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Abstract

In order to investigate the population of Frankia, the soil samples were collected from
both main land and coast sites in Thailand. The population numbers of Frankia isolated from coast
sites generally showed higher amount than that of mainland sites. The nodule numbers from both
Casuriana equisetifolia and C. junghuniana when trapped in both soil types were also investigated.
The amount of nodules formed in soil sample from coast sites was in the range between 7-370
nodules while from mainland sites was 0-155 nodules.

The 215 nodules were obtained from various soil samples, only 18 isolated could be
cultured. The nitrogenase activity (on the basis of Acetylene Reduction Assay : ARA) from these
isolates was in the range between 40-90 lmol C, H/g-dw/h. The cross inoculation between both
Casuarianas was conducted. The results suggested that host specificicy was no significantly be
observed. In order to, investigate the biodiversity of Frankia on basis of DNA technique, BOX-
PCR technique was used. The results demonstrated that among 29 nodule samples, their DNA
fingerprints were different. When the dendogram was generated along with their DNA fingerprint,
the relationship between Frankia strain and habitat was not found.

When Frankia strains were analyzed on the basis of 163 rDNA, they could be divided
into 2 main subgroups. Some strains showed more closely related to Alnus viridis Frankia than
those of isolated from C. equisetifolia. On the other hand, when nifH regions were sequenced, it
was also found 2 subgroups. The first subgroup was closely related to Frankia sp. Nodule
FE37:0.36252 while the another subgroup showed similarity with other Frankia strains collected
from Nakhonsawan, Chumpom, Rayong, Krabi ans Prajuabkirikhan provinces. From this study

demonstrated the high diversity of Frankia as well as the potential to sue in agriculture practical.
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w =] Voam e 9 & o . . A & o 1 . 1
FuTINoIRYNgUR 11 9N RIznet7 (Non-leguminous) 578297 UnaY Angiosperm 31 20
¥ ¥
@1a (Schwintzer tiaz Tjepkema, 1990) AITY NMILLIIWAUILNIN Frankia AUNGUWHNAT
b 14
113RTUTENIT Actinorhizal -symbiosis muﬁﬁmqmmmmw Actinorhizal plant (Wall, 2000} @14

520770 1A Tum5199 1

#1990 1 anaveaiangy Actinorhizal (W31 Torry, 1990)

Genus Family Number of Nodulated Principal Geographic Distribution
Species
Allpcasuarina Casuarinaceae 58 Aus
Alnus Betulaceae 42 NAm, SAm, Eur, NAs, SAs
Casuarina Casuarinaceae 18 Aus, SAs, NAf, NAm, SAm
Ceanothus Rhamnaceae 31 NAm
Cercocarpus Rosaceae 4 NAm
Ceuthostoma Casuarinaceae 2% Aus
Chamaebatia Rosaceae 1 NAm
Colletia Rhamnaceae 3 Eur, NAf, SAm
Comptonia Myricaceae 1 NAm
Coriaria Coriariaceae 16 NAm, SAm
Cowania Rosaceae 1 NAm
Datisca Datiscaceae 2 NAm, SAm
Discaria Rhamnaceae 5 Sam, Eur, NZ
Dryas Rosaceae 3 NAm, Eur
Eleagnus Eleaegnaceae 35 NAs, NAm, Eur, SAs
Gymnostoma Casuarinaceae 18 Aus
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A1719H 1 (AD)

Genus Family Number of Nodulated Principal Geographic Distribution
Species
Hippophae Eleaegnaceae 2 Eur, NAs

Kentrothamus Rhamnaceae I SAm

Myrica Myricaceae 28 SAf, NAm, SAm, Aus, SAs, NAs
Purshia Rosaceae 2 NAm
Retanilia Rhamnaceae 1 SAm
Shepherdia Eleaegnaceae 2 NAm
Talguenea Rhamnaceae 1 SAm
Trevoa Rhamnaceae 2 SAm

UL

Aus = Australia and/or Oceania, Eur = Europe, NAf = North Africa, NAm = North America,
NAs = Northern Asia, SAf= Southermn Africa, SAm = Aouth America, SAs = Southern Asia

* Lack of adequate collection make inclusion these taxa tentative.

ininomans 13 wun Frankia 1oglu
Division Procaryotes
Class Bacteria
Order Actinomycetales
Family Frankiaceae
Genus Frankia
. = o o . . o [=¢ : =
Frankia Udnuaizitly pleomorphic organism WUGnYMzAY multicellular Azl
. P i =3 ' | [ v o [
NIZLIUMT differentiation UNAud Frankia T31s1aumnaaiusianiulddaly 3 suny Ao
& g o & :: ' k4 3 s
WUY endophyte formed Futwduloiindsuudazad {(branching septate hypha) JEHERE
o =1 u’: c?ru 1 i P 1
RAEY 2 ¥ UDNTINULIIWUIN Tumuﬂﬁm Frankia ﬁtlUﬂE]E]ﬂﬂ']ﬂﬂlJ‘ﬂﬂﬁ‘ﬁ Alnus
R A T : & = 4 =1 ] & A P=3 [~ 1 9
glutinosa W0 IUTUIATYAY TaiAuN (mature stage) 31519819703 nialugdaaudanay
= . . o o o od i P
L3uf elongated ‘r’??@ spherical sporangia S1TUDIAL ANHMUIFAAUNUIWTUN %umﬁumquﬂﬂma
1 = W 1 Gt ‘: @
Uizanm 1 Hm vimanuenidsziim 60 U udszlanvazuaniafiunategluuniudy
Y ¥ o 2 ‘ '
AN LA WIABUTD (media) A9 vuATUTY spindle, granulated bodies 1Ay  bacteroide

