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ABSTRACT KEYWORDS
Thisstudy aimed to: determine the genetic differencesamong six tannase- Aspergillusniger;
producing fungal strains using three molecular techniques (RAPD’s, IGS Aspergillusornatus;
and ITS), establishing genetic relationships at the molecular level among Aspergillus fumigates;
the tested fungal strains of Aspergillus genus and compare the efficiency Aspergillusterricola.

of molecular markers (ITS, IGS and RAPD’s) to establish genetic
relationships among fungal strains under study. Fungal species were
isolated from plant tissue samples collected near Saltillo CoahuilaMexico,
fungal strains were isolated from tissue plants such as Pinuscembroides
and Larreatridentata (Aspergillusniger PSH and GH1 respectively) and
soil near semidesert plants Larreatridentata (Aspergillusfumigatus GS),
Quercussp  (Aspergillusornatus ESH), Pinuscembroides
(Aspergillusterricola PSS) and as control was used Aspergillusniger
(AAZ20) isolated from Coffeaarabicainthe State of Veracruz. Visualization
of amplified products was done using agarose gel (1.5%) electrophoresis,
using ITS4, ITS5, IGSR IGSF primersit was possible to amplify by PCR
fragmentswith sizefrom 600 to 800 bp, revealed amplification of the 18 S
rDNA. The results showed that it is possible to identify highly related
fungal strains using PCR-RFLPs of IST and IGS regions. These results
suggest that the nucleotide sequence of the ITS and IGS fragments is
different. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION indugtries. Thisenzymehydrolyzesthetanninsmolecule

by itsesterase activity?. Tanninsarefoundin plantsas

Tannaseenzymeisused extensvely inthefoodin-  protection components, so as in wastewater from
dustry, beverage, beer, pharmaceutical and chemica  tanneryand food industries. Tannins presenceinwaste-
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water difficult bioremediation with microorganisms,
whileinfoodsissignificantly reduced quality because
tanninsconferstaste bitter and harsh, astringent effect!™,
aso proteinspreci pitate and decrease sengitivity of taste.
Inthefood industry, tannaseisused for clarification of
winesand juices. Moreover, hydrolysisof tannic acid
producesgallic acid which hasapplicationsinthe phar-
maceutical industry®™. Becausevariouscommercid ap-
plicationsthat have this enzyme, thereis aconstant
search for new sources of tannasewith moredesirable
propertiesfor industry. Some of the microorganisms
reported degrading tanninsare: Aspergillusspp. Peni-
cilliumspp. Emericiella spp. and Candida spp. The
vast mgority of thesefunga specieshave beenisolated
fromtropica regions At theAutonomous University
of Coahuiladiversefungal strainswereisolated from
the Coahuila State semi-desert!. Thesestrainsareim-
portant becausethey possessagreater tannase activity
that some of thefungal strainsisolated intropical ar-
ead”. Furthermore, some of these strainshave shown
production of both intraand extracellulartannase?.
Moreover, itisa so reported that someof thesestrains
do not only degrade hydrolysabletannins but also can
degrade condensed tannins such ascatechin™™, based
ontheaboveneedsto characterizetheidentity of these
fungd strains, inorder toidentify if they arenovel and
therefore new sources of tannase enzyme. Toidentify
these strainswetook advantage of theadvancesin mo-
lecular biology, whichinthelast three decadeshave
provided genetic markersfor viewing tangiblediffer-
encesamong homologous DNA sequences. Thesedif-
ferencesresult from changesor rearrangementsbetween
the base pairs such astrand ocations, inversions, addi-
tionsor deletionsin homol ogousregionsg®. DNA mark-
ersareobtained for different methods oneof themis
based on the chain reaction polymerase (PCR) tech-
nique’®. Some of themost used bookmarksinfungi are
based on thevariability that existsin some (ITSand
IGS) regionsof theribosoma genes. Thelargest amount
of variationintherDNA sequence exists within the
intergenicregion space (IGS). ThelGSregionisagood
candidatefor strain differentiation at theintraspecific
levell®. Theribosomal genesarehighly conserved and
arelinkedinternaly by thel TSLand ITS2 (internd tran-
scribed spaces). Amplification of theseregions, includ-
ingtheentire5.8S gene hasalowed molecular charac-
terizationtofungi a thegenus, speciesandstrainlevel 3,

