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PREFACE

The fungal genus Botryosphaeria including its anamorphs has a cosmopolitan
distribution and occurs on a wide range of monocotyledonous, dicotyledonous and
gymnospermous hosts, including woody twigs and branches, herbaceous leaves, stems
of grasses, and even lichen thalli. These fungi give rise to a wide variety of symptoms
such as shoot blights, stem cankers, fruit rots, die-back and gummosis. They are also
known as saprophytes on dead or dying stems, branches or leaves of plants. In
Venezuela, the following species have been reported: Lasiodiplodia theobromae (the
anamorph of Botryosphaeria rhodina), Diplodia pinea, D. mutila and Dothiorella spp.
However, their characterization has been based only on morphological descriptions. The
most common and well characterised species, L. theobromae, is associated with pines
and other hosts.

The focus of the studies presented in this thesis as to survey Ewcalyptus and
Acacia plantations in Venezuela for the presence and influence of Botryosphaeria spp.,
and to characterise these fungi using morphological characteristics and DNA sequence
data. 1 also evaluated the pathogenicity and population biology of Botryosphaeria
species present in the plantations. It was anticipated that the various studies would
characterize a relatively large number of Botryosphaeria species, potentially recognise
new species and provide some perspective of their relative importance to the Eucalyptus
growing industry.

The thesis has been divided into chapters that reflect discrete units prepared for
future publication. The first chapter presents a review of the relevant literature. Two
chapters treat the taxonomy of the Botryosphaeria spp. collected in this study. An

additional two chapters consider the population biology of the most commonly
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encountered species and the remaining chapter deals with the pathogenicity of these
fungt to Eucalyptus.

In the literature review I treat the taxonomy of Botryosphaeria, which has been
the subject of much uncertainty for many years. [ also briefly review recent findings
related to their molecular characterization. A focus is also placed on the pathogenicity
of Botrvosphaeria species on vartous host plants and their known umportance in
Venezuela, The focus concerns mainly Eucalyptus spp.

Surveys that formed part of this study logically pave rise to a large collection of
Botrvospliaeria 1solates. An important component of this thesis was to characterise
these {ungi. This was done based on morphological characteristics and also comparisons
of DNA sequence data for various gene regions known to be informative for these
fungt.

Lasiodiplodia theobromae (anamorph of B. rhodina), B. ribis and B. parva were
studied from a population biology perspective. These tungi were chosen for study
because they were the most common species encountered on Ewncalyptus in Venezuela.
To study populations, I made use of simple sequence repeat markers (SSR). Three
populations of each of L. theobromae (Venezuela, Mexico and South Africa) and B.
ribis-B. parva complex (Venezuela, Colombia and Hawaii) were analysed and the data
considered in terms of population differentiation, gene flow, mode of reproduction, gene
and genotype diversity.

In the final chapter of this thesis, [ evaluated the pathogenicity of the seven
Botryosphaeria species identified from Venezuela, These seven species were thus
inoculated on Eucalyptus wrophylia x E. grandis hybrid clones. A second series of
mnoculations was then carried out with the two most pathogenic fungi to determine the

relative tolerance of the most important clones to infection.
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This thesis was conducted over a period of four years. Work was undertaken
both in Venezuela and South Africa and this necessitated long periods of time away
from my home University and family. Surveys were conducted in many parts of
Venezuela to collect the Botryosphaeria spp. of interest for latter study in South Africa.
The research chapters have been completed systematically and they evolved over time.
Each represents a discrete unit implying that there is some overlap, at least in the
references, between them. I would like to believe that the thesis will provide a firm
foundation for further studies of Botryosphaeria spp. and prove valuable to the small

but important Eucalyptus growing industry in Venezuela.
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SUMMARY

Species in the tungal genus Botryosphaeria are generally regarded as weak pathogens
that attack stressed or wounded plants. Such stresses include drought, hail, wind and
frost damage or insect infestation. It is interesting in this regard that these fungi have, in
recent years, also been shown to exist endophytically in asymptomatic tissue as latent
pathogens on Eucalyptus.

