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ABSTRACT

The nuclear ribosomal DNA internal transcribed spiac(ITS1 and ITS2) from leaves fosera(Droseraceae)
were amplified using “universal” primers. The ansily of the products demonstrated most samples waere
molecular mixture as a result of unsuccessful aod-specific amplifications. Among the obtained seges, two
were fromBasidiomycotafungi. Homologous sequencesBasidiomycotawere obtained from GenBank database
and added to a data set with sequences fiboseraleaves. Parsimony analysis demonstrated that eqeence
was amplified from amJstilaginomycetesungus, and another from ldeterobasidiomycete®ossibly these fungi
were associated to leaves Dfosera and not because of samples contamination. Inra@rovide optimization
and a better specificity of PCR (polymerase chaiaction), a very successful method was demonstiaad)
dimethyl sulfoxide (DMSO) and bovine serum albufB®A) in reactions.
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INTRODUCTION the DNA sequencing became a alternative low cost
and easy way in order to approach the phylogeny

Many problems previously found were related tdelations of living organisms of all taxonomical
cladistics, such as the difficulties to survey thelegrees (Baldwin et al., 1995), allowing the survey
morphological homologous characters, as many ¢ff homologous characters with more precision
them were intractable and not able to be compardfan provided by previous molecular techniques,
among all living organisms, therefore, they coulcsuch as the restriction maps. For this purpose, the
only be transposed with the advent of moleculafibosomal DNA has been demonstrated to be an
analyses. On the other hand, the considerabigportant tool to provide a better comprehension
facility to obtain molecular data, as well as theof the living organisms’ history (Hillis and Dixon,
growing knowledge of molecular biology as1991).

consequence of improvement in techniques hdsibosomal DNA has been widely employed for
afforded much information for systematics. Withestimating the phylogenies of various organisms.
the discovery of polymerase chain reaction (PCR)'he ITS region of rDNA (ribosomal DNA) is
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constituted by highly variable regions, which carmorphological characters as well as sequencing of
be used for studies of taxonomical groups witHTS region from nuclear ribosomal DNA (V. F. O.
recent diversification or even among theMiranda, A. Furlan, M. Bacci Jr. and V. G.
populations. On the other hand, the ribosomaWartins, unpublished data). Rivadavia et al. (2003)
DNA possesses highly conserved regions, whicvestigated the phylogenetic relations of
can be applied for organisms comparing wittDroseraceae using the analysisriodl sequences
ancient diversification. The same conservedrom chloroplast DNA. Although the analysis
regions can be very useful for designing so calledemonstrated very suitable phylogenetic relations
“universal primers” (White et gl1990; Hillis and among species from different continentbclL
Dixon, 1991), in order to amplify the alternatesequences provided unclear information about
variable regions. American and African species Droseraspecies,
Thousands of tandemly repeated copies afvhich was understandable for the substitution rate
transcribed units and non-transcribed spaceffer this gene (Wolfe et al., 1987). Regarding the
(Long and Dawid, 1980; Hillis and Dixon, 1991)lack of information and the little comprehension
typically constitute the nuclear ribosomal DNAabout American and African species Dfosera
(nrDNA) of a eukaryote nuclear genome. ThdTS region was chosen since internal transcribed
great amount of copies usually facilitates thespacers (ITS1 and ITS2) could bring enough
amplification of nrDNA. divergences to the phylogeny inferences (Hillis
Nevertheless, one must regard the possibility adind Dixon, 1991; Baldwin et al., 1995), as studies
amplifying paralogous copies, and non-ortologoufiave demonstrated (V. F. O. Miranda et al.,
ones, of different taxa, providing erroneousunpublished data).

phylogenetic inferences as a result of comparisorisitially, the amplifications of ITS regions of 15
among non-homologous sequences. Another poilltrosera species were carried out in order to
is the possible existence of highly divergentsequenciate the amplicons directly. As the results
paralogous copies (Dvorak, 1990; Suh et al., 1993howed high polymorphism to almost all samples,
Dubcovsky and Dvordk, 1995; Buckler andthe improvement of PCR was intended, optimizing
Holtsford, 1996; Buckler et al., 1997), some ofthe amplification protocols (for example
them possibly pseudogenes (Buckler et al., 1997)ncreasing the annealing temperature), as well as
Thereby, special attention should be devoted to tredding adjuvants reagents to the reactions, as
PCR reactions in attempt to select the copies to imethyl sulfoxide (DMSO) and bovine serum
amplified. albumin (BSA). Surprisingly, two sequences
The increasing sensibility of PCR reactions thabbtained before the PCR optimization were from
allowed promoting amplifications from very small fungi, probably present in the plant tissue used fo
gquantities of template DNA has been a point oDNA extractions. This work had as its goal to
extreme importance to the molecular studiesdentify the two “strange sequences” amplified as
enabling phylogeny studies from tiny amounts ofvell as to demonstrate an alternative and
tissue or even from isolated cells (Lee and Taylosuccessful way to optimize the ITS amplifications
1990). However, when contaminant sequences afm nuclear ribosomal DNA.