Other markersused inthe molecul ar characterization
of organismsareRAPD’s which is a technique for rapid
screening of genomic polymorphismsusing short prim-
ersof arbitrary sequencelength to amplify by PCR spe-
cific areas randomly distributed throughout the ge-
nome?. Thisstudy aimedto: determinethegenetic dif-
ferencesbetween six tannase-producing funga strains
using different molecular techniques(RAPD’s, IGS and
ITS), establishing geneticrelationshipsat themolecular
level among Aspergillusfungd strainsand comparethe
efficiency of ITSmolecular markers, IGSand RAPD’s
to establish genetic relationships among the fungal
drans.

MATERIALSAND METHODS

Fungal strains

Inthisstudy we used thefungd strainsisolated by
Cruz¥, whichwereidentified as Aspergillusniger (PSH
and GH1) isolated from leaves of Pinuscembroides
and Larreatridentata respectively, Aspergillusornatus
(ESH) isolated from Quercus sp., Aspergillusterricola
(PSS) and Aspergillusfumigatus (GS) isolated from
soil where were grew Pinuscembroides and
Larreatridentata, respectively. All sampleswere col-
lected from the semi-desert near Saltillo Coahuila
Mexico, and Aspergillusniger (AA20) isolated from
Coffeaarabicaat the Veracruz State. Thisfungal col-
lection wasmaintained in the culture collection of the
School of Chemical- the Autonomous University of
Coahuila. Eachfungd strain wasactived in Potato Dex-
troseAgar medium (PDA) placing 2 uL of asporesus-
pension (7000-8000 sporesul*) and incubated at 30
° C for a period of 7 days.

DNA isolation

DNA extractionwasperformed using thetechnique
reported by Raeder and Broda (1985), using myce-
lium of each strainwhichwasgrowthin liquid medium
Malta-based (20 g/ L) at constant agitation. DNA was
checked for integrity in agarose gel s 1% and quantified
spectrophotometricaly theamount of DNA extracted.
Afterthat PCR was performto determinedifferencesin
the sequencesof fungd intheregionsI TSand IGSand
RAPD’s.

PCR Amplification of ITSand | GSregions
Amplificationsof ITSand IGSregionswere per-
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formed usingthefollowing primers. ITS4 (5 “TCC TCC
GCTTATTGATAT GC3),ITS 5(5°GGAAGTAGT
AAA AAG CGT AAC G 39), IGSF (5°CTG AAC
TCTTCAGCCAAGG3“)andIGSR (5’AATTTC
CGA GAGGCA GTT CT 3 ) reported by White et
al., (1990) and Edel et al., (1995) respectively. In
anamplification total volumeof 25 uL [2 uL DNA, 23
uL PCR mix composed by PCR buffer 1X (20nmTris,
pH 8.4, 50nMKCL) (Invitrogen), 0.2 mMdNTPs, 2.0
mM MgCl2,0.5uMprimer and 0.1 U/ uL of Tag DNA
polymerase (Invitrogen)]. PCRAmplification was per-
formed in athermocycler () under thefollowing pro-
gram: aninitia cycleof 94 ° C for 4 min, followed by
35cycles(94° C for I min, 50°C for ITS and 54 ° C
for IGSfor 1 min. and 72 ° C for 1 min, with a final
elongationfor5minat 72° C).