The taxonomy of Botryosphacria spp. has been problematic from more than 100
years. The identification of species in this genus has been traditionally based on
morphological descriptions, which tend lo be interpreted subjectively. In recent years,
molecular techniques and particularly analyses ol DNA sequences have been used to
identify closely related Bosryosphaeria species. Thus, in the first chapter of this thesis, a
combination of morphological characteristics and analyses of multiple gene sequences
were successtully used to identity cryptic Botrvosphaeria species occurring in
Venezuela.

Studies in this thesis have treated the taxonomy, phylogenetic relationships,
population structure and pathogenicity of Botryosphaeria species. The species were
isolated in various areas of Venczuela and from various woody hosts, such as Acacia,
Eucalyptus and Pinus. The DNA based comparisons used to identily Bosryosphacria
spp. were based on sequence data for the 1TS regions of the ribosomal DNA operon.
These sequences were from fragments including the 3° end of the small subunit (SSU)
rRNA gene, the internal transcribed spacer 1TS (ITS1), the complete 5.85 rRNA gene,
the ITS2 and the 5* end of the large subunit (LSU) rRNA gene. In addition, part of the
EF l-a was amplified using the primers EF1-728F and EFI-986R. In total, seven

Botryosphaeria spp. were characterised from Venezuela. Two new Botryosphaeria
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anamorphs, Fusicoccum andinum prov. nom. and F. stromaticum prov. nom. (chapter
2), were identified using the combination of the two-gene regions (ITS and EFl-a). An
additional five Botryosphaeria species, Botryosphaeria mamane, B. dothidea, B.
rhodima, B. parva and B. ribis, were characterized using the ITS region (chapter 3).

The population biology for L. theobromae and the B. ribis-B. parva complex
(Chapter 4 and 5) was considered using SSR markers previously developed for these
fungi. Three populations of L. theobromae (Venezuela, Mexico and South Africa) and
B. ribis-B. parva complex (Venezuela, Colombia and Hawaii) were used in each of the
comparisons. Lasiodiplodia theobromae showed no evidence for host specificity, and
there was very high gene flow between populations of isolates from different hosts.
Reproduction was predominantly clonal with some genotypes widely distributed within
a region. The isolates representing the B. ribis - B. parva complex were separated into
two distinct groups, confirming the species barrier within this species complex that has
been reported previously based on combined gene genealogies, and SSR and PCR-
RFLP data from other populations. The B. ribis populations had a low degree of
isolation and an asexual (clonal) mode of reproduction. Populations of B. parva in
Colombia and Hawaii showed recombinatioﬁ within each population, and a high degree
of isolation between Colombia and Hawaii.

Pathogenicity tests were undertaken on Ewcalvptus wrophylla x E. grandis
hybrid clones in the field using the seven Botryosphaeria species identified in an earlier
study (Chapter 3). These tests showed that not all Botryvosphaceria species collected from
Eucalyptus, Acacia and Pinus in Venezuela are pathogenic on the selected Eucalyptus-
hybrid. Botryosphaeria parva and B. ribis were the most pathogenic on Eucalyptus, but
of the five clones inoculated, one had obviously greater tolerance to infection by these

species. The remainder of the clones inoculated were less tolerant to infection.
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Botrvosphaeria parva gave rise to longer lesions than did isolates of B. ribis and the

former species appears to be most pathogenic.

This study represents the {irst comprehensive treatment of’ Botryvospliaeria spp.
in Venezuela. The focus has been on species [rom forestry crops, but it 1s clear that
these fungi are well represented in the country and 1 believe that many new species
remain to be discovered. It is my hope that studies presented in this thesis will not only
provide a foundation for future work on Botryopshaeria spp.. but that they will also

stimulate an elevated interest in the field of forest pathology.
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OPSOMMING

Spesies in die tfungus genus Botrvosphacria word as swak patogene beskou wat slegs
plante onder stres of gewonde plante aanval. Sodanige stres op plante word veroorsaak

vetoon dat

=
(=

deur droogte, hael, wind- en rypskade of insekinlestasie. Dil i1s ook onlangs
die sswamme endolities as latente patogene in gesonde plantweefsel kan Jeef.

