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Rezumat:

Lemnul este o resursa economica importanta
pentru multe tari tropicale. Printre beneficiile aduse
de cele mai multe specii tropicale, se pot mentiona
durabilitatea lor naturald si capacitatea de a rezista
in mediul exterior fara a utiliza substante chimice de
protectie. De asemenea multe dintre aceste specii
tropicale prezinta proprietati incontestabile, pe care
oamenii le cautd, cum ar fi aspectul estetic si
proprietati mecanice bune. Sunt disponibile diferite
sisteme de marcare pentru a facilita trasabilitatea
lemnului dar acestea au unele limite in utilizarea lor
pe scard larga. Acest studiu are drept scop
dezvoltarea unei tehnici viabile pentru a evalua
originea geograficd a diferitelor specii lemnoase.
Lemnul poate fi colonizat de microorganismele de
distrugere fungice cunoscute sub numele endofite.
Principalul obiectiv al acestei lucréri este de a utiliza
aceste microorganisme ca un marker molecular. S-a
realizat o amplificare a regiunii ITS (spatii transcrise
intern necodificatoare ce pot fi ulilizate in
diferentierea speciilor inrudite strdns din interiorul
unui gen fungic), utilizdnd tehnica de analizad
structuralda CE-SSCP pe trei specii tropicale diferite,
din 6 {tari: Limba (Terminalia superba), Limbali
(Gilbertiodendron dewerei-preussii) si Teak (Tectona
grandis). Rezultatele aratd o grupare intre diferite
profile microbiene legate de specia lemnoasa si
diferenta intre speciile Limba si Limbali. Se pune in
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Abstract:

Wood is an important economical resource
for many tropical countries. Among the benefits of
most of the tropical woody species, we can mention
their natural durability and their capacity of
withstanding outside environment without the use of
chemical preservatives. Also, many of these tropical
species show undeniable properties that people
looked for such as aesthetic appearance and good
mechanical property. Different marking systems are
available in order to facilitate the traceability of wood
but they present some limitations in their use at a
larger scale. This study aims at developing a reliable
technique to asses the geographical origin of
different wood species. Wood can be colonized by
destroying fungal microorganisms known as
endophyte. The main objective of this work is to use
these microorganisms as a molecular marker. An
amplification of the ITS region has been done and
used with CE-SSCP on tree different tropical species
from 6 countries: Limba (Terminalia superba),
Limbali (Gilbertiodendron dewerei-preussii) and
Teak (Tectona grandis).

Results show a grouping among different
microbial profiles related to the wood species and
discernment between Limba and Limbali. We show
that microbial profiles could be used as a marker to
ensure the proper origin of wood as part of an eco-
certification for sustainable management of the
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evidenta faptul ca profilele microbiene ar putea fi
utilizate ca markeri pentru a garanta originea corecta
a lemnului, ca parti ale unei eco-certificari pentru un
management sustenabil al padurii. De asemenea
acestea vor ajuta in controlarea traseului produsului
din lemn de la padure la consumator.

Cuvinte cheie: specii exotice; marker molecular;
origine cherestea; amplificare PCR; analiza CE-
SSCP; analiza D-HPLC; trasabilitate.

INTRODUCERE

De mai multi ani, mediul industrial a trebuit
sa fie capabil sa ateste originea produselor sale
pentru a-si satisface clientii. Intr-adevar, pentru un
anumit produs, trebuie sa fie posibila urmarirea
tuturor etapelor din procesul de fabricatie, precum si
originea tuturor componentelor sale. Acest sistem
poarta numele de trasabilitate. Aceasta serveste, de
exemplu, pentru a gasi furnizorii de materii prime,
locurile diferite unde produsul a fost depozitat, modul
de manipulare si echipamentele utilizate 1n
fabricarea sa.

Scopul trasabilitatii este, de altfel, stabilirea
unei legaturi intre produs, originea sa si procesul de
fabricatie. Aceasta implica un sistem care utilizeaza
coduri de bare sau alte etichete care ofera maximum
de informatii cu privire la produsul in cauza. Totusi,
aceste metode administrative sunt nepotrivite in
cazuri Tn care originea geografica a fost falsificata.
Prin urmare, este importanta gasirea unui instrument
analitic credibil, care sa poata identifica cu
certitudine originea geografica a unui produs.

Exportul de cherestea reprezinta una din
principalele surse de venit pentru anumite tari
tropicale. Intr-adevar multe din casele noastre contin
elemente de lemn din aceste tari, care este utilizat
pentru structura, pardoseala sau mobilier, motivul
fiind calitatile estetice incontestabile si rezistenta
ridicata. Standardul NF EN 350-1 defineste clasele
de durabilitate naturalda a lemnului la atacul de
ciuperci (cinci clase, de la foarte durabil la nedurabil).
Avantajele celor mai multe specii tropicale sunt in
mod cert legate de buna lor duratda de viata si
capacitatea de a rezista in exterior fara substante
chimice de protectie, care sunt daunatoare pentru
om si mediul inconjurator.

Lemnul din specia Afara (Terminalia
superba) este folosit in principal pentru placaj,
constructii de interior, sau instrumente muzicale
precum chitara. Lemnul din specia Limbali
(Gilbertiodendron dewevrei) este specific structurilor
tip cadru din lemn datorita rezistentei mecanice
ridicate. Se poate de asemenea utiliza pentru
realizarea pardoselilor daca este foarte bine uscat.
Lemnul de Teak (Tectona grandis) este considerat
ca un lemn valoros si rezistent la putrezire. Este
potrivit de altfel, pentru asamblarea puntilor
ambarcatiilor sau pentru mobilier de exterior (mese
de gradina, sezlonguri, umbrare de gradina etc.)
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forest. Also, they will help in controlling the itinerary
of a wood product from forest to consumer.

Key words: exotic species; molecular marker;
timber origin; PCR amplification; CE-SSCP analysis;
D-HPLC analyis; traceability.

INTRODUCTION

For several years, industries have had to be
able to certify the origin of their products in order to
satisfy their customers. Indeed, for a given product, it
has to be possible to track down all the stages of its
manufacturing process as well as the origin of all its
components. This is called traceability. It serves, for
example, to find the suppliers of raw materials, the
different places where the product has been stored,
and the handling and equipment used in its
manufacture.

The purpose of traceability is therefore to
establish a link between the product, its origin and its
manufacturing process. It involves a system using
bar codes or other labels that provide maximum
information about the product in question. However,
these administrative methods seem to be unsuited to
cases where geographical origin has apparently
been falsified. Therefore it seems important to find
an analytical tool that can identify the geographical
origin of a product with certainty and reliability.

Timber exports are one of the main sources
of income for certain tropical countries. Indeed,
many of our homes contain timbers from those
countries, which are used for structural frameworks,
flooring or furniture, as they offer undeniable
aesthetic qualities and high resistance. Standard NF
EN 350-1 defines classes of natural timber durability
in relation to wood-decaying fungi (five classes
ranging from highly durable to not durable). The
advantages of most tropical timbers are precisely
their good life expectancy and their ability to resist in
an outside environment without chemical
preservatives that are harmful to human life and the
environment.

