4�1� �0�.�4�4� 

�A�r� �0�.�8�9� �0�.�5�0� 

�P�e� �0�.�4�8� 

� � 

�*� �R�u�=�F�.� �r�u�b�r�a�,� �T�r�=�F�.� �t�r�i�c�h�o�p�h�y�l�l�a�,� �C�o�=�F�.� �c�o�m�m�u�t�a�t�a�,� �L�o�=�F�.� �l�o�n�g�i�f�o�l�i�a�,� �O�v�=�F�.� �o�v�i�n�a�,� 
�a�n�d� �A�r�=�F�.� �a�r�u�n�d�i�n�a�c�e�a�,� �P�e�=�L�.� �p�e�r�e�n�n�e�,� �a�n�d� �P�r�=�P�.� �p�r�a�t�e�n�s�i�s�.� 
�*�*� �P�r�o�p�o�r�t�i�o�n� �(�F�-�v�a�l�u�e�)� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �b�e�t�w�e�e�n� �e�a�c�h� �p�a�i�r� �o�f� �t�h�e� �e�i�g�h�t� 

�o�y� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �t�h�e� �f�o�r�m�u�l�a�:� �F�-�v�a�l�u�e�=�2� �N�x�y�/�(�N�x� �+� �N�y�)� �(�N�e�i� �a�n�d� �L�i� 
�1�9



�4�4� 

�t�a�b�l�e�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �a�m�o�n�g� �s�p�e�c�i�e�s� �r�a�n�g�e�d� �f�r�o�m� 

�9�7�%� �t�o� �3�6�%�.� �T�h�e� �h�i�g�h�e�s�t� �c�p�D�N�A� �s�i�m�i�l�a�r�i�t�y� �w�a�s� �b�e�t�w�e�e�n� �F�.� �r�u�b�r�a� �a�n�d� �F�.� �l�o�n�g�i�f�o�l�i�a� 

�a�n�d� �b�e�t�w�e�e�n� �F�.� �l�o�n�g�i�f�o�l�i�a� �a�n�d� �F�.� �o�v�i�n�a�.� �A� �d�e�n�d�r�o�g�r�a�m� �d�r�a�w�n� �b�a�s�e�d� �o�n� �t�h�e� �d�a�t�a� �f�r�o�m� 

�T�a�b�l�e� �1�4� �i�s� �s�h�o�w�n� �i�n� �F�i�g�.� �8�.� �T�h�e� �b�r�a�n�c�h�i�n�g� �p�a�t�t�e�r�n� �(�F�i�g�.� �8�)� �s�h�o�w�s� �t�w�o� �m�a�j�o�r� �g�r�o�u�p�s� 

�i�n� �t�h�e�s�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �b�a�s�e�d� �o�n� �t�h�e� �c�p�D�N�A� �a�n�a�l�y�s�i�s�.� �T�h�e� �f�i�v�e� �t�u�r�f�g�r�a�s�s�e�s� �(�F�.� 

�r�u�b�r�a�,� �F�.� �t�r�i�c�h�o�p�h�y�l�i�a�,� �F�.� �c�o�m�m�u�t�a�t�a�,� �F�.� �l�o�n�g�i�f�o�l�i�a�,� �a�n�d� �F�.� �o�v�i�n�a�)� �i�n� �t�h�e� �f�i�n�e� �f�e�s�c�u�e� 

�s�u�b�g�e�n�u�s�,� �w�e�r�e� �c�l�u�s�t�e�r�e�d� �i�n� �t�h�e� �s�a�m�e� �g�r�o�u�p�,� �w�h�i�l�e� �o�t�h�e�r�s� �w�e�r�e� �c�l�u�s�t�e�r�e�d� �i�n� �a�n�o�t�h�e�r� 

�g�r�o�u�p�.



�F�.� �c�o�m�m�u�t�a�t�a�  ��.� 

�F�.� �t�r�i�c�h�o�p�h�y�l�l�a�  � �� 

� � 

�F�.� �r�u�b�r�a� �_� 

�F�.� �l�o�n�g�i�f�o�l�i�a� �_� 

�F�.� �o�v�i�n�a� �_�_�!� 

�F�.� �a�r�u�n�d�i�n�a�c�e�a�  ��_ ��_�.� 

�L�.� �p�e�r�e�n�n�e� �a� 

�P�.� �p�r�a�t�e�n�s�i�s� �e�e� 
�1�.�0�0� �0�.�8�0� �0�.�6�0� �0�.�4�0� �0�.�2�0� 

�F�r�a�g�m�e�n�t� �s�i�m�i�l�a�r�i�t�y� �(�F�-�v�a�l�u�e�)� 

�F�i�g�.� �8�.� �A� �d�e�n�d�r�o�g�r�a�m� �s�h�o�w�i�n�g� �t�h�e� �p�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e� �e�i�g�h�t� 
�t�u�r�f�g�r�a�s�s�e�s� �i�n� �F�e�s�t�u�c�a�,� �L�o�l�i�u�m�,� �a�n�d� �P�o�a� �g�e�n�e�r�a� �b�a�s�e�d� �o�n� �c�p�D�N�A� �R�F�L�P� �a�n�a�l�y�s�i�s�.



�4�6� 

�D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �t�w�o� �s�o�u�r�c�e�s� �(�i�n�s�e�r�t�i�o�n�/�d�e�l�e�t�i�o�n� �a�n�d� �p�o�i�n�t� �m�u�t�a�t�i�o�n�)� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� 

�R�F�L�P�s� �c�a�n� �b�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� �u�s�i�n�g� �o�n�e� �p�r�o�b�e� �a�n�d� �s�e�v�e�r�a�l� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e�s�.� �L�e�n�g�t�h� 

�v�a�r�i�a�t�i�o�n� �(�i�n�s�e�r�t�i�o�n� �o�r� �d�e�l�e�t�i�o�n�)� �i�s� �a�s�s�u�m�e�d� �i�f� �o�n�e� �c�a�n� �d�e�t�e�c�t� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h� 

�s�e�v�e�r�a�l� �e�n�z�y�m�e�s� �a�n�d� �a� �s�i�n�g�l�e� �p�r�o�b�e�;� �w�h�e�r�e�a�s� �s�i�t�e� �v�a�r�i�a�t�i�o�n� �(�p�o�i�n�t� �m�u�t�a�t�i�o�n�)� �i�s� 

�i�n�f�e�r�r�e�d� �i�f� �f�r�a�g�m�e�n�t� �l�e�n�g�t�h� �v�a�r�i�a�t�i�o�n� �i�s� �o�b�s�e�r�v�e�d� �w�i�t�h� �o�n�l�y� �o�n�e� �e�n�z�y�m�e� �(�e�.� �g�.�,� �S�o�l�t�i�s� 

�e�t� �a�l�,� �1�9�8�9�a�)�.� �S�i�n�c�e� �s�p�e�c�i�f�i�c� �c�h�a�n�g�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �s�e�v�e�r�a�l� �e�n�z�y�m�e�s� �i�n� �o�u�r� �s�t�u�d�y�,� 

�t�h�e�n� �m�o�s�t� �m�u�t�a�t�i�o�n�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�n�s�e�r�t�i�o�n�/�d�e�l�e�t�i�o�n� �e�v�e�n�t�s�.� �S�i�m�i�l�a�r� 

�o�b�s�e�r�v�a�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �m�a�d�e� �f�o�r� �o�t�h�e�r� �s�p�e�c�i�e�s� �i�n� �d�i�f�f�e�r�e�n�t� �g�e�n�e�r�a� �s�u�c�h� �a�s� �7�r�i�t�i�c�u�m� 

�a�n�d� �A�e�g�i�l�o�p�s� �(�B�o�w�m�a�n� �e�t� �a�l�.� �1�9�8�3�)�,� �P�i�s�u�m� �(�P�a�l�m�e�r� �e�t� �a�l�.� �1�9�8�5�a�)�,� �G�l�y�c�i�n�e� �(�A�p�u�y�a� �e�t� 

�a�l�.� �1�9�8�8�)�,� �O�r�y�z�a� �(�M�c�C�o�u�g�h� �e�t� �a�l�.� �1�9�8�9�)�,� �a�n�d� �P�l�a�n�t�a�g�o� �(�H�o�o�g�l�a�n�d�e�r� �e�t� �a�l�.� �1�9�9�3�)�.� 

�H�o�w�e�v�e�r�,� �p�o�i�n�t� �m�u�t�a�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �b�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �t�y�p�e� �i�n� �o�t�h�e�r� 

�g�e�n�e�r�a� �s�u�c�h� �a�s� �L�i�n�u�m� �(�C�o�a�t�e�s� �a�n�d� �C�u�l�l�i�s� �1�9�8�7�)�,� �H�e�u�c�h�e�r�a� �m�i�c�r�a�n�t�h�a� �(�S�o�l�t�i�s� �e�t� �a�l�.� 

�1�9�8�9�a�)�,� �S�o�r�g�h�u�m� �b�i�c�o�l�o�r� �(�D�u�v�a�l�l� �a�n�d� �D�o�e�b�l�e�y� �1�9�9�0�)�,� �a�n�d� �Z�e�a� �p�e�r�e�n�n�i�s� �(�D�o�e�b�l�e�y� 

�1�9�8�9�)�.� 

�A�n� �a�v�e�r�a�g�e� �o�f� �4�2�,� �3�0�,� �2�0�,� �a�n�d� �8�%� �o�f� �t�h�e� �p�o�l�y�m�o�r�p�h�i�s�m�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� 

�e�n�z�y�m�e�s� �X�b�a� �I�,� �E�c�o� �R�I�,� �B�a�m� �H�I�,� �a�n�d� �H�i�n�d� �I�I�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �m�o�s�t� �p�o�l�y�m�o�r�p�h�i�c� 

�p�r�o�b�e�s� �w�e�r�e� �P�1�,� �P�3�,� �a�n�d� �P�4�.� �O�v�e�r� �5�0�%� �o�f� �t�h�e� �p�o�l�y�m�o�r�p�h�i�s�m�s� �w�e�r�e� �r�e�v�e�a�l�e�d� �b�y� �t�h�e�s�e� 

�t�h�r�e�e� �c�l�o�n�e�s�.� �P�r�o�b�e�s� �P�1�,� �P�4�,� �a�n�d� �h�a�l�f� �o�f� �P�3� �a�r�e� �l�o�c�a�t�e�d� �i�n� �t�h�e� �l�a�r�g�e� �s�i�n�g�l�e�-�c�o�p�y� 

�r�e�g�i�o�n� �o�f� �t�h�e� �b�a�r�l�e�y� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�,� �a�n�d� �t�h�e� �r�e�m�a�i�n�i�n�g� �p�a�r�t� �o�f� �P�3� �i�s� �l�o�c�a�t�e�d� �i�n� 

�t�h�e� �i�n�v�e�r�t�e�d� �r�e�p�e�a�t� �r�e�g�i�o�n�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �m�o�s�t� �m�u�t�a�t�i�o�n�s� �o�c�c�u�r� �i�n� �t�h�e� �l�a�r�g�e� 

�s�i�n�g�l�e�-�c�o�p�y� �a�n�d� �i�n�v�e�r�t�e�d� �r�e�p�e�a�t� �r�e�g�i�o�n�s� �o�f� �t�u�r�f�g�r�a�s�s� �c�p�D�N�A�.� �A�l�m�o�s�t� �a�l�l� �o�f� �t�h�e� �t�e�n� 

�c�l�o�n�e�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �e�a�c�h� �o�f� �t�h�e� �e�n�z�y�m�e�s� �X�b�a� �I� �a�n�d� �E�c�o� �R�I� �a�n�d� �t�h�e�s�e� �p�r�o�v�i�d�e�d� �t�h�e� 

�h�i�g�h�e�s�t� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �R�F�L�P� �p�a�t�t�e�r�n�s�.� �T�h�u�s�,� �t�h�e�s�e� �t�w�o� �e�n�z�y�m�e�s� �d�e�t�e�c�t�e�d� �a� �h�i�g�h� 

�l�e�v�e�l� �o�f� �v�a�r�i�a�t�i�o�n� �a�n�d� �w�e�r�e� �b�e�s�t� �s�u�i�t�e�d� �f�o�r� �R�F�L�P� �a�n�a�l�y�s�i�s� �o�f� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� 

�t�u�r�f�g�r�a�s�s�e�s� �e�x�a�m�i�n�e�d�.



�4�7� 

�C�o�m�p�a�r�i�s�o�n�s� �o�f� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �t�u�r�f�g�r�a�s�s�e�s� 

�E�x�t�e�n�s�i�v�e� �l�e�v�e�l�s� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �d�i�v�e�r�s�i�t�y� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �a�l�l� �s�i�x� 

�t�u�r�f�g�r�a�s�s�e�s� �o�f� �F�e�s�t�u�c�a� �e�x�c�e�p�t� �F�.� �a�r�u�n�d�i�n�a�c�e�a�.� �T�h�e� �h�i�g�h�e�s�t� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� 

�c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �F�.� �r�u�b�r�a� �(�p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �o�f� �0�.�8�6�8�)�,� �a�n�d� 

�t�h�e� �h�i�g�h�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�a�s� �f�o�u�n�d� �i�n� �F�.� 

�c�o�m�m�u�t�a�t�a� �(�6�0�%�)� �a�n�d� �F�.� �r�u�b�r�a� �(�5�8�%�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �c�p�D�N�A� 

�p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �w�a�s� �f�o�u�r�,� �a�s� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �e�a�c�h� �o�f� �F�.� �r�u�b�r�a�,� �F�.� �c�o�m�m�u�t�a�t�a�,� 

�a�n�d� �F�.� �l�o�n�g�i�f�o�l�i�a�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �l�o�w�e�s�t� �c�p�D�N�A� �v�a�r�i�a�b�i�l�i�t�y� �w�a�s� �o�b�s�e�r�v�e�d� �w�i�t�h�i�n� �F�.� 

�a�r�u�n�d�i�n�a�c�e�a� �(�p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �o�f� �0�.�2�2�7�)�,� �w�h�i�c�h� �h�a�d� �o�n�l�y� �o�n�e�-�f�o�u�r�t�h� �o�f� �t�h�e� 

�v�a�r�i�a�b�i�l�i�t�y� �o�f� �F�.� �r�u�b�r�a�.� �F�u�r�t�h�e�r�m�o�r�e�,� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �h�a�d� �t�h�e� �l�o�w�e�s�t� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �(�o�n�l�y� �2�.�5�%�)�.� �T�h�e�s�e� �d�a�t�a� �e�x�e�m�p�l�i�f�y� �t�h�a�t� �a� 

�w�i�d�e� �r�a�n�g�e� �o�f� �v�a�r�i�a�t�i�o�n� �e�x�i�s�t�s� �a�m�o�n�g� �g�e�n�e�r�a� �i�n� �F�e�s�t�u�c�a�.� 

�A� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �l�e�v�e�l� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �p�o�l�y�m�o�r�p�h�i�s�m� �w�a�s� �f�o�u�n�d� �a�m�o�n�g� 

�t�h�e� �5�3� �c�u�l�t�i�v�a�r�s� �i�n� �P�.� �p�r�a�t�e�n�s�i�s�.� �O�n�l�y� �t�e�n� �h�a�p�l�o�t�y�p�e�s� �w�e�r�e� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �b�y� 

�c�o�m�b�i�n�i�n�g� �a�l�l� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�.� 

�N�o� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �f�o�u�n�d� �a�m�o�n�g� �t�h�e� �5�2� �c�u�l�t�i�v�a�r�s� �o�f� �L�.� �p�e�r�e�n�n�e� �e�x�a�m�i�n�e�d�.� 

�T�h�i�s� �u�n�i�f�o�r�m�i�t�y� �i�n� �i�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� 

�c�y�t�o�p�l�a�s�m�i�c� �h�o�m�o�g�e�n�e�i�t�y� �w�i�t�h�i�n� �t�h�i�s� �s�p�e�c�i�e�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �o�t�h�e�r� �s�p�e�c�i�e�s� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� �H�o�w�e�v�e�r�,� �p�r�e�v�i�o�u�s� �s�t�u�d�i�e�s� �w�i�t�h� �i�s�o�z�y�m�e�s� �h�a�v�e� �d�e�t�e�c�t�e�d� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� 

�c�u�l�t�i�v�a�r�s� �o�f� �t�h�i�s� �s�p�e�c�i�e�s� �(�F�e�r�g�u�s�o�n� �a�n�d� �G�r�a�b�e� �1�9�8�6�;� �N�i�e�l�s�e�n� �e�t� �a�l�.� �1�9�8�5�;� �H�a�y�w�a�r�d� �a�n�d� 

�M�c�A�d�a�m� �1�9�7�7�;� �a�n�d� �G�i�l�l�i�l�a�n�d� �e�t� �a�l�.� �1�9�8�2�)�.� �M�o�r�e� �r�e�c�e�n�t�l�y�,� �a� �h�i�g�h� �l�e�v�e�l� �o�f� �n�u�c�l�e�a�r� 

�D�N�A� �p�o�l�y�m�o�r�p�h�i�s�m� �w�a�s� �f�o�u�n�d� �a�m�o�n�g� �f�i�v�e� �c�u�l�t�i�v�a�r�s� �o�f� �L�.� �p�e�r�e�n�n�e� �(�X�u� �e�t� �a�l�.� �1�9�9�2�)�.� 

�T�h�e� �u�n�i�f�o�r�m�i�t�y� �o�f� �c�p�D�N�A� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �m�a�y� �b�e� �l�i�t�t�l�e� �c�y�t�o�p�l�a�s�m�i�c� �d�i�v�e�r�s�i�t�y� 

�a�m�o�n�g� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �T�h�e� �s�i�z�e� �o�f� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �a�n�d� �i�t�s� �h�i�g�h�l�y� 

�c�o�n�s�e�r�v�e�d� �g�e�n�e� �s�e�q�u�e�n�c�e�s� �m�a�y� �e�x�p�l�a�i�n� �t�h�i�s� �l�a�c�k� �o�f� �d�i�v�e�r�s�i�t�y� �(�P�a�l�m�e�r� �e�f� �a�l�.� �1�9�8�5�a�)�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �m�i�n�o�r� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �m�a�y� �n�o�t� �b�e� �d�e�t�e�c�t�a�b�l�e� �b�y� 

�S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �u�s�i�n�g� �c�p�D�N�A� �a�s� �p�r�o�b�e�s�.� �D�N�A� �s�e�q�u�e�n�c�i�n�g�,� �a� �m�o�r�e� �s�e�n�s�i�t�i�v�e� 

�t�e�c�h�n�i�q�u�e�,� �m�a�y� �b�e� �m�o�r�e� �u�s�e�f�u�l� �f�o�r� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�u�c�h� �m�i�n�o�r� �v�a�r�i�a�t�i�o�n�s�.



�4�8� 

�S�p�e�c�i�e�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�a�s�e�d� �o�n� �c�p�D�N�A� �d�a�t�a� 

�F�-�v�a�l�u�e�s� �w�e�r�e� �u�s�e�d� �a�s� �i�n�d�i�c�e�s� �o�f� �r�e�l�a�t�e�d�n�e�s�s� �t�o� �e�l�u�c�i�d�a�t�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� 

�t�h�e�s�e� �t�u�r�f�g�r�a�s�s�e�s�.� �S�i�m�i�l�a�r�i�t�y� �o�f� �c�p�D�N�A� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �h�i�g�h�e�s�t� �b�e�t�w�e�e�n� �F�.� �r�u�b�r�a� 

�a�n�d� �F�.� �l�o�n�g�i�f�o�l�i�a� �a�n�d� �b�e�t�w�e�e�n� �F�.� �l�o�n�g�i�f�o�l�i�a� �a�n�d� �F�.� �o�v�i�n�a�.� �T�h�e� �h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �(�F�-� 

�v�a�l�u�e�)� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �o�f� �c�p�D�N�A� �a�m�o�n�g� �t�h�e�s�e� �s�p�e�c�i�e�s� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �i�n�d�i�c�a�t�i�v�e� 

�o�f� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� �c�y�t�o�p�l�a�s�m�i�c� �g�e�n�e�t�i�c� �h�o�m�o�g�e�n�e�i�t�y�,� �a�n�d� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e�y� �a�r�e� 

�c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �a�n�d� �m�a�y� �h�a�v�e� �a� �c�o�m�m�o�n� �o�r�i�g�i�n�.� 

�A�s� �s�h�o�w�n� �i�n� �F�i�g�.� �8�,� �t�h�e� �f�i�v�e� �t�u�r�f�g�r�a�s�s�e�s� �i�n� �t�h�e� �f�i�n�e� �f�e�s�c�u�e� �s�u�b�g�e�n�u�s� �w�e�r�e� 

�c�l�u�s�t�e�r�e�d� �i�n� �t�h�e� �s�a�m�e� �g�r�o�u�p�,� �w�h�i�l�e� �o�t�h�e�r�s� �w�e�r�e� �c�l�u�s�t�e�r�e�d� �i�n� �a� �d�i�f�f�e�r�e�n�t� �g�r�o�u�p�.� �T�h�e�s�e� 

�o�b�s�e�r�v�a�t�i�o�n�s� �a�r�e� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �(�T�u�r�g�e�o�n� �1�9�8�5�)�.� 

�H�o�w�e�v�e�r�,� �w�h�e�n� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �t�w�o� �s�u�b�g�r�o�u�p�s� �w�i�t�h�i�n� �t�h�e� �f�i�n�e� �f�e�s�c�u�e� �s�u�b�g�e�n�u�s� �(�F�i�g�.� 

�8�)�,� �i�t� �i�s� �f�o�u�n�d� �t�h�a�t� �o�u�r� �o�b�s�e�r�v�a�t�i�o�n�s� �a�r�e� �i�n� �s�l�i�g�h�t� �d�i�s�a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�r�o�m� �F�i�g�.� �8� �a�n�d� �T�a�b�l�e� �1�4�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �F�.� �r�u�b�r�a� �i�s� 

�m�o�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �F�.� �l�o�n�g�i�f�o�l�i�a� �a�n�d� �F�.� �o�v�i�n�a� �t�h�a�n� �t�o� �F�.� �c�o�m�m�u�t�a�t�a� �a�n�d� �F�.� 

�t�r�i�c�h�o�p�h�y�l�l�a�.� �S�i�m�i�l�a�r�i�t�y� �t�o� �t�h�e� �l�a�t�t�e�r� �t�w�o� �s�p�e�c�i�e�s� �i�s� �e�x�p�e�c�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�t�r�a�d�i�t�i�o�n�a�l� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�.� �T�h�e� �m�i�n�o�r� �d�i�s�a�g�r�e�e�m�e�n�t�s� �o�b�s�e�r�v�e�d� �b�e�t�w�e�e�n� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� 

�c�p�D�N�A� �a�n�d� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �m�a�y� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �1�)� �t�h�e� �l�i�m�i�t�e�d� �n�u�m�b�e�r� 

�o�f� �s�a�m�p�l�e�s� �s�t�u�d�i�e�d� �i�n� �s�o�m�e� �s�p�e�c�i�e�s�,� �2�)� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �m�a�r�k�e�r�s� �(�e�.� �g�.�,� �c�p�D�N�A� �v�s� 