Die taksonomie van Botrvosphaeria spp. is al vir meer as 'n 100 jaar n
probleem. Die identifikasic van spesies in die genus is tradisioneel op morfologicse
beskrywings  gebaseer, wat  dikwels ruimte laat vir subjekticwe inlerpretasies.
Molekulére tegnicke, in besonder analises van DNA basisopeenvolging, is onlangs
gebruik om nabyverwante Botrvosphaeria spp. te onderskei. Vir hierdie rede word 'n
kombinasie van morfologiese karakicrs en DNA  basisopeenvolging data  van
verskillende gene in Hoolstuk I gebrutk om kriptiese Bouvosphaeria spp. in Venezuela
te identifiseer.

Die verskillende studies in hierdie tesis ondersoek die laksonomie. lilogenctiese
verwantskappe, populasie struktuur en patogenisiteit van Bofrvosphacria spp. in
verskillende areas van Venezuela en van verskillende gasherce soos Acacia. Lucalyvpris
en Pinus. Die DNA gebaseerde vergelykings tussen verskillende Borrvosphaeria spp. is
eerstens geskoel op DNA basisopeenvolging van die ITS gedeelte van die ribosomale
DNA operon, insluitende die 3 kant van die SSU rRNA, die hele ITSI, 5.8S geen en
[TS2, asook die 5" kant van die LSU rRNA geen. Hierbenewens is gedeeltes van die
EFl-a geen geamplifiseer met behulp van die primers EFL-728F en EF]-980R. Sewe
Botryosphacria spp. 1s met behulp van die dala in Venezuela geidentifiseer. Twee nuwe
Botryvosphaeria anamorwe, Fusicoccum andinum prov. nom. en F. stromaticuni prov.

nom. (Hoofstuk 7 ¢ Tl - w).
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‘n Addisionele vyt Botryosphacria spesies, B. mamane, B. dothidea, B. rhodina, B.
parva en B. ribis 1s geidentifiseer met behulp van ITS data en morfologie (Hoofstuk 3).
Die populasie biologie van Lasiodiplodia theobromae en die B. ribis-B. parva
kompleks (Hoofstukke 4 en 5) was ondersoek met behulp van SSR merkers wat vroeér
vir die swamme ontwikkel is. Drie populasies elk van L. iheobromae (Venezuela,
Mexico en Suid-Afrika) en die B. ribis — B parva kompleks (Venezucla, Colombia en
Hawaii) is ondersoek. Daar was geen aanduiding van gasheer seleksie in populasies van
L. theobromae, met hoé€ vlakke van geenbeweging tussen die populasics van
verskillende gashere. Reproduksie was hoofsaaklik klonaal, met sommige genotipes
wydverspreid in die areas. Die isolate wat die B. ribis - B. parva kompleks
verteenwoordig het, is in twee groepe verdeel gebascer op die SSR data. Hierdie data
bevestig die hipolese van "n spesiegrens tussen B. parva en B. ribis soos vroeér gevind
uit ‘n studie van multigeen DNA basisopeenvolging. en SSR en PCR-RIFLP data van
ander populasies. Die B. ribis populasies was swak onderskei (hoé€ geenvloei) en
hoofsaaklik aseksuele reproduksie. Populasies van B, parva vanaf Hawati and Colombia
was egter afgesker (lae geenvloei) en toon beide tekens van seksuele reproduksie.
Patogenisiteitsproewe is gedoen met die sewe Bomrvosphaeria spp., wat in
Hoofstuk 3 geidentitiseer is, op Euwcalyprus urophyvila x . grandis hibried lone in die
veld. Hierdie proewe het gewys dat nie al die Botrvosphaeria spp. patogenies is op die
Lucalvptus hybried nie. Botrvosphaeria parva en B. ribis was die mees patogeniese
spesies op Lucalyptus, maar van die vyg klone wat getoets was het ten minste een
beduidende weerstand teen die patogene gehad. Die oorblywende klone was minder
bestand teen infeksie. Bonvosphaceria parva het langer letsels veroorsaak as B. ribis, en