Afara (Terminalia superba) is mostly used for
plywood, indoor woodwork or musical instruments
such as guitars. Limbali (Gilbertiodendron dewevrei)
is often specific to framework timber for its very high
mechanical resistance. It can also be used to make
flooring if it is very well dried. And lastly Teak
(Tectona grandis) is considered as a valuable and
rot-proof timber. It is therefore suitable for
assembling boat decks or for outside furniture
(garden tables, loungers, garden sheds, etc.).

Different systems for physically marking
timber and enabling its traceability are available
today, but their uses can be limited. They range from
bar codes to radio frequencies, and including paint
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Diferite sisteme de marcare fizica a
cherestelei sunt astazi disponibile, acestea permit
trasabilitatea, dar utilizarea lor este limitata. Acestea
variaza de la coduri de bare, la frecvente radio,
inclusiv marcaje cu vopsea si UV. Totusi aceste
metode sunt limitate la anumite parti ale ciclului de
viatd a lemnului si prin urmare nu certifica originea
geograficda in cazul unei fraude. Diferentierea
genetica a fost de asemenea investigata cu ajutorul
markerilor, poliformism cu lungimi de fragment
amplificat al ADN-ului cloroplastic si care in general
tine de evaluarile taxonomice traditionale (Cao s.a.
2006). Harvard s.a. (2007) au utilizat recent izotopul
de strontiu pentru a determina originea geografica a
lemnului tropical, dar metoda raméane costisitoare si
necesita actualizarea bazei de date.

El Sheikha s.a. (2009) au aratat ca este
posibil sa se determine originea coacazei cu
pelerina, din patru regiuni diferite ale Egiptului,
utilizdnd ADN-ul 26S de la colonizarea drojdiei de
fructe ca si marker microbiologic. Aceeasi abordare a
fost utilizatda pentru trasabilitate in acvacultura.
Studiind flora bacteriana de Pangasius
hypophthalmus din branhii si intestine, Le Nguyen
(2008) a aratat ca flora este specifica habitatului unui
peste (regiuni diferite din sudul Vietnamului).

Codul de bare al ADN-ului este un concept
relativ nou pentru diferentierea speciilor, bazat pe
segmentele tinta ale unui genom (nuclear, cloroplast,
sau mitocondrial) (Taberlet s.a. 2007, Kress s.a.
2006, Hebert s.a. 2003, 2005). Codul de bare ADN,
care este in mod curent utilizat de taxonomisti pentru
criminalistica, biotehnologie si de industria
alimentara (Chase s.a. 2005, Janzen s.a. 2004, 2005
si Kress 2004), prezintd un mare potential pentru
diferentierea speciilor in viitor, desi probleme legate
de variatia limitata si hibridare trebuie sa fie luate in
mod serios in considerare.

Regiunea tmH-psbA (Hamilton 1999) permite
amplificarea simpla si robusta a fragmentelor scurte
(~500bp). Regiunea este simpla la secventiere si
ofera variatii suficiente pentru diferentieri intre specii.
Kress s.a. (2005) au imbogatit fragmentele doar
pentru 8 genuri si 19 specii ale acestei regiuni
deoarece aceasta aratd cea mai mare variatie. In
opinia lor, trnH-psbA locus are cel mai mare potential
pentru distinctia speciilor, fata de toate celelalte zone
ale genelor utilizate pdna acum pentru diferentierea
speciilor.

Alte aplicatii sunt prezentate ludnd exemple
din Germania, unde s-au dezvoltat mecanisme
pentru Tmbunatatirea controlului comertului cu
seminte forestiere si material saditor si din comertul
cu lemn dintr-o specie importanta din Asia de Sud-
Est, familia Dipterocarpaceae (Finkeldey s.a. 2009).

De-a lungul duratei sale de viata, lemnul este
supus colonizarii cu endofite si atacului ciupercilor de
putrezire. Scopul proiectului a fost prin urmare, de a
utiliza flora fungicd ca un marker microbiologic
pentru a identifica originea geografica a cherestelei
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and UV markings. However, such methods are
limited to certain parts of the wood's life cycle, and
they do not therefore certify geographical origin in
the event of fraud. Genetic differentiation was also
investigated by using amplified fragment length
polymorphism markers of chloroplast DNA and
generally support the traditional taxonomic
assessments (Cao et al. 2006).

Harvard et al. (2007) recently used the
strontium isotope to determine the geographical
origin of tropical timber, but the method remains
expensive and requires database updating.

El Sheikha et al. (2009) showed that it is
possible to determine the origin of the cape
gooseberry from four different regions of Egypt,
using 26S DNA of the yeast colonizing the fruit as a
microbiological marker. The same approach has
been used for traceability in aquaculture. When
studying the Dbacterial flora of Pangasius
hypophthalmus in its gills and gut, Le Nguyen (2008)
showed that the flora was specific to fish's habitat
(different regions of southern Vietnam).

DNA-barcoding is a relatively new concept for
the differentiation of species based on target
segments of the genome (nuclear, chloroplast or
mitochondria) (Taberlet et al. 2007, Kress et al.
2006, Hebert et al. 2003, 2005). DNA-barcoding,
which is currently mainly used by taxonomists, for
forensics, biotechnology and by the food industry
(Chase et al. 2005; Janzen et al. 2004, 2005 and
Kress 2004) shows great potential for species
differentiation in the future, although issues of limited
variation and introgression need to be taken into
account seriously.

The trnH-psbA region (Hamilton 1999) allows
robust and simple amplification of short fragments
(=500bp). The region is simple to sequence and
offers sufficient variations for a distinction between
species. Kress et al. (2005) enriched fragments for
only 8 genera and 19 species for this region,
whereas the region shows the highest variation. In
their opinion, the trnH-psbA locus has a greater
potential for species distinction than all the other
gene areas used for species differentiation to date.

Other applications are illustrated taking
examples from Germany, where mechanisms have
been developed to improve the control of the trade
with forest seeds and seedlings, and from the trade
with wood of the important Southeast Asian tree
family Dipterocarpaceae (Finkeldey et al. 2009).

