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Genetic diversity amongst isolates of Botryosphaeria ribis and B. 

parva in South Alnerica and Hawaii 

BotlTosplwerio porva and B. ribis arc cOl11mon and pathogenic Ascomycete fungi on woody 

plants inclucling Eucalyptus spp., in native forests and plantations around the world. These 

fungi form part of a complex of cryptic species for which the taxonomic boundar ies are 

unclear. III this study, simple sequence repeat (SSR) markers were used to evaluate the 

genetic diversity within and between populations of JJ. ribis and E. pon'a I'rol11 Venezuela, 

Colombia and Hawaii. Lsolates were initially identified based on a PCR RFLP marker, 

reflecting a fixed single nucleotide polymorph ism (SN P) between the spec ie s. Distance 

analyses of the SSR data generally separated these species consistent \\'ith separations based 

on the PCR RFLP marker. For the 59 isolates used (34 ll1ultilocus SSR genotypes), there 

were only three exceptions where isolates identified by PCR RFLP as B. ribis. grouped ,vith 

B. parva based on SSR anaLyses. Whether this result reflects plasticity at the interface or 

contact and divergence between the two species, or hybridi zation events. the unfixed status or 

the SNP used for the initial identification or hOllloplasy in the SSR data. is not clear. There 

was no ditTerentiation between the Venezuelan and Colombian populations of B. ribis. The 

data also indicate that these populations mainl y reproduce asexually or are hOl11othallic . III 

contrast, populations of B. parva from Colombia and Ha\\'aii were significantly differentiated 

and alleles were randomly associated , suggesting random (most likely heterolhallic) mating. 
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INTRODUCTION 

The genus Botryosphaeria Ces. & De Not. occurs worldwide on a large number of mainly 

woody plants. These fungi are known to occur on dead or dying stems, branches and lcaves 

of plants (saprophytes) or as endophytes within healthy plant tissue (von Arx, 1987; Barr, 

1987; Smith el aI., 1996). Some species are also known to cause serious canker and dieback 

diseases when the plants are under stress (von Arx, 1987; Old, 2000; Old & Davison, 2000). 

DNA based taxonomic tools have been successfully used to identify some 

Bo!ryosp/1(/cria species and to resolve their phylogenetic relationships, especially when 

combined with morphologic characters (Jacobs & Reimer. 1998; Crous & Palm, 1999; 

Denman el 0/., 2000, 2003; Zhou & Stanosz. 2001: Phillips e! al.. 2002; Slippers e! a/. , 

2004b; Alves e! al., 2004). For example, analysis of sequence data for the ITS region of the 

nuclear rONA has supported the separation of B. ribis Grossenb. & Duggar. from B. dOlhidea 

(Moug.:Fr.) Ces. & De Not., which was a controversial and important taxollomic problem for 

many years (Jacobs & Rel1l1 er, 1998; Smith & Stanosz, 200 I; Smith el al., 200 I). Despite the 

fact that ITS sequence data have supported the separation of some Bolrrosphael'ia species, 

this single DNA locus has not been sufficient to resolve boundaries for all species. Thus, 

closely related species such as B. rihis and B. pUI'm Pennycook & Samllels have not been 

separated with confidence based on ITS, ~-tubulin. translation elongatioll factor I-a (EF J -a) 

or mtSSU rONA data alone (Smith & Stanosz, 200 I: Zhou & Stanosz. 200 I; Slippers el al., 

2004b). 

Internal Simple Sequence Repeat (ISSR) markers have supported the differentiation or B. 

parlla and B. ribis, but the phylogenetic significance or this finding was ullcertain (Zhou e! 

aI., 2001). The combination of sequence data from multiple gene regions (the ITS, B-tubulin 

and EF I-a), however, confirmed the separation of these species, at least when considering 
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ex-type isolates (Slippers et 01., 2004b). Comparisons of sequence data for these regions has 

also been used to identify other cryptic Botryosphaeria spp. from trees in eastern Australia 

and South Africa (Slippers et 01., 2004c, d). 