present in target DNA, the increasing sensibility o

the PCR can be a problem and has been the reason

of preoccupation in many studies (Sarkar andMATERIALS AND METHODS

Sommer, 1990; Bobola et al., 1992; Smith and

Klein, 1994, 1996; Liston and Alvarez-Buylla, Plant tissues and sequences

1995; Liston et al.,, 1996; Zhang et al., 1997;The studiedDrosera species (Droseraceae) with
Chiang et al., 2001). their voucher numbers, as well as the GenBank
The carnivorous and cosmopolitan familyaccession numbers of each analyzed sequence
Droseraceae comprises about 150 species, most(ffom plant and fungi) are listed in Table 1. The
them grouped in the genlyosera (Diels, 1906). vouchers were deposited in Herbarium Mogiense
In attempts to achieve a better comprehension gHUMC; Mogi das Cruzes, Sado Paulo State,
phylogenetic relations of Droseraceae familyBrazil).

studies have been developed with the survey of
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Table 1 -Voucher numbers and GenBank accession numbersdattidied species.

143

Taxon Voucher numbers®  GenBank accession numbers
Plantae

Capsella rubella AJ232913
Gymnocarpos mahranus AJ310970
Oryza sativa M16845
Sassafras tzumu AF272336
Vicia montbretti AF228075
Drosera anglica VM185 EU178843
Drosera brevifolia VM186 EU178844
Drosera burmannii VM187 EU178845
Drosera capensis VM188 EU178846
Drosera madagascariensis VM189 EU178847
Drosera nidiformis VM195 EU178848
Drosera ordensis VM198 EU178849
Drosera villosa VM205 EU178850
Fungi

Ascomycota

Candida albicans AB049122
Ceratocystis fimbriata AF264904
Claviceps sorghi AJ242869
Metarhizium anisopliae ABO071714
Neurospora tetrasperma AF388929
Basidiomycota

Agaricus bisporus AF188035
Amanita gemmata AF335440
Auricularia delicate AF291269
Auricularia fuscosuccinea AF291270
Auricularia mesenterica AF291271
Ceratobasidium bicorne AF200514
Ceratobasidium oryzae-sativésolate IMI062599 AJ000192
Ceratobasidium oryzae-sativésolate IMI375133 AJ000194
Exidia truncata AF291279
Exidiopsis calcea AF291280
Heterochaetesp. USJ 55639 AF291285
Ingoldiomyces hyalosporustrain S053 AF399891
Pseudozyma antarcticstrain CBS 516.83 AF294698
Pseudozyma aphidstrain CBS 517.83 AF294699
Pseudozyma prolificatrain CBS 319.87 AF294700
Pseudozyma rugulosdrain CBS 170.88 AF294697
Puccinia miscanthi AJ406072
Rhizoctonia cerealisolate 99125 AF222793
Rhizoctonia crocorum AB044354
Rhizoctonia solani AJ000197
Rhizoctonia violacea AB044140
Rhizoctonia zeaisolate RZ01 AF222799
Rhizopogon rubescens AF158018
Rhodotorula acheniorum AB038128
Sebacina vermifera AF202728
Sporisorium destruens AF045871
Sporisorium reilianum AF135432
Sporisorium reilianunsp.reilianum AF038827
Sporisorium reilianunsp.zeae AF045870
Sporisorium sorghi AF038828
Strange A fronDrosera capillaris E257 VM206 EU178842
Strange B fronDrosera anglicaE260 VM185 EU178841
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(Cont. Table 1)