Throughout its life span, wood is subjected to
colonization by endophytes and to attacks by wood-
decaying fungi. The aim of the project was therefore
to use fungal flora as a microbiological marker to
identify the geographical origin of timber imported
from tropical countries. Many molecular tools share
the common approach of detecting genetic variations
within microbial communities. The DNA Single
Strand  Conformation  Polymorphism  analysis
technique (SSCP) is considered simple, inexpensive,
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importata din tarile tropicale. Multe instrumente
moleculare Tmpartasesc abordarea comuna de
detectare a variatiei genetice dintr-o comunitate
microbiala. Tehnica de analiza SSCP (Single Strand
Conformation Polymorphism) (utila Tn detectarea
poliformismului determinat de cel putin o nucleotida)
este considerata simpla, ieftina, rapida si sensibila la
variatile de secventd a fragmentelor de ADN
(Sunnucks s.a. 2000). Aceasta tehnica poate fi
completata de analiza D-HPLC (cromatografie lichida
de nalta performanta de denaturare) si secventiere
pentru identificarea speciilor. Regiunea aleasa a fi de
interes taxonomic este regiunea ITS (Spatii
transcrise intern) al ADN-ului ribozomal. Intr-adevar
aceasta regiune este suficient de discriminanta
pentru a identifica ciupercile dupa specii (White s.a.
1990).
In prezenta lucrare se propune identificarea
speciilor de ciuperci existente in cheresteaua din trei
specii lemnoase: Afara (Limba), Limbali and Teak.
Probele au provenit din sase tari diferite: Republica
Central Africana, Benin, Coasta de Fildes, Congo,
Camerun si Polinezia.
Prima sectiune a lucrarii prezinta o cercetare
a literaturii de specialitate privind utilizarea PCR
(reactia n lant a polimerazei) la cherestea, avand in
vedere ca aceasta matrice particulara poate contine
inhibitori de amplificare. Sectiunea a doua descrie
metodele utilizate pentru a obtine profilele SSCP,
care au fost procesate prin analiza multi-factor.
Sectiunea a ftreia descrie rezultatele obtinute si
sectiunea finalad discutd despre diversitatea fungica
existenta in cherestea in functie de originea lor
geografica.

MATERIALE $I METODE
Alegerea speciilor pentru acest studiu: Afara (L,
Limba), Limbali (Li) si Teak (T).

Aceste specii provin din sase tari diferite:
Republica Central Africana, Benin, Coasta de Fildes,
Congo, Camerun si Polinezia. Speciile Afara (L) si
Limbali (Li) sunt din padurile africane unde se
asigura regenerabilitatea si  sustenabilitatea lor.
Lemnul de Teak (T) provine din plantatile din
Polinezia si Coasta de Fildes. De obicei speciile
utilizate Tn acest studiu sunt cele mai solicitate pentru
mobilier si constructii. Aceste specii au un bun
potential de a fi utilizate ca lemn pentru constructii
(usor de tratat, durabilitate naturala buna, disponibile
rapid).

Speciile analizate Tn acest studiu au fost
aprovizionate din ierbarul CIRAD (Monpellier).
Originea si codul asociat cherestelei sunt prezentate
in Tabelul 1.
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rapid and sensitive to the sequence variations of a
DNA fragment (Sunnucks et al. 2000). This
technique can be completed by D-HPLC analysis
and sequencing to identify species. The region
chosen to be of taxonomic interest is the ITS region
(Internal Transcribed Spacer) of ribosomal DNA.
Indeed, this region is sufficiently discriminant to
identify fungi by species (White et al. 1990).

We proposed in this project to identify fungal
species existing in three timber species: Afara
(Limba), Limbali and Teak. The samples came from
six different countries: Central African Republic,
Benin, Ivory Coast, Congo, Cameroon and
Polynesia.

The first section presents a literature search
section on PCR use in timber, as this particular
matrix can contain amplification inhibitors. The
second section describes the methods used to
obtain SSCP profiles, which were processed by
multi-factor analysis. The third section describes the
results obtained, and the final section discusses the
fungal diversity existing in our timbers depending on
their geographical origin.

MATERIALS AND METHODS
Choice of species for this study: Afara (L,
Limba), Limbali (Li) and Teak (T).

These species come from six different
countries: Central African Republic, Benin, Ivory
Coast, Congo, Cameroon and Polynesia. Afara (L)
and Limbali (Li) are from African forests in which
their renewal and sustainability are assured. Finally,
Teak (T) comes from plantations in Polynesia and
Ivory Coast. Usually the species used in this study
are the most requested for furniture and
construction. These species show good capability for
use in lumber (easily treated, good natural durability,
readily available,).

The timbers analysed in this study were
supplied by the CIRAD herbarium (Montpellier). The
origin of the timbers and their associated codes are
listed in Table 1.
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Tabelul 1/ Table 1

Codul si originea cherestelei analizata in acest studiu /
Code numbers and origin of the timbers analysed in this study

Referinta CIRAD / Nume comercial / Provenienta / Provenance Cod / Code
CIRAD reference (nume stiintific)
Trade name
(scientific name)
18122 Afara Central African Republic L RCA
29151 (Terminalia superba) Benin L Be
23730 Ivory Coast L Ci
5256 Congo L Co
18571 Cameroon L Ca
6070 Limbali Central African Republic Li RCA
30235 Vaa Ivory Coast Li Ci
18865 ( Gilbertiodendron Cameroon Li Ca
5473 dewevrei) Central African Republic Li RCA
34090 Teak Polynesia T Pol
16476 ( Tectona grandis) Ivory Coast TCi

Extractia ADN din probele de cherestea

Probele de cherestea au fost transformate in
aschii. Au fost manipulate Th cele mai sterile conditii
posibile (arzator cu benzen, alcool etc.) si cea mai
mare atentie a fost acordata Tncalzirii probelor.
Reziduurile au fost apoi rafinate prin zdrobire Tn
mojar steril cu un pistil dupa tratare in azot lichid.

DNA-ul a fost extras din aprox. 200mg aschii
utilizand kitul Fast DNA SPIN Kit pentru sol (Qiagen
MP Biomedicals). Inainte de acesta, probele au fost
supuse unei faze de liza (actiune combinata si
agitare puternica in prezenta unei solutii tampon).
Proteinele au fost apoi precipitate prin PPS (Solutie
de Precipitare a Proteinei) si eliminate prin
centrifugare. ADN-ul a fost fixat intr-o matrice
solubila (Binding matrix) retinutd de un filtru dupa
trecerea solutiei continand ADN-ul prin centrifugare.
In cele din urma ADN-ul a fost eluat de 60uL DES.
Astfel fractia recuperata ar putea fi utilizata apoi
pentru diferite operatii cum ar fi PCR (reactie in lant
a polimerazei)sau cuantificare prin spectrofotometrie.
Poate fi depozitata de asemenea la -20°C.

Amplificarea PCR si analiza CE-SSCP

Regiunea ITS al ADN-ului ribozomal a fost
amplificata cu primerii ITS 1 i ITS 2. Primerul ITS 2
a fost etichetat la 5’ cu 6-carboxyfluoresceine (FAM)
pentru a analiza produsele PCR prin SSCP. S-au
realizat doua tipuri de amplificare:
- fie Intr-un volum total de de 15 pL, cuprinzand 3uL
de 5X solutie tampon, 1.17uL de MgCl, la 25mM,
1.2uL de dNTP at 2.5mM, 1uL din fiecare primer la
10uM, 0.75 unitati de GoTaqg Polymerase, 6.48uL
apa distilata si 1uL de AND;
- fie intr-un volum de 50pL, cuprinzand 10pL de 5X
solutia tampon, 4puL de MgCl, la 25mM, 4pL de
dNTPs la 2.5mM, 1uL din fiecare primer la 10uM,
2uL de DMSO, 25.8uL de apa distilata, 1 unitate de
GoTagq Polymerase si 2uL de ADN (20ng.pL™).