Digestion of ITSand | GSregions

Theamplified DNA fromITSand IGSregionwas
digested in an Eppendorf tube 0.6 uL, using thefol-
lowing reagents: 16.3 uL steriledistilled water, 1 uL
amplified DNA, buffer 1X (250MM Tris-acetate pH
7.8, 1 M potassium acetate, 100 mM magnesium ac-
etateand 10mmDTT), 1 uL acetylated bovineserum
albumin, 0.25 UpulL * redtriction enzyme. Theenzymes
used to digest IGSregionwere: Clal, EcoRI, Hind
Il and Pt 1,whilel TSregionwasdigested using BarmH,
Hind I, Clal and Xho I. Theamplified DNA (con-
trol) and restriction enzyme mix wasincubated over-
night a 37 ° C, and then samples were centrifuged briefly
and were added 1 ul of bromophenol blue. The DNA
digestion productswere separated on polyacrylamide
gelsat 15% and stained with silver nitrateaccording to
the procedures described by Kahl and Val adez!*®.

Random amplified Polymor phic DNA (RAPD’s)

For determination of RAPD markers were used
three primersA02 (TGC GCT CGA G), A08 (TAG
ACGGTGG)and D06 (TGAACCACGC),thePCR
reactionwasperformed at afina volumeof 25uL [2
L DNA and 23 uL. PCR mix composed by PCR buffer
1X (20nmTris, pH 8.4, 50nMK CL) (Invitrogen), 0.2
MMAdNTPs, 2.0 mM MgCl2, 0.5 uMprimer and 0.1
UuL*Tag DNA polymerase (Invitrogen)]. The
thermocyclerprogram for RAPD’s consisted in ainitial
denaturation temperatureof 94 ° C for 2 min, following
by 44 cyclesat 92 ° C for 1 min, 36 ° C for 1 min, 72
¢ C for 2 min, and a final elongation at 72°C by 7 min.
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The sampleswerefractionated on an agarose (1%) gd.
Dendrograms

The results from ITS, IGS, RAPD’s
amplificationsand restriction pattern of IGSand ITS
were coded asfollows:. present bands= 1, absent bands
=0andlack of data= NA. Coded datawere analyzed
to perform dendograms using Phylipprogram!™, using
modified Nei distances and the Neighbor-Joining
method.

RESULTSAND DISCUSSION

Amplification ITSand IGSregionsfrom fungal
DNA

Once DNA wasobtained, PCR wasperformto de-
terminethedifferencesinthesequencesfromfungd ITS
and IGS regions. Subsequently, amplified DNA
productsof each sample were observed using an aga-
rose (1%) gel. Figurel showsthe bands obtainedfrom
fungal samples;A. niger (GH1), A. niger (PSH) and
A.niger AA20, wheresegmentsof 700bpfromthel TS
regionwereamplified. Inthecase of PSSfungusaband
of 600 bpwasamplified. Theseresultsagreewiththose
obtained byt whom detected
Phanerochaetechrysosporiumin soil by DNA ampli-
fication and subsequent restriction enzymeanays's, us-
ing thesame primersempl oyed inthisworkand finding
a700bp amplicon. Inour study it was not possibleto
amplify thel TSregionfrom ESH and GSstrains (Fig-
ure 1), onepossible explanation for theseresultsisthat

Figurel: PCR amplification of I TSregion from tannase-
producing fungal strains: M : molecular marker (Invitrogen
DNA 100bp Ladder); 1=PSS; 2=ESH; 3=GH1; 4=AA20;
5=PSH; 6=GS.
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DNA contaminationsor mutetionswithintheamplified
region prevented the primer couplingtothe DNA strand,
whereby no amplification occurred™.,

Figure 2 showsamplification of IGSregion, where
three segments (100, 400 and 700 bp) wereamplified
from PSS,GSand ESH funga strains, four bandsfrom
PSH (100, 300, 400 and 900 bp), and GHL1 strain
(200, 300, 500 and 900 bp), and only two segments
(100 and 400 bp) were amplified fromAA20 control
these being similar to those presented in PSS, ESH,
GSand PSH; GH1fungal strains.

0060 o
40050

10000 -

Figure2: Amplification of IGSregion from different fungal
strains: M= molecular marker (Invitrogen DNA 100bp
ladder); 1=PSS; 2=ESH; 3=GS; 4=AA20; 5=PSH; 6=GH 1.