Braker llagAte, 1979 uonwilayas Frankia awanvmzidnngld 2 wwy Ao wwuduls
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= - o oA . ¥ o
(hyphae) udrguuuNUuniiouwaduuaicy  (bacteroides) lpeazguinaduriaudnans
i at = = , o o 1 = \ . <"
U NAguu UM HUY vesicle MiTluaIUN differentiate 9101/a10049 hyphae A1014
P ' 1 o . =2 ' =
ansAnaunato s wlasey oy sonTudle  vesicle  HgUsradluuuvunszuss (club-
= 1 o . N o ' .
shaped) wFowssnow  Hdurguinasdsziie 12 Um o UR  vesicle (udiuiifa
= =4 \ = r . =t = 4 =4 s
nszuaumsada lulasudowlalluinsSuaednolulay vesicle Tdnyaziieufo Suda
a5V = 1 ' = i ar g a
minflasdumaoondioulilhums il hnlFuahssiufimmihauvsasu ol e S

« =t . * .
(Gauthier unzAniy, 1981) osfUsznoumamind g inulu vesicle 1AuA  pentacyclic

hopanoid lipid #imadlunumiunistiesfumsunsriiuusseondiou (Barry, 1994)

Frankia Woxm30180g3 INHUNY _
=2 [ qy 1 R .:; 3 1 =y
NANTENE LT lUIB89gasYNa Casuarinaceae  Aszao UM 8A91 90 ¥ila

¥

d o a o o = = = 1 =t
Futunaldvy  Wdudu  wonszeeiiWlusssundvemiesmande  vsdiuvamdy
e wazuayle landly (Tomey uay Berg, 1988) lauwsnszaiwignluunuwadsu (Tropical)
4 R o a L4 ' o [ =
uarfadau (Subtropical) vatlan dwiuldvss Tominaw 4 dw wiu dgnifuuuaduay 3
we o . ¥y v ¥ 4 dan
sy lumsnumudennundads  udewdgnluiuiilimuzayr sinvesaunszga
. : . a w o
Casuarinaceae  FITINHIAUNLLA (Casuarina equisetifolia JR. € G Frost) Uazaulszawns
¥
(Casuaring junghuhniana, Miq.) WU Frankia casuarinae 31919481 sz iiAatusnau
H3nen Faerunsonse lulasiausneinie (Nitrogen fixing symbiosis) (Kathryn 6iazasiz,
1985; Torrey i4a% Racette, 1989) innldouldsslenlld dedusen (Seeding) gaisldian
Y - ' 1 g =3 Y ' e s
wufiuvalnd e Frankia fazgnindeudna’lidis Taveglugdveadunniivulyiudunss
=S 3/ Vv o A 3/ . !
mﬂﬂmmﬁuﬂuﬂamgmﬂaaumu (Lundquist 18z Torrey, 1984) Bond (1976) WU Frankia
» 1’
rusad lusn Wdududszanlundosg 188e 7 asega it 2) eazawsomiifa
. ¥
nsd19Ui Ty Frarkia zogordslunng Symbiotics fudufivfiodvoy uazfmuinde
Frankia $A08UWI201293 (host specific) Tumsidhlowdvegiunay #iu (Reddell niaz

Bowen, 1986)
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Plant order Plant {amily Plant genus Frankia species
Fagales Betulaceae Alnus 1. F. aini
Rhamnalas Elaeagenaceae Hippophae 2. F. elaegni

Shepherdia
Rhamnaceae Discaria 3. F. discariae
Ceanocthus 4. F. ceanothi
Coriariales Corlariaceae Coriaria 3. F coriaria
Rosales Rosaceae Dryas 6. F. dryalis
Purshia 7. F. purshiae
Cercocarpus 8. F. cercocarpi
Myricales Myricaceae Myrica 9. F. brunchorstii
Gale
Comptonia
Casuarinales Casuarinceae Casuarina 10. F. casuarine

111 : Bond (1976)
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. A 1 ey P . =Y [} +
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' [ 1 ¥
Sunell, 1950) lag#isn pH fiaoudadnzdudanisitiadwdulufie Myrica gale (Bond, 1951)
:1" = = =¥ o u’j 5/ 1 ar 3 -
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ar & =1 = e o ' ' 4
HooveTalutTmianies 6 mM Tanudutumnndenisdniy Oha uazame, 1993) uaesi
o o oo A [ 4 1 r
MAI9DMININTIRNYMTBT50n Host root exudates ANTdAM Frankia wadalihidufins
@ " o o ! Y ¥ A Y o o 1 ¥ v YA
¥a uaot s mdwumuimeing Frankia vzihgsindin1dlivios 2 dumds 1dun dhiisn
=Y [] i 1 I'd y 1 & [}
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- -~ = [~ a 9 d? @ s 3 ] - a
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a : o 4 «
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Frankia ‘Hﬂuﬁﬁﬂymzﬁﬁlﬂﬂ’h Encapsulation (Lechavelier (0% Lechaelier, 1990)
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19199 3 3UTanuazh dienyisves Frankia