7

DNA extraction from timber samples

The timber samples were reduced to chips.
They were handled under the most sterile conditions
possible (benzene burner, alcohol etc.) and the
greatest attention was paid to sample heating. The
residues were then refined by crushing in liquid
nitrogen with a pestle and sterile mortar.

DNA was extracted from around 200mg of
chips using a Fast DNA SPIN Kit for Soil (Qiagen
MP Biomedicals). Prior to that, the samples
underwent lysis (combined action of the beads in the
kit and vigorous stirring of the FastPrep in the
presence of buffer). Proteins were then precipitated
by PPS (Protein Precipitation Solution) and
eliminated by centrifugation. DNA was fixed on a
soluble matrix (Binding Matrix) retained by a filter
after passage of the solution containing DNA by
centrifugation. Lastly, DNA was eluted by 60uL of
DES. Thus, the fraction recovered could then be
used for different operations such as PCR or
quantification by spectrophotometry. It could also be
stored at -20°C.

PCR amplification and CE-SSCP analysis

The ITS region of ribosomal DNA was
amplified with ITS 1 and ITS 2 primers. The ITS 2
primer was labelled at 5" with 6-carboxyfluoresceine
(FAM) to analyse the PCR products by SSCP. Two
types of amplification were carried out:
- either in a total volume of 15 uL, comprising 3uL of
5X buffer, 1.17uL of MgCl, at 25mM, 1.2uL of dNTP
at 2.5mM, 1uL of each of the primers at 10uM, 0.75
Units of GoTaq Polymerase, 6.48uL of sterile water
and 1uL of DNA;
- in a volume of 50uL, comprising 10uL of 5X buffer,
4uL of MgCl, at 25mM, 4puL of dNTPs at 2.5mM, 1uL
of each of the primers at 10uM, 2uL of DMSO,
25.8pL of sterile water, 1 Unit of GoTaq Polymerase
and 2uL of DNA (20ng.pL™).
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Apoi a urmat un program de amplificare
incepand cu trei minute de denaturare initiala la
94°C, apoi 35 cicluri de denaturare la 95°C pentru un
minut, hibridizare la 60°C un minut si alungire la
72°C un minut. Amplificarea s-a incheiat cu 10
minute de alungire la 72°C. Calitatea amplificarii a
fost apoi controlata prin transfer electroforetic cu 8%
gel de agar la 100 V o ora si imersie in BET, 20
minute pentru a releva ADN-ul.

Fiecare produs amplificat (1puL) a fost
amestecat cu 18.5uL de formamida si 0.5uL marker
Gene*scan-400 ROX (Applied Biosystems) fnainte
de tratamentul de incalzire la 95°C cinci minute, apoi
racit in gheatd, 10 minute. Moleculele ADN
denaturate in forme de féasii singulare au fost
separate prin electroforeza capilara utilizand un
secventier automatic ABI PRISM 310 (Applied
Biosystems). Conditile de migrare au fost 15kV la
32°C. Fasile ADN la iesirea din capilare au fost
detectate prin etichetarea ITS 2 cu FAM fluorofora.
Diferitele profile obtinute au fost calibrate cu
software-ul  GeneMapper 4.0 prin  marimea
markerului continut in fiecare proba. Profilele SSCP
au fost convertite in valori numerice de software-ul
SAFUM 2.0.

Analiza D-HPLC

Toate probele ADN (lemn, tulpina pura si sol)
au fost analizate prin D-HPLC (Denaturing-High
Performance Liquid Chromatography - cromatografie
lichidd de fTnaltd performantd cu denaturare).
Conditiile utilizate pentru analiza D-HPLC, pentru
acest studiu, pe diferite comunitati fungice, sunt
prezenate n Tabelul 2.

D-HPLC este o varianta a tehnicii standard
HPLC utilizata pentru separarea ADN-ului. ADN-ul
este introdus intr-o coloana termoreglata. Variatia
temperaturii aplicate in coloana a permis sa se
lucreze in conditii de denaturare si ne-denaturare.
Nulul si faza stationara hidrofobica sunt compuse din
particule alchil neporoase (stiren/vinil benzen). TEAA
este amfifilica (lipofila si hidrofila) si adsorbita usor la
suprafata fazei stationare cu sarcina pozitiva pe
suprafata ei. Aceste particule vor atrage si fixa
negativ sarcina AND-ului. Elutia ei este realizata prin
utilizarea acetonitrilelor. Un detector UV este utilizat
pentru masurarea semnalului.
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Then it was followed by an amplification
programme starting with three minutes of initial
denaturation at 94°C, then 35 denaturation cycles at
95°C for one minute, hybridization at 60°C for one
minute and elongation at 72°C for one minute.
Amplification ended with ten minutes of final
elongation at 72°C. Amplification quality was then
checked by electrophoretic transfer to 8% agarose
gel at 100 V for one hour and immersion in BET for
twenty minutes to reveal the DNA.

Each amplification product (1uL) was mixed
with 18.5puL of formamide and 0.5uL of Gene*scan-
400 ROX size marker (Applied Biosystems) before
undergoing heat treatment at 95°C for five minutes
then cooling in ice for ten minutes. The denatured
DNA molecules in single strand forms were
separated by capillary electrophoresis using an ABI
PRISM 310 Applied automatic sequencer (Applied
Biosystems). The migration conditions were 15kV at
32°C. DNA strands exiting the capillary were
detected by labelling the ITS 2 primer with FAM
fluorophore. The different profiles obtained were
calibrated by GeneMapper 4.0 software by way of
the size marker contained in each sample. The
SSCP profiles were converted into numerical values
by SAFUM 2.0 software.

D-HPLC analysis

All the DNA samples (wood, pure strain and
soil) were analysed by D-HPLC (Denaturing-High
Performance Liquid Chromatography). Conditions
used for D-HPLC analysis, for this study on different
fungal communities, are presented in Table 2.

D-HPLC is a variation of the standard HPLC
technique used for the separation of the DNA. DNA
is introduced in a thermoregulated column. The
variation in the applied temperature of the column
allows us to work in denaturing as well as non-
denaturing conditions. The electrically neutral and
hydrophobic stationary phase is composed of non
porous alkyl particles (styrene/di vinyl benzene).
TEAA is amphiphilic, and adsorb easily on the
surface of the stationary phase with a positive
charge on its surface. These particles will then
attract and fix negatively charge DNA. lis elution is
done by using acetonitrile. A UV-detector is used to
measure the signal.
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Tabelul 2/ Table 2

Conditiile D-HPLC utilizate pentru acest studiu pe comunitati fungice /
D-HPLC conditions used for this study on fungal communities

Timp / Time Solutie Solutie
(min) tampon A/ tampon B/
Buffer A Buffer B
Incarcare / Loading 0 55 45
Start gradient 0,1 48 52
Stop gradient 18,1 39 61
Start curatire/  Start
clean 18,2 55 45
Stop curatire/  Stop
clean 18,7 55 45
Start echilibrare/ Start
equilibrate 188 55 45
Stop echilibrare/ Stop 203 55 45

equilibrate

Pentru analiza PCR a produsului, 5uL sunt
injectate in coloana la temperatura de 50°C la un flux
al solventului de 0,5mL/min. Solutia tampon A
contine 0.1M TEAA iar solutia tampon B contine
0.1M TEAA si 25% acetonitrile (faza mobila).