Theaboveresultssuggest that it ispossibletoiden-
tify these strainsfrom each other despite being geneti-
cally related. It was a so observed that PSS, GSESH
srainshaveasmilarity szeof theamplified fragments
fromthelGSregion, despite being different species, it
isimportant to check if nucl eotide sequenceof thefrag-
mentsisdifferent. The PSH, GH1 and control AA20
strains athough are the same specie, showed differ-
encesinthenucleotide sequenceintheamplified IGS
region. One possibleresponseto thesedifferencesis
that thesefungi wereisolated from different hostsand
regionsindicating that diverged in evol ution therefore
had rearrangementsat the DNA level.

Deter mination of RAPDs

Thethreeprimersfor RAPD’s (A02,A08 and D06)
ugnginthisinvestigationamplified fragmentsof szefrom
100 to 900 base pairs (Figures 3 and 4).

TABLE 1 showsacomparison of sizesof ampli-
fied bandsby RAPD’s from different fungal strains, it
was observed that with the primer AO2 was possbleto
detect awidegenetic variability anongthefungd srains,
snceasshowninTABLE 1dl funga strainspresented

N bk

ad kR X 5N X 0o N

Figure3: DNA bandsamplified from thetannase-producing
fungal strainsusingthe RAPD’s primers (a) A02, (b) A0S,
(c) DO6: M: (Invitrogen DNA 100bp ladder); 1a=PSS, 1b=PSS,
1c=PSS, 2a=ESH, 2b=ESH, 2c=ESH; 3a=GS, 3b=GS, 3c=GS,
4a=AA20, 4b=AA20,4c=AA20; 5a=PSH, 5b=PSH, 5¢c= PSH;
6a=GH1, 6b=GH1, 6¢c= GH1.

Figure4: DNA bandsamplified from thetannase-producing
fungal strainsusingthe RAPD’s primers (b) A08, (¢) D06:
M=Invitrogen DNA 100bp ladder; 1b=PSS; 2b=AA20,
2c=AA20; 3b=PSH, 3c=PSH; 4c=GH1.

different band patterns. In the PSS, ESH, GH1 and
control AA20 strainswas amplified aband of 500 bp.
Thisfragment can beanon-specificregionbecauseitis
TABLE 1: Comparison and differentiation of amplified

segments (bp) with RAPD’s of six strains of the genus
Aspergillusproducer sof thetannase enzyme.

. . Primer Primer

Fungalstrain Primer A02 AOB D06
750, 500, 450,
PSS 300, 100, 550, 450 200
ESH 900, 500, 400, 450 400, 250
200

GS 700 300 350, 250
AA20 500 550,450 550
(contral)
PSH 900, 600 550, 450 550
GH1 500, 400 450 550
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presented asequa insizefrom different fungusspecies.

The ESH strain presentsanonspecific band of 400
bp similar to that of the GH1 strain, the PSH strain
presents anonspecific band of 900 bp similar to that of
the ESH strain, and the GS strain presented aband of
700 bp different from other fungal strains. TheAmpli-
fied bands pecificto astrain represent apotentia source
for thedesign of gpecie-specific primers. In generd with
the RAPD’s study was observed, that all the strains
used inthisstudy can bedifferentiated with the primer
A02, and by combining the results obtained with the
primer A08 and D06 only 4 out of 6 (PSS, ESH, GS
and GH1) strainscan beidentified, in contrast, the PSH,
GH1landAA20srainsexhibitsmilar polymorphismin
amog dl theRAPD’s bands. The using of D06 primer
permitted amplification of DNA fragmentsto identify
A. niger from other fungi, therefore specific bands
RAPD’s can be used to design specie-specific prim-
ers, thismethodol ogy isknown as SCAR (Regionam-
plified characterized sequences)®.

PCR-RFLP of ITSfragments

Inorder tofind greaterdifferentiationamong thefun-
gd strains, aDNA digestion study of theamplified ITS
regionusing four restriction enzymes(Clal, BamHI-
Hind I11andXhol) wasconducted, and thedifferent sze
fragment saredescribedin TABLE 2.