Hyphae Bacteria like
Terminal swellinge cells or
Species Diameter | Spherical (s) or Diameter’ Length “bactercids”
Lm Club-shaped Hm Mm Hm
(Sc)
A, Nodule Coralloid
1. Falni 0.3-0.5 s 3.0-5.0 0.5-1.5
' 6.0-8.0"
2.F elacagni' 0.3-5.0 s 2.5-4.0 0.3-0.9
1822
3. F discariae’ ¢.3-0.4 s ca4.0 not know
4. F. cearothi 0.3-0.4 s¢ 1.5-3.0° not know
5. F. cariariae 0.4-07 ¢ 1.2-13 9.0-12.0 not know
6. F. dryadis 0.5-0.8 c 1.5-2.0 1.5-5.0 1.0-2.0
7. F. purshz’ael 0.3-0.5 5C 2.2-44 22-55 not know
8. F cero:arpz'l 0.3-0.5 c 3.0 4.0 not know
B. Rhizothamia produced
9. F. bruncharstii 1.2-2.8 c 1.6-24 7.5-12.5 1.5-2.5
10. F. casuarinae 0.3-0.5 c 0.6-1.5 3.0-4.0 0.4-1.0

| et et < v ¥ o 3 . . .a =
aUFdh 2,3, 7 uax 8 #nwi Tauldndosqanssenluuuldiuas (Light microscopy) Winiu wila

+
=}

oo .\ .
31« landeswnulduruazndoanssmisidnasou (Light and electron microscopy)
1 & ¥ o 1 o

* wuadurIguIna19wes spherical cell (vesicle) 1#UMIAUONA19UDY  club-shaped TudIufi

nAahaa
3 i ¥

va iy ldenun

[} a ' =~

' usinnmaanszuon (club-shaped) Tuszozusaisy domsmndiuuuuga (vesicle)

N3 : Becking (1974)
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Y L X A . dy . ¥ ¥ . ‘
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' 3 = dy = Q' =y ‘é’
(OPM) Ve lugaunginesoudens auiul5uiamindiy (Braker Lazams 1979, b, Boonkerd

uazAUy, 1985)
¥

snaes LoalaonisefuR NUMHILLNYIeNa (Sucrose fractionation gradient)
9 P ' r ; ada [ Y =t =) 9 : M
wldlufazeeuaziumsadoasuisn 1 0.5 afuuelvazBoaud nionsdimihndu 15

¥ ¥ '
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= - = o A a 3
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@ R P =1 at .:'i l:ly '
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Qs ar Y1 . Y 2 o Yt [ =Y
DNA 1a801@0vann1saindsn15ues Binch 402 Cullum (1985) uaa991u1 1Y 145 vinaila
PCR @1
Y. NIIANH Chromesomal DNA 89 Frankia lnsn3191ndusinay
@ = o Y g 1 .;" = 3 3 °y M J pr =1
hduRhuun lddnissndeseviity dradmindutasadsiis Tween 80 1Ty
¥ ¥
1101 4-5 WA NNURINAIeTIsar MRl 10% H,0,, 25% Fthanol 4ag 0.5% Tween 80 A1
_ a va ¥y w o 4 - S R oy Y L
Mg nilunm s win udidedisihinaudaeadedidness Wdundraudnualu liquid
¥
nitrogen MM 5ana lagly SDS Lay Proteinase-K 13nuaudumsadalan Phenol-chioroform
& o
AARZROW DNA @38 absolute ethanol 31U 1A9ENoU DNA UA19398797 RNA Tat RNase A 1137
o =] o 4 '
111ty DNA template Tun53R31e4 PCR fin 11!
A.  Primer MFUAz@MAMTANTIHNINYAVI DNA

oy o

lumsnaasifiazdenld Primer  nazaswaITil PCR AfgiSTenneunds
diefies Iedoyauns puas annsoiinsiiouiion 14Ty Genbank Tav14 Primer 4m FGPS
849°, 5°-GCCTTGGGAGTACGGCGGCCGA-3' uaz Primer %A FGPS 1146’, 5-GCGGCA
TGATGACTTGACGTC-3' TAuduangaua by 168 DNA luday BOX AIR primer 18191
A1 5-CTACGGCAAGGCGACGCTGAC3 1Az nif H primer Rdudad primer 1: 5’

AT(GCIAGGT(TCGA)AC(TCGA)GCCTT-3’ 402 primer 2 : 5-AT(GC)GAAG)T
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(AT)CAACTTCTCCGG-3 dmfumafinduauyavasdu 165 DNA a3z lanldiyiuins
gametlu 100 ul Usznoulday template DNA, reaction buffer (10mM Tris-HCI [pH 8.3], 1.5
mM Mg Cl,, 50 mM KCI) 200 uM YUIRAY deoxynucleoside triphosphate, 1 M primers oz 2
U %99 Tag I DNA polymerase ﬂﬁﬁ?mmsxﬁwﬁmaul%’ﬁﬁyu 30 59 TAoS U990 2 UM
Denaturation ¥ 93 4fsaifioa diumal 1 419, Annealing fi 57 sarumalioa 1 ud uay
Extension 1 70 astuvaios Jhina 1w