die spesie blyk dus die mees patogeniese te wees.
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Hierdie studie verteenwoordig die eerste oorhoolse ondersoek na
Botryosphaeria spp. in Venezuela. Die fokus was op spesies geassosicer met
bosboubome, maar dit is duidelik dat die swamme goed verteenwoordig is n die land en
daar is waarskynlik meer onontdekte spesies. Dit is my hoop dat die studies wat hier
verteenwoordig word nie net die fondasie sal vorm van toekomstige werk op
Botryosphaeria nie, maar dat dit ook navorsing in die veld van bosboupatologie as

geheel sal stimuleer.
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Sequence data were analysed using Sequence Navigator version 1.0 1™ (Perkin-
Elmer Applied BioSystems, Foster City, California, USA) and manually aligned by
mserting gaps. Gaps were treated as a fifth character and all characters were given equal
weight, Phylogenetic analyses were done using PAUP (Phylogenetic Analysis Using
Parsimony) version 4.0b8 (Swofford, 1999). Heuristic searches were done using random
stepwise addition tree bisection and reconstruction {TBR) as branch swapping algorithm
for the construction of maximum parsimonious trees. 1000 bootstrapping replicates
(Felsenstein, 1985} were run to determine the confidence intervals of branching points
on the shortest tree. Branches with a length of zero were collapsed and all multiple
equally parsimonious trecs were saved. Levels of homoplasy (retention and consistency

indices) (Hillis & Huelsenbeck, 1992) were determined.

RESULTS

Morphological characters

The two unknown Fusicoccum spp. {rom Acacia and Encalyptus in Venczuela which
residing in distinct clades in the phylogenetic trees, produced contdiomata on sterilized
pine needles at 25 °C on WA afler 3 weeks.

The colonies of Fusicoccum sp., isolated from Eucalypius and Acacia in the
states of Portuguesa and Cojedes (Table 1), grew rapidly and covared the surface of the
Petrt dishes at 30 °C in four days, but produced little or no growth at extremes of 15 °C
and 40 °C. This fungus produced few, but large comdiomata, on MEA. The conidia
were hyaline, with thin to slightly thickened walls, aseptate. bacilliforn, straight to
slightly curved, and their apices and bases were both blunt or bluntly rounded, 21.7 x

5.4 wm, Vw 4.01 (average ol 50 conidia) (Figs. 2-8).
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Fig. 1. Phylogenctic relationships amongst Fusicoccunt andinum and F. stromaticion
from Venezuela and related species from elsewhere, based on the most parsimonious
tree obtained through heuristic searches of the combined dataset of the ITS tDNA and
EFi- « regions. The phylogram is rooted with the outgroup Bicnectria sp. Bootstrap
frequencies greater than 50 from 1000 replications of a heuristic search are mdicated
below internodes. Branch lengths proportional to the number of steps are indicated

above mternodes. Roman numerals mdicate grouping of the different strains.






72

Figs 2-8. Fusicoccum stromuticiam. Fig. 2. Culture with few comidiomata, Fig. 3. Big
conidioma produced on 2% MEA after 30 d at 25 °C. Fkigs 4-6. Multilocular
conidiomata without ostioles and embedded locule. Fig. 8. Closc-up of a locule. Bars =
50 pm. Fig. 7. Conidiogenous cells and comdia. Fig. 8. Conidia with thin to slightly

thickened walls. Bars =5 pm.
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Figs 9-106. Fusicoccum andimon. Fig. 9. Abundant pyenidia on 2% MEA after 30 d at
25 °C. Fig. 10. Pycnidia oozing spore masses. Fig. 11. Botryose pycnidia. Bar = 100
um. Fig. 12, Solitary pycnidia. Bar = 50 pm. Fig. 13. Conidiogenous cell with

conidium. Fig. 14. Germinating conidium. Figs 15-16. Conidia. Bars =5 um.
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DNA amplification

The extracted DNA was used as template to amphify a part of the nuclear rRNA operon
in PCR reactions using the primers ITS] (57 TCCGTAGGTGAACCTGCGG 37) and
[TS4 (57 TCCTCCGCTTATTGATATGC 37) (White er al., 1990). The PCR reaction
was the same as described in chapter 2. The size of the PCR amplicons was estimated
using DNA mwolecular weight marker XIV (100 bp ladder) (Roche Molecular

Biochemicals, Mannheim, Germany).

