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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 e 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 selected 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 closer relationship to any other scquences
than those already selected for the phylogenetic analvses. The trees were rooted with the
ITS sequence data of a Bionectria 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 = 27 wm ..o 4
3. Conidia i culture with average length <25 pm ..ol 5

4. Conidia fusiform, hyahne, aseptate to two septate. 21-52 x 4-8 pm (average 355 x
O 0, 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 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), Vwd.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
U 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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