�m�o�r�p�h�o�l�o�g�i�c�a�l�)�,� �a�n�d� �3�)� �d�e�t�e�c�t�i�o�n� �o�f� �n�o�n�c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �s�e�q�u�e�n�c�e�s�.� �S�i�n�c�e� �F�.� 

�t�r�i�c�h�o�p�h�y�l�l�a� �a�n�d� �F�.� �c�o�m�m�u�t�a�t�a� �a�r�e� �i�n� �t�h�e� �s�a�m�e� �s�u�b�g�r�o�u�p�,� �t�h�i�s� �s�u�g�g�e�s�t�s� �t�h�e�y� �a�r�e� �c�l�o�s�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �e�a�c�h� �o�t�h�e�r� �a�n�d� �m�a�y� �h�a�v�e� �a� �c�o�m�m�o�n� �o�r�i�g�i�n�.� �T�h�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�i�n�e� 

�f�e�s�c�u�e� �s�u�b�g�e�n�u�s� �b�a�s�e�d� �o�n� �c�p�D�N�A� �d�a�t�a� �i�s� �a�l�s�o� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�a�t� �b�a�s�e�d� �o�n� 

�t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �m�e�t�h�o�d�s�.� 

�B�a�s�e�d� �o�n� �m�o�r�p�h�o�l�o�g�i�c�a�l� �a�n�d� �c�y�t�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s�,� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �L�.� �p�e�r�e�n�n�e� 

�h�a�v�e� �t�r�a�d�i�t�i�o�n�a�l�l�y� �b�e�e�n� �c�l�a�s�s�i�f�i�e�d� �i�n� �t�w�o� �d�i�f�f�e�r�e�n�t� �g�e�n�e�r�a� �(�T�u�r�g�e�o�n� �1�9�8�5�)�.� �H�o�w�e�v�e�r�,� 

�a�n�a�l�y�s�i�s� �b�a�s�e�d� �o�n� �c�p�D�N�A� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �i�s� �m�o�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �L�.� 

�p�e�r�e�n�n�e� �t�h�a�n� �t�h�e� �o�t�h�e�r� �s�p�e�c�i�e�s� �o�r� �g�e�n�e�r�a� �o�f� �t�h�i�s� �s�t�u�d�y� �(�F�i�g�.� �8�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �a�n� �F�-� 

�v�a�l�u�e� �o�f� �0�.�8�9� �w�a�s� �o�b�t�a�i�n�e�d� �b�e�t�w�e�e�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �L�.� �p�e�r�e�n�n�e�,� �w�h�i�l�e� �F�-�v�a�l�u�e�s
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�r�a�n�g�e�d� �f�r�o�m� �0�.�3�6� �t�o� �0�.�4�3� �b�e�t�w�e�e�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �o�t�h�e�r� �s�p�e�c�i�e�s� �o�r� �g�e�n�e�r�a�.� �T�h�e�s�e� 

�r�e�s�u�l�t�s� �a�r�e� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �W�e�b�s�t�e�r� �a�n�d� �B�u�c�k�n�e�r� �(�1�9�7�0�)� �t�h�a�t� 

�F�.� �a�r�u�n�d�i�n�a�c�e�a� �w�o�u�l�d� �h�y�b�r�i�d�i�z�e� �w�i�t�h� �L�.� �p�e�r�e�n�n�e� �b�u�t� �n�o�t� �w�i�t�h� �o�t�h�e�r� �s�p�e�c�i�e�s�.� �T�h�e� �c�l�o�s�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �t�h�e� �c�y�t�o�p�l�a�s�m� �f�o�r� �t�h�e�s�e� �t�w�o� �g�e�n�e�r�a� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e�y� �m�a�y� �h�a�v�e� �a� 

�c�o�m�m�o�n� �o�r�i�g�i�n�.� �H�o�w�e�v�e�r�,� �t�h�e�s�e� �g�e�n�e�r�a� �e�x�h�i�b�i�t� �e�x�t�r�e�m�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �b�o�t�h� 

�m�o�r�p�h�o�l�o�g�y� �(�e�.�g�.� �p�l�a�n�t� �t�y�p�e� �a�n�d� �l�e�a�f� �s�h�a�p�e�)� �a�n�d� �b�a�s�i�c� �c�h�r�o�m�o�s�o�m�e� �n�u�m�b�e�r� �(�F�.� 

�a�r�u�n�d�i�n�a�c�e�a�,� �2�n�=�6�x�=�4�2�;� �L�.� �p�e�r�e�n�n�e�,� �2�n�=�2�x�=�1�4�)�.� 

�F�-�v�a�l�u�e�s� �b�e�t�w�e�e�n� �P�.� �p�r�a�t�e�n�s�i�s� �a�n�d� �t�h�e� �s�e�v�e�n� �o�t�h�e�r� �t�u�r�f�g�r�a�s�s�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�4�4� 

�t�o� �0�.�5�0�,� �i�n�d�i�c�a�t�i�n�g� �a� �r�a�t�h�e�r� �d�i�s�t�a�n�t� �r�e�l�a�t�i�o�n�s�h�i�p�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� 

�m�o�r�p�h�o�l�o�g�i�c�a�l� �d�i�s�s�i�m�i�l�a�r�i�t�i�e�s� �b�e�t�w�e�e�n� �P�.� �p�r�a�t�e�n�s�i�s� �a�n�d� �t�h�e� �o�t�h�e�r� �t�u�r�f�g�r�a�s�s�e�s� �(�T�u�r�g�e�o�n� 

�1�9�8�5�)�.� �A�p�p�a�r�e�n�t�l�y�,� �t�h�i�s� �s�p�e�c�i�e�s� �h�a�s� �a� �d�i�f�f�e�r�e�n�t� �c�y�t�o�p�l�a�s�m�i�c� �o�r�i�g�i�n� �t�h�a�n� �t�h�e� �o�t�h�e�r�s�,� 

�w�h�i�c�h� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �i�t�s� �r�e�s�t�r�i�c�t�i�v�e� �r�e�p�r�o�d�u�c�t�i�v�e� �m�e�c�h�a�n�i�s�m� �(�a�p�o�m�i�x�i�s�)�.� �I�n� 

�c�o�n�t�r�a�s�t�,� �O�h�m�u�r�a� �e�t� �a�l�.� �(�1�9�9�3�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �P�.� �p�r�a�t�e�n�s�i�s� �w�a�s� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� 

�F�e�s�t�u�c�a� �b�u�t� �t�h�e�i�r� �c�o�n�c�l�u�s�i�o�n� �w�a�s� �b�a�s�e�d� �o�n� �a� �l�i�m�i�t�e�d� �s�t�u�d�y� �o�f� �r�e�s�t�r�i�c�t�i�o�n� �e�n�d�o�n�u�c�l�e�a�s�e� 

�a�n�a�l�y�s�i�s� �o�f� �c�p�D�N�A� �i�n� �t�w�o� �a�c�c�e�s�s�i�o�n�s� �o�f� �e�a�c�h� �g�e�n�e�r�a�.� �O�t�h�e�r� �i�n�d�e�p�e�n�d�e�n�t� �s�t�u�d�i�e�s� �o�n� 

�m�t�D�N�A� �a�n�d�/�o�r� �n�u�c�l�e�a�r� �D�N�A� �a�r�e� �t�h�e�r�e�f�o�r�e� �r�e�q�u�i�r�e�d�.� 

�S�u�m�m�a�r�y� 

�T�h�i�s� �s�t�u�d�y� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�i�r�s�t� �l�a�r�g�e�-�s�c�a�l�e� �c�p�D�N�A� �R�F�L�P� �a�n�a�l�y�s�i�s� �i�n� �c�u�l�t�i�v�a�t�e�d� 

�t�u�r�f�g�r�a�s�s�e�s� �d�e�s�i�g�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�e�v�e�l� �o�f� �v�a�r�i�a�t�i�o�n� �b�o�t�h� �w�i�t�h�i�n� �a�n�d� �b�e�t�w�e�e�n� 

�s�p�e�c�i�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �e�x�t�e�n�s�i�v�e� �i�n�t�r�a�s�p�e�c�i�f�i�c� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� 

�m�o�s�t� �m�e�m�b�e�r�s� �o�f� �t�h�e� �F�e�s�t�u�c�a� �g�e�n�u�s�,� �b�u�t� �t�h�a�t� �a� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �l�e�v�e�l� �o�f� �c�p�D�N�A� 

�p�o�l�y�m�o�r�p�h�i�s�m� �e�x�i�s�t�s� �w�i�t�h�i�n� �P�.� �p�r�a�t�e�n�s�i�s�,� �a�n�d� �t�h�a�t� �c�p�D�N�A� �i�s� �u�n�i�f�o�r�m� �w�i�t�h�i�n� �L�.� �p�e�r�e�n�n�e�.� 

�P�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �f�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �c�p�D�N�A� 
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�a�m�o�n�g� �r�a�c�e�s� �o�f� �m�a�i�z�e� �i�n� �B�o�l�i�v�i�a�.� �M�a�y�d�i�c�a� �2�8�:�1�6�9�-�1�8�7�.� 

�G�r�e�e�n�,� �R�.� �L�,� �A�.� �E�.� �D�u�d�e�c�k�,� �L�.� �C�.� �H�a�n�n�a�h� �a�n�d� �R�.� �L�.� �S�m�i�t�h�,� �1�9�8�1� �I�s�o�e�n�z�y�m�e� 
�p�o�l�y�m�o�r�p�h�i�s�m� �i�n� �S�t�.� �A�u�g�u�s�t�i�n�e�g�r�a�s�s�.� �C�r�o�p� �S�c�i�.� �2�1�:�7�7�8�-�7�8�2�.� 

�H�a�r�r�i�s�,� �S�.� �a�n�d� �R�.� �I�n�g�r�a�m�,� �1�9�9�1� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� �a�n�d� �b�i�o�s�y�s�t�e�m�a�t�i�c�s�:� �T�h�e� �e�f�f�e�c�t�s� �o�f� 
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�1�9�8�8� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� �d�i�v�e�r�s�i�t�y� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �w�i�l�d� �a�n�d� �c�u�l�t�i�v�a�t�e�d� �b�a�r�l�e�y�.� �G�e�n�e�t�i�c�s� 
�1�2�0�:�1�1�0�5�-�1�1�1�0�.� 

�N�e�i�,� �M�.� �a�n�d� �W�.� �H�.� �L�i�,� �1�9�7�9� �M�a�t�h�e�m�a�t�i�c�a�l� �m�o�d�e�l� �f�o�r� �s�t�u�d�y�i�n�g� �g�e�n�e�t�i�c� �v�a�r�i�a�t�i�o�n� �i�n� 
�t�e�r�m�s� �o�f� �r�e�s�t�r�i�c�t�i�o�n� �e�n�d�o�u�n�c�l�e�a�s�e�s�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �7�6�:�5�2�6�9�-�5�2�7�3�.� 

�N�i�e�l�s�e�n�,� �G�.�,� �H�.� �O�s�t�e�r�g�a�a�r�d� �a�n�d� �H�.� �J�o�h�a�n�s�e�n�,� �1�9�8�5� �C�u�l�t�i�v�a�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �b�y� �m�e�a�n�s� 
�o�f� �i�s�o�e�n�z�y�m�e�s� �I�I�.� �G�e�n�e�t�i�c� �v�a�r�i�a�t�i�o�n� �a�t� �f�o�u�r� �e�n�z�y�m�e� �l�o�c�i� �i�n� �d�i�p�l�o�i�d� �r�y�e�g�r�a�s�s�.� �Z�.� 
�p�f�l�a�n�z�e�n�z�u�c�h�t�g� �9�4�:�7�4�-�8�6�.� 

�O�h�m�u�r�a�,� �T�.�,� �M�.� �Y�a�n�e�s�h�i�t�a�,� �S�.� �K�a�n�e�k�o�,� �Y�.� �O�g�i�h�a�r�a�,� �a�n�d� �T�.� �S�a�s�a�k�u�m�a�,� �1�9�9�3� �T�u�r�f�g�r�a�s�s� 
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�R�i�b�o�s�o�m�a�l� �D�N�A� �s�p�a�c�e�r�-�l�e�n�g�t�h� �p�o�l�y�m�o�r�p�h�i�s�m�s� �i�n� �b�a�r�l�e�y�:� �M�e�n�d�e�l�i�a�n� �i�n�h�e�r�i�t�a�n�c�e�,� 
�c�h�r�o�m�o�s�o�m�a�l� �l�o�c�a�t�i�o�n�,� �a�n�d� �p�o�p�u�l�a�t�i�o�n� �d�y�n�a�m�i�c�s�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �8�1�:�8�0�1�4�-� 
�8�0�1�8�.� 

�S�a�m�b�r�o�o�k�,� �J�.�,� �E�.� �F�.�,� �F�r�i�t�s�c�h� �a�n�d� �T�.� �M�a�n�i�a�t�i�s�,� �1�9�8�9� �M�o�l�e�c�u�l�a�r� �c�l�o�n�i�n�g�.� �A� �l�a�b�o�r�a�t�o�r�y� 
�m�a�n�u�a�l�.� �s�n�d�.� �e�d�.� �C�o�l�d� �s�p�r�i�n�g� �H�a�r�b�o�r� �l�a�b�o�r�a�t�o�r�y�.� �N�e�w� �y�o�r�k�.� 

�S�c�o�t�t�,� �N�.� �S�.� �a�n�d� �J�.� �N�.� �T�i�m�m�i�s�,� �1�9�8�4� �H�o�m�o�l�o�g�i�e�s� �b�e�t�w�e�e�n� �n�u�c�l�e�a�r� �a�n�d� �p�l�a�s�t�i�d� �D�N�A� 
�i�n� �s�p�i�n�a�c�h�.� �T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �6�7�:�2�7�9�-�2�8�8�.� 

�S�m�i�t�h�,� �J�.� �S�.� �C�.�,� �O�.� �S�.� �S�m�i�t�h�,� �S�.� �W�r�i�g�h�t�,� �S�.� �J�.� �W�a�l�l�,� �a�n�d� �M�.� �W�a�l�t�o�n�,� �1�9�9�2� �D�i�v�e�r�s�i�t�y� �o�f� 
�U�.�S�.� �h�y�b�r�i�d� �m�a�i�z�e� �g�e�r�m�p�l�a�s�m� �a�s� �r�e�v�e�a�l�e�d� �b�y� �r�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t� �l�e�n�g�t�h� 
�p�o�l�y�m�o�r�p�h�i�s�m�s�.� �C�r�o�p� �S�c�i�.� �3�2�:�5�8�9�-�6�0�4�.� 

�S�o�l�t�i�s�,� �D�.� �E�.�,� �P�.� �S�.� �S�o�l�t�i�s�,� �a�n�d� �B�.� �D�.� �N�e�s�s�,� �1�9�8�9�a� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� �v�a�r�i�a�t�i�o�n� �a�n�d� 
�m�u�l�t�i�p�l�e� �o�r�i�g�i�n�s� �o�f� �a�u�t�o�p�o�l�y�p�l�o�i�d�y� �i�n� �H�e�u�c�h�e�r�a� �m�i�c�r�a�n�t�h�a� �(�S�a�x�i�f�r�a�g�a�c�e�a�e�)�.� �E�v�o�l�u�t�i�o�n� 
�4�3�:�6�5�0�-�6�5�6�.� 

�S�o�l�t�i�s�,� �D�.� �E�.�,� �P�.� �S�.� �S�o�l�t�i�s�,� �T�.� �R�a�n�k�e�r� �a�n�d� �B�.� �D�.� �N�e�s�s�,� �1�9�8�9�b� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� 
�v�a�r�i�a�t�i�o�n� �i�n� �a� �w�i�l�d� �p�l�a�n�t�,� �T�o�l�m�i�e�a� �m�e�n�z�i�e�s�i�i�.� �G�e�n�e�t�i�c�s� �1�2�1�:�8�1�9�-�8�2�6�.� 

�S�o�l�t�i�s�,� �D�.� �E�.�,� �P�.� �S�.� �S�o�l�t�i�s� �a�n�d� �B�.� �G�.� �M�i�l�l�i�g�a�n�,� �1�9�9�2� �I�n�t�r�a�s�p�e�c�i�f�i�c� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� 
�v�a�r�i�a�t�i�o�n�:� �S�y�s�t�e�m�a�t�i�c� �a�n�d� �p�h�y�l�o�g�e�n�e�t�i�c� �i�m�p�l�i�c�a�t�i�o�n�s�.� �I�n�:� �M�o�l�e�c�u�l�a�r� �S�y�s�t�e�m�a�t�i�c�s� �o�f� 
�P�l�a�n�t�s� �(�e�d�s�.� �P�.� �S�.� �S�o�l�t�i�s�,� �D�.� �P�.� �S�o�l�t�i�s� �a�n�d� �J�.� �J�.� �D�o�y�l�e�)�,� �C�h�a�p�m�a�n� �a�n�d� �H�a�l�l�,� �L�o�n�d�o�n�,� �p�p�.� 
�1�1�7�-�1�5�0�.� 

�S�o�n�g�,� �K�.� �M�.�,� �T�.� �C�.� �O�s�b�o�r�n� �a�n�d� �P�.� �H�.� �W�i�l�l�i�a�m�s�,� �1�9�8�8� �B�r�a�s�s�i�c�a� �t�a�x�o�n�o�m�y� �b�a�s�e�d� �o�n� 
�u�n�c�l�e�a�r� �r�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t� �l�e�n�g�t�h� �p�o�l�y�m�o�r�p�h�i�s�m�s� �(�R�F�L�P�s�)�.� �1�.� �G�e�n�o�m�e� �e�v�o�l�u�t�i�o�n� �o�f� 
�d�i�p�l�o�i�d� �a�n�d� �a�m�p�h�i�d�i�p�l�o�i�d� �s�p�e�c�i�e�s�.� �T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �7�5�:�7�8�4�-�7�9�4�,� 

�S�t�e�r�n�,� �D�.� �B�.� �a�n�d� �D�.� �M�.� �L�o�n�s�d�a�l�e�,� �1�9�8�2� �M�i�t�o�c�h�o�n�d�r�i�a�l� �a�n�d� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�s� �o�f� 
�m�a�i�z�e� �h�a�v�e� �a� �1�2� �k�i�l�o�b�a�s�e� �D�N�A� �s�e�q�u�e�n�c�e� �i�n� �c�o�m�m�o�n�.� �N�a�t�u�r�e� �2�9�9�:�6�9�8�-�7�0�2�.� 

�S�t�e�r�n�,� �D�.� �B�.� �a�n�d� �J�.� �D�.� �P�a�l�m�e�r�.� �1�9�8�4� �E�x�t�e�r�n�s�i�v�e� �a�n�d� �w�i�d�e�s�p�r�e�a�d� �h�o�m�o�l�o�g�i�e�s� �b�e�t�w�e�e�n� 
�m�i�t�o�c�h�o�n�d�r�i�a�l�]� �a�n�d� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �i�n� �p�l�a�n�t�s�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �8�1�:�1�9�4�6�-� 
�1�9�5�0�.� 

�T�i�m�m�i�s�,� �J�.� �N�.� �a�n�d� �N�.� �S�.� �S�c�o�t�t�.� �1�9�8�3� �S�e�q�u�e�n�c�e� �h�o�m�o�l�o�g�y� �b�e�t�w�e�e�n� �s�p�i�n�a�c�h� �n�u�c�l�e�a�r� �a�n�d� 
�c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�s�.� �N�a�t�u�r�e� �3�0�5�:�6�5�-�6�7�.



�5�5� 

�T�u�r�g�e�o�n�,� �A�.� �J�.� �1�9�8�5� �T�u�r�f�g�r�a�s�s� �s�p�e�c�i�e�s�.� �I�n�:� �T�u�r�f�g�r�a�s�s� �M�a�n�a�g�e�m�e�n�t� �(�e�d�.� �T�u�r�g�e�o�n�,� �A�.� 
�J�.�)�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�e�w� �J�e�r�s�e�y�,� �p�p�.� �4�3�-�9�5�.� 

�V�e�r�m�e�u�l�e�n�,� �P�.� �H�.�,� �J�.� �B�.� �B�e�a�r�d�,� �M�.� �A�.� �H�u�s�s�e�y� �a�n�d� �R�.� �L�.� �G�r�e�e�n�,� �1�9�9�1� �T�u�r�f�g�r�a�s�s� 
�s�c�i�e�n�c�e�:� �S�t�a�r�c�h� �g�e�l� �e�l�e�c�t�r�o�p�h�o�r�e�s�i�s� �u�s�e�d� �f�o�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�u�r�f�-�t�y�p�e� �C�y�n�o�d�o�n� 
�g�e�n�o�t�y�p�e�s�.� �C�r�o�p� �S�c�i�.� �3�1�:�2�2�3�-�2�2�7�.� 

�V�i�l�l�a�m�i�l�,� �C�.� �B�.�,� �R�.� �W�.�,� �D�u�e�l�l�,� �D�.� �E�.� �F�a�i�r�b�r�o�t�h�e�r�s� �a�n�d� �J�.� �S�a�d�o�w�s�k�i�,� �1�9�8�2� �I�s�o�e�l�e�c�t�r�i�c� 
�f�o�c�u�s�i�n�g� �o�f� �e�s�t�e�r�a�s�e�s� �f�o�r� �f�i�n�e� �f�e�s�c�u�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�.� �C�r�o�p� �S�c�i�.� �2�2�:�7�8�6�-�7�9�3�.� 

�W�e�b�s�t�e�r�,� �G�.� �T�.� �a�n�d� �R�.� �C�.� �B�u�c�k�n�e�r�,� �1�9�7�0� �C�y�t�o�l�o�g�y� �a�n�d� �a�g�r�o�n�o�m�i�c� �p�e�r�f�o�r�m�a�n�c�e� �o�f� 
�L�o�l�i�u�m�-�F�e�s�t�u�c�a� �h�y�b�r�i�d� �d�e�r�i�v�a�t�i�v�e�s�.� �C�r�o�p� �S�c�i�.� �1�1�:�1�0�9�-�1�1�2�.� 

�W�i�l�k�i�n�s�o�n�,� �J�.� �F�.� �a�n�d� �J�.� �B�.� �B�e�a�r�d�,� �1�9�7�2� �E�l�e�c�t�r�o�p�h�o�r�e�t�i�c� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �A�g�r�o�s�t�i�s� 
�p�a�l�u�s�t�r�i�s� �a�n�d� �P�o�a� �p�r�a�t�e�n�s�i�s� �c�u�l�t�i�v�a�r�s�.� �C�r�o�p� �S�c�i�.� �1�2�:�8�3�3�-�8�3�4�.� 

�W�o�l�f�,� �P�.� �G�.� �D�.� �E�.� �S�o�l�t�i�s� �P�.�S�.� �S�o�l�t�i�s�,� �1�9�9�0� �A�l�l�o�z�y�m�i�c� �a�n�d� �c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� 
�H�e�u�c�h�e�r�a� �m�i�c�r�a�n�t�h�a�.� �A�m�e�r�.� �J�.� �B�o�t�.� �7�7�:�2�3�2�-�2�4�4�.� 

�W�u�,� �L�,� �A�.� �H�.� �H�a�r�i�v�a�n�d�i�,� �J�.� �A�.� �H�a�r�d�i�n�g� �a�n�d� �W�.� �B�.� �D�a�v�i�s�,� �1�9�8�4� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 
�K�e�n�t�u�c�k�y� �b�l�u�e�g�r�a�s�s� �c�u�l�t�i�v�a�r�s� �w�i�t�h� �e�s�t�e�r�a�s�e� �a�n�d� �p�h�o�s�p�h�o�g�l�u�c�o�m�u�t�a�s�e� �i�s�o�e�n�z�y�m�e� 
�m�a�r�k�e�r�s�.� �C�r�o�p� �S�c�i�.� �2�4�:�7�6�3�-�7�6�8�.� 

�X�u�,� �W�.� �W�.�,� �D�.� �A�.� �S�l�e�p�e�r� �a�n�d� �S�.� �C�h�a�o�,� �1�9�9�2� �D�e�t�e�c�t�i�o�n� �o�f� �R�F�L�P�s� �i�n� �p�e�r�e�n�n�i�a�l� 
�r�y�e�g�r�a�s�s�,� �u�s�i�n�g� �h�e�t�e�r�o�l�o�g�o�u�s� �p�r�o�b�e�s� �f�r�o�m� �t�a�l�l� �f�e�s�c�u�e�.� �C�r�o�p� �S�c�i�.� �3�2�:�1�3�6�6�-�1�3�7�0�.� 

�Z�h�a�n�g�,� �Q�.�,� �M�.� �A�.� �S�a�g�h�a�i� �M�a�r�o�o�f�.� �T�.� �Y�.� �L�u�,� �a�n�d� �B�.� �Z�.� �S�h�e�n�,� �1�9�9�2� �G�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� 
�a�n�d� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� �i�n�d�i�c�a� �a�n�d� �j�a�p�o�n�i�c�a� �r�i�c�e� �d�e�t�e�c�t�e�d� �b�y� �R�F�L�P� �a�n�a�l�y�s�i�s�.� �T�h�e�o�r�.� 
�A�p�p�l�.� �G�e�n�e�t�.� �8�3�:�4�9�5�-�4�9�9�.