TABLE 2 : Restriction fragments (bp) obtained in DNA
amplified from I TSregion in four fungal strains

Key Fungi Clal Baml—|||; Hind Xhol
600, 300, 600, 450,
PSS 200 600, 520 220
PSH 600 700 600, 300
GH1 600 700 600, 300
AA20 600, 550 700 600
(control)

Thisstudy indicated that it ispossibleto identify
tannase-producer funga strainsby digesting ITSfrag-
ments using acombination of restriction enzymes, al-
though in somefungi it was not possibleto cut theam-
plified fragment. According™® amplified product by
PCR from Phanerochaetechrysosporiumwere cut with
restriction enzymes, theseauthors observed redtriction
and amplified fragmentswith amilar Szesthat thoseob-
served inthisstudy (bandsfrom 600 to 800 bp), but is
some fragmentstherewereno restriction sitesin the
amplified fragmentsto the used enzymes. Thebest en-
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zymetoidentify thefungd strainsinthisstudy wasXho
| which producedbandsthat alow discriminaionamong
drains.

Digestion of | GSfragmentsbyrestriction enzymes

In analyzingthe | GS fragments obtai ned after di-
gestion with restriction enzymecut fromthe 6gtrains, it
wasobserved asimilar digestion patternfromthelGS
fragmentswith DNA from GH1 and GSstrans(TABLE
3).

Thedigestion of amplified IGSfragmentswith Cla
| enzyme, produced from 3 to 11 different restriction
fragments, noneof whicharerepeatedindl fungi which
indicatesthat therestriction sitesfor Clal inthelGS
region aremorethan oneand which arelocated in dif-
ferent positionin each of fungal DNA fragments. This
enzyme can bekey to differentiatefungal strains, be-
causethe 6 strains, where asthe GS strain has bands
between 200 and 250 bpand no the 300 bp fragment,
in contrast GH1 strain has 200 and 300 bp fragments
but not the 250 bp one, the PSH and AA20 strains
have three bands but with different size becausePSH
strainshasaband of 500 bp whichisabsentinAA20,
the ESH strain hasaband of 250 bp and the PSS has
only aband of 300 bp.

Digestion of thel GSfragmentsemploying EcoRI
produced fragments patternswith 3 to 16 fragments,
but aband of 300 bp wascommoninall strains, these
resultssuggeststhat thereistwo restriction Sitespresent
inthesamepositioninall funga strains(TABLE 3).
TheGSand GH1 drainshaveagreat smilarity, butitis
possibletoidentify them from each other, because GS
has a 700 bp band which isno presentin GH1. The
PSH and AA20 strainsa so havesimilarity, thediffer-
enceisbased in two bands (200 and 700 bp) present
in PSH and absent in AA20 strains. PSS and ESH
srainsareeasy to distinguishfromtherest of thestrains
because one had three bands and the other two bands
with aband (300 bp) in common.

Digestionwith Hind Il produced 4-18 bandsand
nonefragmentspattern wasequd ; theresultsaresmilar
tothose obtained with Clal, using these fragmentsis
easy to differentiatethe control strain (AA20) because
it presentsonly 4 bands. GH1 and GS strainshavea
smilar fragmentspatternsbut GH1 strainshasb differ-
ent bands (80, 130, 250, 550, 850 bp). The PSH strains
differ fromother fungd strainsbecauseit doesnot have
aband of 550 bp presentin GH1, and PSH has 6 frag-
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TABLE 3: Regtriction fragmentsweight (pb) inAmplified  mentswhile GH1 has 18 fragments. ThePSSand ESH
DNA from | GSRegion in tannaseproducer fungi strains.

