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Abstract:

Bacteria is the highest abundant microorganisms in the soil. This research was aimed to
investigate actinobacterial community structures, diversity and their functions in three different
seasons in consecutive of 3 years (2017-2019). Soil samples were collected from forest and
agricultural areas at upstream and downstream of Pai river basin, Mae Hong Son, northern
Thailand. Soil actinobacterial communities were analyzed via next-generation sequencing based
on 16S rDNA gene sequencing in order to evaluate the changes in the community that could
result from changes in land use. The results showed that environmental factors affected on
biodiversity of actinobacterial communities in soils. Twelve soil samples per year were resulted
in 5,963 operational taxonomic units (OTUs), 92,871 number of reads and classified into 43
phyla and 820 known genera. Of these, there are 92 genera belonging to Actinobacteria.
Actinobacteria diversity was highest in upstream agricultural soils. The dominant class with high
relative abundance is Actinobacteria and Thermoleophilia. In class Actinobacteria,
Streptomycetales was the most abundant order whereas Streptomycetaceae and Streptomyces
were the dominant family and genus, respectively in this order. Our results suggested that
actinobacterial biogeography was controlled primarily by edaphic variables and differs
fundamentally from the biogeography of organisms. Shifts in community structure was related
to changes in the relative abundance, rather than presence/absence of OTUs, suggesting that
actinobacterial community is present throughout the upstream-downstream forest and

agricultural land. This is the first study of Thailand to characterize a large actinobacterial



community in upstream and downstream areas using a next-generation sequencing approach.
This study demonstrated that human impacts can affect the existence and abundance of OTU
in upstream and downstream areas, resulting in significant changes in the community structure.
Keyword : Next generation sequencing (NGS), fungal communities, Operational taxonomic unit

(OTUs)
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AT 1 URUTLERIANURBENUSAIAUL f. WiLLAe 0. U1 9. Wigosanu wazgaiumiegig

USnuUangtn g, K1Ue9 8. 1199 9. kigpsdau

A13797 1 uansfifnuarALgeIINIERutmziavesiuiiiufiieg1susnaguiU1e .uigesdau

Svuziiud Wi GPS mmqqmmzﬁuﬁmma (ms)
Unduri U1 19° 23'N 97°57'E 546
inuRsiLh U7 19° 23' N 97° 57" E 544
Undaneni U1 19° 11'N 97° 59'E 270
\nunsUaneti UMM 19°11'N 97° 59'E 208

Sofnwnmanifmaeivesdulufiufiiusons wud Auluiiufinuasduthien pH 6.71 4
Adunieing 3.1 weavledamdudselowd 68.71 un/nn. uazlnuna@ouiiuanasuls 177.10 un./
an. Auluiluiinunsuanendien pH 5.92 Sa1Bundstag 1.85 Weane¥ailuusylowd 12.43 un/nn.
wagTnunadoniiuaniudeuld 66.97 un/nn. Auluiiufivafudifien pH 6.57 fAdunietag 2.29
woanadafiiulselov 75.71 un/nn. warlnunadoufivaniudeuld 168.90 un./nn. Aulufiudivl
Uangtndien pH 6.32 fendunietng 277 Weavedadiluusslond 11.33 un/nn. uaslnunadeond

LLaﬂLﬂﬁﬁulé’ 150.00 un./nn. (mswqﬁ 2)



M15199 2 audiniuadiveaiiegiuiliuanusnaguiile 9.uigesdou

PRERETGRL pH Organic Matter. Available P Exchangeable K
(1:1) (%) (mg/kg) (mg/kg)
Ausnunsiuni 6.71 3.11 68.71 177.10
AunuasUaneni 5.92 1.85 1243 66.97
Authdui 6.57 2.29 75.71 168.90
futvaneh 6.32 2.77 11.33 150.00

NuNEneNIUAUNEATAULY UNduti 71 9. Liuie 8. U8 9. wigasaau inwnsuatet waztn
Uanegul ¢, K1UDY 8. L1199 9. LUFDIEDY AUUUAN 30 WURLUAT AUNUNLNEASNISULNLasUa g dnY
& a6 A Ay v 8 aa & o8 H & \ S aa & a6 H
Wuduima Tuvaenunvrduinddududiinnavuiianawmass Uidateddaududiinnaludinia
W afAuvesiuNnensilufuITIunIIefesumiden Sidene1uiiunaledeazidentuiunand i
Tssadefusuuioumnasuyuuy Auiuivfidedudufusudhumierdunseuds Tillatunans &

lAsaseAuRUUNDUMAsNYLLUA BT UANLNY (AN5199 3)

A15199 3 SNYUENINFNGIVINEIANIN karaudRNINENMYBRUUITNAGINUNY q.uigesaeu

Position Depth Soil Color structure Particle size Textural
(cm) distribution (%) class
Sand Silt  Clay
aumwmé}}uﬁﬂ 0-30 10YR 3/2 subangular 56 25 19 Sandy loam
blocky structure
ﬁumwmﬂma‘fﬂ 0-30 10YR 4/3 subangular 36 39 25 Clay loam
blocky structure
ﬁuﬂﬁwjﬂ 0-30 10YR 4/3 80% subangular 38 37 25 Loam
10YR6/6 20%  blocky structure
auﬂ’lllmaﬁﬂ 0-30 7.5YR4/3 70% Semi-angular 18 41 41 Silty clay

7.5 YR 4/6 30%  blocky structure

JoyaanmuInaenvaeviNsiumegiuluggerun  (Heusunay)  gofeu  (Feu

A a

WYgY) karaary (ReudwnaN) niui 4 uvas A 1) wunvwin 2) ineesaud 3) Yidaneih

1 (%
o % 1

waz 4) 1NEnsUaeun FegaRuAUELAUNUILLNLY 9.UuLR 2. 1ldesdaau fag1sRulaetAu
v 1 1 = (] ¥ a a 1 = Id'

UMURNUBY ALHNUBY B.LileY d.uildasaeu YoyagamiivesiuluggvuniveudazUegi 21.3-22.7 83
Wwalded faTouminiy 27.1-31.1 aernualed Wazgary 26.4-28.6 ssrwalliva gavniiennielugg

wuNYBIURaLlagd 29.8-22.7 ssrniwalTua qaieuintu 33.4-31.1 ssriealdoa uazqgH 32.2-34.9
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86 Wesliud luggeuifoudsnmau 2561 (mM51afl 4)
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Franiuiiedy  aungiiau ()0 aumgiionnie USnausluiade AruFuRdY
O (u3.) (%)
91U (5.0. 59) 22.4 29.8 0 80
g93ou (uLe. 60) 27.1 33.4 41.8 54
e (d.a. 60) 28.6 32.2 258.2 84
g9vu1 (5.A. 60) 21.3 31.4 224 83
gfou (uLe. 61) 29.5 36.7 46.6 56
oelu (a.a. 61) 26.4 34.2 178 86
nAnUN (5.A. 61) 22.7 30.3 33.8 83
gsou (uLy. 62) 31.1 35.8 0 43
qoelu (8.0, 62) 26.6 34.9 407.8 86

nstiusiunUsssnweailulfoAnaindiedisiusis 4 9 Tag33 plate count azdiuinlu
F1urudiu 1 nfu fdnnuuszvnsuendlusivanegroutrannlasnuiflull 2562 dogrsAuiiivain
wannunsuinuiuiiluggdouisiuaulssmnsuenflutodvsiuiumniiaads 1.17 x 107 waddofu
1 nfu duediunifduiulsznsuenilusisdniesdigaiilonsratiulaeds plate count leun
fegafuanuUannunsuinaUasiluggfeudiivlul 2560 Tufiu 1 n¥umsranuyszvinsves

waARLUTEANTIUIU 1.1 x 10% WwadmaAu 1 NSU (AN5199 5, AN 2)
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a1 3 U lumhewadsenu 1 N3y