Scequence comparisons and analysis

Twenty-thiee of the 204 1solates {rom Venezuela were sclected for DNA sequence as
representative of the morphological groups, hosts and geographic origins. Sixteen
sequences obtained from previously published work deposited in GenBank (Slippers e/
al., 2004b) were included 1 the analyses (Table 2) to appropriately characterise the
Venezuelan Botiyosphaeria spp. Sequences were also compared with those in GenBank
by BLAST to determine whether they had a closcr relationship to any other sequences
than those already selected for the phylogenetic analvses. The trees were rooted with the
ITS sequence data of a Bioneciria sp.

All PCR amplicons were purified prior to sequencing using High Pure PCR
Product Purification Kit {Roche Molecular Biochemicals. Almeda. Calilornia, USA)
following the manufacturer’s specifications. The PCR products were sequenced in both
directions using the primers ITS1 and ITS4. Sequencing reactions were performed using
ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer
Applied BioSystems, Foster City, CA} as recommended by the manufacturer and run on
an ABL PRISM 3100 autosequencer {(Perkin-Elmer Applhied BioSystems, Foster City,

CA).
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parva complex (Slippers et al. 2004b) (Figs 6-10), B. dothidea (Moug. ex Fries) Ces. &
de Not. (Figs 11-15), Fusicoccinm andinan prov. nom. Mohali, Slippers & M. J. Wing[,

and F. stromaticum prov. nom. Mohali, Shppers & M. J. Wingf. (Mohali et af.. 2005).

Phylogenetic analyses

ITS sequence data (after alignment 562 characters) were obtained from 39 isolates
(Table 2). OFf the total data set, 317 characters were constant, and of the variable
characters 91 were parsimony informative. Heuristic search analysis of the sequence
data resulted in one tree [Consistency Index (Cly = 0.893; Retention Index (R1) = 0.931;
Homoplasy Index (H1) = 0.107] (Fig. 16). Nine principal clades (I to IX) were obtained
by comparing isolates from Venezuela with sequences from the GenBank. Venezuelan
(VZLA) isolates grouped in six clades (11, IV, VL. VI, VI IX), which corresponded 10
the morphological groups noted above. The ITS rDNA sequence data analysis could not
distinguish between isolates belonging to the I ribis / B parva complex. which
grouped in clade . Bowryosphaeria dothidea, B, mamane and B. rhodina grouped
clades supported a bootstrap value > 90 %. Fusicoccunt andimuon prov. nom. (Clade 1V)
and F. stromaticun prov. nom. {Clade V1) recently described from Venezuela (Mohah

et al., 2005) were also strongly supported by bootstrap values of 100 % (Fig. 16).

PCR-RFLP analysis

AW Botrvosphaeria spp., except B. ribis and B, pwrva, from Venezuela could be
identified using the RE Cfol (Fig. 17) and restriction maps were determined for them
(Fig. 18). Restriction fingerprints and maps using the RE Cfol showed different
restriction patterns for the isolates of B. mamane (CMW 13432 7/ 13429), B ribis / B.

parva (CMW 13409 / 13418) as a complex, B. dothidea (CMW 13373 / 13390},
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Fusicoccum stromaticum prov. nom. (CMW 13434 /13435y and Fusicoccum andinn

prov. nom. (CMW 13446/ 13455).

RFELP analysis of B. ribis-B. parva complex

The DNA locus BotF15, amplified with the primers BOT 15 and BOT 16 for the
isolates grouping in the B. ribis-B. parva complex (Clade 1), was polymorphic, with a
restriction site for the enzyme Cfol in the isolates of B. ribis, but not in the B. parva
isolates (Fig. 19). It was, therefore, possible to distinguish isolates belonging to these

two species from each other, as previously noted by Slippers e af. (2004a).