�5�6� 

�C�h�a�p�t�e�r� �I�I� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�M�i�t�o�c�h�o�n�d�r�i�a� �a�r�e� �i�m�p�o�r�t�a�n�t� �i�n� �p�l�a�n�t� �r�e�s�p�i�r�a�t�i�o�n� �a�n�d� �m�e�t�a�b�o�l�i�c� �a�c�t�i�v�i�t�y�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �s�o�m�e� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �t�r�a�i�t�s�,� �s�u�c�h� �a�s� �c�y�t�o�p�l�a�s�m�i�c� �m�a�l�e� �s�t�e�r�i�l�i�t�y�,� �a�r�e� �d�e�p�e�n�d�e�n�t� 

�u�p�o�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�f� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�e�s�.� �R�F�L�P�s� �o�f� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� 

�(�m�t�D�N�A�)� �h�a�v�e� �b�e�e�n� �w�i�d�e�l�y� �u�s�e�d� �a�s� �m�o�l�e�c�u�l�a�r� �g�e�n�e�t�i�c� �m�a�r�k�e�r�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �g�e�n�e�t�i�c� 

�v�a�r�i�a�t�i�o�n�,� �p�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s�,� �a�n�d� �e�v�o�l�u�t�i�o�n� �a�t� �t�h�e� �i�n�t�r�a�s�p�e�c�i�f�i�c� �l�e�v�e�l� �i�n� �a�n�i�m�a�l�s� 

�(�A�v�i�s�e� �e�t� �a�l�.� �1�9�8�7�;� �D�e�S�a�l�l�e� �a�n�d� �G�i�d�d�i�n�g�s� �1�9�8�6�;� �H�a�l�e� �a�n�d� �S�i�n�g�h� �1�9�8�6�;� �H�a�r�r�i�s�o�n� �1�9�8�9�;� 

�M�o�r�i�t�z� �e�t� �a�l�.� �1�9�8�7�;� �K�a�m�b�h�a�m�p�a�t�i� �a�n�d� �R�a�i� �1�9�9�1�)�.� �I�n� �t�h�e�s�e� �s�t�u�d�i�e�s�,� �e�x�t�e�n�s�i�v�e� �m�t�D�N�A� 

�v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �a�n�d� �b�e�t�w�e�e�n� �p�o�p�u�l�a�t�i�o�n�s� �h�a�s� �b�e�e�n� �d�e�t�e�c�t�e�d� �a�n�d� �u�t�i�l�i�z�e�d� �a�s� �g�e�n�e�t�i�c� 

�m�a�r�k�e�r�s� �i�n� �p�r�o�v�i�d�i�n�g� �i�m�p�o�r�t�a�n�t� �i�n�s�i�g�h�t� �i�n�t�o� �p�o�p�u�l�a�t�i�o�n� �d�y�n�a�m�i�c�s�,� �s�p�e�c�i�a�t�i�o�n�,� 

�g�e�o�g�r�a�p�h�i�c� �v�a�r�i�a�t�i�o�n�,� �i�n�t�r�o�g�r�e�s�s�i�v�e� �h�y�b�r�i�d�i�z�a�t�i�o�n�,� �a�n�d� �p�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �i�n� 

�a�n�i�m�a�l� �s�p�e�c�i�e�s�.� 

�I�n� �c�o�n�t�r�a�s�t�,� �r�e�s�e�a�r�c�h� �o�n� �p�l�a�n�t� �m�t�D�N�A� �h�a�s� �l�a�g�g�e�d� �b�e�h�i�n�d� �t�h�a�t� �o�f� �b�o�t�h� �a�n�i�m�a�l� 

�m�t�D�N�A� �a�n�d� �p�l�a�n�t� �c�p�D�N�A�.� �I�n� �p�l�a�n�t�s�,� �c�p�D�N�A� �h�a�s� �b�e�e�n� �b�r�o�a�d�l�y� �u�s�e�d� �a�s� �a� �g�e�n�e�t�i�c� 

�m�a�r�k�e�r� �t�o� �s�t�u�d�y� �c�y�t�o�p�l�a�s�m�i�c� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y�,� �b�i�o�g�e�o�g�r�a�p�h�y�,� �p�h�y�l�o�g�e�n�e�t�i�c� �a�n�d� 

�e�v�o�l�u�t�i�o�n�a�r�y� �p�r�o�c�e�s�s�e�s� �(�P�a�l�m�e�r�,� �1�9�8�5�a�.�b�;� �B�i�r�k�y� �1�9�8�8�;� �C�l�e�g�g� �1�9�8�9�;� �C�r�a�w�f�o�r�d� �1�9�9�0�;� �s�e�e� 

�a�l�s�o� �C�h�a�p�t�e�r� �I�)�.� �R�e�l�a�t�i�v�e�l�y� �f�e�w� �s�t�u�d�i�e�s� �o�n� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �i�n� �p�l�a�n�t� �m�t�D�N�A� 

�h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d�.� �T�h�e� �l�e�v�e�l� �o�f� �n�u�c�l�e�o�t�i�d�e� �s�u�b�s�t�i�t�u�t�i�o�n� �i�n� �m�t�D�N�A� �i�s� �m�u�c�h� �l�o�w�e�r� 

�i�n� �p�l�a�n�t�s� �t�h�a�n� �i�n� �a�n�i�m�a�l�s� �a�n�d� �e�v�e�n� �u�p� �t�o� �f�o�u�r� �t�i�m�e�s� �l�o�w�e�r� �t�h�a�n� �i�n� �c�p�D�N�A� �(�W�o�l�f�e� �e�t� 

�a�l�,� �1�9�8�7�;� �P�a�l�m�e�r� �a�n�d� �H�e�r�b�o�n� �1�9�8�8�)�.� �S�o�m�e� �s�p�e�c�i�f�i�c� �f�e�a�t�u�r�e�s� �w�h�i�c�h� �h�a�v�e� �h�i�n�d�e�r�e�d� 

�s�t�u�d�i�e�s� �o�f� �p�l�a�n�t� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �a�r�e� �t�h�a�t� �t�h�e� �p�l�a�n�t� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e� �i�s� �l�a�r�g�e� 

�a�n�d� �v�a�r�i�a�b�l�e� �i�n� �s�i�z�e� �a�n�d� �c�o�m�p�l�e�x�i�t�y�.� �T�h�e� �p�l�a�n�t� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �a�l�s�o� �u�n�d�e�r�g�o� 

�r�a�p�i�d� �s�t�r�u�c�t�u�r�a�l� �c�h�a�n�g�e�s� �d�u�r�i�n�g� �e�v�o�l�u�t�i�o�n�.� �H�i�g�h�l�y� �v�a�r�i�a�b�l�e� �r�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t� 

�p�a�t�t�e�r�n�s� �m�a�k�e� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �d�i�r�e�c�t�l�y� �i�n�t�e�r�p�r�e�t� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �p�a�t�t�e�r�n�s� �f�r�o�m� �t�o�t�a�l� 

�m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�i�c� �D�N�A� �(�S�e�d�e�r�o�f�f� �1�9�8�7�)�.� �T�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �r�e�s�t�r�i�c�t�i�o�n� �p�a�t�t�e�r�n�s� 

�d�e�t�e�c�t�e�d� �b�y� �t�h�e� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �m�e�t�h�o�d� �w�i�t�h� �m�t�D�N�A� �p�r�o�b�e�s� �h�a�s� �b�e�e�n� �u�s�e�d� 

�t�o� �o�v�e�r�c�o�m�e� �t�h�e�s�e� �l�i�m�i�t�a�t�i�o�n�s� �(�B�l�a�n�d� �e�f� �a�l�.� �1�9�8�5�;� �C�h�o�w�d�h�u�r�y� �a�n�d� �S�m�i�t�h� �1�9�8�8�;� �G�r�a�u�r
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�e�t� �a�l�.� �1�9�8�9�;� �B�r�e�i�m�a�n� �1�9�8�7�;� �B�r�e�i�m�a�n� �e�f� �a�l�.� �1�9�9�1�;� �G�r�a�b�a�u� �e�f� �a�l�.� �1�9�9�2�:� �T�e�r�a�c�h�i� �a�n�d� 

�T�s�u�n�e�w�a�k�i� �1�9�9�2�)�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �o�n� �s�p�e�c�i�e�s� �p�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�n�d� 

�c�y�t�o�p�l�a�s�m�i�c� �m�a�l�e� �s�t�e�r�i�l�i�t�y� �h�a�v�e� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �R�F�L�P� �a�n�a�l�y�s�i�s� �o�f� �m�t�D�N�A� 

�(�M�c�L�e�a�n� �a�n�d� �H�a�n�s�o�n� �1�9�8�6�;� �C�h�o�w�d�h�u�r�y� �a�n�d� �S�m�i�t�h� �1�9�8�8�;� �S�m�i�t�h� �e�t� �a�l�.� �1�9�8�9�;� �K�h�a�i�r�a�l�l�a�h� 

�e�t� �a�l�.� �1�9�9�1�;� �T�e�r�a�c�h�i� �a�n�d� �T�s�u�n�e�w�a�k�i� �1�9�9�2�,� �R�o�u�w�e�n�d�a�l� �e�t� �a�l�.� �1�9�9�2�)�.� �P�a�l�m�e�r� �a�n�d� 

�H�e�r�b�o�n� �(�1�9�8�8�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �m�t�D�N�A� �w�a�s� �a�b�o�u�t� �o�n�e�-�f�o�u�r�t�h� 

�o�f� �t�h�a�t� �i�n� �c�p�D�N�A� �a�m�o�n�g� �B�r�a�s�s�i�c�a� �s�p�e�c�i�e�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �M�c�L�e�a�n� �a�n�d� �H�a�n�s�o�n� �(�1�9�8�6�)� 

�f�o�u�n�d� �t�h�a�t� �m�t�D�N�A� �i�n� �L�y�c�o�p�e�r�s�i�c�o�n� �s�p�e�c�i�e�s� �a�p�p�e�a�r�e�d� �t�o� �b�e� �e�v�o�l�v�i�n�g� �m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� 

�c�p�D�N�A�,� �a�n�d� �a� �s�i�m�i�l�a�r� �c�o�n�c�l�u�s�i�o�n� �w�a�s� �m�a�d�e� �f�o�r� �H�o�r�d�e�u�m� �v�u�l�g�a�r�e� �a�n�d� �H�.� �s�p�o�n�t�a�n�e�u�m� 

�b�y� �H�o�l�w�e�r�d�a� �e�t� �a�l�.� �(�1�9�8�6�)�.� �T�h�e� �v�a�r�i�a�b�i�l�i�t�y� �d�e�t�e�c�t�e�d� �i�n� �c�u�l�t�i�v�a�t�e�d� �r�i�c�e� �s�p�e�c�i�e�s� �w�a�s� �t�w�o� 

�t�i�m�e�s� �h�i�g�h�e�r� �i�n� �m�t�D�N�A� �t�h�a�n� �i�n� �c�p�D�N�A� �(�I�s�h�i�i� �e�t� �a�l�.� �1�9�9�3�)�.� �S�o� �f�a�r�,� �c�o�m�p�a�r�a�t�i�v�e� �d�a�t�a� 

�o�n� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �a�n�d� �b�e�t�w�e�e�n� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �s�p�e�c�i�e�s� �o�f� �h�i�g�h�e�r� �p�l�a�n�t�s� �i�s� 

�l�i�m�i�t�e�d�,� �a�n�d� �i�t� �r�e�m�a�i�n�s� �u�n�c�l�e�a�r� �w�h�e�t�h�e�r� �m�t�D�N�A� �w�i�l�l� �b�e� �a�s� �u�s�e�f�u�l� �a�s� �c�p�D�N�A� �f�o�r� 

�p�h�y�l�o�g�e�n�e�t�i�c� �a�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� �s�t�u�d�i�e�s�.� �T�o� �e�v�a�l�u�a�t�e� �t�h�e� �v�a�l�u�e� �o�f� �m�t�D�N�A� �a�s� �a� �m�a�r�k�e�r� 

�f�o�r� �a�d�d�r�e�s�s�i�n�g� �t�h�e�s�e� �q�u�e�s�t�i�o�n�s�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �c�o�n�d�u�c�t� �e�x�t�e�n�s�i�v�e� �s�t�u�d�i�e�s� �i�n� �d�i�f�f�e�r�e�n�t� 

�p�l�a�n�t� �s�p�e�c�i�e�s� �(�C�l�e�g�g� �1�9�8�9�)�.� �T�u�r�f�g�r�a�s�s�e�s� �h�a�v�e� �r�e�c�e�i�v�e�d� �m�u�c�h� �l�e�s�s� �a�t�t�e�n�t�i�o�n� �t�h�a�n� �o�t�h�e�r� 

�c�r�o�p�s� �i�n� �s�t�u�d�i�e�s� �o�n� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �a�t� �t�h�e� �D�N�A� �l�e�v�e�l�.� �N�o� �s�t�u�d�y� �o�f� �i�n�t�r�a�-� �a�n�d� �i�n�t�e�r�-� 

�s�p�e�c�i�f�i�c� �m�t�D�N�A� �v�a�r�i�a�b�i�l�i�t�y� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �R�F�L�P� �a�n�a�l�y�s�i�s� �h�a�s� �b�e�e�n� 

�u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�m�o�u�n�t� �o�f� �i�n�t�r�a�-� �a�n�d� �i�n�t�e�r�-�s�p�e�c�i�f�i�c� �m�t�D�N�A� 

�v�a�r�i�a�t�i�o�n� �b�y� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �u�s�i�n�g� �t�h�e� �s�a�m�e� �s�e�t� �o�f� �p�l�a�n�t� �m�a�t�e�r�i�a�l�s� �a�s� �i�n� �t�h�e� 

�c�p�D�N�A� �a�n�a�l�y�s�i�s�.� �T�h�e� �l�e�v�e�l�s� �o�f� �m�t�D�N�A� �a�n�d� �c�p�D�N�A� �d�i�v�e�r�s�i�t�y� �f�o�r� �t�h�e�s�e� �t�u�r�f�g�r�a�s�s�e�s� 

�a�r�e� �c�o�m�p�a�r�e�d� �a�n�d� �t�h�e�i�r� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �i�n�f�e�r�r�e�d� �b�y� �c�o�m�b�i�n�i�n�g� �t�h�e� �d�a�t�a� �f�r�o�m� �b�o�t�h� 

�c�p�D�N�A� �a�n�d� �m�t�D�N�A�.
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�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� 

�P�l�a�n�t� �m�a�t�e�r�i�a�l�s� �u�s�e�d� �i�n� �t�h�i�s� �s�u�r�v�e�y� �w�e�r�e� �t�h�e� �s�a�m�e� �a�s� �i�n� �t�h�e� �s�t�u�d�y� �o�n� �c�p�D�N�A� 

�v�a�r�i�a�t�i�o�n� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �I� �(�C�h�a�p�t�e�r� �I�,� �T�a�b�l�e� �1�)�.� 

�S�o�u�r�c�e� �o�f� �m�t�D�N�A� �c�l�o�n�e�s� 

�N�o� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�i�c� �D�N�A� �l�i�b�r�a�r�y� �o�f� �t�u�r�f�g�r�a�s�s�e�s� �i�s� �a�v�a�i�l�a�b�l�e�.� �H�o�w�e�v�e�r�,� 

�i�n� �c�o�n�d�u�c�t�i�n�g� �a� �p�r�e�l�i�m�i�n�a�r�y� �s�t�u�d�y� �w�i�t�h� �f�o�u�r� �c�u�l�t�i�v�a�r�s� �r�a�n�d�o�m�l�y� �c�h�o�s�e�n� �f�r�o�m� �e�a�c�h� 

�s�p�e�c�i�e�s� �a�n�d� �s�u�b�s�p�e�c�i�e�s�,� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �a� �s�e�t� �o�f� �1�9� �w�h�e�a�t� �m�t�D�N�A� �c�l�o�n�e�s� �(�p�r�o�b�e�s�)� 

�g�e�n�e�r�o�u�s�l�y� �p�r�o�v�i�d�e�d� �b�y� �D�r�.� �P�.� �C�o�v�e�l�l�o� �(�D�a�l�h�o�u�s�i�e� �U�n�i�v�e�r�s�i�t�y�,� �C�a�n�a�d�a�)� �e�x�h�i�b�i�t�e�d� �a� 

�h�i�g�h� �d�e�g�r�e�e� �o�f� �h�o�m�o�l�o�g�y� �w�i�t�h� �t�u�r�f�g�r�a�s�s� �D�N�A� �a�n�d� �d�e�t�e�c�t�e�d� �s�i�g�n�i�f�i�c�a�n�t� �v�a�r�i�a�t�i�o�n�.� 

�P�l�a�s�m�i�d�s� �c�o�n�t�a�i�n�i�n�g� �t�h�e�s�e� �1�9� �i�n�s�e�r�t�s� �w�e�r�e� �a�m�p�l�i�f�i�e�d� �e�i�t�h�e�r� �b�y� �t�r�a�n�s�f�o�r�m�i�n�g� �i�n�t�o� �D�H�5� 

�a�l�p�h�a� �c�o�m�p�e�t�e�n�t� �c�e�l�l�s� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �I� �o�r� �b�y� �t�h�e� �p�o�l�y�m�e�r�a�s�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� 

�(�P�C�R�)� �t�e�c�h�n�i�q�u�e� �f�o�l�l�o�w�i�n�g� �t�h�e� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �(�P�e�r�k�i�n�-�E�l�m�e�r�)� �i�n�s�t�r�u�c�t�i�o�n�s�.� 

�A�m�p�l�i�f�i�c�a�t�i�o�n� �r�e�a�c�t�i�o�n�s� �w�e�r�e� �i�n� �a� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �5�0� �w�l� �a�n�d� �c�o�n�t�a�i�n�e�d� �1�0� �X� �P�C�R� 

�b�u�f�f�e�r�,� �2�5� �m�M� �M�g�C�l�,� �1�.�2�5� �m�M� �d�A�T�P� �(�d�e�o�x�y� �a�d�e�n�o�s�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e�)�,� �d�C�T�P� �(�d�e�o�x�y� 

�c�y�t�i�d�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e�)�,� �d�G�T�P� �(�d�e�o�x�y� �g�u�a�n�o�s�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e�)�,� �a�n�d� �d�T�T�P� �(�d�e�o�x�y� 

�t�h�y�m�i�d�i�n�e� �t�r�i�p�h�o�s�p�h�a�t�e�)�,� �2�0� �m�M� �o�f� �e�a�c�h� �p�r�i�m�e�r�,� �2�5� �n�g� �p�l�a�s�m�i�d� �D�N�A�,� �a�n�d� �1� �u�n�i�t� �o�f� 

�T�a�q� �D�N�A� �p�o�l�y�m�e�r�a�s�e� �c�o�v�e�r�e�d� �w�i�t�h� �o�n�e� �d�r�o�p� �o�f� �m�i�n�e�r�a�l� �o�i�l�.� �A�m�p�l�i�f�i�c�a�t�i�o�n� �w�a�s� 

�p�e�r�f�o�r�m�e�d� �i�n� �a� �D�N�A� �T�h�e�r�m�a�l� �C�y�c�l�e�r� �p�r�o�g�r�a�m�m�e�d� �f�o�r� �3�5� �c�y�c�l�e�s� �o�f� �t�h�r�e�e� �m�i�n�u�t�e�s� �a�t� 

�9�4� �°�C�,� �o�n�e� �m�i�n�u�t�e� �a�t� �3�7� �°�C�,� �a�n�d� �t�w�o� �m�i�n�u�t�e�s� �a�t� �7�2� �°�C�.� �P�l�a�s�m�i�d� �D�N�A� �a�m�p�l�i�f�i�e�d� �b�y� 

�t�h�e� �m�e�t�h�o�d� �o�f� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �w�a�s� �e�x�t�r�a�c�t�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �I�.� 

�D�N�A� �p�r�e�p�a�r�a�t�i�o�n�,� �R�F�L�P� �a�s�s�a�y�s�,� �a�n�d� �d�a�t�a� �a�n�a�l�y�s�i�s� 

�T�h�e� �a�p�p�r�o�a�c�h�e�s� �u�s�e�d� �f�o�r� �D�N�A� �i�s�o�l�a�t�i�o�n�,� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e� �d�i�g�e�s�t�i�o�n�,� 

�e�l�e�c�t�r�o�p�h�o�r�e�s�i�s�,� �S�o�u�t�h�e�r�n� �b�l�o�t� �h�y�b�r�i�d�i�z�a�t�i�o�n�,� �a�u�t�o�r�a�d�i�o�g�r�a�p�h�y�,� �a�n�d� �d�a�t�a� �a�n�a�l�y�s�i�s� �w�e�r�e� 

�t�h�e� �s�a�m�e� �a�s� �f�o�r� �t�h�e� �s�t�u�d�y� �o�n� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �I�.