U/g Unuanein innsUaneth ALY g
U 2560
AU 5.9x 10° 1.99 x 10° 3.5x 10° 1.97 x 10°
Fou 6.7 x 10° 1.1x10° 2.4 x10° 1.5x10°
flu 5.3 x 10° 1.9 x 10° 4.0 x 10° 5.4 x 10°
U 2561
AUN 5.5 x 10° 1.37 x 10° 2.2 x 10° 5.9 x 10°
Sou 2.5 x 10° 1.05 x 10° 4.6 x 10° 8.0 x 10°
Blu 1.89 x 10° 1.35 x 10° 1.33 x 10° 1.19 x 10°
U 2562
AU 1.68 x 10° 9.2 x 10° 3.8 x 10° 3.3 x 10°
Sou 3.5x 10° 1.17 x 10’ 6.6 x 10° 3.2 x 10°
Blu 4.1 x 10° 6.8 x 10° 33 x10° 7.0 x 10°

Wieueniluisdniuenliuvinisfnudnuaeniedugiuinernuiidadu Streptomyces
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nsIRszrYruLanfludednlununguliuiediemalia Next generation sequencing

\Hesnnuenfluliedndneglulndy Actinobacteria Faluanndnvesonnndng Bacteria 3l48u
165 rDNA Tun153tAsIgimanfuiualazagnanaanizlnau Actinobacteria wintu vinnsanwilu
szezan 3 U (2560-2562) iumegsaniiuiiguiniisusnaduiitazuaisindiuiy 4 90 uuadu
dy a % % 1 % sg 9; 1 %z’ o [ Y 1 1 b4
Humneasaul Uidud ineasuated wazdiuaiedn sinisinumedddugisgarunn Seu wazeuly

1 aa o ! a o U ] a 6§ o L a U & o U [

wiarUiieg19iud I 12 feg1e nansinseiaauualul 2560 wui auganauysalduimg
Y949 Actinobacteria Tu@duil 37 1Wesidud lnalulndu Actinobacteria Usgneudae class
Thermoleophilia 46 Woesldud 5998911 A class Actinobacteria 40 Wa3sLHuUA class Acidimicrobiia
wunnududu 3 fleg 6 Wosidud war class MB-A2-108 T 6 1Wasidud (N7 3) wenanildamuin
o w PN ° R I3 o w av v & a v ' .
afuanasnuiwnlidesdudduanliaunsassyladnduneanlududnngule (Unassigned)
wioldanursamigiasela (Uncultured) nsdndnuundinuiuaueswendlusiadnluseau order family
uag genus Tl 2560 uanslums1si 6

Han1sIas1zviaauualul 2561 Avueauanysalduimsves Actinobacteria lufuil 18
Wasidud a1elulwdy Actinobacteria Usznausae class Actinobacteria finsianuuiniign 43
\Wesidud 5898931 fie class Thermoleophilia fiAdugauauysalduing 39 wWesidus d@iu class MB-
A2-108 wuxnnilududu 3 Taueanauysalduing 9 wWesidud class Acidimicrobiia fai1ugau

auysalduing 7 Wesidud uay class 0319-7L14 Taugauauysalduivs 0.4 Wesigud (nmd 4,

ANS9N 7)



H
o S
e S
\ g
g 37% of
/ D_0__Bacteria

37% of
all

D_1__Actinobacteria
D_0__Bacteria
all

5 g D_2_ 0319-7L14 0.1% .

z :

S .

= et D_3__OPB41 0.09% -
D_2__ Nitriliruptoria 0% .

3
[unassigned D_1__Actinobacteria] 0.7% I:]

Pt
3
=
2
c
=

wn

A 3 Tl& Actinobacteria finsianuainmssuasutuauas 16s rONA Tudl 2560

= s & & fou o & o . . oav v
A1519il 6 AuvanuatuaziUeiiuiAugauanysaldinsveslWd Actinobacteria Mlsainnns

DIUARULUATDS 165 rDNA Busiemaiin Next generation sequencing Tul 2560

Class/Oder/Family Genera

Rubrobacter (2)

O : OPB41 (0.09)
C: Thermoleophilia (46)

uncultured bacterium (2)

Gaiella (6)
uncultured bacterium (2),

uncultured Rubrobacterales_bacterium (0.7),

O: Gaiellales (27)

F: uncultured (17)




Class/Oder/Family

Genera

uncultured_Conexibacter sp. (0.3), Ambiguous_taxa (0.3),
uncultured Rubrobacteria_bacterium (0.2),
bacterium_EWin6517 (0.1), bacterium_Ellin6515 (0.1),
uncultured_actinobacterium (0.07), metagenome (0.05),

Gaiella_sp. EBR4-RS1 (0.04)

F: Unassigned uncultured (13.14)

O: Unassigned Gaiellales (4)

O: Solirubrobacterales (17)

F: 67-14 (10)

uncultured_bacterium (3), uncultured_actinobacterium (1),
uncultured Solirubrobacter sp. (0.7),

uncultured Rubrobacteria_bacterium (0.3),

uncultured Rubrobacteraceae bacterium (0.2),

uncultured Conexibacteraceae bacterium (0.06),

uncultured Rubrobacterales bacterium (0.05)

F: Unassigned 67-14 (4.69)

F: Solirubrobacteraceae (7)

Conexibacter (3), Metagenome (0.2),

uncultured Conexibacteraceae bacterium (0.2), Unassigned
bacterium (2.6), Solirubrobacter (2),

uncultured Actinomycetales bacterium (0.3),

uncultured bacterium (0.12)

F: Unassigned Solirubrobacteraceae (1.58)

C: Actinobacteria (0.007)

Bifidobacterium (0.02)

F: Streptomycetaceae (3)

Streptomyces (3)

F: Pseudonocardiaceae (3)

Pseudonocardia (1), Ambiguous_taxa (0.5), Crossiella (0.3),
Actinophytocola (0.3), Amycolatopsis (0.1),
Labedaea_rhizosphaerae (0.04), Saccharopolyspora (0.04),
Lechevalieria (0.04), Kibdelosporangium (0.04), Kutzneria
(0.01)

F: Unassigned Pseudonocardiaceae (0.63)

O: Streptosporangiales (17)

F: Thermomonosporaceae (16)

Actinoallomurus (15.6), Actinomadura (0.4)

F: Streptosporangiaceae (0.6)

Nonomuraea (0.2), uncultured bacterium (0.1),

Ambiguous_taxa (0.18), Microbispora (0.07)

F: Unassigned Streptosporangiaceae (0.05)

O: Frankiales (6)

Uncultured (0.2), Acidothermus (2)




Class/Oder/Family Genera

F: Geodermatophilaceae (3) Geodermatophilus (2), Blastococcus (0.5), Modestobacter
(0.04)

F: Unassigned Geodermatophilaceae(0.46)

F: uncultured (0.5) uncultured_Sporichthyaceae bacterium (0.1)

F: Unassigned uncultured (0.4)

F: Frankiaceae (0.3) Jatrophihabitans (0.28), Frankia (0.02)

F: Micromonosporaceae (5) uncultured bacterium (0.9), Luedemannella (0.3),

Micromonospora (0.3), Planosporangium (0.3),
Dactylosporangium (0.2), Actinoplanes (0.07), Hamadaea
(0.05), Actinocatenispora (0.01)

F: Unassigned Micromonosporaceae (2.87)

O: Propionibacteriales (4) Nocardioides (3), Marmoricola (0.5), Kribbella (0.2),

F: Nocardioidaceae (4) uncultured_bacterium (0.01)

F: Unassigned Nocardioidaceae (0.29)

O: Corynebacteriales (1) Mycobacterium (0.98), Nocardia (0.02)

F: Kineosporiaceae (0.6) uncultured bacterium (0.31)

F: Unassigned Kineosporiaceae (0.29)

O: Micrococcales (0.5) Agromyces (0.06)

F: Micrococcaceae (0.3) Arthrobacter (0.1), Kocuria_palustris (0.07)