Analiza statistica

Datele colectate in acest mod au fost
standardizate, adica toate valorile unei probe au fost
impartite la media acelei probe. S-au realizat apoi
profilurile si s-a determinat OTUs. Treizeci si unu
OTUs au fost caracterizate, luadnd Tn considerare
toate varfurile cu o intensitate fluorescenta de peste
2 (Fig. 6). S-a obtinut un tabel reprezentand diferite
probe si OTUs. Tabelul a fost transpus si s-au
interpretat valorile utilizand software-ul StatBox 6.6
pentru a efectua analiza principalelor componente.

S-au obtinut astfel toate datele necesare
pentru utilizarea rezultatelor (cercul corelatiei,
distribuirea indivizilor etc).

REZULTATE
CUANTIFICAREA AND-ULUI TOTAL

Au fost analizate unsprezece probe de
cherestea (Tabelul 3). Doua operatiuni de extractie
independente au fost efectuate si unele probe au fost
extrase, in doua exemplare (un A si un B au fost
adaugate la codul lor).

For the PCR products analysis, 5uL are
injected in the column at a temperature of 50°C at a
solvent flow rate of 0,5mL/min Buffer A contains
0.1M TEAA and buffer B de 0.1M TEAA and 25% of
acetonitrile (mobile phase).

Statistical analysis

The data collected in this way were
standardized, i.e. all the values for a sample were
divided by the mean of that sample. We then
produced the profiles and determined the OTUs.
Thirty-one OTUs were characterized, considering all
the peaks with fluorescence intensity over 2 (Fig. 6).
A table representing the different samples and OTUs
was obtained. The table was transposed and we
exploited the values using StatBox 6.6 software to
carry out the principal components analysis.

We thus obtained all the data needed to
make use of the results (correlation circle,
distribution of individuals etc.).

RESULTS
TOTAL DNA QUANTIFICATION

Eleven timber samples were analysed (Table
3). Two independent extraction operations were
carried out and some samples were extracted in
duplicate (an A and a B were added to their code).
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Tabelul 3/ Table 3

Rezultatele extractiei ADN-ului gi cuantificarea cu spectrofotometru /
Results of DNA extraction and quantification on the spectrophotometer

Extractia 1 / Extraction 1 | Extractia 2 / Extraction 2
. . ADN/ ADN /
Rl | S/ | oA | 2920 | o | zso:

ng.uL’ ng.uL
34090 A T PolA 11.3 1.62 77.09 1.45
5473 LiRCA 2 12.34 2.56 12.45 2.18
18571 L Ca 147.52 0.93 32.95 1.17
23730 LCi 324.8 0.96 31.43 1.59
34090 B T PolB 9.16 3.5 nd nd
30235 LiGCiA 11.56 1.85 11.24 5.7
18865 Li Ca 13.56 1.94 10.27 2.85
16476 TCi 14.25 2.13 12.94 2.26
6070 Li RCA 1 10.87 1.96 111.30 1.51
18122 L RCA 184.09 0.81 23.48 1.33
5256 L Co 33.1 1.24 27.11 1.39
29151 L Be 150.63 0.82 8.77 0.98
23730B LCiB nd nd 26.93 1.19

INFLUENTA UNOR PARAMETRI ASUPRA PCR
Efectul dilutiei probei de ADN in DMSO (dimetil-
sulfoxid)

O gama de concentratii au fost testate pe
probe din prima extractie, in functie de concentratia
initiala determinatd pe spectrofotometrul Nanodrop.
De exemplu, trei concentratii au fost testate pe proba
numarul 1 (34090A): Pura (11.3ng.uL-1); Jumatate
(5.65ng.uL-1); Sfert (2.83ng.uL-1)

MT1 11224356 66
pur 1/2 1/4 pur 1/2 1/40 1/10 1/2 pur 1/2 1/4

Fig.

Gelurile electroforezei ilustrand efectul

INFLUENCE OF SEVERAL PARAMETERS ON
PCR

Effect of DNA sample dilution in DMSO (Dimethyl
Sulphoxide)

A range of concentrations was tested on the
samples of the first extraction depending on the
initial concentration determined by the Nanodrop.
For example, three concentrations were tested on
sample number one (34090A): Neat (11.3ng.pL’1);
Half (5.65ng.uL™"); Quarter (2.83ng.uL™").

MT 7« 7 8 8 8 9 9101810 &
pur 1/2 1/4 pur 1/2 1/4 pur 1/2 pur 1/2 1/4

1
cantitatii de ADN asupra amplificarii/

Electrophoresis gels illustrating the effect of the quantity of DNA on amplification
A - 1, 34090A; 2, 5473; 3, 18571, 4, 23730; 5, 34090B; 6, 30235; B - 7, 18865, 8, 16476, 9, 6070; 10,
18122; +, positive control.

In general s-a constatat ca amplificarea este
mai buna in teste pure decét in teste diluate pentru
probele cu concentratie scazuta (in jur de 10ng.uL™),
ca in Fig. 1, unde probele 1, 2, 6 si 9 afiseaza o
banda de intensitate mai mare pentru concentratii
mai mari. Cu toate acestea, diluarea a fost necesara
pentru probe cu o concentratie initialda mai mare.

10

Generally speaking, we found that
amplification seemed better in the neat assays than
in the diluted assays for the low-concentration
samples (around 10ng.uL™), as in Fig. 1 where
samples 1, 2, 6 and 9 display a band of greater
intensity for the higher concentrations. However,
dilution was necessary for the samples with a higher
initial concentration.
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Efectul DMSO

Dupa testarea acestei game de concentratii,
s-a efectuat in continuare PCR utilizand trei probe,
pentru care amplificarea a dat un rezultat pozitiv:
Proba 1 (pura); Proba 2 (pura); Proba 6 (pura).
Totusi, de data aceasta s-a adaugat DMSO la
amestecul de reactie.
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DMSO effect

After testing this range of concentrations,
further PCR were carried out using three samples for
which amplification gave a positive result: Sample 1
(neat); Sample 2 (neat); Sample 6 (neat). However,
this time, we did not add DMSO to the reaction
mixture.

Fig. 2.
Gelul electroforezei ilustrand influenta DMSO asupra PCR /
Electrophoresis gel showing the influence of DMSO on PCR
(1, 34090A; 2, 5473; 6, 30235; +, positive control; -, negative control).

Fig. 2 arata ca DMSO poate avea un efect
pozitiv asupra amplificarii. Intr-adevar, intensitatea
benzii pare a fi mai mare pentru amplificari efectuate
cu DMSO (Fig. 2), ceea ce dovedeste ca au fost
prezenti cu siguranta cativa inhibitori.