�5�3�9� 

�R�e�s�u�l�t�s� 

�I�n�t�r�a�s�p�e�c�i�f�i�c� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �g�e�n�u�s� �F�e�s�t�u�c�a� 

�m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �r�u�b�r�a�-�-�R�F�L�P�s� �w�e�r�e� �r�e�v�e�a�l�e�d� �b�y� �a�l�l� �1�9� �m�t�D�N�A� �c�l�o�n�e�s� 

�u�s�e�d� �i�n� �t�h�i�s� �s�u�r�v�e�y� �w�i�t�h� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e�s� �t�e�s�t�e�d� �(�T�a�b�l�e� �1�)�.� 

�O�f� �t�h�e� �7�6� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �s�u�r�v�e�y�e�d�,� �6�0� �w�e�r�e� �p�o�l�y�m�o�r�p�h�i�c�.� �N�i�n�e� �o�f� �t�h�e� 

�1�9� �m�t�D�N�A� �c�l�o�n�e�s� �d�e�t�e�c�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h� �a�l�l� �f�o�u�r� �e�n�z�y�m�e�s�,� �s�i�x� �w�i�t�h� �t�h�r�e�e� 

�e�n�z�y�m�e�s�,� �t�w�o� �w�i�t�h� �t�w�o� �e�n�z�y�m�e�s�,� �a�n�d� �t�w�o� �w�i�t�h� �o�n�e� �e�n�z�y�m�e�.� �E�x�t�e�n�s�i�v�e� �m�t�D�N�A� 

�v�a�r�i�a�t�i�o�n� �w�a�s� �d�e�t�e�c�t�e�d�,� �a�n�d� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�4�8�7� �t�o� �1�.�4�2�0� 

�w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�8�9�1�.� �U�p� �t�o� �f�i�v�e� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �S�o�u�t�h�e�r�n� 

�h�y�b�r�i�d�i�z�a�t�i�o�n� �i�n� �e�a�c�h� �o�f� �f�i�v�e� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �(�T�a�b�l�e� �1�)�.� �A�s�i�n� �t�h�e� �c�p�D�N�A� 

�s�t�u�d�y�,� �t�h�e� �m�t�D�N�A� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n�s� �i�n� �t�h�e� �a�u�t�o�r�a�d�i�o�g�r�a�p�h�y� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�m�o�s�t� �o�f� �t�h�e� �m�u�t�a�t�i�o�n�s� �m�o�s�t� �l�i�k�e�l�y� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�n�s�e�r�t�i�o�n�/�d�e�l�e�t�i�o�n� �e�v�e�n�t�s�.� �F�i�g�.� 

�1� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a�n� �i�n�s�e�r�t�i�o�n�/�d�e�l�e�t�i�o�n� �p�o�l�y�m�o�r�p�h�i�c� �f�r�a�g�m�e�n�t� �p�a�t�t�e�r�n� �r�e�v�e�a�l�e�d� 

�b�y� �t�h�e� �7�/�B�a�m� �H�I� �c�o�m�b�i�n�a�t�i�o�n� �(�m�t�D�N�A� �c�l�o�n�e� �7� �a�n�d� �B�a�m� �H�I� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e�)�.� 

�F�i�v�e� �D�N�A� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n�s� �(�p�h�e�n�o�t�y�p�e�s�)� �w�e�r�e� �d�e�t�e�c�t�e�d�.� �L�a�n�e�s� �1� �t�h�r�o�u�g�h� 

�5� �a�l�l� �h�a�d� �D�N�A� �f�r�a�g�m�e�n�t�s� �o�f� �5�.�5� �a�n�d� �3�.�9� �k�b�.� �L�a�n�e� �2� �(�p�h�e�n�o�t�y�p�e� �b�)� �h�a�d� �a�d�d�i�t�i�o�n�a�l� 

�f�r�a�g�m�e�n�t�s� �o�f� �1�5� �a�n�d� �1�1�.�5� �k�b� �a�n�d� �r�e�p�r�e�s�e�n�t�s� �5�6�%� �o�f� �t�h�e� �t�o�t�a�l� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�i�s� 

�s�u�b�s�p�e�c�i�e�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �l�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� �a�)� �h�a�d� �t�w�o� �f�r�a�g�m�e�n�t�s� �o�f� �1�1� �a�n�d� �1�4� �k�b� �i�n� 

�a�d�d�i�t�i�o�n� �t�o� �t�h�e� �1�5� �a�n�d� �1�1�.�5� �k�b� �f�r�a�g�m�e�n�t�s�;� �l�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)� �h�a�d� �t�h�r�e�e� �f�r�a�g�m�e�n�t�s� 

�o�f� �1�4�,� �1�1�,� �a�n�d� �8� �k�b� �a�n�d� �w�a�s� �m�i�s�s�i�n�g� �t�h�e� �1�5� �a�n�d� �1�1�.�5� �k�b� �b�a�n�d�s�,� �l�a�n�e� �4� �(�p�h�e�n�o�t�y�p�e� �d�)� 

�h�a�d� �f�r�a�g�m�e�n�t�s� �o�f� �1�4� �a�n�d� �1�]� �k�b� �b�u�t� �n�o� �1�5� �a�n�d� �1�1�.�5� �k�b� �f�r�a�g�m�e�n�t�s�,� �w�h�i�l�e� �l�a�n�e� �5� 

�(�p�h�e�n�o�t�y�p�e� �e�)� �o�n�l�y� �h�a�d� �a� �f�r�a�g�m�e�n�t� �o�f� �1�1� �k�b�.� �A�s� �s�h�o�w�n� �i�n� �t�h�e� �l�a�s�t� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� 

�2�,� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �o�f� �1�6� �c�u�l�t�i�v�a�r�s� �i�n� �F�.� �r�u�b�r�a� �b�a�s�e�d� �o�n� �s�e�v�e�n� �p�o�l�y�m�o�r�p�h�i�c� 

�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �1�5� �h�a�p�l�o�t�y�p�e�s�,� �A� �t�h�r�o�u�g�h� �O�.� �O�n�l�y� �t�w�o� 

�c�u�l�t�i�v�a�r�s�,� �F�r�a�n�k�l�i�n� �a�n�d� �S�y�l�v�e�s�t�e�r�,� �h�a�d� �t�h�e� �s�a�m�e� �f�r�a�g�m�e�n�t� �p�a�t�t�e�r�n� �a�n�d� �c�o�u�l�d� �n�o�t� �b�e� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �f�r�o�m� �o�n�e� �a�n�o�t�h�e�r�.� 

�m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �c�o�m�m�u�t�a�t�a�-�-�R�F�L�P�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h� �a�l�l� �1�9� �m�t�D�N�A



�6�0� 

�T�a�b�l�e� �1�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�m�t�D�N�A� �f�o�r� �1�6� �F�.� �r�u�b�r�a� �c�u�l�t�i�v�a�r�s�t�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �C� �d� �e� �d�i�v�e�r�s�i�t�y� 

�P�r�o�l�*�/�B�H�*�*� �0�.�1�9� �0�5�6� �0�.�2�5� �0�.�9�8�7� 
�P�r�o�l�/�X�B� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�p�Q�T�1�2�/�H�3� �0�.�0�7� �0�.�6�4� �0�.�2�9� �0�.�8�3�1� 
�P�Q�T�1�2�/�B�H� �0�.�0�6� �0�.�6�3� �0�.�2�5� �0�.�0�6� �0�.�9�7�5� 
�p�Q�T�1�2�/�R�I� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�p�Q�T�1�2�/�X�B� �0�.�0�7� �0�.�6�7� �0�.�0�7� �0�.�0�6� �0�.�1�3� �1�.�0�7�4� 
�H�4�6�5�/�H�3� �0�.�0�7� �0�.�7�3� �0�.�2�0� �0�.�7�3�8� 
�H�4�6�5�/�B�H� �0�.�0�8� �0�.�5�3� �0�.�3�1� �0�.�0�8� �1�.�1�0�3� 
�H�4�6�5�/�R�I� �0�.�0�7� �0�.�6�0� �0�.�1�3� �0�.�2�0� �1�.�0�7�9� 
�H�4�6�5�/�X�B� �0�.�0�6� �0�.�5�6� �0�.�2�5� �0�.�1�3� �1�.�1�0�5� 
�7�/�H�3� �0�.�4�4� �0�.�5�0� �0�.�0�6� �0�.�8�7�6� 
�7�/�B�H� �0�.�1�3� �0�.�5�6� �0�.�0�6� �0�.�1�9� �0�.�0�6� �1�.�2�4�4� 
�7�/�R�I� �0�.�1�3� �0�.�6�3� �0�.�1�3� �O�1�1� �1�.�0�6�4� 
�7�/�X�B� �0�.�0�8� �0�.�6�7� �0�.�2�5� �0�.�8�1�6� 
�p�F�C�S�-�2�/�B�H� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�p�F�C�5�-�2�/�R�I� �0�.�2�5� �0�.�7�5� �0�.�5�6�2� 
�p�F�C�S�-�2�/�X�B� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�4�7�6�/�B�H� �0�.�1�9� �0�.�5�0� �0�.�2�5� �0�.�0�6� �1�.�1�7�7� 
�4�7�6�/�R�I� �0�.�3�7� �0�.�6�3� �0�.�6�5�9� 
�4�7�6�/�X�B� �G�.�1�3� �0�.�6�2� �U�.�2�5� �0�.�9�0�7� 
�p�Y�T�2�-�4�/�X�B� �0�.�0�7� �0�.�6�4� �0�.�2�9� �0�.�8�3�1� 
�T�y�r�/�X�B� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�p�H�J�2�7�1�/�B�H� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�p�H�J�2�7�1�/�R�I� �0�.�2�5� �0� �0�.�7�5� �0�.�5�6�2� 
�p�H�J�2�7�1�/�X�B� �0�.�0�6� �0�.�6�9� �0�,�2�5� �0�.�7�7�1� 
�4�9�0�/�B�H� �0�.�0�6� �0�.�6�9� �O�1�3� �G�1�2� �0�.�9�4�4� 
�4�9�0�/�R�I� �Q�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�4�9�0�/�X�B� �0�.�0�7� �O�7�1� �0�.�2�2� �0�.�7�6�2� 
�B�3�0�/�H�3� �0�.�3�8� � �U�.�b�2� �0�.�6�6�4� 
�B�3�0�/�B�H� �0�.�1�9� �O�5�0� �U�.�2�5� �0�.�9�8�7� 
�B�3�0�/�R�I� �O�.�1�3� �0�.�6�2� �0�.�1�9� �0�.�0�6� �1�.�0�4�6� 
�B�3�0�/�X�B� �Q�.�1�3� �0�.�6�7� �0�.�2�0� �0�.�8�5�5� 

�0�.�2� �H�4�5�8�/�B�H� �Q�.�1�3� �0�.�6�2� �t
�a

� 

�0�.�9�0�7



�6�1� 

�(�T�a�b�l�e� �1� �c�o�n�t�i�n�u�e�d�)� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �c� �d� �e� �d�i�v�e�r�s�i�t�y� 

�H�4�5�8�/�R�I� �0�.�3�3� �0�.�6�7� �0�.�6�3�4� 
�H�4�5�8�/�X�B� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�B�3�4�2�/�H�3� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�B�3�4�2�/�B�H� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�B�3�4�2�/�R�I� �0�.�1�3� �0�.�6�2� �0�.�0�6� �0�.�1�9� �1�.�0�4�6� 
�B�3�4�2�/�X�B� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�H�4�5�4�/�H�3� �0�.�3�1� �0�.�4�4� �0�.�2�5� �1�.�0�7�0� 
�H�4�5�4�/�B�H� �0�.�2�1� �0�.�7�9� �0�.�5�1�4� 
�H�4�5�4�/�R�I� �0�.�1�3� �0�.�5�6� �0�.�2�5� �0�.�0�6� �1�.�1�0�5� 
�H�4�5�4�/�X�B� �0�.�1�9� �0�5�0� �0�.�3�1� �1�.�0�2�5� 
�S�a�l�5�.�6�b�/�B�H� �0�.�5�6� �0�.�0�6� �0�.�1�9� �0�.�1�3� �0�.�0�6� �1�.�2�4�4� 
�S�a�l�5�.�6�b�/�R�I� �0�.�0�7� �0�.�6�0� �0�.�0�7� �0�.�2�6� �1�.�0�2�8� 
�S�a�l�5�.�6�b�/�X�B� �0�.�1�5� �0�.�3�8� �0�.�0�8� �0�.�3�1� �0�.�0�8� �1�.�4�2�0� 
�B�3�7�6�/�H�3� �0�.�0�7� �0�.�6�7� �0�.�1�3� �0�.�1�3� �0�.�9�8�4� 
�B�3�7�6�/�B�H� �0�.�0�6� �0�.�6�3� �0�.�2�5� �0�.�0�6� �0�.�9�7�5� 
�B�3�7�6�/�R�I� �0�.�3�1� �0�.�6�9� �0�.�6�1�9� 
�B�3�7�6�/�X�B� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�H�4�6�9�/�R�I� �0�.�1�3� �0�.�6�2� �0�.�2�5� �0�.�9�0�7� 
�H�4�6�9�/�X�B� �0�.�4�3� �0�.�5�7� �0�.�6�8�3� 
�P�s�t�2�4�/�H�3� �0�.�3�8� �0�.�6�2� �0�.�6�6�4� 
�P�s�t�2�4�/�B�H� �0�.�6�9� �0�.�3�1� �0�.�6�1�9� 
�P�s�t�2�4�/�R�I� �0�.�1�3� �0�5�6� �0�.�1�3� �0�.�1�2�.� �0�.�0�6� �1�.�2�7�8� 
�P�s�t�2�4�/�X�B� �0�.�0�7� �0�.�6�0� �0�.�0�7� �0�.�2�6� �1�.�0�2�8� 
�1�1�4�/�H�3� �0�.�1�9� �0�.�8�1� �0�.�4�8�7� 
�1�1�4�/�B�H� �0�.�1�3� �0�.�6�8� �0�.�1�9� �0�.�8�4�3� 
�1�1�4�/�R�I� �0�.�0�6� �0�.�6�9� �0�.�2�5� �0�.�7�7�1� 
�1�1�4�/�X�B� �0�.�0�7� �0�.�6�7� �0�.�2�7� �0�.�8�0�7� 

� � 

�A�v�e�r�a�g�e� �0�.�8�9�1� 
�7�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�v�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�r�o�b�e�s� �a�r�e� �f�r�o�m� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �l�i�b�r�a�r�y�.� 
�*�*� �B�H�,� �H�3�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�I�,� �H�i�n�d� �I�I�,� �E�c�o� �R�I�,� �a�n�d� �X�b�a� 
�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.
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 ��a� �B�e�a�d� �R�T� �a�e�n�y� �q�u�e� �y�o�r� 

�3�.�4� 

�|� �2� �3� �4� �5� 

�F�i�g�.� �1�.� �A�u�t�o�r�a�d�i�o�g�r�a�m� �o�f� �S�o�u�t�h�e�r�n� �b�l�o�t� �s�h�o�w�i�n�g� �f�i�v�e� �m�t�D�N�A� �p�h�e�n�o�t�y�p�e�s� �i�n� �F�.� �n�e�b�r�a� 
�w�i�t�h� �7�/�B�a�m� �H�i� �(�l�a�n�e�s� �1�-�5�)�.� �L�a�n�e� �M�:� �1� �k�h� �A� �l�a�d�d�e�r� �m�a�r�k�e�r�.� 
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�T�a�b�l�e� �2�.� �S�e�v�e�n� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �d�e�t�e�c�t�e�d� �t�h�e� �m�a�x�i�m�u�m� 
�n�u�m�b�e�r� �o�f� �h�a�p�l�o�t�y�p�e�s� �a�m�o�n�g� �m�t�D�N�A� �o�f� �1�6� �F�.� �r�u�b�r�a� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� �S�o�u�t�h�e�r�n� 
�h�y�b�r�i�d�i�z�a�t�i�o�n�.� 
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�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �M�i�t�o�c�h�o�n�d�r�i�a�l� 
�h�a�p�l�o�t�y�p�e� 

� � 

�E�l�a�n�o�r� 
�F�r�a�n�k�l�i�n� 
�S�y�l�v�e�s�t�e�r� 
�W�W� �R�S� �1�3�0� 
�Z�W� �4�2�-�1�5�8� 
�P�S�T�-�4�N�I� 
�B�a�r�g�e�n�a� 
�B�a�r� �F�R�8�R�C�3� 
�C�i�n�d�y� 
�B�o�r�e�a�l� 
�W�W� �R�S� �1�3�8� 
�P�S�T�-�4�C�8� 
�H�e�r�a�l�d� 
�L�o�n�g�f�e�l�l�o�w� 
�E�n�s�y�l�v�a� 
�J�a�s�p�e�r� 
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�*� �7�,� �P�H�,� �H�4�,� �B�2�,� �a�n�d� �P�S�T� �r�e�p�r�e�s�e�n�t� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �p�r�o�b�e�s� �7�,� �p�H�J�2�-�7�-�1�,� �H�4�5�4�,� 
�B�3�7�6�,� �a�n�d� �P�s�t�2�4�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�*�*� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� �X�b�a� 
�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�f�l� �a�,� �b�,� �c�,� �a�n�d� �d� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.



�6�4� 

�p�r�o�b�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �e�n�z�y�m�e�s� �u�s�e�d�.� �A�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �3�,� �n�i�n�e� �o�f� �t�h�e� 

�1�9� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�s� �d�e�m�o�n�s�t�r�a�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h� �a�l�l� �f�o�u�r� �e�n�z�y�m�e�s�,� �f�i�v�e� �w�i�t�h� 

�t�h�r�e�e� �e�n�z�y�m�e�s�,� �t�w�o� �w�i�t�h� �t�w�o� �e�n�z�y�m�e�s�,� �a�n�d� �t�h�r�e�e� �w�e�r�e� �p�o�l�y�m�o�r�p�h�i�c� �f�o�r� �o�n�l�y� �o�n�e� 

�e�n�z�y�m�e�.� �T�h�e� �h�i�g�h�e�s�t� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �w�a�s� �1�.�2�2�9� �a�n�d� �t�h�e� �l�o�w�e�s�t� �w�a�s� �0�.�2�2�7� �w�i�t�h� �a�n� 

�a�v�e�r�a�g�e� �o�f� �0�.�4�8�8�.� �A�l�t�o�g�e�t�h�e�r�,� �7�4�%� �o�f� �t�h�e� �t�o�t�a�l� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� 

�p�o�l�y�m�o�r�p�h�i�c� �i�n� �t�h�i�s� �s�u�b�s�p�e�c�i�e�s�.� �M�o�s�t� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� 

�r�e�v�e�a�l�e�d� �t�w�o� �t�o� �t�h�r�e�e� �p�h�e�n�o�t�y�p�e�s�,� �a�n�d� �s�o�m�e� �o�f� �t�h�e�m� �i�d�e�n�t�i�f�i�e�d� �u�p� �t�o� �f�i�v�e� �d�i�f�f�e�r�e�n�t� 

�p�h�e�n�o�t�y�p�e�s�.� �T�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �h�a�p�l�o�t�y�p�e�s� �w�e�r�e� �r�e�v�e�a�l�e�d� �w�h�e�n� �t�h�e� �d�a�t�a� �f�r�o�m� 

�f�i�v�e� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �c�o�m�b�i�n�e�d�.� �T�h�i�s� �c�o�m�b�i�n�e�d� �a�n�a�l�y�s�i�s� 

�i�d�e�n�t�i�f�i�e�d� �1�3� �h�a�p�l�o�t�y�p�e�s� �(�A� �t�h�r�o�u�g�h� �M�)� �a�m�o�n�g� �t�h�e� �m�t�D�N�A�s� �o�f� �t�h�e� �1�7� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�i�s� 

�s�u�b�s�p�e�c�i�e�s� �(�T�a�b�l�e� �4�)�.� 

�m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a�-�-�P�o�l�y�m�o�r�p�h�i�s�m�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�i�t�h� �a�l�l� �1�9� 

�m�t�D�N�A� �p�r�o�b�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �e�n�z�y�m�e�s� �t�e�s�t�e�d�.� �A�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�,� 

�f�i�v�e� �o�f� �t�h�e� �1�9� �m�t�D�N�A� �c�l�o�n�e�s� �d�e�t�e�c�t�e�d� �p�o�l�y�m�o�r�p�h�i�s�m� �w�i�t�h� �a�l�l� �f�o�u�r� �e�n�z�y�m�e�s�,� �s�i�x� �w�i�t�h� 

�t�h�r�e�e� �e�n�z�y�m�e�s�,� �f�i�v�e� �w�i�t�h� �t�w�o� �e�n�z�y�m�e�s�,� �a�n�d� �t�h�r�e�e� �w�i�t�h� �o�n�e� �e�n�z�y�m�e�.� �A� �t�o�t�a�l� �o�f� �5�1� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �M�o�s�t� �o�f� �t�h�e� �p�o�l�y�m�o�r�p�h�i�c� 

�c�o�m�b�i�n�a�t�i�o�n�s� �c�o�u�l�d� �d�e�t�e�c�t� �t�w�o� �t�o� �t�h�r�e�e� �p�h�e�n�o�t�y�p�e�s�.� �P�h�e�n�o�t�y�p�i�c� �f�r�e�q�u�e�n�c�i�e�s� �a�n�d� 

�d�i�v�e�r�s�i�t�y� �e�s�t�i�m�a�t�e�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.� �T�h�e� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�3�4�7� �t�o� 

�1�.�5�2�9� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�7�5�9�.� �A�s� �s�h�o�w�n� �i�n� �t�h�e� �l�a�s�t� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �6� �(�A� �t�h�r�o�u�g�h� 

�I�)�,� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �o�f� �a�l�l� �n�i�n�e� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�e� �s�u�b�s�p�e�c�i�e�s� �o�f� �F�.� �t�n�c�h�o�p�h�y�l�l�a� 

�a�r�e� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �u�s�i�n�g� �t�h�e� �f�o�u�r� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� 

�c�o�m�b�i�n�a�t�i�o�n�s�.� 

�m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �l�o�n�g�i�f�o�l�i�a�-�-�I�n�t�r�a�s�p�e�c�i�f�i�c� �D�N�A� �v�a�r�i�a�b�i�l�i�t�y� �w�a�s� �i�d�e�n�t�i�f�i�e�d� 

�i�n� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e� �o�f� �F�.� �l�o�n�g�i�f�o�l�i�a�.� �A�l�l� �1�9� �p�r�o�b�e�s� �d�e�t�e�c�t�e�d� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� 

�t�h�i�s� �s�p�e�c�i�e�s� �w�i�t�h� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �e�n�z�y�m�e�s� �a�s�s�a�y�e�d�.� �E�x�t�e�n�s�i�v�e� �p�o�l�y�m�o�r�p�h�i�s�m�s� 

�w�e�r�e� �d�e�t�e�c�t�e�d�,� �a�n�d� �t�h�e� �r�a�n�g�e� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �w�e�r�e� �f�r�o�m� �0�.�4�5�6� �t�o� �1�.�5�5�5� 