Taxon Voucher numbers GenBank accession humbers
Plantae

Thanatephorus cucumer23R01 uU57740
Thanatephorus cucumeiisolate IMI 360021 AJ000200
Thanatephorus cucumeiisolate IMI 360366 AJ000199
Thanatephorus cucumeiisolate IMI 369673 AJ000202
Thanatephorus cucumemgsrain 021R06 us57887
Thanatephorus cucumengsrain UB1 u57888
Thanatephorus cucumenssrain VG1 u57889
Tilletia barclayanastrain S104 AF399894
Tilletia horrida strain S150 AF399893
Tilletia indicastrain BC 388 AF310179
Tilletia indicastrain S001 AF399890
Tilletia walkeristrain BC 188 AF310181
Tilletiopsis derxii AB045707
Tilletiopsis oryzicola AB045708
Tilletiopsis washingtonensgrain ATCC96156 AF294696
Ustilago bullata AF135423
Ustilago cynodontis AF038825
Ustilago hordeiA AF045866
Ustilago hordeiB AF105224
Ustilago hypodites AF045867
Ustilago maydisA AF038826
Ustilago maydiB AF135431
Ustilago nuda AF135430
Ustilago scitaminea AF135433
Ustilagosp. 4327 AF135429
Ustilagosp. 83-138 AF135428
Ustilago sparti AF045868
Ustilago tritici AF135424
Ustilago williamsii AF045869
Uromyces striolatus AF180201
Zygomycota

Acaulospora morrowiae AJ242500
Endogene pisiformis AF00651
Entrophospora colombiana AJ239117
Glomus clarum AJ243275
Mortierella alpine AJ271629

VM is the first author’s collector prefix.

DNA extraction unpublished data). The primers ITS5 (5-GGA
For the DNA extraction, 100 mg of fresh leaves 0AGT AAA AGT CGT AAC AAG G-3’) and ITS4
25-30 mg of dried tissue were utilized and plan{5’-TCC TTC CGC TTA TTG ATA TGC-3)
tissues were not treated previously. The planvere employed for amplifications of the ITS
material was submitted to liquid nitrogen andregion (~750 base pairs) and with the use of the
macerated. DNAzol (Chomczynski et al., 1997jnternal primers ITS3 (5-GCA TCG ATG AAG
1998) was employed for the extraction, followingAAC GCA GC-3’) and ITS2 (5-GCT GCG TTC
the protocol recommended by the manufacturers. TTC ATC GAT GC-3’) the internal spacers were

amplified (~300 bp each one). Two other primers
DNA amplification modified for plants were utilized as well, ITS.LEU
Primers utilized to the amplifications were the IT§5-GTC CAC TGA ACC TTATCA TTT AG-3)
“universal” primers designed by White et al.and ITS3.B (5-GCA TCG ATG AAG AAC GTA
(1990) and the ITS3B (B. G. Baldwin, GC-3'), the last one annealing to the
unpublished data) and ITS.LEU (L. E. Urbatschcorresponding region of ITS3 primer.
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Conventional reactions primer. Both strands (forward and reverse) of each
The first reactions were carried out using Readysequence were read in automated DNA sequencer
To-Go (GE HeathCare), which containéithq ABI 377 (Applied Biosystems).

DNA polymerase, nucleotides, MgCl buffer  All sequences obtained were checked in GenBank
solution and stabilizers. Each sample of Ready-taising BLASTN program (Altschul et al., 1997) in
Go provided a 25 pL reaction, whereas eacbrder to achieve the sequences with highest
reaction contained 1.5 units of Taq DNAidentity. Despite ITS spacers being so much
polymerase, buffer, 1.5 mM Mg£I1800 puM (200 variable hindering the search of related sequences,

UM of each dNTP) and stabilizers. the 18S, 5.8S and 26S sequences of nrDNA allow
to obtain sequences with high identity through
Optimized reactions GenBank since they demonstrate to be very

Other PCRs were accomplished using the sanwnserved in all living organisms.

reagents. However, for these samples, dimethyl

sulfoxide (DMSO) and bovine serum albuminSequence alignment and phylogenetic analysis
(BSA) were added. Several DMSO and BSAHomologous sequences were aligned with the
concentrations (1-10%) were used in order t@rogram ClustalW 1.4 (Thompson et,al994)
optimize the ITS amplifications. Other reactionsand data sets were checked using BioEdit 5.0.9
with 50 pL and 100 pL were carried out as well. (Hall, 1999). The alignment was achieved through
For each 25-uL reaction (conventional andyap initiation penalty 10 and gap extension penalty
optimized ones), 25 ng of template DNA and 29.05 Each sequence achieved was checked with
pmols of each primer were used. Severalts complementary strand.