MIANSIIUGAVEITU BOXAIR 19 Reaction mixture 3uifisafunisiindinauy
yaveadu 165 DNA UFAT AN mIugs DNA lag denarure 7 95 saraifon 2
Wil WU 1 5oy, B0 30 seuhilay 94 DaruwarEed 1121 30 31N, 92 PR uaIEe 13U
(387130 U, 50 pesuwaioa 1 1H uaz 65 esrwaitre 8 WIRDN 1 591

dauﬁmﬁ;m"mauqmmﬁu nif H 1% DNA template TUU31794 50 mg , primer 1
waz 2 TudlSua 0.95 uaz 1.025 pm AUAA Y, Deoxynucleoside triphosphate 200 uM, MgCI,
1.5 mM Uag reaction buffer UFASofildudmaulsznoudae 94 ssrwaifoa nat 4 und
way 72 oEalBee 3 uih lusouusn, 94 eamalia 30 Juth, 35 samwaiEea |
WA uay 60 aarymITed 2 UH 11U S 79U Mwdie 35 pariwaiee 3 1R uay 60
periaidon 2 wif Wusiau 30 yeu mwdao 1 souR 72 esrwades 1unar 2 uad
msaﬁ:mﬁimuﬁqﬂmm DNA T%Lﬂéﬂd PCR Sprint Temperature Cycling System 999 Hybrid, UK.
mmiundaduat POR Hanuamasnaouly 1.0% Agarose 1a03% Electrophoresis i 80
Volt i’f'au DNA Lﬁ@ﬁﬂﬁ]ﬁauiﬂﬂi% Ethidiumbromide (Normand 14812 Chapelnon 1997)

ki

3. B Imawrivoyn

3.1 1INIOIUIG UL AUE PCR-product Tanl4 DNA Sequance Y93 Applied Biosystem
U 310
e o a JEEnIETEY a9
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o aw Y Q’: =y a o e q ar Y e a
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Tagld Box DNA primer WU UH1IAIAZ IV DNA F1&5vuAs s 5 kb 9ude 300
w HHwusglueig 4-12 uoy Wil Simaudetaudmaunni lansadtus o 1
o9 lsdia s SnauuiiL g DNa Wlumsnaasmiaiis 20 #9061 wazwu 20
Fra6eilANuUANA 19T NDE 195 AU 1Az Dendogram 114 L e souaaaiennuduRUT

TTHINAUTNTIUAVLUNAIDIABYDUTD

T T T T T T ;
103 [ikel a3l 176 148}
Coelivient

AW 1 LR Dendogram AUHAINNAWYDI Frankia 130 ¥ Box primer

CADocuments and Settings\User I\Desktop'final report frankia\unh3.doe 17



ﬂmifuﬁwmadmﬁaﬂﬁaaém"lahmwmﬂ Dendogram ¥1MINTOIUAIAULA DI
16S fDNA Saaiafisadaninoinusay cluster 18un 1) Bealny (@unsm) 2) §1hs (o
Usgdving) 3) szome (unzeasiuauivg) 4 Foum @szasing) 5) uasaissa @unwa)
6) wuNy (aunzinANEnza) 7) TEUDs @ssminiangimsia) 8) armgdeil eunzio
Yiohanzim) LAz 9) Aseil (aunsiaelanzie) ¥IAvBe PCR-product 7 141N MY
yatu 165 DNA wuTmndsetrafivunafl 1500 bp vy iBudinnh 1 copy

wd oy lannaulutardadealuy (i 2)

bp M 1 2 3 4 5 &6 7 8 9 10 11 12 13 NC

1900 bp

MAT 2 1aAg PCR-product Y9384 168 rDNA 1171198 10819903 uA U

WINBIMA lane 1 = SUS (31953518 1-8), lane 2 = CM (1hiFnalu), lane 3 = RN13 (Auszuas
13), lane 4 = NS7 (ThuAse3554 1-6, 8-10), lane 5 = CMU (aWiFoalni), lane 6 = PR
6 (UIWYSYT 6), lane 7 = RY 6 (1132084 6), lane 8 = LP1 (1181114 1-3), lane 9 =
HHB (U51835711 1-8), lane 10 = SU5 (31857513 1-8), lane 11 = SUS (51655

514 1-8), lane 12 = SUS (g5189 514 1-8), lane 13 = CN (audvuin)
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Tz et A
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sl

tszune B

1 sz 1-6, 8-10
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duizusa 13
*r UTEB

Frankia (infective on Alnus viridis)

e

—

Frankia sp. symbiont in roct nodule

[ thdnhe 1-3

el 1-8, 11-18

L Uncultured bacterium clone AKIWSG61

Frankia (Coriaria nodular endophytes)
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1. g@esasacag Heagland’s micronutrient solution