Efectul volumului amestecului de reactie

Un alt parametru care poate afecta, de
asemenea, rezultatele PCR, este volumul final din
amestecul de reactie. De fapt, s-au realizat doua
tipuri de PCR, unul cu un volum final de 50uL (1) sau
cu un volum final de 15uL (2).

3101b3b9b 13b +
(1)

Fig. 2 shows that DMSO can have a positive
effect on amplification. Indeed, the band intensity
seems greater for the amplifications carried out with
DMSO (Fig. 2), which is proof that some inhibitors
were definitely present.

Effect of the reaction mixture volume

Another parameter which can also affect
PCR results is the final volume of the reaction
mixture. In fact, we carried out two types of PCR
either with a final volume of 50uL (1) or with a final
volume of 15uL (2).

- 2b6b 7h 8h 10b 13b +

(2)

Fig. 3.
Gelul electroforezei indicand efectul volumului amestecului de reactie /
Electrophoresis gel indicating the effect of the reaction mixture volume
(3, 18571; 10, 18122; 1b, 34090 bis; 3b, 18571 bis; 9b, 6070 bis; 13b, 23730 B; 2b, 5473 bis; 6b, 30235
bis; 7b, 18865 bis; 8b, 16476 bis; 10b, 18122 bis; +, positive control; -, negative control).

11
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PCR efectuat intr-un volum de 15uL a
relevat o amplificare mai buna decéat in 50uL. Fig. 3
confirma acest lucru, dupa cum cele doua probe Tn
general (13b si control pozitiv) arata intensitatea
benzii mai mare pentru PCR Tn 15pL.

PROFILELE COMUNITATII FUNGICE

Toate profilele pentru aceeasi extractie au
fost cumulate pe acelasi grafic pentru a determina
numarul de varfuri decisive sau OTUs (Unitatea de
Taxonomie  Operationald). OTUs au  fost
caracterizate de pozitia lor pe profil si de intensitatea
fluorescentei lor.
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PCR carried out in a volume of 15uL revealed
better amplification than in 50uL. Fig. 3 confirms this,
as the two samples in common (13b and positive
control) show greater band intensity for PCR in 15pL.

FUNGAL COMMUNITY PROFILES

All the profiles for the same extraction were
cumulated on the same graph to determine the
number of decisive peaks or OTUs (Operational
Taxonomy Unit). The OTUs were characterized by
their position on the profile and the intensity of their
fluorescence.

o
12 \f’\?o N
$
%6 & o A ©
e e s
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Exemplul profilului SSCP (proba 5473 bis) /
Example of a SSCP profile (sample 5473 bis).

ANALIZA COMPONENTILOR PRINCIPALI (PCA)

Datele obtinute dupa separarea ampliconului
in CE-SSCP au fost prelucrate utilizdnd o abordare
multifactoriald pentru a releva orice corelatii dintre
OTUs (variabile) si dintre indivizi (cherestea
analizata).

Investigarea corelatiei dintre indivizi gi OTUs.

a8

PRINCIPAL COMPONENTS ANALYSIS (PCA)

The data obtained after amplicon separation
in CE-SSCP were processed taking a multifactor
approach to bring out any correlations between the
OTUs (variables) and between individuals (timbers
analysed).

Search for correlations between individuals and
OTUs.
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axe F1(27 %)
Fig. 5.

Reprezentarea indivizilor in conformitate cu axele F1 si F2 (49%) /
Representation of individuals according to axes F1 and F2 (49%).
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Fig. 6.
Cercul corelatiei variabilelor in conformitate cu axele F1 si F2 (49%) /
Correlation circle for the variables according to axes F1 and F2 (49%).

Fig. 5 nu aduce nici o informatie importanta
cu privire la corelarea intre diferiti indivizi, in ciuda
unei usoare tendinte care poate fi vazuta intre cele
doua specii, Afara si Limbali. Intr-adevar, aceasta din
urma pare a fi in continuare lasata pe axa F1 decét
Afara, sugerand ca axa F1 ar putea reprezenta
specia. In plus, Fig. 6 aratda ca anumite OTUs au
contribuit foarte mult la aceasta axa, cum ar fi de ex.
OTU 15, 18, 25 si 26.

INVESTIGATII PRIVIND CORELARILE UTILIZAND
DATE PRIMARE

Cum definitia OTUs este subiectiva, s-a
decis sa se repete analiza folosind datele primare
(una din 10 valori a fost utilizata ca variabila).

Fig. 5 does not bring out any major
information on the correlation between the different
individuals, despite a slight tendency that can be
seen between the two species, Afara and Limbali.
Indeed, the latter seems further left on axis F1 than
Afara, suggesting that axis F1 might represent the
species. In addition, Fig. 6 shows that certain OTUs
greatly contributed to this axis, such as OTU 15, 18,
25 and 26, for example.

SEARCH FOR CORRELATIONS USING RAW
DATA

As the definition of OTUs is subjective, we
decided to repeat the analysis using raw data (one
out of 10 values was used as a variable).

15 T e TCi
_ 10 | e LRCA
5 0 LB 1
o e
= 0 | .'—(?i(é) L o« ° | |
N *LCi(A) LiCa %chla

_ e e TPol e jRCA1
%5 LIRCA2°Li Ci !

10 1

-30 20 10 0 10 20
axe F1 (57 %)
Fig. 7.

Reprezentarea indivizilor in conformitate cu axele F1 si F2 (70%) /
Representation of the individuals according to axes F1 and F2 (70%).
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8.

Cercul corelatiei variabilelor in conformitate cu axele F1 si F2 (70%) /
Correlation circle for the variables according to axes F1 and F2 (70%).

S-a gasit din nou tendinta deja mentionata,
cu separarea celor doua specii Afara si Limbali (Fig.
7). Specia Afara (L) a fost gasitd preferential pe
partea stdnga a axei F1 si Limbali pe dreapta,
exceptand Afara (L) din Camerun, care s-a regasit in
acelasi grup ca Limbali.

Cercul de corelatie (Fig. 8) indica inca o data
faptul ca variabilele au avut o contributie importanta
la construirea axei F1, cum acestea au aparut mai
ales la marginea cercului pe aceasta axa.

DISCUTII
Extractia ADN

Cuantificarea pe Nanodrop a furnizat
informatii privind calitatea ADN-ul extras. Dintre toate
extractiile, doar o proba a avut un raport de 260:280
intre 1,6 si 1,8, rezultdnd existenta certa a
proteinelor, in toate celelalte probe. Faza de
precipitare a proteinelor n timpul extractiei, prin
urmare, ar putea fi considerata insuficienta.

Sub aspect cantitativ, cele mai multe probe
din prima extractie au avut o concentratie de
aproximativ 10ng.uL-1, in afara de patru probe a
caror concentratie a fost de peste 100ng.pL-1.
Distributia a fost mai uniforma pentru a doua
extractie, cu 10 probe care arata o concentratie intre
10 si 30ng.puL . Cantitatile de ADN extrase par
suficiente. Totusi, in timpul extractiei, ADN-ul din
cherestea a fost izolat in acelasi mod ca si ADN-ul
fungic. In timpul cuantificarii, deosebirea dintre cele
doua tipuri de ADN nu a fost dezvaluitd in mod
evident prin spectrofotometrie. Nu s-a putut stabili,
prin urmare, cantitatea de ADN fungic, comparativ cu
cantitatea de ADN din cherestea. In cazul in care
ultimul ar fi Tn majoritate, amplificarea materialului
fungic ar fi mult mai dificila.