amplification protocols were tried in an effort to Maximum parsimony and bootstrap (Swofford et
optimize the reactions. For ITS1 amplification, 45al., 1996) analyses were performed using PAUP*
cycles of 30 s at 9€ for denaturing, 30 s at 28 4b8 (Swofford, 1999). Heuristic searches
to annealing and 1 min at %O for extension time (Swofford et al., 1996) were carried out through
were used. For ITS2 amplification, the sameandom addition sequence with 5000 replicates to
protocol was carried out, however, the annealingbtain the most parsimonious trees; 100 bootstrap
temperature was increased to°G5 The PCR (Felsenstein, 1985) replicates using random
products were quantified through electrophoresiaddition sequence with 100 replicates were
(agarose gel 1%) using Low Mass DNA Laddemperformed for bootstrap analyses (TBR branch-

(Life Technologies). swapping algorithm). For decay indices (or
Bremer support; Bremer, 1988), TreeRot program
PCR products purification was employed (Sorenson, 1996). Gaps were

The amplified samples from PCR were purifiectreated as fifth base considering they have
using GFX PCR DNA and Gel Band Purificationphylogenetic information (Giribet and Wheeler,
Kit (GE HeathCare) and PCR Concerted1999), weight 3 was ascribed to transversions and
Purification Kit (Life Technologies). Some of the 2 to transitions. The cladograms were drawn using
purifications were proceeded directly from PCRthe program TreeView (Page, 1998).

solutions, when just a single band could be noted

in electrophoresis. On the other hand,

amplification reactions with multiple bands wereRESULTS

visualized in 1.5% agarose gel with ethidium

bromide and excised separately. In this case, longhe amplification reactions were performed until a
runs were carried out in electrophoresis (40-58ingle band could be noted in agarose gel by
min), in order to separate the bands, adjusting thes|ectrophoresis or at least when a conspicuous

to a low voltage and amperage (80V, 40mA). band could be noted representing a sequence
' between 300-400 base pairs. However, even after
DNA sequencing the purification of a single band from agarose gel,

Sequencing reactions were obtained in PTC-10fhe sequencing results demonstrated high
thermocycler (MJ Research). Each WO- polymorphism. Each band obtained from
sequencing reaction was constituted offL5ABI  electrophoresis (at a more concentrated gel — 1.5%
Big Dye Terminator Cycle Sequencing Kitagarose) was constituted of several molecules very
(Applied Biosystems) and 2.5 pmols of eaclclose in length. In some samples, up to six distinc
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classes of amplicons could be noticed, evidencedell as the specificity, avoiding the amplification
by electropherogram (data not shown). Thus, onef unspecific products.

must emphasize that even when differenPalumbi (1996) suggested the use of both DMSO
amplicons present very close lengths, or even hawnd BSA together in reactions, therefore these
identical lengths, avoiding the distinction insubstances should be used up to 1% of
agarose gel electrophoresis, this result does nobncentration (v/v), otherwise PCR reaction could
mean the band consists of copies of the sam®e hindered due to the enzymatic activity
sequence, perhaps being different sequencashibition of Taqg DNA polymerase (Innis and
phylogenetically distinct (Sekiguchi, 2001). Gelfand, 1990; Palumbi, 1996). Nevertheless,
As an initial attempt to reach a higher specificitysome authors (Henegariu et al., 1997; Baum et al.,
for PCR reactions, the annealing temperature wad998) have employed DMSO at 10% (v/v) in the
gradually increased, as well as other points odmplification reactions. This way, several
amplification protocol were changed (e.g.concentrations of DMSO and BSA were tested for
annealing time, extension time and temperature)he amplifications of the internal spacers ITS1 and
therefore a mix of different amplicons was notedTS2, using both adjuvants either in the same
in amplification reactions. Thus, taking intoreactions or even just one. As a result, the best
account that the PCR reactions usually resultedmplifications were obtained adding 5% of DMSO
unspecific products, the increase of stringency wasnd 10% of BSA for the amplification of the
performed to the reactions through the addition afpacer ITS1 and 10% of DMSO for the spacer
adjuvants. Various authors recommend the use ¢TS2 (v/v), as demonstrated in Fig. 1.

adjuvants to improve amplification efficiency It became evident that the DMSO and BSA
(Innis and Gelfand, 1990; Palumbi, 1996;addition inhibited the yield of reactions (Fig. 1).
Henegariu et al., 1997), such as dimethyl sulfoxid®n the other hand, PCR reactions with adjuvants
(DMSO) and the bovine serum albumin (BSA).(Fig.1, A1-A3 and B1-B4) only resulted amplicons
These substances improve the efficiency of th&om nrDNA (Fig. 2).