DISCUSSION

In this study, seven different Botryosphaeria spp. were identified and characterized
from Venezuela. These identifications were supported by morphological characteristics,
as well as by comparisons of DNA sequence data and analyses of RFLP patterns. The
majority of these fungi are recognised from Venezuela for the first time, and sone
include important plant pathogens. The results thus represent an important contribution
towards understanding the world-wide distribution of Botrvosphaeria spp. and they will
also facilitate studies of the diseases associated with them.

One of the more intriguing results of this study was the discovery of B. mamane
in Venezuela. Previously, this fungus was known ouly [rom the native leguminous
forest tree, Sophora clrysophylla (Salisb.) Scem. in Hawati (Gardner, 1997). In that
respect, it might have been considered a curiosity. Its presence in Venezuela on the
stems and branches of Eucalypius spp. and Acacia mangium suggests that this fungus

has a greater importance than was previously recognised. In Hawaii, B. mamane was
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across the world are at risk from both introduced pathogens on germplasm, as well as
native pathogens that might expand their host range.

[n this study, we have shown that there is a large number of Botryosphaeria spp.
present on forest tree species in Venezuela. Given the fact that the study arose from a
relatively Timited sampling of woody host plants in the country, it seems likely that
additional species will emerge as collections are expanded. Our results extend the
geographic distribution of some Bofrvosphaeria spp. considerably and they will be used
as a foundation to re-evaluate the importance of diseases associated with these fungt tn

Venezuela.

KEY TO BOTRYOSPHAERI4 SPP. FROM VENEZUELA OCCURRING ON

EUCALYPTUS, ACACIA AND PINUS

ANl Botryosphaeria spp. that have been described from Venezuela are included
in this key. Although the key is based on anamorph morphology, teleomorph names are
used where they are known. Diplodia mutila (Fries) Mont. (teleomorph: B. sievensii
Shoemaker) is included because it was isolated in Venezuela and might resemble some
of the species treated here. Data for B. stevensii are from previous studies {Mohali and

Encinas, 2001; Alves et al., 2004).

I. Conidia produced in culture thick-walled and often pigmented and/or striated with
age; Diplodia-like anamorphis... ... ... 2
1. Conidia produced in culture mostly thin-walled and hyaline, only rarely pigmented

and with slightly thickened walls; Fusicoccuwm-like anamorphs............................3
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2. Conidia oblong, broadly rounded at apex, truncate at base, with irregular longitudinal
striations when aged, 20-30 x 10-15 pm (average 24.5x 12.8)..........ooa B. rhodina
2. Conidia smooth, cylindrical with broadly rounded ends, some with a large central

guttule, with a thick glassy wall, 28-32 x 13-15 pm (average 25.3 x 13.2).. . .B. stevensii

3. Conidia in culture with average length 2 27 m oo 4
3. Conidia i culture with average length <25 pm ..o 05

4. Conidia fusiform, hyahne, aseptate to two septate. 21-52 x 4-8 pm (average 355 x
O L0, W S B. mamane

4, Conidia clavate to slightly navicular, hyaline, aseptate to one septate. 19-40 x 4-8 pm

(average 27.1 x 5.6), Vw484 L. . F.andinum
3. Comdia fusiform to bacilliform, Vw > . 6
S.Conidia ellipsoidal, Uw <4 e e 7

6. Conidia narrowly fusiform with subobtuse apex, base subtruncate, hyaline, aseptate
to two septate, 18-32 x 3-6 wn (average 23.4 x4.9), Vw4, 7............ B. dothidea
6. Conidia mainly bacilliform, hyaline, slightly thickened walled, apex and base both
bluntly rounded or just blunt, 19-24 x 4-6 pm (average 21.7 x 54), l/w
4L Ry O S F. stromaticum