H,BO, 2.86
MnCl, 4H,0 1.81
ZnS0,.7H,0 0.22
Cu$0,.5H,0 0.08
Na,M,0, 21,0 0.025
CaCl,.6H,0 0.025

2. Hoagland’s chelated ion stock solution
FeS0O,.7H,0 5.56

Na,EDTA 7.45

3. gAT91¥17 YEM (trap contaminate)

K HPO, 0.5
MgS0,.7H,0 0.2
NaCl 0.1
Yeast extract 0.5
Deionized water 1.6
pH 6.8

4. gAIMz DPM

ICHPO, 1.0
MgS0O,.7H,0 0.1
CaCl,.2H,0 0.1
Hoagland’s micronutrient 1.0
Hoagland’s chelated iron 1.8
Propionic (sodium salt) 1.2
Deionized water 1

pH 6.3

C:\Documents and Settings\User1'Desktopifinal report frankialonons §1ada.doc

nIU/ARS
AS/ART
niu/ans
niN/ans
nSu/ans

RGP

ASU/ANT

nSU/ART

NTU/AnS
NIu/Ang
ASL/aRs
UG

aay

nSu/ang
NIN/ART
nSu/ans
1a./an3
ua . /anT
ua/ang

any

27



) s

5239

NAME : Associate Professor Dr. Neung Teaumroong
NATIONALITY : Thai

SEX : Male

ID-Code : 5-1006-00046-81-8

DATE AND PLACE OF BIRTH : July 21 1965, Bangkok

POSITION : Head of Research Department

Institute of Agicultural Technology
(April 1999-present)

ADDRESS : Schoot of Biotechnology
Institute of Agricultural Technology
Suranaree University of Technology
Nakhon Ratchasima, THAILAND 30000
E-mail : neung@sut.ac.th
Fax : 66-44-224150, 66-44-224154

EDUCATION

1987 B.Sc. Microbiology, Chiang Mai University, Chiang Mai, Thailand

1989 M.Sc. Industrial Microbiology, Chulalongkorn University, Thailand

1990  Dipl. Microbiology and Biotechnology, University of Tokye, Japan

1993  Dr.rer.nat Microbiology and Molecular Biology, University of Innsbruck, Austria
RESEARCH OF INTERESTS

. Molecular Microbial Ecology
: Molecular Biology of N2-fixation and VAM

RESEARCH FUNDING

: Monbusho (1993-1994)

: International Atomic Energy Agency (IAEA) (1993-1993)

: Japan Society Promotion of Science and National Research Council of Thatland
(JSPS-NRCT) (1995-1998)

: Biodiversity Research&Training Program (BRT)1996-1999)

: HRH Princess Sirindhorn Plant Conservation Project (1996-2000)

: Suranarce University of Technology (1993- present)

: Japan Society Promotion of Science and National Research Council of Thailand
(JSPS-NRCT) (2000-2003)

: Thailand Research Fund (2004-2006)

: Commission on Higher Education (2004-2005)

PEER-REVIEWED PUBLICATION

Teaumroong, N., and S. Pichayangura. (1989). Detection of Polysaccharides from some Mushrooms. J.
of Microbial Utilization of Renewable Resources. Vol.6, F.126-128.

Chung, S.-Y., Yokoyama, K., Gomo, M., Teaumroong, N., Ishii, M., Igarashi, Y., and Kodama, T.
(1994). Purification and some properties of ribulose-1, 5-bisphosphate carboxylase/oxygenase
from a thermophilic hydrogen-oxidizing bacterium, Pseudomonas hydrogenothermophila strain
TH-1. J. Ferment. Bioeng., 78, 469-47.

Teaumroong, N., Y. Murooka and N. Boonkerd. (1995) Acid Tolerance and Antibiotic Resistance of
Some Strains of Bradyrhizobium applied in Thailand. Suranaree J. Sci. Technol Vol.2, P. 75-80.

Teaumroong N. and N. Boonkerd (1996). Iron Element, Siderophores and Microbes. Suranaree J.
Sci.Technol. 3:95-100.

Teaumroong, N. and N. Boonkerd. (1996). Symbiotic Relationship Between Rhizobia and Legumes in
Molecular Genetic Aspect. Suranaree J. Sci. Technol. 3:15-20

Teaumroong, N., N. Boonkerd and K. Haselwandter (1996) Effect of the iron sources on the siderophore
produced from Bacillus polymyxa. Suranaree J. Sci. Technol. 3:133-137

.o mw

E:\My DocumentshlszFinide\cvneung.doc 29



Teaumroong, N.,C. Schuarzer, B. Auer and K. Haselwandter. 1997. A non-radioactive DNA probe for
detecting dicyandiamide - degrading soil bacteria. Biology and Fertility of Soils.25,159 - 161.

Teaumroong, N., K. Teamtisong, M. Manassila and N. Boonkerd.(1998). Preliminary Study of The
Competition and Persistence of Applied Bradyrhizobia Strains Using Reporter Gene in Soil.
Suranaree J. Sci. Technol 5:18-23.

Teaumroong, N. and N. Boonkerd (1998). Detection of Bradyrhizobium spp. and B. japonicum in
Thailand by Primer-Based Technology and Direct DNA Extraction. Plants and Soil. 204:127-134.