BOfl )'osp/wcrio ribis and B. parV(l are well-known pathogens of forest tree species, including 

EllcolJPfllS spp. (Frezzi, 1952; Davison & Tay, 1983; Shea rer Cf al., 1987 ; Slippers ef 01., 

2004c). However, in a wide survey of BOflyosp/wcriu spp. on Ellcall'pfliS sp p. growing in 

plantations and native environments in eastern Australia or as exotics in South Africa, the 

presence of B. ribis could not be confirmed (Slippers ef al., 2004b, c). A recent survey in 

Venezuela and Colombia, howeve r, revealed that both /J. JJO/YU aIIII /J . ribis occur on 

Eucalyptus in these countries (Chapter 3; Slippers unpublished data ). Pathogenicity test s wilh 

these fungi on commercially propagated clones o f EIICLlhjJfllS trees. indicated that B. rihis 

and B. parva were more pathogenic than other BOfrml jJ lw(!J'io spp. (Rodas 2003; Chapter (»). 

Both species produced les ions and cracks in the bark. alld black kino exuuation from the 

points of inoculation. Furthermore, B. parva was more virulent giving rise to lesions almost 

double the length of those associated with B. ribis (Chapter 6) 

SSR markers have been used to detenlline the gene and genotypic diversity , kinship, 

gene flow, reproductive mode and differentiation between populations, as well the 

differentiation between spec ies morphotyres (Queller ef al .. 1993; Taylor ef 01 .. 1999). SSR 

markers also have recently been L1 seu to study population s o[ some /JofITospllLl(!J'ia species, 

sllch as Diplodio pineo (Desl11.) J. Kickx., D. sCiob iclIlafu De Wet. Slippers & M. J. Wingf., 

and BOflyospIJaeria rhodina (Cooke) Arx (Burgess ef 01., 200 I a, 2003, 2004a, 2004b; De 

Wet ef 01., 2003). These SSR markers that were developed for BOfl :)'osphaeria spp. with 

Diplodia-like anamorphs did not prove useful [or population studi es of Boflyosphaeria sp p. 

with FusicocclIIll-like anamorphs (Slippers ef al., 2004a). Slippers ef 01. (2004a) thus 
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developed SSR markers that cou ld be used ill populations of B. parva, and these were also 

shown to be useful for nine other Boflyosplweria species with FlisicocclIlI1-like anamorphs. 

In this study, the SSR markers developed by Slippers et al. (2004a) are applied to 

isolates representing populations of B. ribis frolll Venezuela as well as B. ribis and B. parva 

from Colombia and Hawaii to determine thei r gelletic diversity and distinction, and mode of 

reproduction. Additionally, the markers were applied to consider the possible spread of the 

populations or species and between these areas. 

MATERIALS AND METHODS 

Fungal isolates 

Fifty-nine isolates of Boli y ophac,.ia ,.ibis alld B. pan-a from Venezuela, Colombia and 

Hawaii were choosen for this study. Sixteen iso lates frolll ElIcahpflis u,.opln1la S.T. l3lake x 

E. grandis W. Hill: Maiden hybrids growing in two locations of Venezuela (the states of 

Portuguesa and Cojedes) were made from asymptomatic plant tissue as well as frOI11 trees 

exhibiting blue stain and die-back, or entirely dead trees. Eighteen isolates originated frOIll E. 

grandLs- in Hawaii and twenty-five isolates originated I'rom E. ",.oplnlla ill Callca Valle alld 

Andina zones, Colombia. 

The fungi were isolated and single spore isolates \\ere made as described by Slippers 

cf (fl. (2004b). All isolates used in this study are maintained in the collection (CMW) of the 

Forestry and Agricultural Biotechnology Illstitute (FABl), University of Pretoria, South 

Africa. 
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DNA extractioll, RFLP alld SSR-PCR allalysis 

DNA was extracted from mycelium following the protocol of Raeder and l3roda (1985) with 

some modification. These modifications were similar to those described by Slippers el a/. 

(2004a). Nucleic acids were quantified using a spectrophotometer with an absorb<.lnce at 260 

nm and 280 nm. 

Restriction enzyme patterns for an unidentified DNA region-Locus BUIF} 5 (Slippers 

el a/ ., 2004a) were used to define the isolates belonging to either B. ribis or B. pan·o that are 

considered cryptic species residing in the B. ribis-B. po,.\"([ complex. The DNA fragment was 

amplified lIsing the primers BOT 15 and l30T 16 and the PCR reaction mixtures were l1l<.ldc 

as described by Slippers el 0/. (2004a). The amplified fragments were digested witi! the RE 

Cj()l as described above . The RFLP reaction was incub<.lted at 37 DC overnight and the 

restriction fragments separated on 2 % (w/v) agarose gels stained with ethidium bromide and 

visualized under UV light. The sizes of the PCR fragments were estilt1ated as described 

above. 