F: Unassigned Micrococcaceae (0.13)

F: Intrasporangiaceae (0.06)

F: Unassigned Intrasporangiaceae (0.05) Oryzihumus_leptocrescens (0.01)

F: Promicromonosporaceae (0.05) Isoptericola (0.03), Cellulosimicrobium (0.02)
C: Acidimicrobiia (6) uncultured Acidimicrobiales_bacterium (0.01)

uncultured_Aciditerrimonas_sp. (0.2)

O: IMCC26256 (3) Ambiguous_taxa (0.5), uncultured_bacterium (0.14),
uncultured Acidothermaceae_bacterium (0.07),

uncultured_Acidimicrobidae_bacterium (0.05), Metagenome

(0.03)
O: Unassigned IMCC26256 (2.21)
O: Microtrichales (2) lamia (0.09)
F: llumatobacteraceae (0.9) Uncultured (0.6), Ilumatobacter (0.3)
O: Unassigned Microtrichales (0.31)
F: uncultured (0.7) uncultured_bacterium,

uncultured_Acidimicrobidae bacterium (0.02),

Ambiguous_taxa (0.02), uncultured_actinobacterium (0.02)




Class/Oder/Family Genera

F: Unassigned uncultured (0.04)

O:uncultured (0.3) uncultured bacterium (0.1), Metagenome (0.1),

uncultured Acidimicrobiales_bacterium (0.05)

O: Unassigned unculture (0.05)

C: Unassigned Acidimicrobiia (0.69)

C: MB-A2-108 (6) Uncultureed bacterium (2)

O: Ambiguous taxa (0.4) Uncultured Micromonospora (0.2), Uncultured
Actinobacterium (0.1), Uncultured Catenuloplanes (0.03),

Uncultured Actinomycetales bacterium (0.3)

O: Unassigned
MB-A2-108 (3.24)

C: 0319-7L14 (0.1)
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Class/Order/Family

Genera

Rubrobacter (1)

O:

0319-7L14 (0.4)

C:

Actinobacteria (43)

Bifidobacterium (1)

F:

Kineosporiaceae (0.8)

uncultured bacterium (0.8)

F:

Pseudonocardiaceae (3)

uncultured bacterium (1), Pseudonocardia (0.5), Lechevalieria
(0.4), Saccharopolyspora (0.3), Kutzneria (0.2), Actinophytocola
(0.1), Kibdelosporangium (0.04)

: Micromonosporaceae (5)

F: Unassigned Micromonosporaceae (3.43)

Dactylosporangium (0.7), uncultured_bacterium (0.6),

Luedemannella (0.1), Actinoplanes (0.1), Micromonospora (0.07)

: Streptomycetaceae (12)

Streptomyces (9), Ambiguous_taxa (0.3)

: Unassigned Streptomycetaceae (2.7)

Frankiales (10)

Acidothermus (9)

: Geodermatophilaceae (0.5)

Geodermatophilus (0.3), Blastococcus (0.2)

: Frankiaceae (0.4)

Jatrophihabitans (0.4)

: uncultured (0.2)

uncultured bacterium (0.17)

: Propionibacteriales (5)

: Nocardioidaceae (3)

Nocardioides (2), Marmoricola (0.8), Ambiguous_taxa (0.7)

: Propionibacteriaceae (2)

Microlunatus (2)

: Actinobacteria (3)

: Corynebacteriales (3)

: Micrococcales (2)

Agromyces (0.05)

: Micrococcaceae (1.55)

- Intrasporangiaceae (0.4)

: Streptosporangiales (0.9)

: Thermomonosporaceae (0.7)

: Unassigned Thermomonosporaceae (0.1)

Actinomadura (0.5), Ambiguous_taxa (0.1)

: Streptosporangiaceae (0.2)

Nonomuraea (0.2)

: Micrococcales (2)

: Micrococcaceae (2)

: Unassigned Micrococcaceae (1.9)

Arthrobacter (0.1), Agromyces (0.06)

- Intrasporangiaceae (0.4)

: Unassigned Intrasporangiaceae (0.36)

Oryzihumus (0.04)




Class/Order/Family

Genera

F:

Streptosporangiales (0.9)

Thermomonosporaceae (0.7)

Actinomadura (0.5), Actinoallomurus (0.1)

F: Unassigned Thermomonosporaceae (0.1)

F:

Streptosporangiaceae (0.2)

Nonomuraea (0.2)

: Kineosporiaceae (0.8)

Kineosporia (0.5), Angustibacter (0.3)

: Thermoleophilia (39)

uncultured bacterium (0.4)

- Gaiellales (27)

: Unassigned Gaiellales (5)

: uncultured (16)

: Unassigned uncultured (11.4)

uncultured bacterium (2),
uncultured Rubrobacterales bacterium (1),
uncultured Conexibacter sp. (0.9), bacterium EUin6517 (0.4),

uncultured Rubrobacteria_bacterium (0.3), Gaiella (6)

Solirubrobacterales (12)

1 67-14(7)

: Unassigned 67-14 (3.05)

uncultured bacterium (2), uncultured_Solirubrobacter sp. (1),
uncultured_actinobacterium (0.8),
uncultured Rubrobacteria_bacterium (0.1),

uncultured Rubrobacteraceae bacterium (0.05)

: Solirubrobacteraceae (5)

- Uncultured Solirubrobacteraceae

Conexibacter (3), Solirubrobacter (1), Uncultured (0.09)

: MB-A2-108 (9)

uncultured _bacterium (2), Ambiguous_taxa (0.4),

uncultured_actinobacterium (0.08)

C: Unassigned MB-A2-108 (6.52)

C: Acidimicrobiia (7)

O: IMCC26256 (4) uncultured Acidothermaceae_bacterium (0.5), Ambiguous_taxa
(0.4), uncultured_Aciditerrimonas_sp. (0.4),
uncultured Acidimicrobidae_bacterium (0.09),
uncultured_organism (0.05)

O: Unassigned IMCC26256 (1.56)

O: Microtrichales lamia (0.1)

F: Uncultured (1)

F: Unassigned uncultured uncultured bacterium (0.9), uncultured_actinobacterium (0.07)

F: llumatobacteraceae (0.7) llumatobacter (0.5), Uncultured (0.2), Metagenome (0.02)

O: Unassigned Microtrichales (0.2)

O: uncultured (0.3)




Class/Order/Family Genera

O: Unassigned uncultured (0.1) Metagenome (0.2)

C: Unassigned Acidimicrobiia (4.7)
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Class/Order/Family

Genera

Rubrobacter (1)

O: Actinobacteria (53)

F: Kineosporiaceae (0.5)

Glycomyces_harbinensis (0.2)

F: Pseudonocardiaceae (3)

Pseudonocardia (0.7), uncultured bacterium (0.5), Lechevalieria
(0.5), Actinophytocola (0.4), Amycolatopsis (0.2),
Kibdelosporangium (0.08), Kutzneria (0.08), Ambiguous_taxa (0.07)

F: Micromonosporaceae (7)

F: Unassigned Micromonosporaceae

(4.8)

Luedemannella (0.1), Dactylosporangium (0.6), Micromonospora

(0.6), uncultured_bacterium (0.8), Actinoplanes (0.1)

n

: Streptomycetaceae (27)

Streptomyces (27)

O: Frankiales

uncultured _bacterium (0.2), Acidothermus (4)

F: Geodermatophilaceae (2)

Blastococcus (1), Geodermatophilus (1)

F: uncultured (0.4)

F: Frankiaceae (0.06)

O: Propionibacteriales (5)

F: ocardioidaceae (3)

F: Unassigned Nocardioidaceae

Nocardioides (1), Ambiguous_taxa (1), Marmoricola (0.7)

F: Propionibacteriaceae (2)

Microlunatus (1), uncultured actinobacterium (0.4)

O: Micrococcales (1)

F: Micrococcaceae (0.92)