Fungalstrains  Clal EcoRI1 HindlIll Pstl
400300, 700, 400,
PSS 150 500,300 200300 304
700,
490
400
300
350, 250, 290
ESH o 600,300 500,250 50
140,
100,
90, 50,
30
700,
600,
ggg’ 500, 500
oo 40, 40,
oy 400, 400,
600,400, oo 320, 3%,
350,25, So0 300, 300,
GS 200,15, oo 210, 290,
120,90, oo 19, 220,
50 200160, 200,
o120, 180,
och 100,90, 140,
2% 5o 120,
90, 40,
20
800,
500
490
o &
700, 900, 2
700,300, 200, 550, 5oy
PSH 300, 420,
250, 200 220
0, 30, 229
200, 300,250 1o
250, 200 120
100,
90, 40,
20
900, 900, 900,
600, 850, 800,
550 550, 60O,
500, 500, 500,
o0 600 200 40, 4%,
00 900 30 400, 400,
- 0500 30 30, 30,
Tloa0g 2%, 300, 300,
00100 20, 250, 2%,
50, 200, 210, 220,
100, 190, 200,
150, 160, 180,
120, 130, 140,
100,90, 120, 100,

srainspresent only 2 fragmentswhich makethem easy
to distinguishfromtheother fungd strains(TABLE 3).

Theuse Pst | enzyme for digestion of IGS frag-
ments, proportioned from 2 to 16 fragments, being the
300 bp fragment morerepeatedindl strains, thisindi-
catesthat all fungi studied sharerestriction sites. With
thisenzyme asthe other three enzymesthe GH1 and
GSstrainsshow great smilarities, but GH1 did not ex-
hibit two bands (120 and 700 bp) present in GS, but
this have not the 100 bpb and present in GH1, this
patternissimilarity to that obtained withthe PSH strain
with the difference that GH1 contains bands of 100
and 120bp present in one strain but absent in other.
The ESH strainspresent two bands 30 and 50 bp which
wereabsent inthe othersstrains, on the other hand, the
PSS and AA20 (control) strains differsfrom there-
mainder, for thenumber of bands sincethey only have
2 and 3fragmentsrespectively. Edd et a. (1995) com-
pared threemethodsfor themolecular characterization
of Fusariumoxysporum strains, and with enzymatic
digestion of amplified regions obtained between 3 and
20 fragments using anenzymewhich recogni zerestric-
tion sitesof four base pairs, where aswhen digestion
was performed with an enzyme which recognizere-
striction Stesof 6 basepairs, only oneredrictionsitein
the IGS fragment was observed, thisis possible be-
cause 6 bases-restriction enzymesislesslikely to cut.
Resultsfromtherestriction of IGSregion suggest that it
ispossibletoidentify thesix fungal strainsusing four
restriction enzymes;, being the more effective pattern
that obtained with the Cla | enzyme becausefewer but
informativefragmentswereobtained, alowingavoid
confusion, inadditionfromal funga strainspresented
at least adifferent band, in contrast, the other three
enzymesoffered ahigher number of fragmentsbut some
withsimilar size, making difficult toidentify themfrom
each other with the naked eye.

Genetic relationships among tannase-producer
fungal strains

Thegenetic relationship among fungal strainswas
estimatedusing restriction patterns of the ITSregion
(Figure5). Theresultsshown, that PSH and GH1 both
Aspergillusniger strains are very close, both strains
wereisolated from different host, PSH strain wasiso-
lated from leavesof PinuscembroideswhileGH1 strain
fromleavesof L.tridentata™. mention that thesetwo
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grainspresented smilar morphological characterigtics,
however, whenaphysologica characterizationwasper-
formed both strainswere different from each other. In
addition, it was observed that the AA 20 strain (con-
trol) hasahigh s milarity withthesetwo strains, dthough
thisstrainwasisolated from very different host (coffee
plants), and from avery different geographical area
(Jalapa, Veracruz). Aspergillusterricola PSS strainwas
located far away fromtherest of thestrains, whichwas
expected sinceitisadifferentspecie. In addition, PSS
morphology and physiologica behavior isvery differ-
enttotheA. niger strains.