reactions, increasing the amount of product, as

L 1 2 3 4 5 6 7 ()(+) 2 3 45 6 7 8 ()(H

2000 pb
1200 pb

- o ;’b 10 21 30 25 37 »40 35 34 (ng/ul)

- T

o 27 26 37 32 >40 >45 >45 (ng/ul) 400pb N I L. T -

| -
- W= w we PNy . 200 pb
| 2RL 100 pb

Figure 1 - Electrophoresis in 1% agarose gel of the amplificest of spacer ITS1 (A) and ITS2
(B) of the nuclear ribosomal DNA d@roseraspecies. In both experiments (A and B),
each sample of DNA was amplified twice, one wittaBg To-Go (A4-A7 and B5-B8)
and another with DMSO and BSA addition (A1-A3 anttB4). Above each band the
estimated DNA concentration is denoted (A1, A5, BB; D. anglicg A2, A6, B3,
B7-D. ordensis A3, A7, B4, B8-D. villosa A4, B1, B5-D. capillaris; L, ladder; (-) -
negative control; (+) - positive control - faydDNA).
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As a result of sequencing of the samples that wesequences of the internal transcribed spacers (ITS1
not added DMSO and BSA, most of them resultednd ITS2), it was not possible to obtain a reliable
in non-reliable sequences, caused by the mix d@lignment with the homologous sequences of
different molecules. Nevertheless, surprisinglyDrosera If at least a partial sequence of the
when two of the few legible sequences wereonserved regions of nrDNA had been sequencied
checked using BLASTN program, it was noticed(18S, 5.8S or 26S), the sequences could reliably be
that they were from nrDNA of basidiomycetousaligned, as demonstrated by the alignment of 5.8S
fungi (Fig. 3). Considering they were partialsequences in Fig. 2.

10 a0 an 40 a0 1] 70
O T L e e I T Y I I N P
Oryza sativa CCGTGAACCA TCGAGTCTTT GRACGCRAGT TGCGCCCGAG GCCATCC-GG CCGAGGGCAC GCCTGCCTGL
Capsella rubella T T A O S N T | P
Gymnocarpos mahranus Y N ] TRl SRR T
B I 4 ... T... .... Clo-u i s
O] Vicia momthretii e e e e T..... TA-.. TT........ . T........
L]

N L L X CAC., ....vvvvn WTLT,

G| Drosera brevifolia  Loiiiiiis o e e CACL. oovvvvnns LT

M| Drosera BUrmMannil o i i iivns tiriaraeee ene e e aaes CTAC.. .T........ .T...T..

= | Drosera R - CTaC.. .......... .T...T.,

RU | Drosera madagascariensis ...ii..iii. ciiiei i i e e CTAC.. .......... .T...T..

Drosera nidiforXMiS iuiiiiiess caasaraaas arraaaaras araraseaas aaas CTAC.. ....vvvwy W10 T

Drosera ordem8Sis  iuiiiiians aarearaaas asraanaaeas arassreras aaaas Tac.. T......... .T...T..

Drosera villosa i i i araaaaaras araaaaeaas aaas CTAC.. ... .ovvvwwy W10 T
Candida albicans T......T.. a coCBe LW TCT LB T BT IT..R
0 Ceratocystis fimbriata a....T.. ....A.... .......CA. ......T.GC BGT..T.--- TGCCA....T .....T.C.R
8 Claviceps sorghi A.....T.. .. B R L CC BGT.CT.-—- TG.C.....T ..... TTC.A
@ | Metarhizium anisopliae AT 3 B o TC &6T..T.--- TG.C.....T ..... TTC.A
Neurospora tetrasperma AT A ..CA. .....T..CC AGT..T.--- TG.C.A...T ..... TTC.A
a 3 Agaricus hisporus A T T .o IC o TLCTT L6T..T.--- .GAG.A...T ..... IT..A
U’ m | Amanita gemmata A T Y aIC W TLCTT LT T.--- JBAGLAL LT L IT..A
g a Puccinia miscanthi AT TR ooIC VAL TTIT 6T, T.--- JARLA.LT.. A....TT..A
! m | Rbhizopogon rubescens A T.. ....A. .. ...CC. .....1.CTC .GTG.T.-—- .GAG.A...T ..... TT. .4
ol I Urompces striolatus a T.. .T..A. .. ..¢C. .. .A..TTIT .GT..T.-—- .AA.A..T.. A....TT..R
Acaulospora morrowiae ST AR .l A L LGALTLTIT LGT.. T -— LGALLAVTLT LLT.LLTLLR
0 | Endogons pisiformis AT B sy TR L ALTLTCT LBTLCT-—- LBLGLALTLT L TT.CA
2 Entrophospora colombiana T e e T o b O T L./ L7 VL B, S A 1
b:? Glomus clarumf B 3 «.BA. . BTICT .G...T.-—- .G...A.T.7 ..... IT..A
Mortierella alpina AT A s AL TLTCT LBT. L T --- 6L LA T LT TTL LR
. . . " e e ’