Inhibitori in cherestea
Existenta inhibitorilor depinde de matricea
folositd Tn timpul extractiei. De fapt, Tn probele

14

We found again the tendency already
mentioned, with a separation of the two species
Afara and Limbali (Fig. 7). Afara (L) was found
preferentially on the left of axis F1 and Limbali on the
right, though with an exception for Afara (L) from
Cameroon, which fell into the same group as
Limbali.

The correlation circle (Fig. 8) indicates once
again that the variables strongly contributed to the
construction of axis F1, as they mostly occurred at
the edge of the circle on this axis.

DISCUSSION
DNA extraction

Quantification on the Nanodrop provided
information on the quality of the extracted DNA. Over
all our extractions, only one sample had a 260:280
ratio between 1.6 and 1.8, resulting in a definite
existence of proteins in all the other samples. The
protein precipitation phase during extraction could
therefore be considered insufficient.

In terms of quantity, most of the samples of
the first extraction had a concentration of around
10ng.uL", apart from four samples for which the
concentration was over 100ng.uL™". The distribution
was more uniform for the second extraction, with 10
samples showing a concentration of between 10 and
30ng.puL™". The quantities of DNA extracted appeared
sufficient. However, during extraction, the timber
DNA was isolated in the same manner as the fungal
DNA. During quantification, the distinction between
the two types of DNA was obviously not revealed by
spectrophotometry. We could not therefore ascertain
the amount of fungal DNA compared to the amount
of timber DNA. If the latter were in the majority,
amplification of the fungal material would be more
difficult.

Timber inhibitors
The existence of inhibitors depends on the
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prelevate de la plante, s-au gasit compusi precum
fenoli si polizaharide, in timp ce in probele de sol,
acidul humic a fost majoritar. In cherestea, compusii
fenolici sunt printre cei mai frecventi inhibitori
prezenti (ex. taninuri). Ultimii sunt antioxidantii si
asociatiile lor, prin legaturile covalente cu proteinele
si acizii nucleici, reduc puritatea ADN-ului de
extractie si astfel reduc randamentul. In plus,
aceasta poate provoca negative false in cazul
detectarii ciupercilor prin PCR.

Cu toate acestea, exista componente care
pot fi adaugate in timpul extractiei sau Tn amestecul
de reactie, pentru a elimina actiunea inhibitorilor.
Acidul humic poate fi precipitat in timpul extractiei de
CaCl, si ulterior eliminat de etanol. Polizaharidele pot
reactiona cu CTAB (bromura  de
hexadeciltrimetilamoniu), prin legatura ionica. In cele
din urma, DMSO (dimetil-sulfoxid) si albumina au
capacitatea de a inhiba compusi fenolici. DMSO, de
asemenea, reduce formarea de hibridizari non-
specifice, crescand rigurozitatea reactiei. Cu toate
acestea, in cazul in care concentratia in amestec
este de peste 10%, prezenta sa poate reduce
activitatea de polimerizare a ADN-ului.

In scopul de a evidentia prezenta inhibitorilor
de amplificare, s-a efectuat un PCR pe probe cu o
cantitate identica de ADN tulpina pura in toate
tuburile, adaugand, de asemenea, proba ADN-ului
de mediu, pentru a fi amplificate, la concentratii mai
mari. De fapt, doua probe: (29151 150.63ng.uL™" si
5256: 33.1ng.uL") au fost testate intr-un amestec de
reactie de 15puL cu 1pyL de ADN si 1uL de ADN
tulpina pura. Prima proba nu a dat nici un rezultat si
s-ar putea prin urmare imagina ca au fost prezenti
inhibitori Tn  solutia ADN-ului recuperata dupa
extractie, cum tulpina pura nu a fost amplificata. Pe
de alta parte, cealaltd proba a prezentat o buna
amplificare pentru toate concentratiile de tulpina pura
testate.

O gama de concentratii a fost apoi testata pe
aceleasi doua probe. Proba 29151 a afisat o banda
pornind de la o concentratie de aproximativ 25ng.uL-
1 pana la 1.30ng.uL-1, in timp ce proba 5256 a afisat
o banda pentru toate concentratile. Am putea
considera, prin urmare ca, amplificarea s-a realizat
mai bine atunci cand probele, cu o concentratie
initiala mare, au fost diluate. Acest lucru a fost posibil
poate din cauza faptului ca, prin diluarea ADN-ului,
am diluat de asemenea orice inhibitori. Prezenta
inhibitorilor poate fi, de asemenea, demonstrata cu
ajutorul DSMO. Fig. 4 arata intr-adevar ca, atunci
cand compusul a fost folosit, benzile au fost mai
intense. Aceasta poate datorita faptului ca DSMO
face ADN-ul mai accesibil pentru polimerizare prin
compusii fenolici inhibitori.

In cele din urma, o singura serie de
amplificare a fost adoptata pentru analiza SSPC,
care a fost efectuatd pe a doua extractie, Tntr-un
volum de 15pL.
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matrix used during extraction. In fact, for samples
taken from plants, compounds such as phenols and
polysaccharides are found, whereas for soll
samples, it is humic acid that will be in the majority.
In timber, phenolic compounds are among the
inhibitors most frequently present (such as tannins,
for example). The latter are antioxidants, and their
associations by covalent bonding with proteins and
nucleic acids reduce the purity of DNA extraction
and thereby reduce the yield. In addition, it can
cause false negatives in the case of fungus detection
by PCR.

However, constituents exist that can be
added during extraction or in the reaction mixture, to
eliminate the action of inhibitors. Humic acid can be
precipitated during extraction by CaCl, and
subsequently removed by ethanol. Polysaccharides
can chelate with CTAB
(hexadecyltrimethylammonium bromide) by ionic
bonding. Lastly, DMSO (dimethyl sulphoxide) and

albumin have the ability to inhibit phenolic
compounds. DMSO also reduces the formation of
non-specific  hybridization, increasing reaction

stringency. However, if its concentration in the mix is
over 10%, its presence can reduce DNA polymerase
activity.

In order to reveal the presence of
amplification inhibitors, we carried out a PCR on our
samples with an identical quantity of pure strain DNA
in all the tubes, also adding the environmental DNA
sample to be amplified, at increasing concentrations.
In fact, two samples (29151: 150.63ng.uL™’ and
5256: 33.1ng.uL") were tested in a 15uL reaction
mixture with 1uL of sample DNA and 1uL of pure
strain DNA. The first sample did not give any result,
and it could therefore be imagined that inhibitors
were present in the DNA solution recovered after
extraction, as the pure strain was not amplified. On
the other hand, the other sample exhibited good
amplification for all the pure strain concentrations
tested.