Chumkhunthed P.. S§. Rodtong, N. Teaumroong and N. Boonkerd (2001). Bioconversion of Cassava
Roots to High Protein Product for Animal Feed. Thai J. Biotechnol.. September 2001, p.17-25.

Teaumroong N., W. Sattayapisut, T. Teekachunhatean and N. Boonkerd (2002). Using Agricultural
Wastes for Tricholoma crassum (Berk.) Production. H. Insam, N. Riddech, S. Klammer (Eds.)
Microbiology of composting., p.231-236.

Pongsilp N., N. Teaumroong, A. Nuntagij, N. Boonkerd and M. J. Sadowsky. (2002). Genetic Structure
of Indigenous Non-nodulating and Nodulating Populations of Bradyrhizobium in Soils from
Thailand. Symbiosis, 33:39-58

Teaumroong N., S. Innok, S. Chunleuchanon and N. Boonkerd. (2002). Diversity of Nitrogen-fixing
cyanobacteria under various ecosysterns of Thailand: I Morphology, physiology and genetic
diversity. World Journal of Microbiology & Biotechnology, 18:673-682.

Chunleuchanon S. A. Sooksawang, N. Teaumroong and N. Boonkerd. (2003). Diversity of Nitrogen-
fixing cyanobacteria under various ecosystems of Thailand: II Population dynamics as affected
by environmental factors. World Journal of Microbiology & Biotechnology, 19: 167-173.

Payakapong W., P. Tittabutr, N. Teaumroong and N. Boonkerd. (2004) Soybean cultvars affect
nodulation competition of Bradyrhizobium japonicum strains. World Journal of Microbiology &
Biotechnology, 20: 311-315

Minamizawa K., K. Nishioka, T. Miyaki, B. Ye, T. Miyamoto, M. You, A. Saito, M. Saito, W. L.
Barraquic, N. Teaumroong, T. Sein and T. Sato. (2004} Anaerobic Nitrogen-Fixing Consortia
Consisting of Clostridia Isolated from Graminecus Plants. Applied and Environmental
Micrebiology, 70:3096-3102.

Tittabutr P., W. Payakapong, N. Teaumroong and N. Boonkerd (2005) Cassava as a cheap source of
carbon for rhizobial inoculant production using amylase-producing fungus and glycerol-
producing yeast. World Journal of Microbiology & Biotechnology, 21:823-829.

Innok, S., Matsumura, M., Boonkerd, N., and N. Teaumroong (2005) Detection of Microcystis in Lake
Sediment using Molecular Genetic Techniguies. World Journal of Microbiology &
Biotechnology, 21,1559-1568.

Manassila, M., T., Sooksa-Nguan, N. Boonkerd, S. Rodtong and N. Teaumroong (2005) Phylogenetic
diversity of wild edible Russula from North-eastern Thailand on the basis of internal transcribed
spacer sequence. Science Asia, 31(4), 323-328.

Tittabutr P., W. Payakapong, N. Teaumroong N. Boonkerd Paul W. Singleton and D. Borthakur (2006)
A histidine kinase sensor protein gene is necessary for induction of low pH tolerance in
Sinorhizobium sp. strain BL3. Antonie van Lecuwenhoek. 89(1):125-134.

Tittabutr P., W. Payakapong, N. Teaumroong N. Boonkerd and Paul W. Singleton (2006) The Cloned
rpoH2 gene of Sinorhizobtum strain BL3 restores both exopolysaccharide and nodulation defects
of rpoH2 mutants of Rhizobium sp. Strain TAL 11425, Symbiosis. (accepted).

Waraporn Payakapong, Panlada Tittabutr, Neung Teaumroong, Nantakorn Boonkerd, Paul W. Singleton
and Dulal Borthakur. (2006). Indentification of two clusters of genes involved in salt tolerance in
Sinorhizobium sp. Strain BL3. Symbiosis. 41, 47-33.

INVITED BOOK CHAPTER : Neung Teaumroong and Nantakorn Boonkerd (2006). Rhizobial
Production Technology. In: Microbial Biotechnology in Agriculture and Aquaculture. Vol. 2
(eds.) R.C. Ray, Science Publishers, USA, pp. 77-110.

PROCEEDING AND ANNUAL REPORT

Teaumroong, N., N. Boonkerd and Y. Murooka. (1995) Application of primer based technology to
fingerprint the genomes of Bradyrhizobium spp. Used in Thailand :In Proceeding of the o™
International Congress on Nitrogen fixation, St. Petersburg, Russia May 28-June 3, p. 741.

P T

E:\My Documentsis: #iniisicvneung.doc

30



Boonkerd N., N. Teaumroong, P. Wadisirisuk, S. Kotepong and A. Nantagij. 1996. Rhizobial strain
improvement and on-fram management for high N. fixation in Thailand; Isolation of forage
legume rhizobia. Annual Report of IC Biotech. 19:839-844.

Teaumroong N, K. Teamtaisong, P. Wadisirisuk, S. Kotepong, A. Nantagi). and N. Boonkerd. 1997.
Rhizobial strain improvement and on-fram management for high N, fixation in forage legumes;
Screening of high effective rhizobial strains. Annual Report of IC Biotech. 20:955-962.