Figure 2 - Partial alignment of 5.8S sequences of nrDNA dernatisg the studieddroseraand
other various angiosperms (Plantae). The sequermfesAscomycota (Asco),
Basidiomycota (Basidio) and Zygomycota (Zygo) dneven as well { - positions of
bases that distinguish angiosperm sequences ofi;Feng indels only found in
sequences of Fungi).

The high divergent sequences of internaOn the other hand, the "strange sequences" could
transcribed spacers obtained from fungi could ncbe compared with more closely related
be aligned even with sequences of other groups basidiomycetous fungi (obtained from GenBank),
fungi other than Basidiomycota (Ascomycota achieving very reliable alignments (Fig. 3). Even
Zygomycota). regarding the small length of the sequences
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obtained (around 300 bp), which could disablidentify their taxonomical position and relation to
robust phylogenetic estimates, it was possible, other groups (Fig. 4).
least approximately, to provide an approach to

R_. solami (isclate IMTI 3587&1)
C. oryzee-sativae (IMI 575153)
C. erysae-satives (IMI Q&2552)
T. cucumeris (UEL1)

T. eucumeris (IMI 3600210

T. cuocumeris (IMTI J&05&8&)

T. cucumeris (strain 02IR0E)
T. euocumeris (ZSROL)

T. cucumeris (IMI 3836750
strapgre A from Drosera leaf
Consansius

N S e

K. sclani (isclate IMI 2587&6l1) 79 117

C. oryzee-sativae (IMI 575153) &0 113

C. eryzae-satives (IMI Q&£2585) 20 112

T. cucumeris (UB1) 20 117

T. cucumeris (IMI S40021) 73 117

T. cuocumeris (IMTI J&05&8&) 79 117

T. crcumeris (strain 021R0E) TE 115

T. ecuwcumeris (23R0L) 7e 114

T. cucumeris (IMI 3836750 TE 114

strapge A from Drosere leaf TE 114

Consansus 21 1z0

30 40 H ] 50 7
1o P T L AT R 1

5. destrusns 1 AAACGCGALR GTGTGETTTY TTTTCTGGCC CACES

5. sorohi 1 GCATGCGAGA GTGTG-TCTY TACG-ACGAC CA

5. reilizmum 1 AGTTTTCGGA CT-----— [ GACGG-CCGGC C

5. reilismum ¥. 5p. Sease 1 AGTTTTCGGA CT-—----— C GAGG-CCGGD C

Z. reiliamum ¥. s5p. reilianum L AGTTTICGGEA CT----- C CAGGECCCGD C

7. scitemines 1 GTGCACGALLE GTA---CCTG TGGRAGGCAGE i

P. aphkidis (strein CBS 517.83) 1 TTTCGCCTCC COGCG-CATY GOCGAGACGG CC

P. antarctica (CBS 51&_83) 1 ATTTTCG--C CCGCG-CTCY GO-GAGACGE i

P. rugulosae (CBE 170882 1 TTTCGCC-CA CCGCG-CCTR GC-GAGACGE CC

stramgs E from Drosera leaf 1 CHNCGATTGA TTTCGOCTCC COBCG-CATH AC-GCAGHCCGE Il

(Coms eSS 1 TEEEEETELSE KEEETEEEEF EEEREEEEEE Rk AR EEEE L +

100
e

5. destruens 21 GARCG--AAC 126

5. sorohi 78 AGAAAGRATT 140

5. reilizmum Td TTGAR-AGTC 134
i|5. reilismum f. sp. zZede T4 TTGAR-AGTC 134
5. reiligmm ¥. sp. reilisnmum 75 TTFAA-AGTC 135
. scitamines - GARAG-TATT 136
P. aphidis (strein CBS 517_83) 79 GAACGTAGAT 136
P, antarctica (CES &1&_83) 7 GRACGTAGAT 134
P. rugulosae (CBE 170882 77 GAACGCAGAT 134
strange B from Deosera leaf e GRACGTAGAT 135
i |Cons ansis 81 FEEEE LT EL 143