�w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�9�2�3� �(�T�a�b�l�e� �7�)�.� �O�f� �5�6� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� 

�1�9� �d�e�t�e�c�t�e�d� �t�w�o� �t�o� �t�h�r�e�e� �p�h�e�n�o�t�y�p�e�s�,� �a�n�d� �9� �c�o�m�b�i�n�a�t�i�o�n�s� �e�a�c�h� �r�e�v�e�a�l�e�d� �f�o�u�r� �t�o� �f�i�v�e



�6�5� 

�T�a�b�l�e� �3�.� �P�h�e�n�o�t�y�p�e�s�.� �f�r�e�q�u�e�n�c�i�e�s�.� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�m�t�D�N�A� �f�o�r� �1�7� �F�.� �c�o�m�m�u�t�a�t�a� �c�u�l�t�i�v�a�r�s ��.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �c� �d� �e� �d�i�v�e�r�s�i�t�y� 

�P�r�o�l�*�/�B�H�*�*� �0�.�8�8� �0�.�1�2� �0�.�3�6�6� 
�P�r�o�l�/�X�B� �0�.�9�4� �0�.�0�6� �Q�.�2�2�7� 
�p�Q�T�1�2�/�H�3� �0�.�8�6� �0�.�0�7� �0�.�0�7� �0�.�5�0�2� 
�p�Q�T�1�2�/�B�H� �0�.�7�5� �0�.�0�6� �0�.�1�3� �0�.�0�6� �0�.�8�2�9� 
�p�Q�T�1�2�/�R�I� �0�.�9�3� �0�.�0�7� �0�.�2�5�3� 
�p�Q�T�1�2�/�X�B� �0�.�8�1� �0�.�0�7� �0�.�0�6� �0�.�0�6� �0�.�6�9�5� 
�H�4�6�5�/�H�3� �0�.�8�2� �0�.�1�2� �0�.�0�6� �0�.�3�8�6� 
�H�4�6�5�/�B�H� �0�.�8�7� �0�.�0�7� �0�.�0�6� �0�.�4�7�6� 
�H�4�6�5�/�R�I� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�H�4�6�5�/�X�B� �0�.�8�2� �0�.�0�6� �0�.�0�6� �0�.�0�6� �0�.�6�7�0� 
�T�/�H�3� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�7�/�B�H� �0�.�9�4� �0�.�0�6� �(�)�.�2�2�7� 
�7�/�R�I� �0�.�8�2� �0�.�1�2� �0�.�0�6� �Q�.�5�8�5� 
�7�/�X�B� �0�.�8�0� �0�.�1�3� �0�.�0�7� �0�.�6�3�0� 
�p�F�C�S�5�-�2�/�B�H� �0�.�3�6� �0�.�4�3� �0�.�1�4� �0�.�0�7� �1�.�1�9�2� 
�4�7�6�/�B�H� �0�.�8�1� �0�.�1�3� �0�.�0�6� �0�.�6�0�5� 
�4�7�6�/�R�I� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�4�7�6�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�p�Y�T�2�-�4�/�X�B� �0�.�7�7� �0�.�1�5� �0�.�0�8� �0�.�6�8�8� 
�T�y�r�/�X�B� �0�.�8�0� �Q�.�1�3� �0�.�0�7� �0�.�6�3�0� 
�p�H�J�2�7�1�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�4�9�0�/�B�H� �0�.�8�1� �O�.�1�3� �0�.�0�6� �0�.�6�0�5� 
�4�9�0�/�R�I� �Q�.�8�2� �0�.�0�6� �0�.�0�6� �0�.�0�6� �0�.�6�7�0� 
�4�9�0�/�X�B� �0�.�8�0� �0�.�0�7� �0�.�0�7� �0�.�0�6� �0�.�7�4�0� 
�B�3�0�/�H�3� �0�.�9�3� �0�.�0�7� �0�.�2�5�3� 
�B�3�0�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�B�3�0�/�R�I� �0�)�,�.�2�5� �0�.�3�8� �O�.�2�5� �0�.�0�6� �0�.�0�6� �1�.�2�2�9� 
�B�3�0�/�X�B� �0�.�9�3� �0�.�0�7� �0�.�2�5�3� 
�H�4�5�8�/�B�H� �0�.�8�8� �Q�.�1�2� �0�.�3�6�6� 
�H�4�5�8�/�R�I� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�H�4�5�8�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�B�3�4�2�/�H�3� �O�.�S�S� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�B�3�4�2�/�B�H� �0�.�8�8� �0�.�1�2� �0�.�3�6�6



�(�T�a�b�l�e� �3� �c�o�n�t�i�n�u�e�d�)� 
� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �c� �d� �e� �d�i�v�e�r�s�i�t�y� 

�B�3�4�2�/�R�I� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�B�3�4�2�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�H�4�5�4�/�H�3� �0�.�7�6� �0�.�0�6� �0�.�1�2� �0�.�0�6� �0�.�8�0�1� 
�H�4�5�4�/�B�H� �0�.�5�3� �0�.�4�0� �0�.�0�7� �0�.�8�8�9� 
�H�4�5�4�/�R�I� �0�.�5�3� �0�.�0�6� �0�.�2�3� �0�.�1�2� �0�.�0�6� �1�.�2�6�6� 
�H�4�5�4�/�X�B� �0�.�4�7� �0�.�4�7� �0�.�0�6� �0�.�8�7�9� 
�S�a�l�5�.�6�b�/�B�H� �0�.�8�2� �0�.�1�2� �0�.�0�6� �0�.�5�8�6� 
�S�a�l�5�.�6�b�/�R�I� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�S�a�l�5�.�6�b�/�X�B� �0�.�9�3� �0�.�0�7� �0�.�2�5�3� 
�B�3�7�6�/�H�3� �0�.�7�0� �0�.�1�8� �0�.�0�6� �0�.�0�6� �0�.�8�9�7� 
�B�3�7�6�/�B�H� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�B�3�7�6�/�R�I� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�B�3�7�6�/�X�B� �0�.�8�1� �0�.�1�3� �0�.�0�6� �0�.�6�0�5� 
�H�4�6�9�/�R�I� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�H�4�6�9�/�X�B� �0�.�9�3� �0�.�0�7� �0�.�2�5�3� 
�P�s�t�2�4�/�H�3� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�s�t�2�4�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�P�s�t�2�4�/�R�I� �0�.�9�3� �0�.�0�7� �0�.�2�5�3� 
�P�s�t�2�4�/�X�B� �0�.�8�1� �0�.�0�7� �0�.�0�6� �0�.�0�6� �0�.�6�9�5� 
�1�1�4�/�H�3� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�1�1�4�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�1�1�4�/�R�I� �0�.�8�8� �0�.�0�6� �0�.�0�6� �0�.�4�5�0� 
�1�1�4�/�X�B� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
� � 

�A�v�e�r�a�g�e� �0�.�4�8�8� 

�t� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�-�e�n�z�y�v�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�r�o�b�e�s� �a�r�e� �f�r�o�m� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �l�i�b�r�a�r�y�.� 
�*�*� �B�H�,� �H�3�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�I�,� �H�i�n�d� �I�I�]�,� �E�c�o� �R�I�,� �a�n�d� �X�b�a� 
�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�6�7� 

�T�a�b�l�e� �4�.� �F�i�v�e� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �d�e�t�e�c�t�e�d� �t�h�e� �m�a�x�i�m�u�m� 
�n�u�m�b�e�r� �o�f� �h�a�p�l�o�t�y�p�e�s� �a�m�o�n�g� �m�t�D�N�A� �o�f� �1�7� �F�.� �c�o�m�m�u�z�t�a�t�a� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� �S�o�u�t�h�e�r�n� 
�h�y�b�r�i�d�i�z�a�t�i�o�n�.� 

� � 

� � 

�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �M�i�t�o�c�h�o�n�d�r�i�a�l� 
�h�a�p�l�o�t�y�p�e� 

�H�4�*� �H�4� �B�3� �B�l� �H�5� 
�H�i�n�d� �I�l�l� �E�c�o� �R�I� �H�i�n�d� �I�l�l� �E�c�o� �R�I� �E�c�o� �R�I� 

�N�K� �8�2�4�9�2� �a�f� �a� �a� �a� �a� �A� 
�M�o�l�i�n�d�a� �a� �a� �a� �a� �a� �A� 
�B�a�r�n�i�c�a� �a� �a� �a� �a� �a� �A� 
�S�h�a�d�o�w� �b� �a� �a� �b� �a� �B� 

�A�t�l�a�n�t�a� �a� �a� �b� �C�c� �a� �C� 
�M�a�r�y� �a� �a� �b� �c� �a� �C� 
�J�a�m�e�s�t�o�w�n� �a� �a� �a� �b� �a� �D� 
�W�a�l�d�o�r�f� �c� �b� �a� �d� �a� �E� 
�E�p�s�o�m� �c� �c� �c� �d� �a� �F� 

�N�-�1�0�5� �a� �c� �a� �b� �a� �G� 
�R�a�y�m�o�n�d� �=� �a� �d� �a� �a� �a� �H� 

�E�s�t�o�r�i�l� �a� �C�c� �a� �C�c� �a� �I� 
�W�i�l�m�a� �a� �d� �a� �a� �b� �J� 
�B�A�R� �F�R� �9�F� �a� �C�c� �d� �C�c� �a� �K� 

�C�a�p�i�t�o�l� �d� �e� �b� �b� �a� �L� 
�E�n�j�o�y� �a� �a� �a� �b� �a� �M� 

�K�o�l�e�t� �a� �a� �a� �b� �a� �M� 

� � 

�*� �H�4�,� �B�3�,� �B�1�,� �a�n�d� �H�5� �r�e�p�r�e�s�e�n�t� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �p�r�o�b�e�s� �H�4�5�4�,� �B�3�7�6�,� �B�3�0�,� �a�n�d� 
�H�4�5�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�f�a�,� �b�,� �c�,� �d�,� �a�n�d� �e� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.



�6�8� 

�T�a�b�l�e� �5�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
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�B�3�4�2�/�B�H� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�B�3�4�2�/�R�I� �0�.�6�7� �0�.�1�7� �0�.�1�6� �0�.�8�6�2� 
�B�3�4�2�/�X�B� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�H�4�5�4�/�H�3� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�H�4�5�4�/�B�H� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�H�4�5�4�/�R�I� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�H�4�5�4�/�X�B� �0�.�6�7� �0�.�3�3� �0�.�6�3�4� 
�S�a�l�5�.�6�b�/�B�H� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�S�a�l�5�.�6�b�/�R�I� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�S�a�l�5�.�6�b�/�X�B� �0�.�4�0� �0�.�2�0� �0�.�2�0� �0�.�2�0� �1�.�3�3�3� 
�B�3�7�6�/�H�3� �0�.�3�4� �0�.�1�7� �0�.�1�7� �0�.�1�6� �0�.�1�6� �1�.�5�5�5� 
�B�3�7�6�/�B�H� �0�.�3�4� �0�.�5�0� �0�.�1�6� �1�.�0�0�6� 
�B�3�7�6�/�R�I� �0�.�3�3� �0�.�3�3� �0�.�1�7� �0�.�1�7� �1�.�3�3�4� 
�B�3�7�6�/�X�B� �0�.�3�4� �0�.�1�7� �0�.�1�7� �0�.�1�6� �0�.�1�6� �1�.�5�5�5� 
�H�4�6�9�/�R�I� �0�.�6�7� �0�.�1�7� �0�.�1�6� �0�.�8�6�2� 
�H�4�6�9�/�X�B� �0�.�6�0� �0�.�2�0� �0�.�2�0� �0�.�9�5�0� 
�P�s�t�2�4�/�H�3� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�P�s�t�2�4�/�B�H� �0�.�6�7� �0�.�1�7� �0�.�1�6� �0�.�8�6�2� 
�P�s�t�2�4�/�R�I� �0�.�1�7� �0�.�1�7� �0�.�3�4� �0�.�1�6� �0�.�1�6� �1�.�5�5�5� 
�P�s�t�2�4�/�X�B� �0�.�2�0� �0�.�6�0� �0�.�2�0� �0�.�9�5�0� 
�1�1�4�/�B�H� �0�.�8�3� �0�.�1�7� �0�.�4�5�6� 
�1�1�4�/�R�I� �0�.�6�7� �0�.�1�7� �0�.�1�6� �0�.�8�6�2� 
�1�1�4�/�X�B� �0�.�5�0� �0�.�3�4� �0�.�1�6� �1�.�0�0�6� 
� � 

�A�v�e�r�a�g�e� �0�.�9�2�3� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�r�o�b�e�s� �a�r�e� �f�r�o�m� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �l�i�b�r�a�r�y�.� 
�*�*� �B�H�,� �H�3�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�I�,� �H�i�n�d� �I�l�l�,� �E�c�o� �R�I�,� �a�n�d� �X�b�a� 
�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�1�3� 

�p�h�e�n�o�t�y�p�e�s�.� �A�l�l� �s�i�x� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�i�s� �s�p�e�c�i�e�s� �a�r�e� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �f�r�o�m� �e�a�c�h� �o�t�h�e�r� �b�a�s�e�d� 

�o�n� �t�w�o� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �(�T�a�b�l�e� �8�)�.� 

�m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �o�v�i�n�a�-�-�O�n�l�y� �t�w�o� �c�u�l�t�i�v�a�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �F�.� �o�v�i�n�a�.� 

�R�F�L�P�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �b�y� �1�2� �o�f� �t�h�e� �7�6� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�.� �T�h�e�s�e� �t�w�o� 

�c�u�l�t�i�v�a�r�s� �a�r�e� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �b�y� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� �w�i�t�h� �a�n�y� �o�n�e� �o�f� �t�h�e� 

�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �(�T�a�b�l�e� �9�)�.� 

�m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a�-�-�R�F�L�P�s� �o�f� �m�t�D�N�A� �w�e�r�e� �r�e�v�e�a�l�e�d� �b�y� �o�n�l�y� 

�t�h�r�e�e� �c�l�o�n�e�s�,� �a�n�d� �a� �t�o�t�a�l� �o�f� �s�i�x� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �c�o�u�l�d� �d�e�t�e�c�t� 

�p�o�l�y�m�o�r�p�h�i�s�m�.� �P�h�e�n�o�t�y�p�i�c� �f�r�e�q�u�e�n�c�i�e�s� �a�n�d� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� 

�1�0�.� �U�s�i�n�g� �B�a�m� �H�I� �d�i�g�e�s�t�s�,� �c�l�o�n�e� �7� �r�e�v�e�a�l�e�d� �t�h�r�e�e� �p�h�e�n�o�t�y�p�e�s� �a�m�o�n�g� �t�h�e� �5�3� �c�u�l�t�i�v�a�r�s� 

�i�n� �t�h�i�s� �s�p�e�c�i�e�s� �(�F�i�g�.� �2�)�.� �L�a�n�e�s� �1� �t�h�r�o�u�g�h� �3� �a�l�l� �h�a�d� �a� �D�N�A� �f�r�a�g�m�e�n�t� �o�f� �5�.�5� �k�b�.� �L�a�n�e� 

�2� �(�p�h�e�n�o�t�y�p�e� �b�)� �h�a�d� �a�d�d�i�t�i�o�n�a�l� �f�r�a�g�m�e�n�t�s� �o�f� �8�.�3� �a�n�d� �7�.�5� �k�b� �a�n�d� �r�e�p�r�e�s�e�n�t�s� �3�5� �o�f� �t�h�e� 

�t�o�t�a�l� �c�u�l�t�i�v�a�r�s� �s�t�u�d�i�e�d� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �L�a�n�e� �3� �(�p�h�e�n�o�t�y�p�e� �c�)�,� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �1�4� 

�c�u�l�t�i�v�a�r�s�,� �h�a�d� �o�n�l�y� �t�h�e� �8�.�3� �k�b� �f�r�a�g�m�e�n�t�.� �L�a�n�e� �1� �(�p�h�e�n�o�t�y�p�e� �a�)�,� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �f�o�u�r� 

�c�u�l�t�i�v�a�r�s�,� �h�a�d� �a� �7�.�5� �k�b� �f�r�a�g�m�e�n�t� �a�n�d� �w�a�s� �m�i�s�s�i�n�g� �t�h�e� �8�.�3� �k�b� �f�r�a�g�m�e�n�t�.� �W�h�e�n� 

�c�o�m�b�i�n�i�n�g� �t�h�e� �d�a�t�a� �f�r�o�m� �a�l�l� �s�i�x� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s�,� �1�6� 

�h�a�p�l�o�t�y�p�e�s� �(�A� �t�h�r�o�u�g�h� �P� �a�s� �s�h�o�w�n� �i�n� �t�h�e� �J�a�s�t� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �1�1�)� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� 

�a�m�o�n�g� �t�h�e� �5�3� �c�u�l�t�i�v�a�r�s� �i�n� �t�h�e� �s�p�e�c�i�e�s� �o�f� �F�.� �a�r�u�n�d�i�n�a�c�e�a�.� 

�I�n�t�r�a�s�p�e�c�i�f�i�c� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �g�e�n�u�s� �L�o�l�i�u�m� 

�R�F�L�P�s� �o�f� �m�t�D�N�A� �a�m�o�n�g� �t�h�e� �5�0� �c�u�l�t�i�v�a�r�s� �i�n� �L�.� �p�e�r�e�n�n�e� �w�e�r�e� �r�e�v�e�a�l�e�d� �b�y� �f�o�u�r� 

�o�f� �t�h�e� �1�9� �c�l�o�n�e�s� �s�t�u�d�i�e�d�.� �A�l�t�h�o�u�g�h� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� 

�c�o�m�b�i�n�a�t�i�o�n�s� �w�a�s� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �(�1�1� �o�f� �t�h�e� �t�o�t�a�l� �7�6� �c�o�m�b�i�n�a�t�i�o�n�s�)�,� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� 

�d�i�v�e�r�s�i�t�y� �w�a�s� �o�b�s�e�r�v�e�d�,� �a�n�d� �t�h�e� �r�a�n�g�e� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �w�a�s� �f�r�o�m� �0�.�2�9�2� 

�t�o� �1�.�4�2�4� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�9�0�3� �(�T�a�b�l�e� �1�2�)�.� �E�i�g�h�t� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �b�y� �o�n�e� 

�c�l�o�n�e� �w�i�t�h� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� �F�i�g�.� �3� �(�l�a�n�e�s� �1� �t�o� �8�)� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� 

�p�o�l�y�m�o�r�p�h�i�s�m� �d�e�t�e�c�t�e�d� �b�y� �t�h�e� �B�3�7�6�/�X�b�a� �I� �c�o�m�b�i�n�a�t�i�o�n�.� �L�a�n�e�s� �1� �t�h�r�o�u�g�h� �8� �a�l�l� �h�a�d� 

�s�e�v�e�r�a�l� �c�o�m�m�o�n� �X�b�a� �|� �f�r�a�g�m�e�n�t�s� �o�f� �1�8�,� �1�1�,� �8�.�2�,� �7�.�5�,� �3�.�8�,� �a�n�d� �3�.�3� �k�b�.� �L�a�n�e� �5



�7�4� 

�T�a�b�l�e� �8�.� �T�w�o� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �d�e�t�e�c�t�e�d� �t�h�e� �m�a�x�i�m�u�m� 
�n�u�m�b�e�r� �o�f� �h�a�p�l�o�t�y�p�e�s� �a�m�o�n�g� �m�t�D�N�A� �o�f� �s�i�x� �F�.� �l�o�n�g�i�f�o�l�i�a� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� �S�o�u�t�h�e�r�n� 

� � 

� � 

�h�y�b�r�i�d�i�z�a�t�i�o�n�.� 

�C�u�l�t�i�v�a�r� �P�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n� �M�i�t�o�c�h�o�n�d�r�i�a�l� 
�h�a�p�l�o�t�y�p�e� 

�P�s�t�2�4�*� �P�s�t�2�4� 
�B�a�m� �H�I� �E�c�o� �R�I� 

�S�e�r�r�a� �a�f�l� �a� �A� 
�M�a�l�o�d�y� �a� �b� �B� 
�A�t�t�i�l�a� �b� �c� �C� 
�A�u�r�o�r�a� �a� �c� �D� 
�B�i�l�j�a�r�t� �c� �d� �E� 

�V�a�l�d�a� �a� �e� �F� 

� � 

�*� �P�s�t�2�4� �i�s� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �p�r�o�b�e�.� 
�f�l� �a�,� �b�,� �c�,� �d�,� �a�n�d� �e� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.



�7�5� 

�T�a�b�l�e� �9�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�m�t�D�N�A� �f�o�r� �t�w�o� �F�.� �o�v�i�n�a� �c�u�l�t�i�v�a�r�s�?�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b� �d�i�v�e�r�s�i�t�y� 

�H�4�6�5�*�/�H�3�*�*� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�H�4�6�5�/�B�H� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�7�/�B�H� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�7�/�R�I� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�7�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�p�H�J�2�7�1�/�B�H� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�4�9�0�/�R�I� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�4�9�0�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�S�a�l�5�.�6�b�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�B�3�7�6�/�B�H� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�H�4�6�9�/�R�I� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
�P�s�t�2�4�/�X�B� �0�.�5�0� �0�.�5�0� �0�.�6�9�2� 
� � 

�A�v�e�r�a�g�e� �0�.�6�9�2� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
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�*� �P�Q�,� �B�2�,� �H�1�,� �a�n�d� �B�3� �r�e�p�r�e�s�e�n�t� �t�h�e� �m�t�D�N�A� �c�l�o�n�e�s� �p�Q�T�1�2�,� �B�3�4�2�,� �H�4�5�4�,� �a�n�d� �B�3�7�6�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� 
�*�*� �B�H�,� �R�I�,� �X�B�,� �a�n�d� �H�3� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �X�b�a� �I�,� �a�n�d� �H�i�n�d� �I�I�I�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�.� 
�f�l�a�,� �b�,� �c�,� �d�,� �e�,� �f�,� �g�,� �a�n�d� �h� �r�e�p�r�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
�p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.