Teaumroong, N. and N. Boonkerd. (1998). Using reporter gene system to monitor applied
Bradyrhizobium in Thailand. In Proceeding of the 11" International Congress on Nitrogen
fixation, Institute Pasteur, Paris, France, July 2-25, 1997, p. 660

Beoonkerd, N., N. Teaumroong and G. Hardarson (1998). Effect of inoculation methods on nodulation, N,
fixation and yield of soybeans under field condition. In Proceeding of the 11" International
Congress on Nitrogen fixation, Institute Pasteur, Paris, France, July 2-25, 1997. p. 631

Boonkerd, N., N. Teaurmroong and G. Hardarson (1998). Nitrogen Fixation ("*N Dilution) in Soybean as
Affected by Inoculation Methods : In Asian Network on Microbial Researches. Gadjah Mada
University (GMU), The Institute of Physical and Chemical Research (RIKEN) Science and
Technology Agency, Japan. P. 165-17].

Rodtong, S.. N. Teaumroong and P. Chocklay (1998). A preliminary study on the diversity of
macrofungi in Nong-Rawieng plant genetic forest: In proceeding of the Asia-Pacific Mycological
Conference on “Biodiversity and Biotechnology™ 6-9 july 1999, Hua-Hin, Thailand. P.281-284.

Teaumroong N., K. Teamtaisong, P. Wadisirisuk, S. Kotepong, A. Nantagij. and N. Boonkerd. (1999).
Strain selection and characterization of rhizobia isolated from forage legumes grown in Thailand.
Anmual Report of IC Biotech.

Teaumroong N., K. Teamtaisong, A. Nantagij, P. Wadisirisuk, S. Kotepong, and N. Boonkerd. (2000).
Diversification of some forage legumes rhizobia isolated in Thailand. In:Proceeding of the 12
International congress on nitrogen fixation [F.O. Pedrosa et al. (eds.)), Foz do Iguacu, Parana,
Brazil. September 12-17, 1999.Kluwer Academic Publishers. p.196

Teaumroong, N., M. Manassila, N. Boonkerd, and S, Rodtong. (2000). ITS-RFLP analyses of Edible
mushrooms in genera Russula and Boletus collected from North Easter part of Thailand.
Abstracts of the Asian Mycological Congress 2000, 9-13 fuly 2000, Hong Kong Sar, China: 115.

Teaumroong N., K. Teaumroong, T. Sooksa-nguan and N. Boonkerd. (2001). The Diazotrophic
endophytic Bacteria in Thai Rice. The Fifth ESAFA International Conference on Rice
Environments and Rice Products, 27-31 May 2001. Krabi, Thailand. p. 147-160

Kotepong S., A. Nuntagij, §. Jitacksorn, N. Teaumroong and N. Boonkerd (2001) Application of Tree
Legume Rhizobia for Reforestratiion Programme in Thailand. In Proceeding of the 13"
International Congress on Nitrogen Fixation, Ontarto, Canada (2-7 July 2001}, p. 512.

Rodtong, S. Burom, C., Teaumroong, N., and Boonkerd N. (2003) Bioconversion of cassava starch to
nutrient sources for slow-growing Rhizobium cultivation. Abstracts of the Bio Thailand 2003 on
Technology for life, 17-20 July 2003, Pattaya, Chonburi, Thailand, p. 258.

Teamtisong, K., Okazaki, S., Minamisawa, K., Teaumroong, N., Saeki, K., Kaneko, T., and Tabata, S.
(2003). Rhizobial determinants for nodulation and nitrogen fixation with bred soybean. Nippon
Doji Hiryo Gakkai Koen Yoshishu (Abstracts of the Meeting, Japanese Society of Soil Science
and Plant Nutrition), 49:58.

Nuntagij, A. Kotepong, S., Jitaksorn, §., Chengaksom, C., Teaumroong, N., Boonkerd, N., and Abe, M.
(2003). Selection and management of rhizobia for tree legumes in reforestation. Biotechnol
Sustain Uttl Biol Resour Trop. 16:193-197.

Tittabutr, P., Payakapong, W., Teaumroong, N., and Boonkerd, N. (2003}, Development of rhizobial
inoculant production and formulation : dilution technique and solid state fermentation. Biotechnol
Sustain Util Bio Resour Trop. 16:105-112.

Manassila M., A. Nantagij, S. Kotepong, N. Boonkerd and N. Teaumroong (2004). Characterization and
Monttoring Selected Rhizobial Strains Isolated from Tree Legumes in Thailand. Proceeding in
the 6" Buropean Nitrogen Fixation Conference (24" -27" July), Tolouse, France.

Teaumroong, N., Socksa-nguan, T., Thies, E.J., and Boonkerd N. (2004). Comparison of Bacterial
Activities Involved in Nitrogen Cycling Between Conventional Rice Cultivation and the System
of Rice Intensification (SRI). Proceeding in the 14" International Congress on Nitrogen Fixation
{Oct. 27- Nov. 1), Beijing, China.

EMy DecumentsWwrzTdadinicvneung.doc

31



Payakapong, W, Titabutr, P., Teaumroong, N. Borthakur, D., and Boonkerd, N. (2004). Isolation of
Genes for Salt Tolerant form Sinorhizobium LT11. Proceeding in the 14" International Congress
on Nitrogen Fixation (Oct. 27- Nov. 1), Beijing, China.

