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Absrract

Azarwood (Gaham) is the most expensive non-timber wood o the world due to Its distinctive fragrance.
The resin fonmed in agarwood trees are extensively nsed in incense and perfumes. However, the
formation of resin in nature, is 2 namral response to wounds or infection to fangi, takes around 20-24
wvears. Hence, the development of microbial based imoculants that boost the formation of resin is at high
demand. In this sady, reverse engineening techmiques was deployed to identify the microbial cocktail in
aparwood moculants. Phylogenetics stndy showed that the microbial cocktail comprised of the species
of Mengrous, Bacillus and Paenibaciln:.. The mictobe consortinum may be responsible to boost the
Tesin formation in agarwood.
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10. Introduoction
Microbial bazed agzarweod inoculants were kindly
provided by Eayu Gaham (M) Sdo. Bhd. Fifiy
microliters of inoculants were inoculated onto
Luria Bertani (LB) agar (Merck, Germany) and
Potato Dextrose Agar (PDA) (Merck, Germany)
using micropipetie (Eppendorf, Gemmany). The
cilres were then incubated at 37°C for LB agar
(o isolate bactenia) and 32°C for PDA (to isolate
yaast and fungi). The procedurs was repeatad
umntil pure cultures were obtaimed.

Azarwood (Gaham) is the most expensive non-
timber wood m the world doe o 1ts distinciive
fragrance. The resin formed in apsrwood Tees are
extznsively used in incense and perfumes.
However, the formation of the resin in nature teok
20-24 years; as a natural response fo wounds of
infection by the forest endotrophic mycorrhizal
fungi (Tabin et al., 2002 Hence, the development
of ingculants that boost the formation of resin is at
high demand parficularly for commercialization of
aparwood based products. In Sonth East Asia
particularly in Laos, Cambodia, Thailand and 2.2 DHA extraction and punification
Malaysia, the inoculant formulations are

developed based on “irial and emror™ method. Toe

date, very few scientific smdies on inoculants Fenomic DA extraction was carmied oat to
have bean recorded and related information is obtain gepomic DA samples from each purs
SCATCE. culiure sample. Then, pure culiare was

subcultured into 10 ml LB broth {for bacteria) and
PD broth (for veast and fungi) in 50 ml Falcon
tubes and culiured in an incubator shaker

2.1 Isolation of pure cultare overnight at 37°C {for bacteria) and 30°C (for

11. Materials and AMethods
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veast and fungi). The psnomic DA was
exmacied nsing i-genomic BYF DINA Exoaction
Mini Eit (iM:F.OMN Biotechnology, South Korea).
The finz] flow-through containing plasmids was
collacted and kept at -20°C untl further usage.

23  Polymeraze chain  reaction

amplification

(PCE)

The bacterial small subunit (5517 tDBA (165
DAY and internal tramscribed subundt (ITS)
froon fungns were PCR-amplifed from the
exmacied tofal DMA using olizonucleotide
primars, which target bacteria, veast and fung.
The forward and reverse primers nsed are listed in
Table 1. All primers were supplied by AIT
Biotech, Singapore. The reaction cocktail for the
PCE contained (final concentration); 1X PCE
taffer {containing), 2.5 pz template DA
prepared as described above, 0.5 ubd each
forward and reverse primer, 200 pM\ dNTE mix
(containing dATE 4CTP, AGTE, dTTF), (Qizgen,
Germany), 1 U of Phosion® high fidelity DA
polymerase (Mew England Bielabs, USA) and
sterila Billi-0) water to final vohime of 50 pl. The
PCE was performed on 3 gradient Mastercycler
(Eppendorf, Germany). The following PCER
procedurs was nsed: initial denaturation for 30 sec
at 98°C and 30 cycles consisting of denahuration
at 98°C for 10 sec, annealing (varions tempseraiure
depending on the T, primer) for 30 sec and
extension at 72°C for 30 sec_ Final extension was
cammied ouf at T2°C for 10 min followed by
cooling at 45C. All PCE. products were parified
before further nse using Qiafuick gel extraction
kit {Qagen, Germany) according to the
manufacinrer’s protocol.

24 Consmaction of gene librares
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To identify the microbial cocktil, 165 DA
library (bacteria and yeast) and ITS rDM A liboary
{funzl) were constrocted. To do this, the
nucleotide seguence of the 1465 rDINA region
(bacteria) and ITS (fungi) fom all pure culture of
microbes were fitst isolated. The Faro
BluntETopod cloning vector (Invimogen, TT5A)
was nsed to clone the ITS and 165 rDMNA After
ligation, the mixmres were transformed into
competent Escherichia coll DHS @ cells.