Agromyces (0.05)

F: Intrasporangiaceae (0.03)

O: Micrococcales (2)

Agromyces (0.05)

O: Micrococcaceae (1.55)

O: Intrasporangiaceae (0.4)

O: Streptosporangiales (1)

F: Thermomonosporaceae (0.8)

F: Unassigned Thermomonosporaceae

(0.1)

Actinomadura (0.7), Actinoallomurus (0.08)

F: Streptosporangiaceae (0.3)

Nonomuraea (0.2), uncultured_bacterium (0.1)

O: Corynebacteriales (1)

Microbacterium (1)

O: Micrococcales (2)

F: Micrococcaceae (2)

F: Unassigned Micrococcaceae (1.9)

Arthrobacter (0.1), Agromyces (0.06)




Class/Order/Family

Genera

F: Intrasporangiaceae (0.4)

F: Unassigned Intrasporangiaceae (0.36)

O: Streptosporangiales (0.9)

F: Thermomonosporaceae (0.7)

Actinomadura (0.5), Actinoallomurus (0.1)

F: Unassigned Thermomonosporaceae

(0.1)

F: Streptosporangiaceae (0.2)

Nonomuraea (0.2)

F: Kineosporiaceae (0.8)

Kineosporia (0.5), Angustibacter (0.3)

C: Thermoleophilia

uncultured bacterium (0.4)

O: Gaiellales (19)

F: uncultured (11)

uncultured Rubrobacterales bacterium (1),
uncultured Conexibacter sp. (0.9), uncultured bacterium (0.6),
bacterium_EWin6517 (0.07), Ambiguous_taxa (0.05), Gaiella (5)

uncultured Rubrobacteria bacterium (0.01)

F: Unassigned uncultured (8.37)

O: Unassigned Gaiellales (3)

O: Solirubrobacterales (9)

F: 67-14 (6)

uncultured bacterium (2), uncultured_Solirubrobacter_sp. (1),
uncultured_actinobacterium (0.4),

uncultured_Rubrobacterales_bacterium (0.05)

F: Unassigned 67-14 (2.55)

F: Solirubrobacteraceae (3)

Solirubrobacter (2), Conexibacter (0.6), Uncultured (0.04)

F: Unassigned Solirubrobacteraceae

(0.36)

C: Acidimicrobiia (9)

uncultured_bacterium (0.06)

F: uncultured (1)

Unassigned uncultured (0.6), Ambiguous_taxa (0.4)

F: IMCC26256 (6)

Ambiguous_taxa (2) uncultured Acidothermaceae_bacterium
(0.2), uncultured_Acidimicrobidae_bacterium (0.1),

uncultured_Aciditerrimonas_sp. (0.1), uncultured_organism (0.04)

O: Unassigned IMCC26256 (3.56)

O: Microtrichales (2)

O: Uncultured (1)

uncultured_bacterium (0.3),
uncultured Actinomycetales bacterium (0.3),

uncultured_Acidimicrobiales_bacterium (0.3)

F: llumatobacteraceae (0.3)

Ilumatobacter (0.3)




Class/Order/Family Genera

F: Unassigned uncultured (0.1)

O: Unassigned Microtrichales (0.7)

O: uncultured (0.2) Metagenome (0.1), uncultured_bacterium (0.08)

C: MB-A2-108 (5) uncultured bacterium (2), uncultured_Micromonospora_sp. (0.2),

Ambiguous_taxa (0.07), uncultured_actinobacterium (0.06)

O: Unassigned MB-A2-108 (2.67)

C: 0319-7L14 (1) uncultured bacterium (0.8), uncultured_actinobacterium (0.2)

C: Nitriliruptoria (1)
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Class/Order/Family Genera
Rubrobacter (0.2)

O: OPB41 (0.2)

C: Thermoleophilia (47) uncultured bacterium (0.4)
O: Gaiellales (33) Gaiella (6)
F: uncultured (20) uncultured bacterium (0.7),

uncultured Rubrobacterales_bacterium (0.3),




Class/Order/Family

Genera

uncultured_Conexibacter_sp. (0.6), Ambiguous_taxa (0.6),

bacterium_EUin6517 (0.4), metagenome (0.03)

F: Unassigned uncultured (17.37)

F: Unassigned Gaiellales (7)

F: Solirubrobacterales (14)

F: 67-14 (8) uncultured bacterium (3), uncultured_actinobacterium (1),
uncultured Rubrobacteraceae bacterium (0.4),
uncultured_Solirubrobacter sp. (0.2),
uncultured Conexibacteraceae bacterium (0.1),
uncultured Rubrobacteria bacterium (0.1),
uncultured Rubrobacterales_bacterium (0.05),
Unassigned 67-14 (3.15)

F: Solirubrobacteraceae (6) Conexibacter (3), Solirubrobacter (1), Uncultured (0.8),

Parviterribacter (0.1)

: Unassigned Solirubrobacteraceae (1.1)

: Actinobacteria (32)

Bifidobacterium (0.5), Glycomyces (0.1), Streptomyces (7)

: Streptomycetaceae (7)

M| M| N | m

: Micromonosporaceae (5)

Luedemannella (0.7), Micromonospora (0.4), Virgisporangium
(0.3), Dactylosporangium (0.3), Actinoplanes (0.2), Uncultured
(0.1), Planosporangium (0.04), Actinocatenispora (0.03),
Hamadaea (0.002)

F:

Unassigned Micromonosporaceae

(2.66)

F:

Pseudonocardiaceae (2)

Actinophytocola (0.8), Crossiella (0.5), Pseudonocardia (0.4),
Actinoalloteichus (0.2), Lechevalieria (0.1), Amycolatopsis

(0.08), Labedaea (0.04), Kibdelosporangium (0.03)

F:

Kineosporiaceae (0.9)

Kineosporia (0.8), Angustibacter (0.02)

F:

Unassigned Kineosporiaceae (0.08)

O: Frankiales (8)

Uncultured (0.5), Acidothermus (4)

F:

uncultured (1)

uncultured_Sporichthyaceae bacterium (0.3),

uncultured Sporichthyaceae bacterium (0.3)

F:

Unassigned uncultured (0.7)

F:

Frankiaceae (0.4)

Jatrophihabitans (0.38), Frankia (0.02)

O: Unassigned Frankiales (1.1)

O: Propionibacteriales (5)

F:

Nocardioidaceae (4.4)

Nocardioides (3), Kribbella (0.6), Marmoricola (0.3)




Class/Order/Family

Genera

F: Unassigned Nocardioidaceae (0.5)

F:

Propionibacteriaceae (0.6)

Microlunatus (0.4), Uncultured (0.2)

O:

Corynebacteriales (1)

Mycobacterium (1)

O:

Streptosporangiales

F: Thermomonosporaceae (1)

Actinoallomurus (0.5), Actinomadura (0.2)

F: unassigned Thermomonosporaceae

(0.3)

Streptosporangiaceae (0.2)

Nonomuraea (1.94), Sphaerisporangium (0.006)

Micrococcales (1)

Micrococcaceae (0.9)

Unassigned Micrococcaceae (0.1)

Intrasporangiaceae (0.2)

Oryzihumus (0.02)

Unassigned Intrasporangiaceae (0.18)

Promicromonosporaceae (0.05)

Cellulosimicrobium (0.03), Isoptericola (0.02)

: Acidimicrobiia (11)

Rubrobacter (0.2)

: OPB41 (0.4)

uncultured (0.5)

Ambiguous_taxa (0.1)

Unassigned uncultured (0.4)

F:
@)
F:
F:
F:
F:
F:
C
@)
F:
F:
@)

: IMCC26256 (7)

Ambiguous_taxa (1), uncultured Aciditerrimonas_sp. (0.08),
uncultured _Acidothermaceae_bacterium (0.07),
uncultured_organism (0.07), uncultured_bacterium (0.04),

Metagenome (0.02)

O: Unassigned IMCC26256 (5.72)