SSR-PCR was performed on all isolates with seven fluorescently-labelled markers, 

specifically designed to amplify polymorphic regions within isolates of the B. /)(II"1"o-B. ribis 

complex. The protocols used were as described previously by Slippers el (1/ . (2004a). 

Fluorescently-labelled SSR-PCR products were diluted and one pi of the dilution was mixed 

with a LIZfM internal size standard (Perkin-Elmer Applied Biosystclt1s. Foster City. CA) and 

formamide mix (1:14). The products were separated on an A131 [)RlSM 3100 automated 

sequencer (Perkin-Elmer Applied Biosystems). Allele si ze was estimated by comparing tlIe 

mobility of the SSR products as determined by GeneScan 2.1 analysi s so/'tware (Applied 

Biosystems) in conjunction with Genotyper 3.0 (Applied l3iosystems). A reference sample 

was run on every gel to ensure reproducibility. 
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Gene and genotypic diversity 

For each isolate, a data matrix of multistate characters was compiled by assigning a different 

letter to each alJcle at each of the 7 polymorphic loci (eg. ABBCDEE). The frequency of each 

allele at each locus for complete and clone corrected populations was calculated, and allele 

diversity determined, using tbe program POPGENE (Yell el a/., 1999) and the equation H = 

l-Ixk2, where Xk represents the frequency or the kill allele (Nci , 1973). 

Eac h genotype was assigned a number and the genotypic d i versi t y (G) was est imated 

(Stoddart & Taylor, 1988) using the equation G = I/I pi" where p, is the observed frequency 

of the illl phenotype and compared to genotypic diversity expected for the null hypothesis of 

random mating. To COl11pare G between populations, the maximum percentage of genotypic 

diversity wa s obtained using the equation G = GIN * J 00 where N is the population size 

(Chen et aI., 1994). Chi-square tests for differences in allele frequencies were calculated for 

each locu s across clone corrected populations (Workman & Niswander, 1970). 

Genetic distance 

Genetic distance between populations based on microsatellite data was calculated using DAD. 

a statistic based on absolute distance. Data were represented as totalnuc1eotide IengtiJ of the 

locus. The distance between isolates was calculated using the program MICROS/\ T (M inch 

et al., 1995) and Neighbor-joining trees constructed in MEGA3 (Kumar ef at .. 2004). 

Mode ofreproduction 

The index of association (11\) was used as a measure of the degree of association bet ween loci 

or multilocLls linkage disequilibrium for each population and for all populations combined 

(Maynard Smith e/ al., 1993). 1A was calculated for the clone corrected population containing 

only one representative of each genotype. The tests were perfolllled on a data matrix of seven 
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l1lulti state characters using the program Multilocus (Agapow & Burt, 2001). The expected 

data for 1000 randomly recombining data sets was calculated and compared with the 

observed data. Where tile observed data fall within the distribution range of the recombined 

data , then the hypothes is that the population was undergoing recombination cannot be 

rejected. If the observed data fall outside the di stribution r;111ge with a significant P value 

(P<0.05), the population is 1110st likely clonal. 

RESULTS 

Segregation ofSSR alleles 

The seven loci examined by the SSR markers produced a total of 44 alleles (Table j). There 

were j 7 alleles in the Venezuela population, 34 alleles for Colombia (20 alleles for B. ,.ihis 

and 14 for B. parva) and 20 alleles for Hawaii isolates. Only one allele, (2.3 %) oCthe total of 

all alleles, was shared between populations (Table 1). Within each of these populations 

unique alleles were present. The Venezuelan population had four unique alleles (9.1 %); for 

the Colombia population, B. ,.ibis had five ullique alleles (11.4 %) and B. pO/TO had three 

unique alleles (6.8 %); for the Hawaii population. B. libis llad two unique alleles (4 .6 'Yo) and 

B. parva II unique alleles (25 %) (Table I). 

Gene amI genotype dh'ersity 

All populations showed a moderate genotypic di versity (G %); 32% for B. ,.ibis, Venezuela 

population (eight genotypes), 39 % ror Colombia (five genotypes); 36 % for B. pan'a, 

Colombia (nine genotypes) and 50 % for Hawaii (11 genotypes) (Table 2). There were no 

genotypes shared among the different populations studied for either B. ,.ibis or B. pw"\'o 

(Table 2). 
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The gene diversity (H) for each of the clone corrected populations \-vas 0.35 for 

Venezuela (B. ribis populations), 0.50 for Colombia (for both B. ribis and 8. par\'(/ 

populations) and 0.37 for Hawaii (B. jJLlITa populations). 