�8�5� 

�T�a�b�l�e� �1�4�.� �P�h�e�n�o�t�y�p�e�s�,� �f�r�e�q�u�e�n�c�i�e�s�,� �a�n�d� �l�e�v�e�l�s� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� 
�m�t�D�N�A� �f�o�r� �5�3� �P�.� �p�r�a�t�e�n�s�i�s� �c�u�l�t�i�v�a�r�s�.� 

� � 

� � 

�P�r�o�b�e�/�e�n�z�y�m�e� �P�h�e�n�o�t�y�p�e�s� �&� �t�h�e�i�r� �f�r�e�q�u�e�n�c�i�e�s� �P�h�e�n�o�t�y�p�i�c� 
�c�o�m�b�i�n�a�t�i�o�n� �a� �b�c� �d� �e� �f� �g� �d�i�v�e�r�s�i�t�y� 

�P�r�o�l�*�/�B�H�*�*� �0�.�9�8� �0�.�0�2� �0�.�0�9�8� 
�P�r�o�l�/�X�B� �0�.�8�6� �0�.�0�6� �0�.�0�4� �0�.�0�2� �0�.�0�2� �0�.�5�8�4� 
�p�Q�T�1�2�/�B�H� �0�.�6�6� �0�.�0�4� �0�.�0�2� �0�.�0�8� �0�.�1�6� �0�.�0�4� �1�.�1�0�5� 
�p�Q�T�1�2�/�R�I� �0�.�9�6� �0�.�0�2� �0�.�0�2� �0�.�1�9�5� 
�p�Q�T�1�2�/�X�B� �0�.�9�0� �0�.�0�2� �0�.�0�2� �0�.�0�6� �0�.�4�2�0� 
�H�4�6�5�/�X�B� �0�.�9�8� �0�.�0�2� �0�.�0�9�8� 
�7�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�7�/�X�B� �0�.�9�2� �0�.�0�2� �0�.�0�4� �0�.�0�2� �0�.�3�6�2� 
�p�H�J�2�7�1�/�H�3� �0�.�6�9� �0�.�1�9� �0�.�0�6� �0�.�0�6� �0�.�9�1�0� 
�p�H�J�2�7�1�/�B�H� �0�.�9�4� �0�.�0�6� �0�.�2�2�7� 
�p�H�J�2�7�1�/�R�I� �0�.�8�1� �0�.�1�9� �0�.�4�8�7� 
�p�H�J�2�7�1�/�X�B� �0�.�1�7� �0�.�0�2� �0�.�6�3� �0�.�0�7� �0�.�0�7� �0�.�0�2� �0�.�0�2� �1�.�1�9�8� 
�B�3�0�/�R�I� �0�.�9�4� �0�.�0�2� �0�.�0�2� �0�.�0�2� �0�.�2�9�2� 
�B�3�0�/�X�B� �0�.�7�9� �0�.�1�5� �0�.�0�2� �0�.�0�2� �0�.�0�2� �0�.�7�0�5� 
�H�4�5�4�/�R�I� �0�.�9�0� �0�.�0�4� �0�.�0�4� �0�.�0�2� �0�.�4�3�1� 
�S�a�l�5�.�6�b�/�B�H� �0�.�9�6� �0�.�0�6� �0�.�2�2�7� 
�S�a�l�5�.�6�b�/�R�I� �0�.�9�6� �0�.�0�6� �0�.�2�2�7� 
�S�a�l�5�.�6�b�/�X�B� �0�.�9�0� �0�.�0�6� �0�.�0�2� �0�.�0�2� �0�.�4�2�0� 
�B�3�7�6�/�H�3� �0�.�9�2� �0�.�0�6� �0�.�0�2� �0�.�3�2�4� 
�B�3�7�6�/�B�H� �0�.�9�2� �0�.�0�6� �0�.�0�2� �0�.�3�2�4� 
�B�3�7�6�/�R�I� �0�.�2�5� �0�.�6�5� �0�.�0�2� �0�.�0�6� �0�.�0�2� �0�.�9�5�1� 
�B�3�7�6�/�X�B� �0�.�9�2� �0�.�0�6� �0�.�0�2� �0�.�3�2�4� 
� � 

�A�v�e�r�a�g�e� �0�.�4�6�1� 

�+� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�r�o�b�e�s� �a�r�e� �f�r�o�m� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �l�i�b�r�a�r�y�.� 
�*�*� �B�H�,� �H�3�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�I�,� �H�i�n�d� �I�l�l�,� �E�c�o� �R�I�,� �a�n�d� �X�b�a� 
�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.
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�T�a�b�l�e� �1�5�.� �H�a�p�l�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �a�m�o�n�g� �m�t�D�N�A� �o�f� �5�3� �P�.� �p�r�a�t�e�n�s�i�s� �c�u�l�t�i�v�a�r�s� �b�y� �t�h�e�i�r� �S�o�u�t�h�e�r�n� �h�y�b�r�i�d�i�z�a�t�i�o�n� 

�B
�g� 

�g�e� 
�I�x� 

�C� 

�5� 
�I� �C�c� 

�Q� 
�a� �c� 

�i�B� �E� �o�O� �o�O� 

�a
� 

�é� �P�r�o�b�e�/�e� 

� � �C�u�l�t�i�v�a�r� � � 
�P�H� �P�H� �P�H� �B�i� �H�a� �S�a� �S�e� �S�a� �B�3� �B�3� �B�3� �B�8�3� 

�B�H� �A�I� �R�i� 

�7� �P�H� �P�C� �H�t� �P�i� �P�Q� �P�Q� 

�B�r�i�e�=� �X�B� �B�H� �A�l� �x�8� 

�P�r�e� 
�A�L� �x�B� �B�i� �A�l� �x�8� �B�i�H� �x�8� �E�l� �x�B� �B�r�i� �x�B� �H�3� �x�8� 

 ��4� �B�a�r�z�a�n� 

�G�n�o�m�e� 

�P�.�1�0�4� 

�R�a�n� 

�D� 
�C�o�m�p�a�c�t� 

�J�o�y� 
�S�y�d�e�p�o�n� 

�G�e�o�r�g�e�t�o�w�n� �a� 

�G� 
�S�o�m�e�r�s�e�t� 

�A�b�l�e� �1� 

�B�a�r� �V�8� �5�7�7� 

�A�n�n�i�k�a� 

�K�e�n�b�l�u�e� 

�B�r�i�s�t�o�l� 

�C�c� �B�a� �7�2� �5�0�0�0� 

�B�e�r� �V�B� �5�3�4� 

�t�i�a�t�d� �8�8� 

�A�m�e�n�c�a� 
�M� 

�O�o� �B�a� �6�9�-�8�2� 

�B�a� �7�3� �5�4�0� 

�F�a�r�a�d�e� 

�H�v� �@�?� 
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�E�c�l�i�p�s�e� 
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�2�3�0� �(�S�u�t�t�o�l�k�)� �a� 

�W�e�b�a�t�h� 

�t�k�o�n�e� 

�o�o�)� 

�F� �Y�8�7�2� 

�A�q�u�i�a� 

�K� �1� �1�5�2� 

�U� �W�a�t�c�o�m�e� 

�R�u�g�b�y� 

�T�r�e�n�t�o�n� 

�M�e�d�n�i�g�h�t� 
�C�h�a�l�l�e�n�g�e�r� 

�B�i�a�c�k�e�b�u�r�g� 

�P�S�T�.�C�B� �4� 
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�A�A� �M�P�P� �2�9�0�8� 

�B�a�r� �V�E� �5�5� 

�H�i�v� �6�6� 

�A�B� �V�a�n�t�a�g�e� 

�C�l�a�s�s�i�c� 

�B�a� �7�2� �4�8�2� 

�B�a�7�3� �6�2�6� 

�A�m�a�r�o�n� 

�J�u�l�t�a� 

�A�C� �W�W� �A�G� �4�0�1� � � 
�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�s�p�o�n�d�i�n�g� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�.� 

�p�r�e�s�e�n�t� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �c�l�o�n�e�s� �P�r�o�t�,� �p�Q�T�1�2�,� �1�1�4�6�5�,� �7�,� �p�H�1�J�2�7�1�,� 

�,� �a�n�d� �H�i�n�d� �I�I�I�,� 
�e�s�e�n�t� �t�h�e� �p�h�e�n�o�t�y�p�e�s� �d�e�t�e�c�t�e�d� �b�y� �e�a�c�h� �c�o�r�r�e� 

�,� �a�n�d� �P�s�t�2�4�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�a�n�d� �H�{�3� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �B�a�m� �H�i�,� �X�b�a� �I�,� �E�c�o� �R�I� 

�,� �7�,� �P�H�,� �B�i�,� �H�4�,� �S�a�,� �B�3�,� �a�n�d� �P�s� �r�e� 

�,�¢�,� �d�,� �e�,� �f�,� �a�n�d� �g� �r�e�p�r� 

�*� �P�i�,� �P�Q�,� �H�i� 
�B�3�0�,� �S�a�l�5�.�6�b�,� �B�3�7�6� 
�*�*� �B�H�,� �X�B�,� �R�I�,� 
�¥�a�,�b



�8�7� 

�I�n�t�e�r�s�p�e�c�i�f�i�c� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� 

�E�x�t�e�n�s�i�v�e� �c�y�t�o�p�l�a�s�m�i�c� �p�o�l�y�m�o�r�p�h�i�s�m�s� �a�m�o�n�g� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �w�e�r�e� �r�e�v�e�a�l�e�d� 

�b�y� �a�l�l� �1�9� �m�t�D�N�A� �c�l�o�n�e�s�.� �A�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�6�,� �7�2� �o�f� �t�h�e� �7�6� �p�r�o�b�e�/�e�n�z�y�m�e� 

�c�o�m�b�i�n�a�t�i�o�n�s� �w�e�r�e� �p�o�l�y�m�o�r�p�h�i�c�,� �a�n�d� �n�i�n�e� �d�e�t�e�c�t�e�d� �u�p� �t�o� �e�i�g�h�t� �p�h�e�n�o�t�y�p�e�s� �w�h�i�c�h� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �a�l�l� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �e�x�a�m�i�n�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �s�i�n�g�l�e� �c�o�m�b�i�n�a�t�i�o�n� 

�o�f� �H�4�6�5�/�E�c�o� �R�I� �r�e�v�e�a�l�e�d� �e�i�g�h�t� �d�i�s�t�i�n�c�t� �p�h�e�n�o�t�y�p�e�s� �a�m�o�n�g� �t�h�e� �2�0�8� �s�a�m�p�l�e�s�.� �E�a�c�h� 

�p�h�e�n�o�t�y�p�e� �c�o�r�r�e�s�p�o�n�d�e�d� �t�o� �o�n�l�y� �o�n�e� �o�f� �t�h�e� �e�i�g�h�t� �s�p�e�c�i�e�s� �a�n�d� �s�u�b�s�p�e�c�i�e�s�,� �t�h�u�s� �e�v�e�r�y� 

�o�n�e� �o�f� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �c�o�u�l�d� �b�e� �i�d�e�n�t�i�f�i�e�d� �(�T�a�b�l�e� �1�6�)�.� �T�h�e� �r�a�n�g�e� �o�f� �p�h�e�n�o�t�y�p�i�c� 

�d�i�v�e�r�s�i�t�y� �v�a�l�u�e�s� �a�r�e� �f�r�o�m� �0�.�3�8�6� �t�o� �2�.�0�7�6� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �1�.�4�8�9�.� �A� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �p�o�l�y�m�o�r�p�h�i�c� �f�o�r� �F�.� �r�u�b�r�a�,� �F�.� �c�o�m�m�u�t�a�t�a�,� �F�.� 

�t�r�i�c�h�o�p�h�y�l�l�a�,� �a�n�d� �F�.� �l�o�n�g�i�f�o�l�i�a�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�.� �4�.� �T�h�e� �f�r�e�q�u�e�n�c�i�e�s� �(�F�-�v�a�l�u�e�s�)� �o�f� 

�s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �a�m�o�n�g� �t�h�e� �e�i�g�h�t� �d�i�s�t�i�n�c�t� �m�t�D�N�A� �g�e�n�o�m�e�s� �b�a�s�e�d� �u�p�o�n� �t�h�e� �d�a�t�a� 

�f�r�o�m� �a�l�l� �7�6� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �1�7�.� �F�r�o�m� �t�h�i�s� 

�t�a�b�l�e�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �r�a�n�g�e�d� �f�r�o�m� �2�5�%� �t�o� �9�1�%�.� 
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�H�4�6�9�/�B�H� �0�.�6�2� �0�.�1�3� �0�.�1�3� �0�.�1�2� �0�.�0�8�0� 
�H�4�6�9�/�R�I� �0�.�1�3� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�2� �0�.�1�2� �0�.�1�2� �0�.�9�0�3� 
�H�4�6�9�/�X�B� �0�.�3�8� �0�.�1�3� �0�.�1�3� �0�.�1�2� �0�.�1�2� �0�.�1�2� �0�.�6�6�0� 
�P�s�t�2�4�/�H�3� �0�.�3�8� �0�.�2�5� �0�.�1�3� �0�.�1�2� �0�.�1�2� �1�.�4�8�7� 
�P�s�t�2�4�/�B�H� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�2�5� �0�.�1�2� �0�.�1�2� �0�.�1�2� �1�.�9�0�3� 
�P�s�t�2�4�/�R�I� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�2� �0�.�1�2� �0�.�1�2� �0�.�1�2� �2�.�0�7�6� 
�P�s�t�2�4�/�X�B� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�3� �0�.�1�2� �0�.�1�2� �0�.�1�2� �0�.�1�2� �2�.�0�7�6� 
�1�1�4�/�H�3� �0�.�2�5� �0�.�6�2� �0�.�1�3� �0�.�9�0�7� 
�1�1�4�/�B�H� �0�.�2�5� �0�.�2�5� �0�.�1�3� �0�.�1�3� �0�.�1�2� �0�.�1�2� �1�.�7�3�0� 
�1�1�4�/�R�I� �0�.�1�3� �0�.�2�5� �0�.�2�5� �0�.�1�3� �0�.�1�2� �0�.�1�2� �1�.�7�3�0� 
�1�1�4�/�X�B� �0�.�1�3� �0�.�2�5� �0�.�1�3� �0�.�1�2� �0�.�2�5� �0�.�1�2� �1�.�7�3�0� 
� � 

�A�v�e�r�a�g�e� �1�.�4�8�9� 

�+�t� �O�n�l�y� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d�.� 
�*� �P�r�o�b�e�s� �a�r�e� �f�r�o�m� �t�h�e� �w�h�e�a�t� �m�t�D�N�A� �l�i�b�r�a�r�y�.� 
�*�*� �H�3�,� �B�H�,� �R�I�,� �a�n�d� �X�B� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�n�z�y�m�e�s� �H�i�n�d� �I�I�I�,� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� �X�b�a� 
�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.
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�9�1� 

�T�a�b�l�e� �1�7�.� �P�r�o�p�o�r�t�i�o�n� �(�F�-�v�a�l�u�e�)� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �b�e�t�w�e�e�n� �e�a�c�h� �p�a�i�r� �o�f� �t�h�e� �e�i�g�h�t� 
�t�u�r�f�g�r�a�s�s�e�s� �o�b�t�a�i�n�e�d� �b�y� �p�r�o�b�i�n�g� �w�i�t�h� �1�9� �m�t�D�N�A� �c�l�o�n�e�s�.� 

� � 

� � 

�T�r�*� �C�o� �L�o� �O�v� �A�r� �P�e� �P�r� 

�R�u� �0�.�5�2�*�*� �0�.�5�0� �0�.�8�6� �0�.�8�1� �0�.�2�6� �0�.�2�5� �0�.�2�9� 

�T�r� �0�.�9�1� �0�.�5�2� �0�.�4�8� �0�.�3�0� �0�.�3�1� �0�.�2�8� 

�C�o� �0�.�5�2� �0�.�4�8� �0�.�3�0� �0�.�3�0� �0�.�3�0� 

�L�o� �0�.�8�2� �0�.�2�8� �0�.�2�8� �0�.�2�8� 

�O�v� �0�.�2�8� �0�.�2�7� �0�.�3�0� 

�A�r� �0�.�4�3� �0�.�2�9� 

�P�e� �0�.�2�6� 

� � 

�*� �R�u�=�F�.� �r�u�b�r�a�,� �T�r�=�F�.� �t�n�i�c�h�o�p�h�y�l�l�a�,� �C�o�=�F�.� �c�o�m�m�u�t�a�t�a�,� �L�o�=�F�.� �l�o�n�g�i�f�o�l�i�a�,� �O�v�=�F�.� �o�v�i�n�a�,� 
�A�r�=�F�.�,� �a�r�u�n�d�i�n�a�c�e�a�,� �P�e�=�L�.� �p�e�r�e�n�n�e�,� �a�n�d� �P�r�=�P�.� �p�r�a�t�e�n�s�i�s�.� 
�*�*� �P�r�o�p�o�r�t�i�o�n� �(�F�-�v�a�l�u�e�)� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �b�e�t�w�e�e�n� �t�w�o� �t�u�r�f�g�r�a�s�s�e�s�,� �F�-�v�a�l�u�e�=�2� 
�N�,�/�(�N�,� �+� �N�y�)� �(�N�e�i� �a�n�d� �L�i� �1�9�7�9�)�.
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�F�.� �c�o�m�m�u�t�a�t�a�  ��_ � ��_�-� 

�F�.� �t�r�i�c�h�o�p�h�y�l�l�a�  ��_ ��_� 

�F�.� �r�u�b�r�a�  ��_�_�_� 

�F�.� �l�o�n�g�i�f�o�l�i�a� �_�_�_�_� 

�F�.� �o�v�i�n�a�  ��_ ��_�_�_�_�_�]� � � 
�F�.� �a�r�u�n�d�i�n�a�c�e�a� � � �|� 

�J� 
� � �L�.� �p�e�r�e�n�n�e� � � �P�.� �p�r�a�t�e�n�s�i�s� � � 

�1�.�0�0� �0�.�8�0� �0�.�6�0� �0�.�4�0� �0�.�2�0� 

�F�r�a�g�m�e�n�t� �s�i�m�i�l�a�r�i�t�y� �(�F�-�v�a�l�u�e�)� 

�F�i�g�.� �5�.� �A� �d�e�n�d�r�o�g�r�a�m� �s�h�o�w�i�n�g� �t�h�e� �p�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� 
�i�n� �F�e�s�t�u�c�a�,� �L�o�l�i�u�m�,� �a�n�d� �P�o�a� �g�e�n�e�r�a� �b�y� �m�t�D�N�A� �R�F�L�P� �a�n�a�l�y�s�i�s�.
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� � � � � � � � � � � � � � � � � � � � � � � � � � 

�R�u� �C�o� �T�r� �L�o� �O�v� �A�r� 
�T�u�r�f�g�r�a�s�s�e�s� 

� � � � � � � � 

�9�3� 

�f�o�e� 
�4� �¢� 

�e�p�D�N�A� 

�m�t�D�N�A� 

�F�i�g�.� �6�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �c�p�D�N�A� �a�n�d� �m�t�D�N�A� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�y�.� �R�u�=�F�.� �m�o�b�r�a�,� 
�T�r�=�F�.� �t�m�c�h�o�p�h�y�l�l�a�,� �C�o�=�F�.� �c�o�m�m�u�t�a�t�a�,� �L�o�=�F�.� �l�o�n�g�i�f�o�l�i�a�,� �O�v�=�F�.� �o�v�i�n�a�,� �A�r�=�F�.� 
�a�r�u�n�d�i�n�a�c�e�a�,� �P�e�=�L�.� �p�e�r�e�n�n�e�,� �a�n�d� �P�r�=�P�.� �p�r�a�t�e�n�s�i�s�.



�9�4� 

�f�o�r� �m�t�D�N�A� �t�h�a�n� �f�o�r� �c�p�D�N�A� �i�n� �F�.� �r�u�b�r�a�,� �F�.� �c�o�m�m�u�t�a�t�a�,� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a�,� �F�.� 

�a�r�u�n�d�i�n�a�c�e�a�,� �L�.� �p�e�r�e�n�n�e�,� �a�n�d� �P�.� �p�r�a�t�e�n�s�i�s� �(�F�i�g�.� �7�)�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�p�l�o�t�y�p�e�s� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �b�y� �d�i�v�i�d�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �h�a�p�l�o�t�y�p�e�s� �i�n� �e�a�c�h� �s�p�e�c�i�e�s� �o�r� �s�u�b�s�p�e�c�i�e�s� �b�y� �t�h�e� 

�t�o�t�a�l� �n�u�m�b�e�r� �o�f� �c�u�l�t�i�v�a�r�s� �i�n� �e�a�c�h� �s�p�e�c�i�e�s� �o�r� �s�u�b�s�p�e�c�i�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �h�a�p�l�o�t�y�p�e�s� �o�b�s�e�r�v�e�d� �i�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �w�a�s� �s�i�x� �t�i�m�e�s� �g�r�e�a�t�e�r� �f�o�r� �m�t�D�N�A� �t�h�a�n� �f�o�r� 

�c�p�D�N�A� �(�F�i�g�.� �7�)�.
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�D�i�s�c�u�s�s�i�o�n� 

�R�e�s�u�l�t�s� �f�r�o�m� �a�n�a�l�y�s�i�s� �o�f� �m�t�D�N�A� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� 

�p�o�l�y�m�o�r�p�h�i�s�m�s� �m�o�s�t� �l�i�k�e�l�y� �c�o�u�l�d� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�n�s�e�r�t�i�o�n�/�d�e�l�e�t�i�o�n� �e�v�e�n�t�s�.� �T�h�i�s� 

�a�g�r�e�e�s� �w�i�t�h� �r�e�s�u�l�t�s� �f�r�o�m� �s�e�v�e�r�a�l� �o�t�h�e�r� �s�t�u�d�i�e�s� �o�n� �p�l�a�n�t� �m�t�D�N�A� �e�v�o�l�u�t�i�o�n� �(�D�o�n�g� �a�n�d� 

�W�a�g�n�e�r� �1�9�9�3�;� �S�t�r�a�u�s�s� �e�f� �a�l�.� �1�9�9�3�;� �H�o�o�g�l�a�n�d�e�r� �e�t� �a�l�.� �1�9�9�3�;� �P�a�l�m�e�r� �e�f� �a�l�.� �1�9�8�5�a�:� 

�B�o�w�m�a�n� �e�f� �a�l�.� �1�9�8�3�)�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �f�o�u�n�d� �i�n� �o�u�r� �a�n�a�l�y�s�i�s� �o�f� �c�p�D�N�A�.� �I�n� 

�c�o�n�t�r�a�s�t�,� �p�o�i�n�t� �m�u�t�a�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �b�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �c�a�u�s�e� �o�f� 

�v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�s� �o�f� �L�i�n�u�m� �(�C�o�a�t�e�s� �a�n�d� �C�u�l�l�i�s� �1�9�8�7�)�,� �H�e�u�c�h�e�r�a� 

�m�i�c�r�a�n�t�h�a� �(�S�o�l�t�i�s� �e�t� �a�l�.� �1�9�8�9�)�,� �S�o�r�g�h�u�m� �b�i�c�o�l�o�r� �(�D�u�v�a�l�l� �a�n�d� �D�o�e�b�l�e�y� �(�1�9�9�0�)�,� �a�n�d� �Z�e�a� 

�p�e�r�e�n�n�i�s� �(�D�o�e�b�l�e�y� �1�9�8�9�)�.� 

�T�h�e� �l�e�v�e�l�s� �o�f� �p�o�l�y�m�o�r�p�h�i�s�m� �d�e�t�e�c�t�e�d� �b�y� �t�h�e� �1�9� �m�t�D�N�A� �c�l�o�n�e�s� �o�f� �t�h�i�s� �s�t�u�d�y� 

�w�e�r�e� �n�o�t� �u�n�i�f�o�r�m�.� �S�o�m�e� �o�f� �t�h�e� �c�l�o�n�e�s� �(�e�.� �g�.�,� �B�3�7�6�,� �p�Q�T�1�2�,� �H�4�6�5�,� �H�4�5�4�,� �P�s�t�2�4�,� �7�,� 