: Microtrichales (2)

: uncultured (0.7)

uncultured_bacterium (0.2),
uncultured Actinomycetales bacterium (0.2),
uncultured Acidimicrobiales_bacterium (0.08),

uncultured_actinobacterium (0.04)

Unassigned uncultured (0.18)

llumatobacteraceae (0.4)

Uncultured (0.2), llumatobacter (0.2)

: Unassigned Microtrichales (0.9)

O|Oo| m|m

: uncultured (0.7)

Metagenome (0.3), uncultured bacterium (0.2),

uncultured Acidimicrobiales_bacterium (0.02)

O:

Unassigned unculture (0.18)

N

MB-A2-108 (7)

Uncultureed bacterium (2), uncultured_actinobacterium (0.3),




Class/Order/Family

Genera

uncultured_Micromonospora_sp. (0.3), Ambiguous_taxa (0.08)

C: Unassigned MB-A2-108 (4.32)

C: Nitriliruptoria (0.4)

C: 0319-7L.14 (0.3)

vinewme): C=Class, O=Order, F=Family, fariusingluiaiu fie wWesiduinnugauauysaiduing

v ¢

23% of
D_0__Bacteria

23% of |
all

D_2_0319-7L14 03% .
1 : D_2_ Nitriiruptoria 0.2%
| 8

| e D_5_uncultured_bacterium 0% .

[unassigned D_1__Actinobacteria] 0.2% ,:]

af 7 1y Actinobacteria 191573NUINNTTIUAIRULUEVDS 165 rDNA TunuinUrdaneinl 2560-

2562



M519fl 10 Auvanvaeuazilesiduinugauanysalduimsveslwdy Actinobacteria liannns

grudIRULUEVDS 165 IDNA Busiewiaia Next seneration sequencing Tufiufivianeiill 2560-2562

Class/Order/Family Genera

C: Actinobacteria (61) Rubrobacter (2), Glycomyces harbinensis (0.02),
Bifidobacterium (0.01)

F: Streptomycetaceae (25) Streptomyces (23), Ambiguous_taxa (0.3)

F: unassigned Streptomycetaceae

(1.7)

F: Micromonosporaceae (10) uncultured bacterium (1), Dactylosporangium (0.7),
Micromonospora (0.6), Luedemannella (0.5),
uncultured bacterium (0.3), Planosporangium (0.3),
uncultured bacterium (0.2), Hamadaea (0.1),

Actinoplanes (0.09)

F: Unassigned

Micromonosporaceae (6.21)

F: Pseudonocardiaceae (3) Ambiguous_taxa (0.8), Pseudonocardia (0.8),
Actinophytocola (0.4), Crossiella (0.3),
Saccharopolyspora (0.2), Amycolatopsis (0.2),
Kibdelosporangium (0.1), Lechevalieria (0.1)

F: Kineosporiaceae (0.4) uncultured bacterium (0.33)

F: Unassigned Kineosporiaceae
(0.07)
O: Frankiales (14) Acidothermus (10),

F: uncultured_bacterium (0.05)

F: Geodermatophilaceae (3) Geodermatophilus (2), Blastococcus (0.8),

Modestobacter (0.03)

F: Unassigned

Geodermatophilaceae (0.17)

F: Frankiaceae (0.7) Jatrophihabitans (0.7)

O: Corynebacteriales (4) Mycobacterium (3.96), Nocardia (0.04)

O: Propionibacteriales (2)

F: Nocardioidaceae (1.6) Nocardioides (1), Marmoricola (0.2), Ambiguous_taxa




Class/Order/Family

Genera

(0.2), Actinopolymorpha (0.2)

F: Propionibacteriaceae (0.4)

Microlunatus (0.33), uncultured actinobacterium (0.07)

O: Streptosporangiales (2)

F: Thermomonosporaceae (0.8)

Actinomadura (0.5), Actinoallomurus (0.3)

F: Streptosporangiaceae (0.8)

uncultured bacterium (0.3), Ambiguous_taxa (0.22),

Microbispora (0.1), Nonomuraea (0.1)

F: Unassigned

Streptosporangiaceae (0.08)

O: Micrococcales (0.9)

Agromyces (0.03)

F: Micrococcaceae (0.7)

Arthrobacter (0.1)

F: Unassigned Micrococcaceae

(0.6)

F: Intrasporangiaceae (0.1)

Unassigned Intrasporangiaceae (0.1)

F: Promicromonosporaceae (0.04)

Cellulosimicrobium (0.03), Isoptericola (0.01)

C: Thermoleophilia (29)

uncultured bacterium (0.4)

O: Gaiellales (17)

Gaiella (4)

F: uncultured (10)

uncultured Conexibacter_sp. (0.9),
uncultured_bacterium (0.9),
uncultured_Rubrobacterales_bacterium (0.9),
uncultured actinobacterium (0.1), bacterium_EWin6517

(0.03), Ambiguous_taxa (0.02)

F: Unassigned uncultured (7.15)

O: Unassigned Gaiellales (3)

O: Solirubrobacterales (12)

F: 67-14 (8)

uncultured bacterium (3),

uncultured Solirubrobacter sp. (0.8),
uncultured actinobacterium (0.6),

uncultured Rubrobacteria_bacterium (0.3),
uncultured Rubrobacterales bacterium (0.07),

uncultured Rubrobacteraceae bacterium (0.03)

F: Unassigned 67-14 (3.2)




Class/Order/Family Genera
C: Acidimicrobiia (6)

F: uncultured (0.2) Ambiguous_taxa (0.1)

F: Unassigned uncultured (0.1)
O: IMCC26256 (3)

Ambiguous_taxa (0.6), uncultured Aciditerrimonas_sp.
(0.2), uncultured Acidimicrobidae bacterium (0.1),
uncultured Acidothermaceae bacterium (0.1),
uncultured_organism (0.09), uncultured bacterium

(0.02), Metagenome (0.01)

O: Unassigned IMCC26256 (1.88)

O: Microtrichales (1) lamia (0.03)

F: uncultured (0.7) uncultured bacterium (0.4),

uncultured Acidimicrobiales bacterium (0.1),
uncultured Actinomycetales bacterium (0.03),
uncultured actinobacterium (0.01),

uncultured_Acidimicrobidae bacterium (0.005)

F: llumatobacteraceae (0.3) Ilumatobacter (0.2), Uncultured (0.09), Metagenome
(0.01)
O: uncultured (0.1) Metagenome (0.08), uncultured_bacterium (0.92)

C: Unassigned Acidimicrobiia (1.7)

C: MB-A2-108 (2) uncultured bacterium (0.3), Ambiguous_taxa (0.1),

uncultured_Micromonospora_sp. (0.005)

C: Unassigned MB-A2-108 (1.59)
C: 0319-7L14 (0.3)
C: Nitriliruptoria (0.2)

wianewe: C=Class, O=Order, F=Family, faauiiusngluandu Ae wWesidudmnuaauauysalduing

nyiATEngNvuLennludednlunuiinun sl U 2560-2562 augauauysalduinsves

Actinobacteria Tufuil 27 Weasidud nelulwdy Actinobacteria Usznausie class Actinobacteria A4

v 5

gANANYIIAUTIWS 50 Wesiud 5098311 M class Thermoleophilia ANgANANYTAIENHNG 37

v [

Wesigud faun loun class MB-A2-108 dauanauauysaiduing 6 Weosidud Tunuiinyasaudiny

a L3 (% s

class dunnaniuiivaneun class Acidimicrobiia wuidudusu 4 faugauauysalduivg

(3

5 Wosidud



uanandnudnl class 0319-7L14 Augavanysaiduing 0.2 wWesifus waw class Nitrliruptoria &3
asrnulainnulesiinueeuanysalduivs 0.1 Wesidud (M9 8, 397t 11)
nslnsgisnruseailudednluiiuiividui U 2560-2562 Arugavauysaiduinsves
Actinobacteria Tufufl 26 wWesidud lefiarsunielulidy Actinobacteria Usgnausiy class
Thermoleophilia #A1ugauaNysalduing 50 Wesidud s83a3w A class Actinobacteria fA31
gANANYIAIANIWS 29 Wasidud daun 1aun class MB-A2-108 anugauauysalduing 10 wWesidud
class Acidimicrobiia wuidugudiu 4 fiaugauauysalduing 7 wWesilud class 0319-7L14 Tau

cu u ¢ s 2 I L= Yo v o Aa
q@llﬁll‘uuimﬂllwmﬁ 1 wWasigun way class N|tr|L|ruptor|a "?]'\19]5'3‘\]'1/\1‘1]1@QWU?UU@UIUQ?QU@J?’I'J']NQWN

auyIaldumg 0.2 Wesidud (Nl 9, m131a7 12)
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27% of
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27% of
E

D_2__0319-7L14 0.2% .