Contingency X2 test indicated no signilicnnt differences (P<0.05) in allele frequencies 

at any loci ror the Venezuelan and Colombian populations of B. ribis, except the loci BofF37 

(Table 3). This is reflected in the lack of population differentiation, indicating a high gene 

flow between the different populations. 

The Chi-square test indicated significant differences (P<O.O I and <0.00 I) in allele 

frequency betwecn the Colombia ,1Ild Hawaii populations of B. 1}(IITU (Table 4). FOllr loci 

from seven polymorphic SSR were highly significant (BOfF) 7, 21, 24, 35), showing 

differentiation between B. jJ(//"\'O populations frolll Colombia nnd Hawaii, indicating low 

levels of gene flow. 

Gelletic dis/alice 

The cluster analysis with the neighbour-joining tree revealed the genctic diversity <1mong 59 

B. ribis and B. parva isolates and two B. ribis isolates from New York. (which were lIsed to 

allow comparison to the type isolates for the species) . The dendrogrnm was constructed based 

in the seven loci examined by the SSR markers (Fig. I). The dendrogram separated isolates 

into two distinct clades, one containing B. ribis isolates and the other containing B. parvLI 

isolates. Two purported B. ribis isolates from Venezuela fell into the B. pan'a clade. The B. 

parva clade was further divided into two distinct groups, one for Cololl1bia and one for 

Hawaii, thus reflecting observations of low gene flow between these populations. 

Mode OfreproductiOil 

The 1/\ for the observed data di rfered significantly from the values obtained for the 

recombined data set for all the individual B. ribis and B. pm'va populations (Fig. 2A, B; Fig. 
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3). This indicates linkage of alleles between different loci and suggests a predominantly 

sexual mode of reproduction in B. porva from Colombia and Hawaii . This is in contrast to an 

apparently asexual (clonal) mode of reproduction for B. rib is from Venezuela and Colombia. 

DlSCUSSION 

The primers develop by Slippers el 01. (2004a) sllccessfully amplified SSR containing 

markers in the populations of B. PO/TO and B. ribis used in this study. These markers allowed 

the di stinction between these two cryptic species, as well as for significant resolution of 

population divers ity , population separation and reproductive 1110de in these fungi. 

The total number of alleles shared between isolates identified as B. parm or B. ribis 

was very low (2.3 %). A neighbour-joining tree reflecting the genetic diversity among the 59 

B. ribis and B. porva isolates from the three populations, separated the isolates into two well 

defined groups; one group corresponding to B. porm and the other one to B. ri!Jis. These 

results support the separation of the taxa as independent species. This separation also has 

been confirmed in other studies Llsing other techniques such as ISSR markers. cOll1bined gene 

genealogies of the ITS, EF I-a and ~-tLibulin loci and PCR-RFLP fingerprints of part or the 

LSU and ITS regions (Smith & Stanosz, 2001; Slippers cl 01., 2004b; Alves el 01.,2005) . 

The B. ribis and B. parva groups identified in the neighbour-joining tree reflect the 

initial identification of isolates using the PCR RFLP fingerprint of 10cLls BolF15, with the 

exception of three isolates. This microsatellite containing region has a unique restriction site 

for B. ribis based on a single nucleotide polYlllOrpilism (Slippers el 01., 2004a). The three 

exceptions were for isolates identified by the PCR RFLP technique as D. ribis (one frol11 

Hawaii and two from Venezuela), but that grouped as B. PO/TO lIsing the ll1ultilocus SSR 

markers. Whether these except ions re nect plastic i ty at the interface of contact and di vergence 
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between the two species, hybridisations events across the species boundary, the unfixed status 

of the SN P used for the initial identification, or homoplasy in the SSR data, is not clear and 

will be the subject of future investigations. It does, however, suggest that the C/ol restriction 

profile for locus BotF15 is relatively reliable for rapidly separating the cryptic species B. ribis 

and B. porvo, which are otherwise, difficult to distinguish from each other. 