�B�3�4�2�,� �a�n�d� �B�3�0�)� �d�e�t�e�c�t�e�d� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �p�o�l�y�m�o�r�p�h�i�s�m�s� �i�n� �m�o�s�t� �t�a�x�a�,� �w�h�e�r�e�a�s� 

�s�e�v�e�r�a�l� �o�t�h�e�r�s� �(�e�.� �g�.�,� �P�Y�T�2�-�4�,� �T�y�r�,� �P�F�C�5�-�2�,� �P�r�o�l�,� �a�n�d� �H�4�6�9�)� �d�e�t�e�c�t�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� 

�l�o�w�e�r� �l�e�v�e�l�s� �o�f� �v�a�r�i�a�t�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �a�s� �e�x�p�e�c�t�e�d�,� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� �R�F�L�P�s� �w�e�r�e� �a�l�s�o� 

�a�f�f�e�c�t�e�d� �b�y� �r�e�s�t�r�i�c�t�i�o�n� �e�n�z�y�m�e�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �a�m�o�n�g� �t�h�e� �5�0� 

�c�u�l�t�i�v�a�r�s� �o�f� �L�.� �p�e�r�e�n�n�e�,� �p�o�l�y�m�o�r�p�h�i�s�m� �w�a�s� �n�o�t� �r�e�v�e�a�l�e�d� �w�h�e�n� �D�N�A� �w�a�s� �d�i�g�e�s�t�e�d� �w�i�t�h� 

�H�i�n�d� �I�l�l� �a�n�d� �p�r�o�b�e�d� �w�i�t�h� �t�h�e� �c�l�o�n�e� �H�4�5�4�.� �I�n� �c�o�n�t�r�a�s�t�,� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �h�y�b�r�i�d�i�z�a�t�i�o�n� 

�p�a�t�t�e�r�n�s� �w�e�r�e� �d�e�t�e�c�t�e�d� �w�h�e�n� �t�h�e� �s�a�m�e� �D�N�A� �w�a�s� �d�i�g�e�s�t�e�d� �w�i�t�h� �X�b�a� �I� �a�n�d� �h�y�b�r�i�d�i�z�e�d� 

�w�i�t�h� �t�h�e� �s�a�m�e� �c�l�o�n�e� �(�T�a�b�l�e� �2�)�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �X�b�a� �I� �d�i�g�e�s�t�s� �o�f� �m�t�D�N�A� �s�a�m�p�l�e�s� 

�r�e�v�e�a�l�e�d� �t�h�e� �h�i�g�h�e�s�t� �p�o�l�y�m�o�r�p�h�i�s�m�.� �f�o�l�l�o�w�e�d� �b�y� �B�a�m� �H�I�,� �E�c�o� �R�I�,� �a�n�d� �H�i�n�d� �I�l�l�.� �A� 

�s�i�m�i�l�a�r� �r�e�s�u�l�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�r�o�m� �t�h�e� �s�t�u�d�y� �o�f� �c�p�D�N�A�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �e�n�z�y�m�e� 

�X�b�a� �1� �i�s� �b�e�s�t� �s�u�i�t�e�d� �f�o�r� �R�F�L�P� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �s�e�t� �o�f� �c�l�o�n�e�s� �a�n�d� �t�h�e� �t�u�r�f�g�r�a�s�s�e�s� 

�e�x�a�m�i�n�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�u�s�.� �c�a�r�e�f�u�l� �c�o�n�s�i�d�e�r�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �g�i�v�e�n� �i�n� �s�e�l�e�c�t�i�n�g� 

�p�r�o�p�e�r� �c�l�o�n�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �f�r�o�m� �a� �g�i�v�e�n� �e�x�p�e�r�i�m�e�n�t� �o�r� �s�p�e�c�i�e�s�.� 

�R�e�s�u�l�t�s� �f�r�o�m� �t�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t� �t�h�a�t� �m�t�D�N�A� �i�s� �u�s�e�f�u�l� �a�s� �a� �m�o�l�e�c�u�l�a�r� �m�a�r�k�e�r� 

�f�o�r� �s�p�e�c�i�e�s� �a�n�d� �s�u�b�s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�.� �E�s�t�i�m�a�t�i�o�n� �o�f� �g�e�n�e�t�i�c� �d�i�v�e�r�s�i�t�y� �a�n�d



�9�7� 

�g�e�r�m�p�l�a�s�m� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �b�a�s�e�d� �o�n� �m�t�D�N�A� �a�n�a�l�y�s�i�s� �c�a�n� �p�r�o�v�i�d�e� �u�s�e�f�u�l� �i�n�f�o�r�m�a�t�i�o�n� 

�i�n� �f�a�c�i�l�i�t�a�t�i�n�g� �t�h�e� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� �g�e�r�m�p�l�a�s�m� �a�n�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �b�r�e�e�d�i�n�g� 

�p�r�o�g�r�a�m�s�.� �S�u�c�h� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n�c�l�u�d�e� �t�h�e� �u�s�e� �o�f� �m�t�D�N�A� �a�s� �a� �m�o�l�e�c�u�l�a�r� �m�a�r�k�e�r� �t�o� 

�c�l�a�s�s�i�f�y� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �g�e�r�m�p�l�a�s�m� �c�o�l�l�e�c�t�i�o�n�s� �i�n�t�o� �d�i�f�f�e�r�e�n�t� �g�r�o�u�p�s� �b�a�s�e�d� �o�n� 

�g�e�n�e�t�i�c� �s�i�m�i�l�a�r�i�t�i�e�s�.� �S�u�c�h� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�h�o�u�l�d� �a�i�d� �i�n� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �d�u�p�l�i�c�a�t�e� 

�a�c�c�e�s�s�i�o�n�s� �i�n� �g�e�n�e� �b�a�n�k�s�.� 

�C�o�m�p�a�r�i�s�o�n�s� �o�f� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �a�m�o�n�g� �t�u�r�f�g�r�a�s�s�e�s� 

�S�u�b�s�t�a�n�t�i�a�l� �v�a�r�i�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �a�l�l� �s�i�x� �m�e�m�b�e�r�s� �o�f� �t�h�e� �F�e�s�t�u�c�a� �g�e�n�u�s�.� 

�T�h�e� �h�i�g�h�e�s�t� �d�e�g�r�e�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �m�t�D�N�A� �d�i�v�e�r�s�i�t�y� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �F�.� �l�o�n�g�i�f�o�l�i�a�.� �I�n� 

�c�o�n�t�r�a�s�t�,� �t�h�e� �l�o�w�e�s�t� �w�a�s� �i�n� �F�.� �c�o�m�m�u�t�a�t�a�,� �w�h�i�c�h� �h�a�d� �o�n�l�y� �a�b�o�u�t� �h�a�l�f� �o�f� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� 

�o�f� �F�.� �l�o�n�g�i�f�o�l�i�a�.� �T�h�e� �h�i�g�h�e�s�t� �f�r�e�q�u�e�n�c�y� �o�f� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� 

�w�a�s� �f�o�u�n�d� �i�n� �F�.� �r�u�b�r�a�,� �a�n�d� �t�h�e� �l�o�w�e�s�t� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a�.� �T�h�e�s�e� �r�e�s�u�l�t�s� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �m�t�D�N�A� �v�a�r�i�a�t�i�o�n� �e�x�i�s�t�s� �i�n� �F�e�s�t�u�c�a�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �c�u�l�t�i�v�a�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�s� �p�o�s�s�i�b�l�e� �w�i�t�h�i�n� �s�p�e�c�i�e�s� �a�n�d� �s�u�b�s�p�e�c�i�e�s� �(�i�.�e�.�,� �F�.� 

�l�o�n�g�i�f�o�l�i�a� �a�n�d� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a�)� �w�h�e�n� �c�o�m�b�i�n�i�n�g� �a�l�l� �p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� 

�c�o�m�b�i�n�a�t�i�o�n�s�.� �A�l�t�h�o�u�g�h� �o�n�l�y� �1�4�%� �o�f� �t�h�e� �t�o�t�a�l� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �c�o�u�l�d� 

�d�e�t�e�c�t� �p�o�l�y�m�o�r�p�h�i�s�m�s� �i�n� �L�.� �p�e�r�e�n�n�e�,� �a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �m�t�D�N�A� �d�i�v�e�r�s�i�t�y� �v�a�l�u�e� �w�a�s� 

�f�o�u�n�d� �a�m�o�n�g� �5�0� �c�u�l�t�i�v�a�r�s�.� �S�i�m�i�l�a�r�l�y�,� �X�u� �e�t� �a�l�.� �(�1�9�9�2�)� �r�e�p�o�r�t�e�d� �a� �h�i�g�h� �l�e�v�e�l� �o�f� �n�u�c�l�e�a�r� 

�D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�i�s� �s�p�e�c�i�e�s� �.� �A�n� �i�n�t�e�r�m�e�d�i�a�t�e� �l�e�v�e�l� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �m�t�D�N�A� 

�v�a�r�i�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �P�.� �p�r�a�t�e�n�s�i�s�.� �T�h�i�s� �r�e�s�u�l�t� �i�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �W�u� 

�e�t� �a�l�.� �(�1�9�8�4�)� �w�h�o� �d�e�t�e�c�t�e�d� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�i�s� �s�p�e�c�i�e�s� �u�s�i�n�g� �i�s�o�z�y�m�e� �m�a�r�k�e�r�s�.� 

�S�p�e�c�i�e�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�a�s�e�d� �o�n� �m�t�D�N�A� �d�a�t�a� 

�E�x�t�e�n�s�i�v�e� �c�y�t�o�p�l�a�s�m�i�c� �p�o�l�y�m�o�r�p�h�i�s�m�s� �a�m�o�n�g� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �w�e�r�e� 

�r�e�v�e�a�l�e�d� �b�y� �R�F�L�P� �a�n�a�l�y�s�i�s�.� �E�a�c�h� �o�f� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� �s�t�u�d�i�e�d� �c�a�n� �b�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� 

�e�a�s�i�l�y� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e�i�r� �D�N�A� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n�s�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �t�h�e� �s�i�n�g�l�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �H�4�6�5�/�E�c�o� �R�I� �d�e�t�e�c�t�e�d� �e�i�g�h�t� �d�i�f�f�e�r�e�n�t� �p�h�e�n�o�t�y�p�e�s�,
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�i�d�e�n�t�i�f�y�i�n�g� �a�l�l� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �m�t�D�N�A� �s�h�o�u�l�d� �b�e� �a� 

�u�s�e�f�u�l� �g�e�n�e�t�i�c� �m�a�r�k�e�r� �f�o�r� �s�p�e�c�i�e�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n� �t�u�r�f�g�r�a�s�s�e�s�.� �I�n� �o�r�d�e�r� �t�o� �e�l�u�c�i�d�a�t�e� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�u�r�f�g�r�a�s�s�e�s�,� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �m�t�D�N�A� �p�h�e�n�o�t�y�p�e�s� �w�e�r�e� 

�s�e�l�e�c�t�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �e�a�c�h� �t�u�r�f�g�r�a�s�s�.� �C�o�m�p�a�r�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t�s� �a�l�l�o�w�s� 

�f�o�r� �t�h�e� �e�l�u�c�i�d�a�t�i�o�n� �o�f� �s�p�e�c�i�e�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �t�u�r�f�g�r�a�s�s�e�s�.� �T�h�e� �t�w�o� 

�s�u�b�s�p�e�c�i�e�s� �w�i�t�h� �t�h�e� �h�i�g�h�e�s�t� �F�-�v�a�l�u�e� �(�0�.�9�1�)� �w�e�r�e� �F�.� �t�r�i�c�h�o�p�h�y�l�l�a� �a�n�d� �F�.� �c�o�m�m�u�t�a�t�a�.� �A� 

�h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �(�o�r� �F�-�v�a�l�u�e�)� �o�f� �s�h�a�r�e�d� �f�r�a�g�m�e�n�t� �b�a�n�d�i�n�g� �p�a�t�t�e�r�n�s� �o�f� �m�t�D�N�A� 

�a�m�o�n�g� �t�h�e�s�e� �s�u�b�s�p�e�c�i�e�s� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� �c�y�t�o�p�l�a�s�m�i�c� �g�e�n�e�t�i�c� 

�h�o�m�o�g�e�n�e�i�t�y�,� �a�n�d� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e�y� �a�r�e� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �a�n�d� �m�a�y� �h�a�v�e� �a� �c�o�m�m�o�n� 

�o�r�i�g�i�n�.� �O�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �a�n�a�l�y�s�i�s� �o�f� �m�t�D�N�A� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�b�t�a�i�n�e�d� �f�o�r� 

�c�p�D�N�A� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �I�.� �T�h�e� �m�t�D�N�A�-�b�a�s�e�d� �b�r�a�n�c�h�i�n�g� �p�a�t�t�e�r�n� �i�n� �F�i�g�.� �5� 

�s�h�o�w�s� �t�h�e� �t�h�r�e�e� �m�a�j�o�r� �g�r�o�u�p�s� �i�n� �t�h�e�s�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s�.� 

�B�a�s�e�d� �o�n� �m�o�r�p�h�o�l�o�g�i�c�a�l� �a�n�d� �c�y�t�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s�,� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �L�.� �p�e�r�e�n�n�e� 

�h�a�v�e� �t�r�a�d�i�t�i�o�n�a�l�l�y� �b�e�e�n� �c�l�u�s�t�e�r�e�d� �i�n� �t�w�o� �d�i�f�f�e�r�e�n�t� �t�a�x�o�n�o�m�i�c� �g�e�n�e�r�a�.� �H�o�w�e�v�e�r�,� �o�u�r� 

�r�e�s�u�l�t�s� �b�a�s�e�d� �o�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �m�t�D�N�A� �i�n�d�i�c�a�t�e� �t�h�a�t� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �i�s� �m�o�r�e� �c�l�o�s�e�l�y� 

�r�e�l�a�t�e�d� �t�o� �L�.� �p�e�r�e�n�n�e� �t�h�a�n� �t�o� �t�h�e� �o�t�h�e�r� �t�u�r�f�g�r�a�s�s�e�s� �s�t�u�d�i�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�r�o�m� �T�a�b�l�e� 

�1�7�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �F�-�v�a�l�u�e� �b�e�t�w�e�e�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �L�.� �p�e�r�e�n�n�e� �i�s� �0�.�4�3�,� 

�w�h�i�l�e� �F�-�v�a�l�u�e�s� �r�a�n�g�e� �f�r�o�m� �0�.�2�5� �t�o� �0�.�3�0� �b�e�t�w�e�e�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �o�t�h�e�r�s�.� �S�i�m�i�l�a�r�l�y�,� 

�t�h�e� �a�n�a�l�y�s�i�s� �o�f� �c�p�D�N�A�,� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �I�,� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �i�s� �a� �c�l�o�s�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �L�.� �p�e�r�e�n�n�e�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �i�n� �a�g�r�e�e�m�e�n�t� 

�w�i�t�h� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �W�e�b�s�t�e�r� �a�n�d� �B�u�c�k�n�e�r� �(�1�9�7�0�)� �t�h�a�t� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �w�o�u�l�d� 

�h�y�b�r�i�d�i�z�e� �w�i�t�h� �L�.� �p�e�r�e�n�n�e� �b�u�t� �n�o�t� �w�i�t�h� �t�h�e� �o�t�h�e�r� �s�p�e�c�i�e�s�.� 

�P�.� �p�r�a�t�e�n�s�i�s� �h�a�s� �a�n� �i�n�d�e�x� �o�f� �r�e�l�a�t�e�d�n�e�s�s� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�2�6� �t�o� �0�.�3�0� �w�i�t�h� �t�h�e� 

�o�t�h�e�r� �s�e�v�e�n� �t�u�r�f�g�r�a�s�s�e�s�,� �w�h�i�c�h� �i�n�f�e�r�s� �t�h�a�t� �a� �r�a�t�h�e�r� �l�o�w� �d�e�g�r�e�e� �o�f� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s�.� 

�A� �s�i�m�i�l�a�r� �o�b�s�e�r�v�a�t�i�o�n� �h�a�s� �b�e�e�n� �m�a�d�e� �f�r�o�m� �c�p�D�N�A� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�a�m�e� �m�a�t�e�r�i�a�l�s� 

�(�C�h�a�p�t�e�r� �[�)�.� �A�p�p�a�r�e�n�t�l�y�,� �t�h�i�s� �s�p�e�c�i�e�s� �i�s� �a�p�o�m�i�c�t�i�c� �a�n�d� �h�a�s� �a� �d�i�f�f�e�r�e�n�t� �c�y�t�o�p�l�a�s�m�i�c� 

�o�r�i�g�i�n� �f�r�o�m� �t�h�e� �o�t�h�e�r�s�,� �w�h�i�c�h� �m�a�y� �b�e� �r�e�l�a�t�e�d� �t�o� �i�t�s� �r�e�s�t�r�i�c�t�i�v�e� �r�e�p�r�o�d�u�c�t�i�v�e� 

�m�e�c�h�a�n�i�s�m�.� �H�o�w�e�v�e�r�,� �i�n� �a� �s�t�u�d�y� �o�n� �R�F�L�P�s� �o�f� �r�D�N�A� �f�o�r� �o�n�l�y� �t�w�o� �a�c�c�e�s�s�i�o�n�s�,
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�O�h�m�u�r�a� �e�f� �a�l�.� �(�1�9�9�3�)� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �P�.� �p�r�a�t�e�n�s�i�s� �w�a�s� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� �F�e�s�t�u�c�a� 

�g�e�n�u�s�.� 

�I�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �f�o�r� �m�t�D�N�A� �v�e�r�s�u�s� �c�p�D�N�A� �p�o�l�y�m�o�r�p�h�i�s�m�s� 

�A�s� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d�,� �t�h�e� �d�e�g�r�e�e� �o�f� �p�o�l�y�m�o�r�p�h�i�s�m� �r�e�v�e�a�l�e�d� �i�n� �t�h�e� 

�m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �v�a�r�i�e�d� �g�r�e�a�t�l�y� �f�r�o�m� �o�n�e� �s�p�e�c�i�e�s� �t�o� �a�n�o�t�h�e�r�,� �y�e�t� �a� �h�i�g�h�e�r� 

�d�e�g�r�e�e� �o�f� �b�o�t�h� �i�n�t�r�a�-� �a�n�d� �i�n�t�e�r�-�s�p�e�c�i�f�i�c� �v�a�r�i�a�b�i�l�i�t�y� �w�a�s� �g�e�n�e�r�a�l�l�y� �d�e�t�e�c�t�e�d� �i�n� �m�t�D�N�A� 

�v�e�r�s�u�s� �c�p�D�N�A�.� �S�i�m�i�l�a�r� �c�o�n�c�l�u�s�i�o�n�s� �w�e�r�e� �m�a�d�e� �i�n� �s�t�u�d�i�e�s� �o�n� �Z�e�a� �m�a�y�s� �(�P�r�i�n�g� �a�n�d� 

�L�e�v�i�n�g�s�,� �1�9�7�8�,� �T�i�m�o�t�h�y� �e�t� �a�l�.� �1�9�7�9�)�,� �L�y�c�o�p�e�r�s�i�c�o�n� �(�M�c�L�e�a�n� �a�n�d� �H�a�n�s�o�n� �1�9�8�6�)�,� 

�H�o�r�d�e�u�m� �v�u�l�g�a�r�e� �a�n�d� �H�.� �s�p�o�n�t�a�n�e�u�m� �(�H�o�l�w�e�r�d�a� �e�t� �a�l�.� �1�9�8�6�)�,� �a�n�d� �O�r�y�z�a� �(�I�s�h�i�i� �e�t� �a�l�.� 

�1�9�9�3�)�.� �T�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �m�t�D�N�A� �p�a�t�t�e�r�n�s� �i�n� �a�l�l� �s�p�e�c�i�e�s� �m�a�r�k�e�d�l�y� �c�o�n�t�r�a�s�t�s� �w�i�t�h� �t�h�e� 

�u�n�i�f�o�r�m�i�t�y� �o�b�s�e�r�v�e�d� �i�n� �c�p�D�N�A� �i�n� �L�.� �p�e�r�e�n�n�e�,� �a�n�d� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �c�p�D�N�A� �v�a�r�i�a�t�i�o�n� 

�i�n� �F�.� �a�r�u�n�d�i�n�a�c�e�a� �a�n�d� �P�.� �p�r�a�t�e�n�s�i�s�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �i�m�p�l�y� �t�h�a�t� �t�h�e� �m�t�D�N�A� �i�n� �t�h�e�s�e� 

�s�p�e�c�i�e�s� �e�v�o�l�v�e�s� �a�t� �a� �h�i�g�h�e�r� �r�a�t�e� �t�h�a�n� �c�p�D�N�A�.� �T�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �c�o�n�t�r�a�d�i�c�t� �t�h�e� 

�f�i�n�d�i�n�g�s� �o�f� �P�a�l�m�e�r� �a�n�d� �H�e�r�b�o�n� �(�1�9�8�8�)�,� �a�n�d� �W�o�l�f�e� �e�t� �a�l�.� �(�1�9�8�7�)�,� �w�h�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� 

�m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e� �i�n� �s�e�v�e�r�a�l� �m�o�n�o�c�o�t�s� �a�n�d� �d�i�c�o�t�s� �e�v�o�l�v�e�s� �a�t� �a� �l�o�w�e�r� �r�a�t�e� �t�h�a�n� 

�t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�.� �T�h�e�s�e� �c�o�n�t�r�a�d�i�c�t�i�o�n�s� �m�a�y� �b�e� �a�t�t�r�i�b�u�t�a�b�l�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� 

�e�i�t�h�e�r� �i�n� �t�h�e� �p�l�a�n�t� �m�a�t�e�r�i�a�l�s� �o�r� �o�r�g�a�n�e�l�l�a�r� �D�N�A� �r�e�g�i�o�n�s� �s�t�u�d�i�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �w�e� 

�e�x�a�m�i�n�e�d� �R�F�L�P�s� �o�f� �t�h�e� �e�n�t�i�r�e� �c�h�l�o�r�o�p�l�a�s�t� �a�n�d� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �o�f� �t�h�e� �s�a�m�e� 

�t�u�r�f�g�r�a�s�s� �c�u�l�t�i�v�a�r�s� �f�o�r� �e�a�c�h� �a�s�s�a�y�,� �w�h�i�l�e� �W�o�l�f�e� �e�t� �a�l�.� �(�1�9�8�7�)� �c�o�m�p�a�r�e�d� �D�N�A� �s�e�q�u�e�n�c�e� 

�d�i�v�e�r�g�e�n�c�e� �i�n� �t�h�e� �c�o�d�i�n�g� �a�n�d� �n�o�n�-�c�o�d�i�n�g� �r�e�g�i�o�n�s� �o�f� �c�h�l�o�r�o�p�l�a�s�t� �a�n�d� �m�i�t�o�c�h�o�n�d�r�i�a�l� 