A range of concentrations was then tested on
the same two samples. Sample 29151 displayed a
band starting from a concentration of around
25ng.uL” up to 1.30ng.pL”, whereas sample 5256
displayed a band for all the concentrations. We could
therefore consider that amplification worked better
when samples with a high initial concentration were
diluted. This may have been due to the fact that by
diluting the DNA, we also diluted any inhibitors. The
presence of inhibitors could also be demonstrated
using DSMO. Indeed, Fig. 4 shows that when the
compound was used, the bands were more intense.
This may be because DSMO made the DNA more
accessible to the polymerase by inhibiting phenolic
compounds.

Lastly, a single amplification series was
adopted for SSCP analysis, which was carried out
on the second extraction, in a volume of 15pL.
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Analiza SSPC

Profilul obtinut a condus la detectarea a 31
de OTUs (unitati operationale taxonomice) pe setul
de probe, de ex. in jurul a 2,8 OTUs (sau phylotypes)
pe proba. S-ar putea considera ca probele au fost
lipsite de diversitatea materiala pentru analiza SSCP.

La observarea profilului, nu a fost de
asemenea, posibil sa se vada nici o confuzie intre
probe, care ar fi putut modifica rezultatele statistice
obtinute ulterior.
Analiza  statistica: analiza
principali (PCA)

Nici o concluzie semnificativa statistic nu
poate fi trasa din analiza pe baza de OTU (Fig. 5).
Intr-adevar, a fost imposibil s& se grupeze originile
geografice ale fiecaruia. In plus, in aceasta figura,
diferenta intre specii, nu este la fel de clar vizibila ca
in Fig. 7. Efectiv, in aceasta figura, faptul de a fi
realizat un PCA cu date brute luate la intdmplare a
facut posibil sa se scoata in evidenta mai bine cele
doua grupuri (Afara si Limbali). Totusi, proba Afara
din Camerun a fost localizata in grupul Limbali. Cu
toate acestea, existda o modalitate de a verifica daca
pozitia sa n plan poate fi considerata corecta. Pentru
a face acest lucru, s-a observat valoarea patratului
cosinusului si daca este peste 0.4 se poate
considera ca punctul de referinta al probei a fost Th
locul potrivit. Valoarea pentru aceasta proba a fost
de 0,39, adica sub valoarea de prag, dar suficient de
aproape pentru a exprima o indoiala cu privire la
interpretarea acestui rezultat. Prin urmare, a fost
dificil s& se concluzioneze asupra pozitiei reale a
acestei probe.

Ceea ce se poate spune este ca, in general,
probele aflate la dreapta axei F1 au apartinut speciei
Limbali, in timp ce, cele de pe cealalta parte a axei in
cea mai mare parte au apartinut speciei Afara.

In concluzie, s-a investigat astfel tehnica
SSCP pentru a determina originea geografica a
cherestelei din specii exotice. Dupa analizele
statistice ale datelor SSCP, am avut posibilitatea de
a vedea o tendinta care a parut sa grupeze probele
in functie de specie.

Se poate imagina cheresteaua colonizata de
diferite comunitati, cum ar fi cele specifice speciei,
locului de productie, sau de depozitare, In cazul
depozitarii pe termen lung. Prin urmare, ar fi dificil sa
se determine efectiv originea geografica folosind
toate comunitatile existente in cherestea. Ideal ar fi
sa se stie taxonii prezenti in probe, pentru ca analiza
statistica sa se bazeze exclusiv pe cei de interes si
nu pe contaminanti. Pentru a realiza acest lucru, ar fi
de preferat sa efectueze clonarea ampliconului
fnainte de secventiere. O altd tehnica ar duce
aparent la acelasi rezultat: D-HPLC. Aceasta tehnica
face posibila recuperarea fractiilor specifice unui varf
in functie de timpul de retentie (Troedsson s.a. 2008)
facand astfel posibila secventa probei.
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SSCP analysis

The profile obtained led to the detection of 31
OTUs on the set of samples, i.e. around 2.8 OTUs
(or phylotypes) per sample. We could consider that
the samples possessed not insubstantial diversity for
SSCP analysis.

When observing the profile, we were also
able to see any staggering between the samples,
which might have modified the statistical results
obtained thereafter.

Statistical analysis:
analysis (PCA)

No statistically significant conclusions could
be drawn from the OTU-based analysis (Fig. 5).
Indeed, it was impossible to group the geographical
origins with each other. In addition, in this figure, the
distinction between species is not as clearly visible
as in Fig. 7. In effect, in that figure, the fact of having
carried out a PCA with raw data taken at random
made it possible to bring out the two groups more
effectively (Afara and Limbali). However, the Afara
sample from Cameroon was located in the Limbali
group. Nevertheless, there was one way of checking
whether its position in the plane could be considered
correct. To do this, we observed the value of the
squared cosines and if it was over 0.4 we could
consider that the point referencing the sample was in
the right place. The value for this sample was 0.39,
i.e. below the threshold value but close enough to
express a doubt as to the interpretation of this result.
It was therefore difficult to conclude on the true
position of that sample.

What we can say is that, all in all, the
samples located to the right of axis F1 belonged to
the Limbali species, whereas those on the other side
of the axis mostly belonged to the Afara species.

In conclusion, we thus investigated the SSCP
technique for determining the geographical origin of
exotic timbers. After statistical analyses of SSCP
data, we were only able to see a tendency that
seemed to group samples according to timber type.

It can be imagined that timber is colonized by
different communities, such as those specific to the
species, production site or storage site in the event
of long-term storage. It may therefore be difficult to
successfully determine geographical origin using all
the communities existing in timber. The ideal thing
would be to know the taxa present in samples, in
order to base the statistical analysis solely on those
of interest, and not on contaminants. To achieve
that, it would be preferable to carry out amplicon
cloning prior to sequencing. Another technique
would apparently lead us to the same result: D-
HPLC. This techniqgue makes it possible to recover
the specific fractions of a peak according to its
retention time (Troedsson et al. 2008) thereby
making it possible to sequence the sample.

principal components
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Abrevieri Abbreviations
CE-SSCP: Electroforeza Capilara- tehnica de analiza CE-SSCP: Capillary Electrophoresis Single Strand
(utila in detectarea poliformismului determinat de cel Conformation Polymorphism

putin o nucleotida) D-HPLC : Denaturing High Performance Liquid
D-HPLC : Cromatografie lichida de Tnaltd Chromatography

performanta de denaturare DNA: Deoxyribonucleic Acid

DNA: acid dezoxiribonucleic dNTP: Deoxyribonucleotide Triphosphate

dNTP: Deoxyribonucleotide Trifosfat OTU: Operational Taxonomic Unit

OTU: Unitati taxonomice operationale PCA: Principal Components Analysis

PCA: Analiza Componentilor Principali PCR: Polymerase Chain Reaction

PCR: Reactie in lant a polimerazei RT-PCR: Real Time Polymerase Chain Reaction
RT-PCR: Reactie de polimerizare n lant cu detectie UV: Ultra Violet

n timp real

UV: Ultra Violet
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