The results emerging from the calculation of Index of Association (Taylor et 01., 

1999) gave the appearance of sexual reproduction for B. PWTO populations (alleles randomly 

associated) and clonal reproduction for B. ribis populations (alleles nOIl-randoll1ly 

associated) . No teleomorphs structures were observcd lor either lJ. ril>is aIIII B. !-J0n'o 

collections used in this study. However, these fungi are known to exhibit both sexual and 

asexual reproduction (Grossenbacher & Duggar, 1911; Pennycook & Samuels, 1985; Slippers 

et 01 2004a). This result could imply that B. pW'va is heterothallic and B. ribis homotllallic 

although this seems unlikely for such closely related . Alternatively, is possible that B. rilJis 

relies more strongly on asexual spores for dispersal and infection than lJ. pon'a on 

Eucalyptus in these environments. This could arise from the absence of Olle mating type if the 

fungus is heterothallic or from environmental factors that are not conducive to sexual 

reproduction. It is also possible that botll fungi are hOll1otllallic, but that lJ. PW'I'O has also 

retained the ability to outcross. BOflyosp!lCIcrio pal'\'([ populations from ColOll1bia and Hawaii 

had a higher genotypic diversity than B. ri!Jis populations from Venezuela, Colombia or 

Hawaii. Both populations of lJ. pal'\'([ from Colombia and Hawaii had a 1110derate level of 

diversity and sexual reproductioll reflecting the behaviour of an outcrossing fungus. Slippers 

(2003) hypothesized that this fungus is homothallic, based 011 observations ill cultures of B. 

clIcofJptorul17 and a low level of diversity in populations of B. pW'l'a from South Africa 

despite the presence of sexual fruiting structures. If this fungus is hOll1othallic, then it has 

retained the ability to occasionally outcross which would be similar to the situation in for 
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example C,yphonectria parasilica (Milgrool11 et al., 1993; Marra & Milgrool11, 2001). 

Alternatively, this could be a heterothaHic fungus, of which only a limited number of 

genotypes occur on Eucafyplus, coupled to preferential reproduction by asexual spores on 

this host. These results reflect previous studies where a combination of clonal and sexual 

reproduction has been shown to significantly inJlucl1ce fungal population structure (Taylor cl 

ai., 1999). 

The B. parva populations showing recombination within each population and a high 

degree of differentiation, suggests that they have been separated geographically for some 

time (Burgess e/ al., 2004a; Barnes, et al., 2005). These populations might thus be native to 

each or the regions where they have been collected and that they have moved onto 

Eucalyptus. Alternatively, multiple introductions of B. parva into Hawaii and Colombia from 

different sources could also explain the result. Irrespective of the reason, the diversity and 

apparent sexual reproduction in these countries might aid the fungus in overcoming resistance 

in Eucalyptus clones. This acids to the impol1ance of B. pa/Ta as one of the primary targets 

for disease screening, given its high virulence (see Chapter 6). 

The B. ribis populations appeared to be predominantly clonal with a very similar 

structure in both Venezuela ancl Colombia. There was only one B. ribis isolate from Hawaii, 

so population statistics could not be done for that region. We found no geographic baniers 

separating populations from Venezuela and Colombia and the lack of allelic diversity in these 

populations could thus be due to natural gene flow between these countries (Burgess, e/ al., 

200Ib; 2004b). The population differentiation is frequently related to the distance between 

populations. Thus, when two populations occur in areas closer to each otller it is likely that 

they wiJI have similar allelic frequencies (Slatkin, 1993; Linde el al., 2002). However, the 

overlap could also be due to movement of Eucalyplils germplasm between Colombia and 

Venezuela. These results emphasize a ready exchange of pathogens between these 
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neighbouring countries of which forestry companies ami researchers should be aware as more 

damaging diseases could also be exchanged. 