�g�e�n�e�s� �o�f� �w�h�e�a�t�,� �m�a�i�z�e�,� �a�n�d� �t�o�b�a�c�c�o�.� 

�P�r�e�v�i�o�u�s� �r�e�p�o�r�t�s� �(�M�c�L�e�a�n� �a�n�d� �H�a�n�s�o�n� �1�9�8�6�,� �H�o�l�w�e�r�d�a� �e�t� �a�l�.� �1�9�8�6�,� �a�n�d� �I�s�h�i�i� 

�e�t� �a�l�.� �1�9�9�3�)� �a�n�d� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�i�s� �s�t�u�d�y� �h�a�v�e� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e� 

�p�o�s�s�e�s�s�e�s� �a� �h�i�g�h�e�r� �l�e�v�e�l� �o�f� �d�i�v�e�r�s�i�t�y� �t�h�a�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �a�s� �a� �r�e�s�u�l�t� �o�f� 

�p�o�s�s�i�b�l�e� �s�t�r�u�c�t�u�r�a�l� �v�a�r�i�a�t�i�o�n� �i�n�c�l�u�d�i�n�g� �r�e�a�r�r�a�n�g�e�m�e�n�t�s� �t�h�a�t� �o�c�c�u�r� �f�r�e�q�u�e�n�t�l�y� �a�s� �l�e�n�g�t�h� 

�m�u�t�a�t�i�o�n�s� �(�S�e�d�e�r�o�f�f� �a�n�d� �L�e�v�i�n�g�s� �1�9�8�1�;� �S�e�d�e�r�o�f�f� �1�9�8�7�)�,� �r�a�t�h�e�r� �t�h�a�n� �p�o�i�n�t� �m�u�t�a�t�i�o�n�s�,� 

�t�h�a�t� �o�c�c�u�r� �a�t� �a� �s�i�n�g�l�e� �s�i�t�e� �w�i�t�h�i�n� �n�o�n�c�o�d�i�n�g� �r�e�g�i�o�n�s�.� �T�h�e� �l�a�r�g�e�r� �g�e�n�o�m�e� �o�f



�1�0�0� 

�m�i�t�o�c�h�o�n�d�r�i�a� �v�e�r�s�u�s� �c�h�l�o�r�o�p�l�a�s�t�s� �m�a�y� �a�l�s�o� �b�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �l�e�v�e�l� 

�o�f� �o�b�s�e�r�v�e�d� �p�o�l�y�m�o�r�p�h�i�s�m�s�.� 

�S�u�m�m�a�r�y� 

�T�h�e� �s�t�u�d�y� �p�r�e�s�e�n�t�e�d� �h�e�r�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�i�r�s�t� �m�t�D�N�A� �R�F�L�P� �a�n�a�l�y�s�i�s� �w�i�t�h� �a� 

�l�a�r�g�e�-�s�c�a�l�e� �s�a�m�p�l�i�n�g� �o�f� �c�u�l�t�i�v�a�t�e�d� �t�u�r�f�g�r�a�s�s� �s�p�e�c�i�e�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �l�e�v�e�l� �o�f� �i�n�t�r�a�-� 

�a�n�d� �i�n�t�e�r�-�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�r�e� �i�s� �e�x�t�e�n�s�i�v�e� �i�n�t�r�a�s�p�e�c�i�f�i�c� 

�p�o�l�y�m�o�r�p�h�i�s�m� �f�o�r� �m�t�D�N�A� �i�n� �F�.� �l�o�n�g�i�f�o�l�i�a�,� �L�.� �p�e�r�e�n�n�e�,� �F�.� �r�u�b�r�a�,� �F�.� �a�r�u�n�d�i�n�a�c�e�a�,� �a�n�d� 

�F�.� �t�r�i�c�h�o�p�h�y�l�l�a�,� �a�n�d� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �l�e�v�e�l� �o�f� �i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �F�.� �o�v�i�n�a�,� �F�.� 

�c�o�m�m�u�t�a�t�a�,� �a�n�d� �P�.� �p�r�a�t�e�n�s�i�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �c�o�m�p�a�r�i�s�o�n� �o�f� �p�h�e�n�o�t�y�p�i�c� �d�i�v�e�r�s�i�t�i�e�s� 

�r�e�v�e�a�l�e�d� �a� �h�i�g�h�e�r� �l�e�v�e�l� �o�f� �v�a�r�i�a�t�i�o�n� �f�o�r� �m�t�D�N�A� �t�h�a�n� �f�o�r� �c�p�D�N�A�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �h�a�v�e� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �m�t�D�N�A� �s�h�o�u�l�d� �b�e� �a� �u�s�e�f�u�l� �m�o�l�e�c�u�l�a�r� �m�a�r�k�e�r� �f�o�r� �s�p�e�c�i�e�s� �a�n�d� 

�c�u�l�t�i�v�a�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n� �t�u�r�f�g�r�a�s�s�e�s�.� �F�o�r� �s�o�m�e� �s�p�e�c�i�e�s�,� �w�h�e�n� �c�o�m�b�i�n�i�n�g� �a�l�l� 

�p�o�l�y�m�o�r�p�h�i�c� �p�r�o�b�e�/�e�n�z�y�m�e� �c�o�m�b�i�n�a�t�i�o�n�s� �f�o�r� �b�o�t�h� �c�p�D�N�A� �a�n�d� �m�t�D�N�A�,� �a� �h�i�g�h�e�r� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �h�a�p�l�o�t�y�p�e�s� �c�o�u�l�d� �b�e� �r�e�v�e�a�l�e�d� �t�h�a�n� �f�o�r� �e�i�t�h�e�r� �c�p�D�N�A� �o�r� �m�t�D�N�A� �a�l�o�n�e�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �d�e�g�r�e�e� �o�f� �d�i�v�e�r�s�i�t�y� �d�e�t�e�c�t�e�d� �i�n� �m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e�s� �i�s� �h�i�g�h�e�r� �t�h�a�n� 

�i�n� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e�s�,� �t�h�e� �p�h�y�l�o�g�e�n�e�t�i�c� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e� �e�i�g�h�t� �t�u�r�f�g�r�a�s�s�e�s� 

�e�x�a�m�i�n�e�d� �a�p�p�e�a�r� �t�o� �b�e� �c�o�n�g�r�u�e�n�t� �b�a�s�e�d� �o�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �b�o�t�h� �c�p�D�N�A� �a�n�d� �m�t�D�N�A�.
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�R�e�f�e�r�e�n�c�e�s� 

�A�v�i�s�e�,� �J�.� �C�.�,� �J�.� �A�r�n�o�l�d�,� �R�.� �M�.� �B�a�l�l�,� �E�.� �B�e�r�m�i�n�g�h�a�m�,� �T�.� �L�a�m�b�,� �J�.� �E�.� �N�e�i�g�e�l�,� �C�.� �A�.� 
�R�e�e�b� �a�n�d� �N�.� �C�.� �S�a�u�n�d�e�r�s�,� �1�9�8�7� �I�n�t�r�a�s�p�e�c�i�f�i�c� �p�h�y�l�o�g�e�o�g�r�a�p�h�y�:� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� 
�b�r�i�d�g�e� �b�e�t�w�e�e�n� �p�o�p�u�l�a�t�i�o�n� �g�e�n�e�t�i�c�s� �a�n�d� �s�y�s�t�e�m�a�t�i�c�s�.� �A�n�n�.� �R�e�v�.� �E�c�o�l�.� �S�y�s�t�.� �1�8�:�4�8�9�-� 
�5�2�2�.� 

�B�i�r�k�y�,� �C�.� �W�.�,� �1�9�8�8� �E�v�o�l�u�t�i�o�n� �a�n�d� �v�a�r�i�a�t�i�o�n� �i�n� �p�l�a�n�t� �c�h�l�o�r�o�p�l�a�s�t� �a�n�d� �m�i�t�o�c�h�o�n�d�r�i�a�l� 
�g�e�n�o�m�e�s�.� �I�n�:� �P�l�a�n�t� �E�v�o�l�u�t�i�o�n�a�r�y� �B�i�o�l�o�g�y� �(�e�d�s�.� �L�.�D�.� �G�o�t�t�l�i�e�b� �a�n�d� �S�.� �K�.� �J�a�i�n�)�,� 
�C�h�a�p�m�a�n� �a�n�d� �H�a�l�l�,� �L�o�n�d�o�n�,� �p�p�.� �2�3�-�5�3�.� 

�B�l�a�n�d�,� �M�.� �M�.�,� �D�.� �F�.� �M�a�t�z�i�n�g�e�r� �a�n�d� �C�.� �S�.� �L�e�v�i�n�g�s�,� �1�9�8�5� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� 
�m�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e� �o�f� �N�i�c�o�t�i�a�n�a� �t�a�b�a�c�u�m� �w�i�t�h� �i�t�s� �p�r�o�g�e�n�i�t�o�r� �s�p�e�c�i�e�s�.� �T�h�e�o�r�.� �A�p�p�l�.� 
�G�e�n�e�t�.� �6�9�:�5�3�5�-�5�4�1�.� 

�B�o�w�m�a�n�,� �C�.� �M�.�,� �G�.� �B�o�n�n�a�r�d� �a�n�d� �T�.� �A�.� �D�y�e�r�,� �1�9�8�3� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� �v�a�r�i�a�t�i�o�n� 
�b�e�t�w�e�e�n� �s�p�e�c�i�e�s� �o�f� �T�r�i�t�i�c�u�m� �a�n�d� �A�e�g�i�l�o�p�s�.� �L�o�c�a�t�i�o�n� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� 
�g�e�n�o�m�e� �a�n�d� �i�t�s� �r�e�l�e�v�a�n�c�e� �t�o� �t�h�e� �i�n�h�e�r�i�t�a�n�c�e� �a�n�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �c�y�t�o�p�l�a�s�m�.� 
�T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �6�5�:�2�4�7�-�2�6�2�.� 

�B�r�e�i�m�a�n�,� �A�.� �1�9�8�7� �M�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �d�i�v�e�r�s�i�t�y� �i�n� �t�h�e� �g�e�n�e�r�a� �o�f� �T�r�i�t�i�c�u�m� �a�n�d� 
�A�e�g�i�l�o�p�s� �r�e�v�e�a�l�e�d� �b�y� �S�o�u�t�h�e�r�n� �b�l�o�t� �h�y�b�r�i�d�i�z�a�t�i�o�n�.� �T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �7�3�:�5�6�3�-�5�7�0�.� 

�B�r�e�i�m�a�n�,� �A�.�,� �M�.� �B�o�g�h�e�r�,� �H�.� �S�t�e�r�n�b�e�r�g� �a�n�d� �D�.� �G�r�a�u�r�,� �1�9�9�1� �V�a�r�i�a�b�i�l�i�t�y� �a�n�d� �u�n�i�f�o�r�m�i�t�y� 
�o�f� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �p�u�t�a�t�i�v�e� �d�i�p�l�o�i�d� �a�n�c�e�s�t�o�r�s� �o�f� �c�o�m�m�o�n� �w�h�e�a�t�.� 
�T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �8�2�:�2�0�1�-�2�0�8�.� 

�C�h�o�w�d�h�u�r�y�,� �M�.� �K�.� �U�.� �a�n�d� �R�.� �L�.� �S�m�i�t�h�,� �1�9�8�8� �M�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �v�a�r�i�a�t�i�o�n� �i�n� �p�e�a�r�l� 
�m�i�l�l�e�t� �a�n�d� �r�e�l�a�t�e�d� �s�p�e�c�i�e�s�.� �T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �7�6�:�2�5�-�3�2�.� 

�C�l�e�g�g�,� �M�.� �T�.� �1�9�8�9� �M�o�l�e�c�u�l�a�r� �d�i�v�e�r�s�i�t�y� �i�n� �p�l�a�n�t� �p�o�p�u�l�a�t�i�o�n�s�.� �I�n�:� �P�l�a�n�t� �P�o�p�u�l�a�t�i�o�n� 
�G�e�n�e�t�i�c�s�,� �B�r�e�e�d�i�n�g�,� �a�n�d� �G�e�n�e�t�i�c� �R�e�s�o�u�r�c�e�s� �(�e�d�s�.� �A�.� �H�.� �D�.� �B�r�o�w�n�,� �M�.�T�.� �C�l�e�g�g�,� �A�.�L�.� 
�K�a�h�l�e�r� �a�n�d� �B�.� �S�.� �W�e�i�r�)�,� �S�i�n�a�u�e�r� �A�s�s�o�c�i�a�t�e�s�,� �S�u�n�d�e�r�l�a�n�d�,� �M�A�,� �p�p�.� �9�8�-�1�1�5�.� 

�C�o�a�t�e�s�,� �D�.�,� �a�n�d� �C�.� �A�.� �C�u�l�l�i�s�,� �1�9�8�7� �C�h�l�o�r�o�p�l�a�s�t� �D�N�A� �v�a�r�i�a�b�i�l�i�t�y� �a�m�o�n�g� �L�i�n�u�m� �s�p�e�c�i�e�s�.� 
�A�m�e�r�.� �J�.� �B�o�t�.� �7�4�:�2�6�0�-�2�6�8�.� 

�C�r�a�w�f�o�r�d�,� �D�.� �J�.�,� �1�9�9�0� �T�h�e� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �a�n�d� �p�l�a�n�t� �s�y�s�t�e�m�a�t�i�c�s�.� �I�n�:� �P�l�a�n�t� 
�M�o�l�e�c�u�l�a�r� �S�y�s�t�e�m�a�t�i�c�s�:� �M�a�c�r�o�m�o�l�e�c�u�l�a�r� �A�p�p�r�o�a�c�h�e�s� �(�e�d�.� �D�.� �J�.� �C�r�a�w�f�o�r�d�)�,� �C�h�a�p�t�e�r� 
�1�6�,� �p�p�.�2�7�2�-�3�0�4�.� 

�D�e�S�a�l�l�e�,� �R�.� �a�n�d� �L�.� �V�.� �G�i�d�d�i�n�g�s�,� �1�9�8�6� �D�i�s�c�o�r�d�a�n�c�e� �o�f� �n�u�c�l�e�a�r� �a�n�d� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� 
�p�h�y�l�o�g�e�n�i�e�s� �i�n� �H�a�w�a�i�i�a�n� �D�r�o�s�o�p�h�i�l�a�.� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �8�3�:�6�9�0�2�-�6�9�0�6�.



�1�0�2� 

�D�o�e�b�l�e�y�,� �J�.�,� �1�9�8�9� �M�o�l�e�c�u�l�a�r� �e�v�i�d�e�n�c�e� �f�o�r� �a� �m�i�s�s�i�n�g� �w�i�l�d� �r�e�l�a�t�i�v�e� �o�f� �m�a�i�z�e� �a�n�d� �t�h�e� 
�i�n�t�r�o�g�r�e�s�s�i�o�n� �o�f� �i�t�s� �c�h�l�o�r�o�p�l�a�s�t� �g�e�n�o�m�e� �i�n�t�o� �Z�e�a� �p�e�r�e�n�n�i�s�.� �E�v�o�l�u�t�i�o�n� �4�3�:�1�5�5�5�-�1�5�5�9�.� 

�D�o�n�g�,� �J�.� �a�n�d� �D�.� �B�.� �W�a�g�n�e�r�,� �1�9�9�3� �T�a�x�o�n�o�m�i�c� �a�n�d� �p�o�p�u�l�a�t�i�o�n� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �o�f� 
�m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �d�i�v�e�r�s�i�t�y� �i�n� �P�i�n�u�s� �b�a�n�k�s�i�a�n�a� �a�n�d� �P�i�n�u�s� �c�o�n�t�o�r�t�a�.� �T�h�e�o�r�.� �A�p�p�l�.� 
�G�e�n�e�t�.� �8�6�:�5�7�3�-�5�7�8�.� 

�D�u�v�a�l�l�,� �M�.� �R�.� �a�n�d� �J�.� �D�o�e�b�l�e�y�,� �1�9�9�0� �R�e�s�t�r�i�c�t�i�o�n� �s�i�t�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� 
�g�e�n�o�m�e� �o�f� �S�o�r�g�h�u�m� �(�P�o�a�c�e�a�e�)�.� �S�y�s�t�.� �B�o�t�.� �1�5�:�4�7�2�-�4�8�0�.� 

�G�r�a�b�a�u�,� �E�.� �A�.�,� �W�.� �H�.� �D�a�v�i�s�,� �N�.� �D�.� �P�h�e�l�p�s� �a�n�d� �B�.� �G�.� �G�e�n�g�e�n�b�a�c�h�,� �1�9�9�2� �C�l�a�s�s�i�f�i�c�a�t�i�o�n� 
�o�f� �s�o�y�b�e�a�n� �c�u�l�t�i�v�a�r�s� �b�a�s�e�d� �o�n� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �r�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t� �l�e�n�g�t�h� 
�p�o�l�y�m�o�r�p�h�i�s�m�s�.� �C�r�o�p� �S�c�i�.� �3�2�:�2�7�1�-�2�7�4�.� 

�G�r�a�u�r�,� �D�.�,� �M�.� �B�o�g�h�e�r� �a�n�d� �A�.� �B�r�e�i�m�a�n�,� �1�9�8�9� �R�e�s�t�r�i�c�t�i�o�n� �e�n�d�o�n�u�c�l�e�a�s�e� �p�r�o�f�i�l�e�s� �o�f� 
�m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �a�n�d� �t�h�e� �o�r�i�g�i�n� �o�f� �t�h�e� �B� �g�e�n�o�m�e� �o�f� �b�r�e�a�d� �w�h�e�a�t� �7�r�i�t�i�c�u�m� 
�a�e�s�t�i�v�u�m�,� �H�e�r�e�d�i�t�y� �6�2�:�3�3�5�-�3�4�2�.� 

�H�a�l�e�,� �L�.� �R�.� �a�n�d� �R�.� �S�i�n�g�h�,� �1�9�8�6� �E�x�t�e�n�s�i�v�e� �v�a�r�i�a�t�i�o�n� �a�n�d� �h�e�t�e�r�o�p�l�a�s�m�y� �i�n� �s�i�z�e� �o�f� 
�m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �a�m�o�n�g� �g�e�o�g�r�a�p�h�i�c� �p�o�p�u�l�a�t�i�o�n�s� �o�f� �D�r�o�s�o�p�h�i�l�a� �m�e�l�a�n�o�g�a�s�t�e�r�.� �P�r�o�c�.� 
�N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�S�A� �8�3�:�8�8�1�3�-�8�8�1�7�.� 

�H�a�r�r�i�s�o�n�,� �R�.� �G�.�,� �1�9�8�9� �A�n�i�m�a�l� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �a�s� �a� �g�e�n�e�t�i�c� �m�a�r�k�e�r� �i�n� �p�o�p�u�l�a�t�i�o�n� 
�a�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� �b�i�o�l�o�g�y�.� �T�r�e�n�d�s� �E�c�o�]�.� �E�v�o�l�.� �4�:�6�-�1�1�.� 

�H�o�l�w�e�r�d�a�,� �B�.� �C�.�,� �S�.� �J�a�n�a� �a�n�d� �W�.� �L�.� �C�r�o�s�b�y�,� �1�9�8�6� �C�h�l�o�r�o�p�l�a�s�t� �a�n�d� �m�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� 
�v�a�r�i�a�t�i�o�n� �i�n� �H�o�r�d�e�u�m� �v�u�l�g�a�r�e� �a�n�d� �H�o�r�d�e�u�m� �s�p�o�n�t�a�n�e�u�m�.� �G�e�n�e�t�i�c�s� �1�1�4�:�1�2�7�1�-�1�2�9�1�.� 

�H�o�o�g�l�a�n�d�e�r�,� �N�.�,� �R�.� �L�u�m�a�r�e�t� �a�n�d� �M�.� �B�o�s�,� �1�9�9�3� �I�n�t�e�r�-�i�n�t�r�a�s�p�e�c�i�f�i�c� �v�a�r�i�a�t�i�o�n� �o�f� 
�c�h�l�o�r�o�p�l�a�s�t� �D�N�A� �o�f� �E�u�r�o�p�e�a�n� �P�l�a�n�t�a�g�o� �s�p�p�.�.� �H�e�r�e�d�i�t�y� �7�0�:�3�2�2�-�3�3�4�.� 

�I�s�h�i�i�,� �T�.�,� �T�.� �T�e�r�a�c�h�i�,� �N�.� �M�o�r�i�,� �a�n�d� �K�.� �T�s�u�n�e�w�a�k�i�,� �1�9�9�3� �C�o�m�p�a�r�a�t�i�v�e� �s�t�u�d�y� �o�n� �t�h�e� 
�c�h�l�o�r�o�p�l�a�s�t�,� �m�i�t�o�c�h�o�n�d�r�i�a�l� �a�n�d� �n�u�c�l�e�a�r� �g�e�n�o�m�e� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �i�n� �t�w�o� �c�u�l�t�i�v�a�t�e�d� �r�i�c�e� 
�s�p�e�c�i�e�s�,� �O�r�y�z�a� �s�a�t�i�v�a� �a�n�d� �O�.� �g�l�a�b�e�r�r�i�m�a�,� �b�y� �R�F�L�P� �a�n�a�l�y�s�e�s�.� �T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� 
�8�6�:�8�8�-�9�6�.� 

�K�a�m�b�h�a�m�p�a�t�i�,� �S� �a�n�d� �S�.� �K�.� �R�a�i�,� �1�9�9�1� �M�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �v�a�r�i�a�t�i�o�n� �w�i�t�h�i�n� �a�n�d� �a�m�o�n�g� 
�p�o�p�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�s�q�u�i�t�o� �A�e�d�e�s� �a�s�b�o�p�i�c�t�u�s�.� �G�e�n�o�m�e� �3�4�:�2�8�8�-�2�9�2�.� 

�K�h�a�i�r�a�l�l�a�h�,� �M�.� �M�.�,� �M�.� �W�.� �A�d�a�m�s� �a�n�d� �B�.� �B�.� �S�e�a�r�s�,� �1�9�9�1� �M�i�t�o�c�h�o�n�d�r�i�a�l� �g�e�n�o�m�e� �s�i�z�e� 
�v�a�r�i�a�t�i�o�n� �r�e�s�t�r�i�c�t�i�o�n� �f�r�a�g�m�e�n�t� �l�e�n�g�t�h� �p�o�l�y�m�o�r�p�h�i�s�m�s� �i�n� �t�h�r�e�e� �P�h�a�s�e�o�l�u�s� �s�p�e�c�i�e�s�.� 
�T�h�e�o�r�.� �A�p�p�l�.� �G�e�n�e�t�.� �8�2�:�3�2�1�-�3�2�8�.� 

�M�c�C�l�e�a�n�,� �P�.� �E�.�,� �a�n�d� �M�.� �R�.� �H�a�n�s�o�n�,� �1�9�8�6� �M�i�t�o�c�h�o�n�d�r�i�a�l� �D�N�A� �s�e�q�u�e�n�c�e� �d�i�v�e�r�g�e�n�c�e� 
�a�m�o�n�g� �L�y�c�o�p�e�r�s�i�c�o�n� �a�n�d� �r�e�l�a�t�e�d� �S�o�l�a�n�u�m� �s�p�e�c�i�e�s�.� �G�e�n�e�t�i�c�s� �1�1�2�:�6�4�9�-�6�6�7�.