Transformants that grew on LB agar containing
100 per'ml ampicillin were then subjected to
colony PCE amplification using the vector
specific primers (Table 1) to screen the prasence
of recombinant plasmids and the size of the
inserts in the vector.

2.5 Mucleotide cseguence determination of 1465
TS rDNA inserts

Plazmid DMA was extracted fom each of the
comect clones nsing & QLAprep Spin Miniprep Eit
(Chagen,  Genmany) according o the
manufacirsr’s protocol. The plasmid inserts were
saquenced by the biotechnology company AIT
Biotech (Singapore) either with primer MI13,
and'or with specific primer listed in Tahle 1.

Table 1:

Smmmary of primears for PCE amplification

Frimoer® Sequence (5°-3") Raeleremes
AT TTOIAT ST D TE AT T e —— T
e AIACTTT TOATCATOKH TCAL] Womshorg @ al., 1971
Wl ACCHITTACCT TOT TACOACT Womshorg @ al., 1971
T

TSy TOOOT ADKITCLAACCTOCCR] Pieraman e Hartn, 200
T TOCTOCOCTTATTOATATOE Pieraman e Hartn, 200
A1 OTAAAAIACCHIC AL Fares Whn T pramar
T TR CADICLA AR DT A TR Lamres Wt Togees primsiey 7
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(165 rDMA and ITS) and sequencing analysis.

Pz ™ [ Forwmed 1, ressin

a. IdenfiScation of microbes by comparative
sequence analysis of 165 TTS tDIA

Initizl identification of the bacteria was made
using Basic Local Alizmment Search Tools
(BLAST) available at NCBI
(http:blast nchinlm nih goe).  Then, 165175
DA sequences were aligned using the ARB
software package, free ooline soffware available
at  (hopoweww.arb-home dehome hml)  and
manually cormecied for emors. Each new seguence
was aoalyzed against a3 phylogenetic  free
coptaining all saquences in the AFRE database
using the maxitmmm parsimony “goick add™ tool
to get & Grst estimate of the affiliation of new
bacteral'fungus specimen The family of each
strain was identified and a npew fires was
recomstoacted wmsing sequences from all species
within the comesponding family as described in
Bergey's Maoual Sirains were identified nsing a
consensus  based om the oeishbour joining,
maximum parsimony and FASTDMNA maximuom
likelihood  alzorithms and the  baceerial
nomenclature described in the latest edition of
Bergey's Mapual (Eneg et al, 20100, A base
frequency filter was pgenerasted hased om the
selected :equences excludimg all  posibons
different in more than 70% of the sirains to enable
a comparison of homolagons positions.

12. Resnlt: and Discussion

a. Microscopic examination of microbes izolated
from the inoculants

Fifteen spacies of mictobes were successfully
isolated from the imoculants.

imology Engmeering, ICBioE, 13
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b. Identification of micTobes isolated from the
inoculants

Bulk DMA was extracted fom each culture, and
after amplification of the 165 rDNA and ITS
DA regions, two libraries were constructad.
Several clones identified through sequencing are
shown in Table 2.

Table 2: Similarity in partial 1465 /ITS tDMA
saquences clones o sequence of their closest
relatives available in the Genbank micleotide

saquence databazes [hitpoblast nob oo nik gow’).

-
Numbsr of

| R ST 1is i Smbghiies
[T T g T alTdlaren 1Crm llank Fidle rard s
[T A orsmmion raim b s
Fllswe nr-ais
Fum gl
a2 H11, TR, 112 Selzmarcnr muber ]
T4
GARIMTIIEE 1)
Hnsria
N maar
pFlabrd MIE EH 1424 Dol el pl rmin =
=R, 1l
THADOSEFE 13
st MIE &M HTI Faribocilher o b
=l
[IEI2EL1)
plslrT MIE &M 1Lu] Dowcvbser e pts redn b
o -0 |
THADOSEFE 13
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c. Fhylogenetic affiliston of the microbes in
inecnlants.

The phylogenstic analysis revealad a large
dmversity affiliation. Onverall, there was a good
agreament between the different alzorithoms
(distanre, mainx, maximum parsimony and
maximum likelibood) used for the phylogenetic
analysis. Phylogenetically, the inoculant microbial
cockizil comprised of the spacies of Menarcus,
Bacilluz and Paenibaciliu:.

13. Conclnsions

As a conclusion, a consortum of bacteria and
fumgzi was successinlly isolated Som the
inoculants. Three species of fumgi and four
species of bactena were identified from the
imoculants. The identification of the microbes in
the inoculants is crucial for the production of
effective incculants with low cost production.
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