Slippers (2003) observed some shared polymorphism between isolates of B. ribis and 

B. parva based on DNA sequence and SSR marker data, despite overall distinction between 

the species based on these data. This is similar to the results of the present study. Such shared 

polymorphism has been interpreted as: a) speciation is not completed and that some isolates 

retain the ability to interbreed, or b) not enough time has elapsed since speciation to allow 

full resolution of polymorphisms, or c) hybridisation between the distinct species (Taylor et 

01., 2000; Slippers, 2003). This last possibility is il11pottant to consider. Hybridization is 

increased when closely related, but geographically isolated, pathogen populations come ittto 

contact (Brasier, 2000, 2001) . This is possi bly tlte case for various Botl)"osplwe/"ia spp. 

(Slippers, 2003). Theoretically, this process presents an opportunity for rapid emergettce of 

new or modified patbogens via gene flow, although it appears to be rare in nature (Brasier, 

1995,200 I; Brasier el 01., 1998, 1999; Newcombe et 01., 2000; Garbelotto et al., 2004). It is 

thus impottant to further test these hypotheses for B. pan'a and B. ribis as it will reflect on 

the importance of future quarantine measures to prevent pathogen movement. It might also 

help predict future emergence of new straitts that could potentially be more pathogenic or 

infect new hosts. 

This study was somewhat impaired by a relatively low Ilumber of isolates available. 

However, despite the somewhat limited number of isolates, results showed that B. ribis and 

B. parva appear to co-exist in South America and perhaps have different modes of 

reproduction. Their pathogenicity differs, but whether and how their roles in the 

ecosystem/plantations differ remains unclear. It will be important to contitlue tltese studies 

because this information can promote an improved understanding of the movement of 

pathogens between Eucalyptus growing regions, both within South America and between tltis 
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and other continents. Such knowledge could be important to help prevent pathogen 

movement, which might have unforeseen consequences. Furthermore it should also promote 

an understanding of and planning for breeding programs attempting to deal with these 

pathogens. 
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Table l. Allele size (bp) and frequency at 7 loci for lJofl )losphaeria 
!"ibis (R) and B. parva (P) isolates collected from Venezuela (VEN), 
Colombia (Coq and Hawaii ~HAW). 

Locus Allele COL(R) VEN(R) HAW{R) COL(P) HAW(P) 

BOT11 	 421 0.14 
428 0.11 0.06 0 .75 0.72 
430 0.44 0.25 0.14 
431 0.33 0.88 
434 0.11 0.06 
438 1.00 

BOT15 	 377 0.56 1.00 1.00 1.00 100 
389 0.44 

BOT17 	 228 0.89 0.88 
230 0.06 
232 0.06 0.87 
234 1.00 
240 0.57 
24 2 007 
24 8 0.21 
252 0.14 
null 0.11 013 

BOT21 	 196 1.00 0.15 
207 0.11 0.25 1.00 0.21 
208 0.44 0.56 
217 0.44 0.19 
219 0.07 
231 0.21 
null 0.36 

BOT24 	 422 0.44 1.00 0.44 0.86 
423 0.50 
425 0.56 1.00 0.06 0.14 

BOT35 	 221 0 .50 
224 0.44 0.29 
227 0.14 
230 0.Q7 
237 0.25 1.00 0.06 
241 0.11 0.69 0.75 
245 0.13 
247 0.44 
258 0.06 
null 0 .06 

BOT37 	 305 0.11 
312 0.06 1.00 1.00 1.00 
320 0.67 
32 1 0.11 
323 0.13 
324 0.81 
null 0.11-- _._ . - ---	 ------ -- . 

No. of isolates 9 16 4 16 14 
No. of alleles 20 17 7 14 20 
No. of unique alleles 6 4 2 3 11 
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Table 2. BOllyosphaeria ribis (R) and B. parva (P) genotypes as estimated l1'01n 
l11ultilocus profiles generated from the 7 polymorphic SSR loci . Genotypes were 
distributed among populations collected Colombia (COL), Venezuela (VEN) and Hawaii 
(HAW). 
Code Genotype RFLP COL COL VEN HAW HAW 

profile (P) (R) (R) (P) (R) 