Theband patterns obtained after the digestion of

AA20

PS

PS

GH 0.1

Figure5: Genetic relationship among tannase-producer
fungal strainsusingrestriction patternsof | TSbands.

|GS fragments (Figure 6) showed someinconsisten-
cieswithtaxonomicrelaionships. Thus, thePSSdtrain
(Aterricola) was very closeto A. niger AA20 strain
(control) athough, thesetwo strainswereisolated from
different host, geographic areaand present dissmilar
morphological characteristics. PSH and GH1 strains
wereintegrated in the same group (A. niger). There
are morphological differences between GS (A.
fumigatus) and GH1 (A.niger) strainswhich belong
to different species. Ingenerd, apossible explanation
to theinconsi stency taxonomic resultsisthe presence
of many bandsin therestriction pattern which difficult
to assessidentify presence of bands, it wasespecialy
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difficult when very small bandswere observed. Fur-
thermore, IGS regions are most repeated in the ge-
nomeand aremorelikely to accumul ate polymorphism
(mutation, inversions, trandocations, etc.) making it
harder to usethem for estimation of the genetic rela-
tionshipsamong species, strainsor individual s, how-
ever, areexcellent markersfor differentiate between
closdy rdaedindividua shecause containing high poly-
morphismlevds.

ESH

Figure6: Geneticrelationship between tannase-producing
fungal strainsusing digestion of | GSbands.

The polymorphism detected by RAPD wassimilar
to that observed with digestion of IGSfragments. Den-
drogram analysisispresentedin Figure 7. Similarly to
IGS data, the RAPDs dendrogram grouped PSH and
GH1 strainswhichisin cons stent with thetaxonomic
category. But again AA 20 strain wasplaced in another
group, despite belonging to the same species,
Aspergillusniger. Sincethethree different polymor-
phism detection systemsused (ITS, IGSand RAPDS)
havetarget different sequenceswhich areexpected to
have different magnitudes of changesduringtheevol u-
tionary process, dl polymorphismresultswereused to
group thefungal strains (Figure 8). Theresulted den-
drogram showed more cons stencesto thefungal tax-
onomy categories, because AA20, PSH and GH1
strains belonging to Aspergillusnigers pecie were
placed in the same group. Furthermore ESH and GS
belonging to Aspergillusornatus and
Aspergillusfumigatus, respectively, wereplacedinthe
samegroup, but with acons derabl e distance between
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them. Theconsistency of thisdiagram showstheneed
to usedifferent polymorphism detection systems, toelu-
cidate genetic and evol utionary relationships.

AA20

PSS

GH1
0.1

Figure 7 : Genetic relationships between fungal strains
producing tannase using three detection polymorphism
systems.

PSS

AA20

PSH

01 GH1

Figure8: Geneticrelationship among tannase-producing
fungal strainsusing three polymor phism detection systems.

TheRAPD’s and IGS systems provided similar num-
ber of bands, presence of bands with different size
permitan easily characterization of fungd strains, while
ITSband pattern was somewhat complicated because
it waspossibleto amplify aband of smilar szefromal
fungd strains, but these strainsonly may bedifferenti-

ated from each other, by ITS fragment sequencing
orrestrictionanalysis. Ontheother hand, ITSand IGS
amplificationsarereproducible, whereaswithRAPD’s
results may changewhichisonedisadvantage of this
technique becauseisvery sengtiveto experimenta con-
ditions, which limitsitsadoptionf*,

Onthe other hand, it was not possibleto amplify
the ITSregion of two strain (GS and ESH) with the
primersused, one possi ble explanation is mutation of
the primer annealing site of thesefunga strainswhich
doesnot allowed primer coupling for PCR amplifica
tion. When restriction of the IGS fragmentswas per-
formed, it was observed a pattern with many bands
whichwithout adigital imaging equipmentisdifficult to
assess, however thiscan beremedied in part by using
restriction enzymes which act on 6 o 8-base
restrictionsites. The combination of the three
systemspermitted abetter molecul ar characterization of
tannase-producing fungal strains, more polymorphic
bandsallowed adendrogram consistent with thetaxo-
nomic classification, but not with host or geographic
location. Three strainsbel onging to Aspergillusniger
were placed in a group, Aspergillusfumigatus and
Aspergillusornatusin another, while
Aspergillusterricolais separate from the last two
groups. Thisshowsthepower of DNA polymorphisms
to accessgenetic relationshipsamong fungd srains, but
asoindicatestheneed to combinesevera different ge-
neticfingerprint sysems.
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