D_2_ Nitriliruptoria  0.1% .
D_5__uncultured_bacterium 0%

[unassigned D_1__Actinobacteria] 0.1% D

i 8 Tdu Actinobacteria 191573NUIINATBUBIAULUAVDY 165 rDNA Tuiuiinemnsdutint 2560-
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M15099 11 Anunanvaneuazilesidudmiugauanysalduinsvedlidy Actinobacteria 7ildannns

DIUSIAULUATDY 165 rDNA Bumlmaila Next generation sequencing Tuuiilnumsauinl 2560-

2562

Class/Order/Family

Genera

C: Actinobacteria (50)

Rubrobacter (1), Bifidobacterium (0.2), Glycomyces_harbinensis

(0.05)

F: Streptomycetaceae (4)

F: Micromonosporaceae (3)

Dactylosporangium (0.5), Luedemannella (0.3),
uncultured bacterium (0.1), Micromonospora (0.1),

uncultured bacterium (0.17)

F: Unassigned Micromonosporaceae

(1.83)

Family Pseudonocardiaceae (2)

Pseudonocardia (1), Lechevalieria (0.2), Ambiguous_taxa (0.2),
Crossiella (0.2), Amycolatopsis (0.1), Kibdelosporangium (0.04),
Saccharopolyspora (0.04)

F: Unassigned Pseudonocardiaceae

(0.22)

F: Kineosporiaceae (0.2)

uncultured bacterium (0.15)

F: Unassigned Kineosporiaceae (1.85)

O: Streptosporangiales (30)

F: Thermomonosporaceae (29.6)

Actinoallomurus (28.8), Actinomadura (0.8)

F: Streptosporangiaceae (0.4)

O: Propionibacteriales (4)

F: Nocardioidaceae (3.2)

Nocardioides (2), Marmoricola (1), Actinopolymorpha (0.1)

F: Unassigned Nocardioidaceae (0.1)

F: Propionibacteriaceae (0.8)

O: Frankiales (3)

Acidothermus (1), Uncultured (0.27)

F: Geodermatophilaceae (0.9)

Geodermatophilus (0.6), Blastococcu (0.2)

F: Unassigned Geodermatophilaceae

(0.1

F: uncultured (0.1)

Unassigned uncultured (0.1)

F: Frankiaceae (0.1)

Jatrophihabitans (0.1)

O: Micrococcales (2)

Agromyces (0.07)

F: Micrococcaceae (1)

Kocuria_palustris (0.1), Arthrobacter (0.08)

F: Unassigned Micrococcaceae (0.82)

F: Intrasporangiaceae (0.2)

Oryzihumus_leptocrescens (0.05)




Class/Order/Family

Genera

F: Unassigned Intrasporangiaceae (0.15)

F: Promicromonosporaceae (0.01)

Isoptericola (0.01)

O: Corynebacteriales (0.05)

Mycobacterium (0.05)

C: Thermoleophilia (37)

uncultured bacterium (1)

O: Gaiellales (25)

Gaiella (6)

F: uncultured (13)

uncultured bacterium (2),

uncultured Rubrobacterales bacterium (1),
bacterium_EUin6517 (0.3), uncultured Conexibacter sp. (0.1),
uncultured Rubrobacteria bacterium (0.08), Metagenome
(0.08), bacterium_EWin6515 (0.03), uncultured_actinobacterium
(0.03), Gaiella_sp. EBR4-RS1 (0.008)

F: Unassigned uncultured (9.37)

O: Unassigned Gaiellales (6)

O: Solirubrobacterales (12)

F: 67-14 (6)

uncultured bacterium (2), uncultured actinobacterium (1),
uncultured Solirubrobacter sp. (0.5),

uncultured Rubrobacteria_bacterium (0.2),

uncultured Rubrobacteraceae_bacterium (0.02),
uncultured Conexibacteraceae bacterium (0.02),

uncultured Rubrobacterales_bacterium (0.02)

F: Unassigned 67-14 (2.26)

F: Solirubrobacteraceae (5)

Conexibacter (3)

Solirubrobacter (2)

uncultured_bacterium (0.04)

C: MB-A2-108 (6)

uncultured_bacterium (1)

Ambiguous_taxa (0.3)

uncultured_Micromonospora_sp. (0.06)

uncultured_actinobacterium (0.02)

C: Unassigned MB-A2-108 (4.62)

C: Acidimicrobiia (5)

F: uncultured (0.2)

Ambiguous_taxa (0.07)

F: Unassigned uncultured (0.13)

O: Microtrichales (2)

lamia (0.04)

F: uncultured (1)

uncultured_bacterium (0.8),




Class/Order/Family

Genera

uncultured Acidimicrobiales bacterium (0.08),
uncultured_actinobacterium (0.05),

uncultured Actinomycetales bacterium (0.04),
uncultured_Acidimicrobidae bacterium (0.02), Ambiguous_taxa

(0.02)

F: llumatobacteraceae (1)

Uncultured (0.5), llumatobacter (0.5)

O: IMCC26256 (2)

Ambiguous taxa (0.7),

uncultured Acidothermaceae bacterium (0.2),
uncultured Aciditerrimonas_sp. (0.2),
uncultured Acidimicrobidae bacterium (0.09),
uncultured_organism (0.06), Metagenome (0.02),

uncultured_bacterium (0.004)

O: Unassigned IMCC26256 (0.73)

O: uncultured (0.2)

Metagenome (0.06), uncultured Acidimicrobiales_bacterium

(0.04), uncultured_bacterium (0.03)

O: Unassigned uncultured (0.07)

C: 0319-7L.14 (0.2)

uncultured bacterium (0.17), uncultured actinobacterium

(0.03)

C: Nitriliruptoria (0.1)

F: Nitriliruptoraceae(0.08)

uncultured_bacterium (0.04)

wnewe: C=Class, O=Order, F=Family, faaiiusingluiadu fie wWesiduinnugauauysalduing
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A15099 12 Anumanuanguazilesidudnueauanysaiduivnsvesludu Actinobacteria 7ilda1nnns

gudduLUATeY 165 IDNA Bushenafin Next generation sequencing Tufiufivndutih® 2560-2562

Class/Order/Family Genera
Rubrobacter (3)
C: Thermoleophilia (50) uncultured bacterium (2)
O: Gaiellales (29) Gaiella (5)
F: uncultured (20) uncultured bacterium (3),

uncultured Rubrobacterales bacterium (1),
uncultured Conexibacter_sp. (0.8),

uncultured Rubrobacteria_bacterium (0.6), Ambiguous_taxa




Class/Order/Family

Genera

(0.09) Gaiella_sp._EBRA4-RS1(0.07), Metagenome (0.004)

F: Unassigned uncultured (14.44)

O: Unassigned Gaiellales (4)

O: Solirubrobacterales (18) F: 67-14 (11)

uncultured bacterium(3), uncultured_Solirubrobacter sp.(2),
uncultured_actinobacterium (0.9),

uncultured Rubrobacteria_bacterium (0.2),

uncultured Rubrobacteraceae bacterium (0.04),

uncultured Rubrobacterales_bacterium (0.009)