COL 1 ECC DD GF P 3 
COL2 ECCDEEF P 
COL3 ECCDEGF P 5 
COL4 ECCDEOF P 
COL5 ECNDFHF P 
COL6 ECNDDGF P 1 
COL? FCCDDG F P 2 
COL8 FCCDDHF P 
COL9 FCCDEGF P 
COL 10 ECNDE1M R 
COL11 ff2: l\E C811 R 4 
COL 12 GCAC EIC R 1 
COL 13 GCADE1H R 2 
COL 14 [I CA DE G1 R 
VEN1 EC CEELF R 
VEN2 GCl\DEGK R 4 
VEN3 GCA EEYJ R 1 
VEN4 GC AEE GK R 5 
VEN5 GCAEEGJ R 1 
VEN6 CCAFE EK R 2 
VEN? GC AFEGK R 
VEN8 HCBEEEK R 
HAW1 BCF1EBF P 2 
HAW2 CC FGCAf P 
HAW3 CC Fi<CCf p 

HAW4 ECFACCF P 
HAW5 CO 1C o[:" P 
HAW6 ECGKCA F P 
HAW? ECJKCA f P 2 
HAW8 CC JDCA F P 
HAW9 ECKDCAF P 2 
HAW10 F f KCBf P 
HAW11 FCFAC Bf P 
HAW12 KC DADEF R 4 

N 16 9 16 14 4 
N(g) 9 5 8 11 1 

G 5.83 3.52 5.12 8.99 1 
G% 36 39 32 50 25 

N - number of isolates 

N(g) =number of genotypes 

~ =Genotypic diversity (Stoddart and Taylor, 1988) 

G = G/N% =percent maximum diversity . 
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Table 3. Gene diversity (H) and contingency 'ltests for differences in alJele frequencies for 
the 7 polymorphic SSR loci across clone corrected populations of BOflyosp!weria ribis frOI1l 
Venezuela (VEN) and Colol1lbia (COL). For X2 values, stars indicate level of signilicance 
(*P<O.05), no stars indicate no significant differentiation between popUlations. 

Gene Diversit~ (H) 

Locus VEN COL 2 dfX 

BotF11 0.40 0.72 1.8 2 

BotF15 0.00 0.31 1.7 

BotF17 0.40 0.32 2.9 3 

BotF21 0.53 0 .56 6.3 3 

BotF24 0.00 0.32 1.7 

BotF35 0.59 0.56 9.4 4 

BotF37 0.53 0.72 13.0' 6 

N 8 5 

MEAN 0.35 0 .50 

Table 4. Genc diversity (H) and conlingency X2 tests lor differcnees in allele frequencies /01' 
the 7 polymorphic SSR loci across clone corrected populations of R()ln'(l\/)hof/l'io P"''I'O from 
Hawaii (HAW) and Colombia (COL). For '/ values stars indicale level of significance 
(**P<O.OI, ***P<O.OOI), no sl;1rs indicClte no significant differentiation between populations. 

Gene Diversit~ (H) 

Locus HAW' COL 2 dfZ 

BotF11 0.43 0.44 1.3 2 

BotF15 0.00 0.00 

BotF17 0 .54 0.35 200" 5 

BotF21 0.76 0.00 13.4 .. 4 

BotF24 0.16 0.59 16 .8'" 3 

BotF35 0.68 0.61 200" 7 

BotF37 0.00 0.00 

N 11 5 

MEAN 0.37 0.50 

 
 
 



Fig. 1. Neighbour-joining tree for the distance DAD based on lotal nllcleotide length al 

each of the 7 SSR-Ioci, showing the relationship bet\\Tcn genotypes or iJo/lT()s/J//(/I..'/"I(/ 

ribis (R) and B. parva (P) frol11 Venezuela (VEN). Colol11bia (COL) and 11,1\\aii 

(HA W). Also included are two isolates of the eX-lype of B. rihis frol11 Nc\\ York. 
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Fig. 2. JJlst og raill s of th e J'rel\uellcy di stribution representing lllultiJocus disequilibriulll 

estiJl1ate 1,.\ for 1000 rand olllized data se ts of Do/n mp/weria pan-a. (A) Colombia , (13) 

Ha\vaii Result s \-vere cOlllpared with the obsen cd datas et (arrows). 
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Fig. 3. Histograms of the frequency distribution representing l11ultilocus disequilibriul11 

estimate IA for 1000 randomised datasets of BOlrl'Ospliaeria ribis (Vellezuela and 

Colombia combined). Results were compared with the observed dataset (arrows). 
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