18S ITS1 5.8S ITS2 26S

strange B strange A

Figure 3 - Partial alignment of the fungi sequences obtairmednhfDrosera leaves with other
homologous sequences of Basidiomycota. Strangerfesmonds to the spacer ITS2
and strange B to the spacer ITS1 of the nrDNA.rigeaA was sequenciated from leaf
of Drosera capillarisand strange B fronD. anglica The emphasized nucleotides
denote the positions with identity equal or aboW®68 The consensus sequence
indicates the invariable positionsC.( Ceratobasidium, P.- Pseudozyma, R.-
Rhizoctonia, S.- Sporisorium, T.- Thanatephorus,Udtilago)
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Phylogenetic  analyses  demonstrated andata sets consistent alignments were produced
confirmed the placement of both sequences ifFig. 3). Parsimony phylogenetic analyses
Basidiomycota. With the two “strange sequencestonfirmed that both “strange sequences” were
was not possible to produce reliable alignmentfrom fungi, possibly strange A, arisen from leaves
using data sets of Zygomycota and Ascomycotaf Drosera capillaris from Thanatephorus
sequences, as a consequence of too muchicumeris(bootstrap=74%; decay index=6) and
polymorphisms. On the other hand, when botlstrange B fronPseudozymap. (bootstrap=100%;
sequences were added to Basidiomycota sequenakcay index=61; Fig.4).

Rhizoctonia zeas I
Sebacina vermifara |
100 = Rhizocfonia crocorm

52 = Rhizaclonia violacea

Caratobasidivm bicame

Ga |— Rhizactonia cerealis 99125

5 Caralobasidium onzae-sativas IMIZ75133
Cearatohasidium onyvzas-safivas IMIOE2539

78 Rhizoclonia solam
4Eﬂ‘:ana fephorus cucumers IMI360021
Thanataphorus cucumers IMI360366

100 e Thanalephons cucumeris WG 1
Thanataphorus cucumens UB1
5 Thanatephorus cucumeris IMI3BIET3
P a0 strange A from Drosera capillaris leaf
5 Thanalsphorus cucumens 021R06
Thanalsphorus cuclmens 23R01
Fxidiopsis caloea
B6 Alricufana delicala
3 L Aurlculana mesenisrica
2 b= Auricularia fuscosuccinea
4 31 Exidia truncala
5 Heferochaele sp. USJ55639

J

74
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-
l

C
Heterobasidiomycetes

Outgrou

Auriculares

————— stilago scifaminea

a5 100 fgr— Feeudozyma anlarclica CBS 516.83

1 7z FPseudozyma rugulosa CES 17088

27 Peaudozyma aohidis CBS 517 83

-1 strange B from Drosera anglica leaf

100 55 Sporisorium desfrugns

54 ’E) o oparisonum sorghl

T 2 Sporisonum relfianim so. reillanum
45 Sporisonum rellianum sp. zeae

Sporsonum rellianum

Ustifano cvnodonfis

Ustifano nuda

Usfitago sp. 4327

&8 g0 a5
1" B 3 Ustilano sp. 83-138
1001 — Uslifago hordei A

od o Uslifano horo‘eJ =

I
1
I
I
I
100 _E Usn;aqo ritic
I
I
I

(=)

Ustilaginomycetidae

Usiifado buliata

63 100 o Ustitago williamai

31 LE Uslilano soarfi
Usiifago hvoodiles

100 g~ Ustilaoo maviis A

an Ustilago mavdis B
Peaudozyma prolifica

Rhodotoruia acheniornim
3 mn Tillelinnsgis washinglonensis ATCC96156
ea Tilletionsis anzicoia

Tlitefionsis demxil
‘ingoldiomyess hyalasporus S053

WDD 7o Lilelia walker/ BC 188
21 Tilletia indica 5001
5 Tiilelia indica BC 388
GD Tillslia barclavana 5104