: Unassigned 67-14 (4.85)

: Solirubrobacteraceae (7)

Conexibacter (3), Conexibacter (3), Uncultured (0.099)

: Unassigned Solirubrobacteraceae (0.99)

: Unassigned Thermoleophili (1)

Al O] M| M| ™M

: Actinobacteria (29)

Bifidobacterium (0.2), Glycomyces_harbinensis (0.03)
Streptomyces (7)

n

: Streptomycetaceae(7)

F: Micromonosporaceae (4)

uncultured_bacterium (0.8), Planosporangium (0.4),
uncultured_bacterium (0.3), Luedemannella (0.2),
Micromonospora (0.2), Dactylosporangium (0.1), Actinoplanes

(0.08), uncultured bacterium (0.05)

F: Unassigned Micromonosporaceae (1.87)

F: Pseudonocardiaceae (3)

Pseudonocardia (1), Crossiella (1), Lechevalieria (0.3),
Actinophytocola (0.2), Saccharopolyspora (0.1),
Labedaea_rhizosphaerae (0.06), Amycolatopsis (0.04)

F: Kineosporiaceae (1)

uncultured_bacterium (0.5), uncultured_bacterium (0.1)

F: unassigned Kineosporiaceae (0.4)

O:Propionibacteriales (6)

F: Nocardioidaceae (5)

Nocardioides (3), Marmoricola (0.7), Kribbella (0.6),
Actinopolymorpha (0.04), uncultured_bacterium (0.01)

F: Unassigned Nocardioidaceae (0.65)

F: Propionibacteriaceae (1)

Microlunatus (0.95), uncultured_actinobacterium (0.05)

O: Frankiales (5)

Acidothermus (1), uncultured_bacterium (0.05)

F: Geodermatophilaceae (3)

Geodermatophilus (2), Blastococcus (0.94), Modestobacter
(0.06)

F: uncultured (0.4)

F: Frankiaceae (0.03)

Jatrophihabitans (0.03)

O: Unassigned Frankiales (0.52)




Class/Order/Family

Genera

O: Corynebacteriales (1)

Mycobacterium (1)

O: Micrococcales (1)

Agromyces (0.1)

F: Micrococcaceae (0.8)

Arthrobacter (0.2)

F: unassigned Micrococcaceae (0.6)

F: Intrasporangiaceae (0.05)

F: Promicromonosporaceae (0.03)

O: Streptosporangiales (0.9)

O: Thermomonosporaceae (0.5)

Actinomadura (0.3), Actinoallomurus (0.02)

F: unassigned Thermomonosporaceae

(0.18)

F: Streptosporangiaceae (0.3)

Nonomuraea (0.26), uncultured bacterium(0.03),
Ambiguous_taxa(0.02), Microbispora(0.009),
Ambiguous_taxa(0.004)

C: MB-A2-108(10)

uncultured bacterium(4), Ambiguous_taxa(0.8),
uncultured Micromonospora_sp. (0.2),
uncultured_actinobacterium(0.1),

uncultured Catenuloplanes_sp. (0.05),

uncultured_Actinomycetales bacterium(0.05)

C: Unassigned MB-A2-108 (4.8)

C: Acidimicrobiia(7)

uncultured_bacterium(0.07)

F: uncultured(0.09)

Ambiguous_taxa(0.05)

F: Unassigned uncultured(0.04)

O: IMCC26256 (4 ) O: Unassigned
IMCC26256 (2.61)

uncultured Acidothermaceae bacterium (0.5),

Ambiguous taxa (0.4), uncultured_Aciditerrimonas_sp.
(0.3), uncultured_bacterium (0.1),
uncultured_Acidimicrobidae bacterium (0.09), Metagenome

(0.02)

O: Microtrichales (2)

lamia (0.2)

F: uncultured (1)

uncultured _bacterium (0.8),

uncultured Actinomycetales bacterium (0.03),
Ambiguous_taxa (0.02),
uncultured_Acidimicrobidae bacterium (0.02),

uncultured_actinobacterium (0.009)

F: Unassigned uncultured (0.12)

F: llumatobacteraceae (0.9)

Ilumatobacter (0.4), Uncultured (0.4), Metagenome (0.1)

O: uncultured (0.3)

Metagenome (0.2), uncultured bacterium (0.06),




Class/Order/Family Genera

uncultured Acidimicrobiales bacterium (0.04)

C: Unassigned Acidimicrobiia (0.54)

C: 0319-7L14 (1) uncultured bacterium (0.9), uncultured_actinobacterium
(0.1)

C: Nitriliruptoria (0.2)

e : C=Class, O=Order, F=Family , faiusingluindu fe wWesidudanugauauysalduing

Wui1 order Actinobacteria #AugauauysaiuINaalaelul 2560 wuiriuiineasaieund

6.84 1Wasidud Aunvrvateti I 10.29 Wasidus Auinensduuni 31.49 wWesigud nunuiduing

§

10.39 Woasidud U 2561 wuiniuineaslatswidl 4.98 Wesidud funvivatswi 8 13.39 Wosidus

EN

4 ¥
= < & A o

NUMNYATAUUIT 6.04 Wastdus funUrduing 5.39 Wosidud ¥ 2562 wunnuninwasuaiging

14
s & ¢ &N A

5.81 tUDSLYUN WUN

D
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=

Yrdaneun 3 17.76 Wosidud nuinuasduunid 2.61 Wasidud nunvrduing

& o [

6.14 Wosiiud @MU class Actinobacteria wuin order Streptomycetales \Ju order ﬁﬁmmqm

¢ N . & . Ao ¢l &
duyIsnngn waz family Streptomycetaceae LU family UAMNANANYTANEAVDS order U LA

v Y

U7 class Thermoleophilia 1 class Ngauauysaliduduiuasdlaglul 2560 nuiniuiinyasvans

s & A

1131 16.33 Wasidud Aunvrvatetn 1 11.34 1Wesidud Auinunsausingd 19.98 Wesidud nunvlsu

1Y 1Y
[ & A

111l 21.05 Wosdud U 2561 wuiufnensvatsuidl 5.82 Wesiud nunUidatedn 3 4.36

14
s & ¢ & A

LUDILYUR WUN

(3

WNEATAULNT 7.66 Woasidud NunUrduundl 9.37 wWoasidud U 2562 wuaiuinens

1% 1%

< o

Uaetndl 3.64 wWasidud Nunvrvatenn I 4.26 1Wesidud Nuilinwassuund 2.35 Wosidusd Aunul
FuLingl 7.21 Wesidud
guyunuaiseluaudulngilnduwiueg 3 Iidu laun Proteobacteria, Acidobacteria Wag

Actinobacteria wain1sAnwluaatiyadudnunlndy Actinobacteria wigalnduiies augauauysol

[ s

{UNNFLATANUNAINTAI8UY Actinobacteria HAukansanuluwaasNuNNIluiunauLl Yaieun

'
P

WuNUT wazuNinsinens ana (genus) wuimulun1sfneaseil loun Streptomyces lnganizlu

e

e

fufitnansinludiengru (Foudenau 2562) wuihdaugauauysaiduindgads 10.98 wWodidus
INNSANBINUAIMUILUIHUYBS phylotype waznilgaunsudsIuuusnis (OTUs) fisadesiu
Actinobateria lunsAnuaseinuing wuaiideunsuvaniidauaansalunmsssslulasulusinues
fiv oA ana Frankia wu 0.1 Wesidud fvifinnsa$rsuulng Frankia gniSenin actinorhizal plants

Tnginllaninuindennuislaslifinansgnuseotondlusivdnvioudiunuafiiesdndu 9 Tufu diu

'
% ¥ o

Tngnunueadluslvdnveuautuluszauaoud1ei (Alexander, 1977) uan1s@nwiAsslinuindiLon

[ 1
) I

Tufpdnunnigaluiuiviateunndanuaugs nduguidonadeswnananuansalunisadwales

Y

vosuenflutvdnnislaaniizuianas (Eltarabily and Sivasithamparam, 2006) Actinomycetes &