.............................. B. ribis

7. Conidia 16-22 x 5-7 um (average 186 x 5.8). Vw32 ... B. parva
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Figs 6-10. Micrographs of structures for isolates in the Botuvosphaeria ribis-B. parva
complex. Fig. 6. Pyriform pycnidium wath a shoit and acute papilla. Fig. 7. Globose
pycnidium. Bars = 50 um. Figs 8-9. Conidiogenous cells and macroconidia produced in

culture on MEA (2 %) with pine necdles. Fig 10. Macroconidia. Bars = 5 pm.
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Figs 6-10. Micrographs of structures for isolates in the Botuvosphaeria ribis-B. parva
complex. Fig. 6. Pyriform pycnidium wath a shoit and acute papilla. Fig. 7. Globose
pycnidium. Bars = 50 um. Figs 8-9. Conidiogenous cells and macroconidia produced in

culture on MEA (2 %) with pine necdles. Fig 10. Macroconidia. Bars = 5 pm.
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Figs 11-15. Micrographs of structures of Botrvosphiaeria dothidea from Venezuela. Fig.
1. Globose pycnidiun. Bar = 50 um. Fig. {2. Scction through pycnidium with conidia.
Bar = 10 um. Figs 13-15. Conidia with 0-2 septa produced m culture on MEA (2 %)

with pine needles. Bars =5 pm.
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matrix of 8 multistate characters using the program Multilocus. The distribution under the
null hypothesis of recombination was estimated by 1000 randomly recombining data sets and

compared with the observed data.
RESULTS

Segregation of SSR alleles

The SSR markers produced 63 alleles across the 8 loci examined (Table 2). There were 47
allefes among Lhe populations from Venezuela, 28 alleles 1 the Mexican population and 34
alleles m the South Aflrican population {(Table 2). Of the 63 alleles. 17 (27%%) were present in
all regions and a further 12 (19%) were present in two of the three populations. Thirty-four
alleles (54%) were unique to specilic populations of L. theobromae (Table 2). There were
unique alleles in the Venezuelan population at 7 loct (21 alleles in total). i the Mexican

population at 3 Joci (3 alleles in total) and in the South African population at 6 loci (10 alleles

in total) (Table 2).

Gene and genotype diversity

The mean gene diversity (H) for all 8 loci across all populations of L. theobromae was 0.665
for clone corrected populations. The gene diversity among hosts from Venezuela was 0.63 for
Pinus, 0.67 for Eucalyptus and 0.5 for Acacia (Table 3). The distribution among geographic
regions was 0.70 for Venezuela (VEN), 0.54 for Mexico (MEX) and 0.49 for South Africa
(RSA) (Table 5). Values for RSA and MEX were lower than the total mean gene diversity,
indicating greater between populations than within population diversity. Diversity for VEN
was similar to the total diversity indicating that all observed diversity is reflected i VEN

population,
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The genotypic diversity for the Venezuelan sub-populations was moderate to low
(Table 2} as each of these populations had a single dominant genotype (data not shown).
Genotypic diversity for the combined VEN population was also low, again due to the
predominance of a single genotype (Table 2). Genotypic diversity in RSA was also fow with
only 23 genotypes among 70 isolates. Diversity in Mexico was higher because, altbough

there were fewer alleles, a single dominant genotype was not observed (Table 2).

Population differentiation and gene flow

Contingency x° test indicated no significant differences (P>0.035) in allele frequencies at any
loct for the Venezuelan populations of L. theobromae from Pinus, Fucalvpius and Acacia
{Table 3). This is reflected in the lack of population differentiation and very high gene flow
between the diffevent populations (Table 4). Therefore. all three Venczuelan populations
were pooled.

Results of the Chi-square test indicate significant differences (P<0.05) in allele
frequency between the populations from the three different countries at 6 of the 8 loci (Table
5). Gene flow (number of migrants) between countrics was restricted. especially between
RSA and VEN (Table 6). Although U values indicate significant population differentiation,

gene flow was less restricted between MEX and RSA and MEX and VEN| than between RSA

and VEN.

Mode of reproduction
The index of association (I,) of the observed data differed significantly from the values
obtained for the recombined data set for all the indvidual L. theobromae populations (Fig.

FA-C).
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