Namanusart, W., N, Teaumroong, S. Rodthong, O. Nopamornbodi and N. Boonkerd. {2004). Gencetic of
Arbuscular Mycorrhizal Fungi Infected Acacia mangium WillD. The IV Asia-Pacific
Mycological Congress and the IX International Marine and Freshwater Mycology Symposium
{14-19 Nov. 2004). P. 127

Innok, S., Chunleuchanon, S., N. Boonkerd and N. Teaumroong. (2006). Application of Akinete Forming
N»-fixing Cyanobacteria for Rice Cultivation. Proceeding in 11" International Symbiosium on
Microbial Ecology (ISME) (August 20-25, 2006) Vienna, Austria.

INSTRUCTIONAL EXPERTISE

+ Applied Micrchiclogy + Biosafety

+ Man and Environment + Food Microbiology

+ Environmental Microbiolegy + Plant and Microbe Interaction

¢ Agricultural Biotechnology + Molecular Biology and Recombinant DNA Technology

PROFESSIONAL SOCIETIES AND COMMITTEE
: Thai Society of Biotechnology
: Thai Inventor Association
: Central Biosafety Committee (CBC)
: Subcommitte of Central Biosafety Committee (CBC) in Microbiology

ORAL PAPER PRESENTATION

- NRCT; NUS; DOST-JSPS. Joint Seminar on Biotechnology. December 22-24 1988, Chiang
Mai University. (Oral presentation: in “Detection of Polysaccharides From Some Edible
Mushrooms.”)

- The 3rd FAO/IAEA Research co-ordination meeting on " Enhancing Soil Fertility and Crop
Production by Better Management of Rhizobium". (Oral presentation in " Using Molecular
Biology to Detect Rhizobia in Agre-Ecosystem”). University de Geneve, Geneva, Switzerland.
August 15-19, 1994,

- Biotechnology Research and Applications for Sustainable Development (BRASD). Central
Plaza Hotel, Bangkok, Thatland. August 7-10, 1996. (Oral presentation : in “Using Molecular
Biology Techniques to Fingerprint the Genomes and Study Behavior of Bradyrhizobium in
Agro-Ecosystem.”)

- Research co-ordination meeting on "Enhancing Soil Fertility and Crop Production by Betier
Management of Rhizobwm" (FAO/TAEA). 2-6 Sep. 1996, UN, Vienna, Austria (Oral
presentation : “The Detection System to Monitor Applied Bradyrhizobium in Soil”)

- Project of JSPS-NRCT "Seminear on Cooperative research of biotechnology between Thailand
and Japan". Nov. 27, 1996. (Oral presentation : in “Application of Reporter Gene System to
Detect Rhizobial Behavior.”)

- JSPS-NRCT/DOST/AIPI/VCC “Sustainable Development of Biotechnology in Tropics™. 3-4
November 1998, Manila, Philipines. (Oral presentation : in “Characterization of Desmanthics
virgatus Rhizobial Strains Isolated from Thai Soil.”)

- 10™ Annual Meeting of TSB and NCGEB “Biotechnology for A Self-Sufficient Economy”. 25~
27 November 1998, Bangkok, Thailand. (Oral Presention : in “The Prospectus of School of
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- 8" International Symposium on Nitrogen fixation with Non Legumes. 3-7 December 2000, The
University of Sydney, NSW, Australia. (Oral presentation : in “Diversity of nitrogen fixing
cyanobacteria under ecosystems of Thailand.”}

- The Fifth ESAFS International Conference on Rice Environments and Rice Products 27-31 May
2001, Krabi, Thailand. (Oral presentation : in “The Diazotrophic Endophytic Bacteria In Thai
Rice.™)

- The 14® International Congress on Nitrogen Fixation. Oct. 27- Nov. 1 2004., Beijing, China
(Oral presentation : in “Isolation of Genes for Salt Tolerance from Sinorhizobium LT11”
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- INTERNATIONAL INVITED SPEAKER : “Bjofertilizer Technology” at Gansu Agricultural
University, China (2-3 Nov. 2004)
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- “MONBUSHO” : Research in "Molecular Genetic of Acid Tolerance Rhizobium". Hiroshima
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- “AUSTRIA GOVERNMENT" : Research in "Investigation of Siderophores from
Bacteria”, University of Innsbruck, Austria. (May 1-June 30 1995)
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Japan (March 13, 2000- March 31, 2000)

- “J§PS” : Research in “Effect of Rhizobitoxine Forwards Legume Nodulation”. Tohoku
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- ISNAR and W.K. Kellogg Foundation, Training in “Monitoring, Evaluation and Impact
Assessment of R&D Investments in Agriculture” (9-20 June 2003), Pretoria, Republic of South
Africa.

- InWEnt (2003-2004) Training programme
: Bioorganic Fertilizer Production from Agro-Industrial Wastes and Entrepreneurship

Development for Rural Women Leadership Southeast Asia
: Technical training on Biofertilizer Inoculant Production

E:My Documentstlsziainidicvneung.doc 13