AaandivareUsznsnanansainluldlunisiidefuivudeuainarsdunidnduuaiivieedunum
Aanlun1suyuiguAsSUaUaTANUNTngRsAaNYA1SUSEN D UG O UL

Actinobacteria dulvigjenfeagunuseusiniivuasiiufduiusiuiiy auduiusangii
WanunsasuunldindudslslowuaiiGeiiduasunisasayiivinvesito (Plant srowth promoting
rhizobacteria: PGPR) IG]EJGUIQEJLﬂmﬂ’ﬂmL‘ﬁ‘uﬂiziﬁsﬁﬁ%@\‘lﬁﬁﬂE]’]‘Vi’]iLLa%LLi'ﬁ’]@iimﬁﬂﬂ’]iﬂ’m@&m’]i
I LAulaUDINY Tnelan1ze8198 4 Actinobateria mmmé’fm“?qL%@ﬁﬁ%ﬂiﬂﬁ%iﬁ (Jose and Jha,
2016) An13ANYINANTINAI 9 VB Actinobateria 1uni1sazauwaaLn N15wan siderophores Laznis
a3lulasiau uenanddemudn Actinobateria ldfeliiinlnufudwindeon Tunimsafuday

a1 ]

Actinobateria nauIgINIEIAANIITINMYBIRULRTdIuTIN USRI A Te I TIUAUT NG

(%
a 1Al

lngnsdanunmuananasiY dnsfnyifeiiuadunidnguilluniusing 9 wu nsuanansngey

nsiseyivlavesiiy MsiTInegrIenisuiudilviedluanmuwindeuiilidediuie wasUjduiusi

Juuseleviuaziasugnsiusiensvagaisluaeslsen (Gomez-Escribano et al., 2016; Katz and Baltz,

[
a 1A

2016) Ts1eaunisligaunsdnquilnismsineasiu 14 Streptomyces griseoviridis \udiasausilunis

9
[

ﬂTUQ&JIi A ‘17i WMiManLY 051 Alternaria brassicola, Botrytis cinerea, Fusarium avenaceum, F.
culmorum (Tahvonen, 1982a, 1982b) Tfﬁums%\jmwﬂﬁami%’ﬂmammmiLﬁamsw%ﬁglﬁﬂmmlﬁ
finnan lﬁmzmqLLmﬂ’mLLagﬁﬂwa’]mﬁ@ﬁﬂqﬂiuﬁaummﬂ (Mohammadi and Lahdenpera, 1992)
uaﬂmnﬁwuiwmieﬂwL%amﬁamwﬁ%a Mycostop insld S. griseoviridis Lﬁuawsaaﬂqmé (Ochoa,
1998) fl51891un1514 Actinobacteria @na Streptomyces luidandlwdionuauanudeniovesiiy
AINIINANYHANA \ WU Alternaria sp., Pythium aphanidermatum, Colletotrichum higginsianum,
Acremonium lactucum, W@ ¢ Fusarium oxysporum (Lahdenpera, 1991, Hong et al.,, 2012)
Actinomycetes losuadnuaulalugnainnssunuaslugiuzaisavaunia@inimuazldidu PGPRs
Tnsiawizana Streptomyces TumentsundAuidenfuiesnnanaignldidunindusifiatne
UATIUEN1INITUNNE 1 streptomycin wag aureomycin TutaemAITuA 1940 (Hillel, 2008) &
wanfasiansssuvaidlunsianastestunsindeiiierdostumenisumdannnit 70% nanun
910 Actinobacteria (Gomez-Escribano, 2014) mﬂ%'ayjaﬁum Tanaka tha@g Omura (1993) Wu31

v
v A a a6

Uszanas 60% vesengiuiauazasnidniviivaialvdiineingdunsdnguil Wesandmnuduiiven

'
a1

wasiludinsdeduandey uonntfmuinfidnuasiigesaaigldluvaeidnudwnizg wazluiiv
Y 1 A ada av VY& ' < o & v o a o ¢ S
wessadaliianlyilalud g sgrelsinudnludedinsssyriiniuinaoniunalnniseengnsued
A1503N 1NN T NTUNSHAIUNNAR ANl duNaNYed Actinobacteria Nidanvungludanidlve g
918N MUNUILTY
NUITLAYINUANSTANPINTITUVIRN b9 ANLB AR LB ENI NS LANLINTUABNT T ATA
next-generation DNA sequencing (NGS) nslainalia NGS 928t iuUIUIUIIUY89n1SIa A uLUale

wntuanfieiu (Sogin et al., 2006) MsiinUsunafdweUsuates waldruwlsusiugesduy



165 rDNA danabilinnsmaiduivavesusuLeadluwuaisentalugadnuiniu 35nsivilvaunsa
sryfssznsivienuaziininueauanysaldntuyuvuieniluiuafisela (Kysela et al., 2005;

Staley et al., 2013) 35013 NGS gninanlduazdsvauanudnialunsimunsnvasveaguruwonily

wupiiseludmzia (Brown et al., 2009), A (Jones et al., 2009), ULdy (Sanapareddy et al., 2009)

a o o

LLazﬁgauw%ﬂui’mmauuwﬂ%maﬁuﬁﬂ (Hamady and Knight 2009; Peterson et al., 2009) 181 VAU

1% a

sl 9 nanefeusngnisainuendlukuafiseignineunseanulunn q Ulaedrulvgunannisfine
WNiunN1INERasdIAeY (natural products) Tl & KAZVUIUNITAAATIZANITINNENIUNIIANBINT

Tuy (Xiong et al., 2013; Harvey et al., 2015) Aufmtvesmaluladlugadudfiiuuldifiosus

6

v = o v a = ¢ a aaa . ly  a

andunuYeIN1sAnwdduianilelnanauysailudadidin (whole genome sequencing) wagiiiy

ANNNYBITRYA Tngannsadnaisuilunlesfuiuseneumeiduloansdu q vaesesfunuiade
q’ 1 dll & [~4 2 o [y} d' = '3 ¥ ) v

90N wagiiuanuindeieluanulululivesddulasiuleuinevanysaivazgndes vivldaiuise

AnwindameivestulietnaviBunuasnsduaszvindawmesousuuauysal (Bentley et al., 2002) ua

av v v a S a v A aa a & | = a

AlaannistawmeluladfifenisAunukendlusuaiseluiu Tutunsunsluveanis@ne1nisidnism

o U = g.JI a v a 1

AMAULUATUI UL LAY waRR ludsEnTuRuanratewisluUsemalne

9. agunantmaasuazdatauaunue  yuyukuailselufudiulngdlnduued 3 Indu lawn
Proteobacteria, Acidobacteria ag Actinobacteria mmuamwawmw%amw‘?Jaflﬁqmml,l,aﬂmu
wuafiseluAuaInnIsiusIuswiIeg19hiu 12 dreg1elu 1 U ldmeeynsudsiuuiifnis (OTUs)
5,963 e 311IUN1581U 92,871 Asthazdwunkuafiselavianun 43 phyla 820 @na (genera) Tu
° - A & . . A A a a X Ay 3
F1uuilll 92 ana MUuves Actinobacteria ANUNAINAIEYDILBARILLUATILS BgeianluufAu
lnglanglufiuinuns class Wwuinuianugauauysalgiwaznulavaslunn 4 Aun laun class
Actinobacteria waz Thermoleophilia Tu class Actinobacteria order Streptomycetales Ju order 7
P ¢ a . I3 . aa ¢

UAUYAUFNYTUNINNER Lag family Streptomycetaceae tUU family NHUAIUYANEANYTUNEAVDS
order # anawiuiinuuin loun Streptomyces nan1sAnwInUIUadesudwingeuninadeniny

Ly
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