Tlitefia horrida 5150

Ustilagmmomycetes

Figure 4 - Phylogenetic analysis of the partial ITS sequerressilted from PCR oDrosera

samples (“strange sequences”) and from GenBank.ahadyses confirm that both
“strange sequences’are from Basidiomycota. Analydemonstrate the “strange
sequences’probably are from distinct basidiomycgtdaxonomic groups. Both
cladograms are semistrict consensus trees of thenwst parsimonious trees (the first
one from two trees with 1286 steps, RI= 0.79, G2Gand the second one 2681 steps,
RI=0.78, CI=0.52). Numbers above branches indibatistrap values over 50% (100
bootstrap replicates with random addition sequevite 100 replicates) and numbers
below branches denote decay indices.
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DISCUSSION among sequences of fungi. Thus, their high
specificity to these organisms is understandable,
Juniper et al. (1989) suggested the presence which may be even employed in clinical analysis
unknown mycelium-forming fungi, apparently in afor fungi detection (e.g. Ferrer et al., 2001). In
symbiotic condition, in the absorption zone insideattempt to avoid this problem, many authors have
the pitchers of the carnivorous plaBarracenia proposed the designing of new primers with
(Sarraceniaceae). Pant and Bhatnagar (1973pecificity to angiosperms. These primers are very
pointed out the presence of microthyriaceous fungiimilar to the ones designed by White e(#290),
in Nepenthes khasianaas well as other non- differing from them only in some bases in order to
identified fungi in someNepenthesspecies, a afford a higher specificity to the plant sequences.
carnivorous genus of Nepenthaceae. However, theghe primers ITS.LEU and ITS3B, specially
implication of the presence of fungi is not yetyul designed for plants, were used in this study, as an
understood (Juniper et al., 1989). Maybe thattempt to amplify ITS sequences frdbmoserg
fungal presence is related to insectivorousiowever, with unsatisfactory results. Even these
behavior. In the carnivorous plaftepenthesind primers, developed for angiosperm sequences,
Sarracenia on the leaves’ surface dbrosera resulted in non-specific amplifications.
species (Droseraceae), remains of arthropods Monetheless, the employment of angiosperm
digestion process or even pieces of non-digesteapecific designed primers could be a very
insects can be found. Thus, the presence of funghportant way to improve the amplifications. The
in a so-rich nutrient area is justified. In additio designing of other specific primers, developed
according to Zhang et al(1997), the close from the comparisons of sequences of related
associations between the plants and fungi are wdtxonomical groups, could be a decisive way to the
known. According to some estimates referred by?CR improvement.
the same authors, about 80% of vascular planfnother alternative way to avoid amplifications of
host fungi, besides co-evolution between the planfsingi sequences could be the sterilization of the
and fungi has been suggested (Alexopoulos et atissue before DNA extraction, as demonstrated by
1996). Many species called “endophytic” fungisome studies (e.g. Zhang et al., 1997; Guo et al.,
live within plant tissues without causing apparenf001). Cleaning the surface of the host tissue
injury to the host plant, growing as symptomlesghoroughly (with ethanol, detergents and reducing
parasitic fungi (Peixoto Neto et al., 2004;agents), could be a simple but important manner to
Maheshwari, 2006). eliminate the phylloplane fungi and other
The non-specific amplifications may have seriou®rganisms on the host surface (Guo et al., 2001).
implications for the phylogenetic approaches. On&levertheless, endophytic fungi (Alexopoulos et
must recognize the crucial importance of knowingl., 1996) could not be eliminated through this
what sequences had been sequencied, as if thethod.
amplicons resulted from PCR reactions were fronThus, the protocol optimization could be a very
DNA of studied organism. Some authors suggestseful manner for PCR improvement, as
the use of clones to ITS region (Hillis and Dixon,demonstrated here. In this respect, the increasing
1991), thus the cloned molecules can easily bef stringency of PCR reactions has proved to be a
sequencied. However, the use of clones mayery important tool to improve the amplifications.
disguise the high polymorphism. The mix resultedeven the use of specific primers, or even the
from non-specific amplifications, sometimesemployment of target DNA free of contamination,
consisting of molecules from organisms other thadoes not assure specific reactions. Thus, the
the studied ones (as reported in this study), coulgicreasing of stringency is always a favorable way
bring aberrant molecules as result (fromto optimize the amplifications. The use of DMSO
endosimbionts, parasites or even fromand BSA, for this purpose, can be very useful for
contamination), which could give unreal PCR improvement, as demonstrated in this study.
phylogenetic approaches. Thereby, perhaps the
improvement of PCR protocols, despite being a
meticulous and laborious task, could afford betteACKNOWLEDGMENTS
and more reliable results.
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