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Soil Bacterial Community in Red Pine Forest of
Mt. Janggunbong, Bonghwa-Gun, Gyeongbuk, Korea,
Using Next Generation Sequencing
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Department of Forest Resources, Kongju National University, Yesan 32439, Korea
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Abstract: The soil microbiome plays important roles in material cycling and plant growth in forest ecosystem.
Although a lot of researches on forest soil fungi in Korea have been performed, the studies on forest soil bacterial
communities have been limited. In this study, we conducted next generation sequencing (NGS) targeting 16S rRNA
gene to investigate the soil bacterial communities from natural red pine (Pinus densiflora) forest in Mt. Janggunbong,
Bonghwa-gun, Gyeongbuk, Korea. Our results showed that the entire bacterial communities in the study sites include
the phyla Proteobacteria, Acidobacteria, Actinobacteria, Planctomycetes, which have been typically observed in forest
soils. The composition ratio of Proteobacteria was the highest in the soil bacteria community. The results reflect that
Proteobacteria is copiotroph, which generally favors relatively nutrient-rich conditions with abundant organic matter.
Some rhizobia species such as Burkholderia, Bradyrhizobium, Rhizobium, which are known to contribute to soil
nitrogen-fixation, exist in the study sites. As a result of correlation analysis between soil physicochemical
characteristics and bacteria communities, the soil pH was significantly correlated with the soil bacteria compositions.
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al,, 2012). o2t EF v ket 7les2 AHd
=

of 42 Beks) stetst Alo] uh$- FaslrhLyashevska
and Famsworth, 2012). ESF n|A & o) 2 &-EE=
HiF o) WS mAgEo] AeA, AEE E4S olsfist
7] 93t 8 4=tho]x|YKPalleroni, 1997), ool o8&
o] Q= WA Fol x3E HA nAE A A=
golst= Aol A7 lth(Bloomfield et al., 1998).
2 5ol nlAE 27 T4 $97 B4S Fa) mofel
7] 93k " o 7 2P| 7] A GEA H(Next Generation
Sequencing technology; NGS)o| A|diE] 1l lom, E3]
16s rRNA geneol| thgt 2pA|th A 7] A E2AH-E Falf vl
oF b o 2 3}olgt 4= 219l Acidobacteria, Chloroflexi,
Actinobacteria 5-2] F-Fto] EQF vHH 2ol 9] =2
FA B&E 72k 9l 3H¢ls)ithJanssen, 2006).
Fopol A= AT 7] A BRI HE
olgato] Qe SAo] e Eok nlyE 7 54 el
AAA = 191A Abg 7 Wste] wE B e

Oh et al., 2012; Lee-Cruz et al., 2013; Hartmann et al.,
2014; Li et al., 2014).
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Table 1. Soil physiochemical characteristics of each sample from natural red pine forest of Mt. Janggunbong.

Sample Soil tex'ture (%) pH  OMC%)  TNCA) AP CEC E)ichangeablf cations +(cmol/kg)+
Sand Silt Clay (ppm)  (cmol/kg) K Na Ca’ Mg’
1 24.8 55.3 19.9 52 4.5 0.14 5.0 11.4 0.17 0.08 1.49 0.49
2 31.5 47.9 20.6 4.9 4.7 0.13 5.0 13.2 0.19 0.09 1.29 0.29
3 33.5 48.9 17.7 4.8 53 0.14 7.0 13.9 0.24 0.12 0.95 0.20
4 16.6 61.9 21.5 5.0 52 0.14 6.0 14.1 0.16 0.07 1.04 0.40
5 28.6 53.1 18.3 52 5.0 0.16 4.0 12.3 0.17 0.08 2.12 0.67
6 455 33.6 20.9 5.4 59 0.18 3.0 13.4 0.27 0.07 3.10 0.86
7 18.4 66.8 14.8 5.1 5.0 0.16 5.0 12.3 0.21 0.06 1.27 0.35
8 20.9 61.5 17.7 5.4 5.1 0.16 3.0 13.6 0.22 0.09 2.74 1.11
Mean 27.5 53.6 18.9 5.1 5.1 0.15 4.8 13.0 0.20 0.08 1.75 0.55
SD 8.4 9.2 2.0 0.2 0.4 0.02 1.2 0.8 0.03 0.02 0.71 0.27

% abbreviation:

3. % 22| S1515 54 24
Eof 8ol 39hd A4S sterst] s, 9 9 4

=1

=4 24 ¥ (Korea Forest Research Institute, 2014)of wh
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(AAAEE), AAACHAARE), 53 Q14K Lancaster
W), Fol2AEGHIN-2AY R w JEW), A2/ Fol
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4, E HiE2[of 28 24
EoF A& 0.5 go 2 EE] Power Soil DNA extraction kit
(Mobio laboratories, Carlsbad, CA, USA)E A5t &
oF 40] A5l 1) DNAZ 225500 2% DNA
= dhgg]o}2] 16s rRNA gene VI1-V3 JoS ZZA|Z
Ao 7 9F(5’-CCTATCCCCTGTGTGCCTTGGCAGTC
-TCAG-AC-AGAGTTTGATCMTGGCTCAG-3’; W=
A7) X Fo] primer?] target region2 5=31T}h)Q} 541R(5°-
CCATCTCATCCCTGCGTGTCTCCGAC-TCAG-X-AC-A
TTACCGCGGCTGCTGG-3’; X’ H-9joll= 2 &S 112
5}7] 913t barcode ¥7]4Ho] I L) Zeko|H(primer)
£ AE35}o] PCR (Polymerase Chain Reaction; £3t& 4~
A2 HF-3)S A A SHS tHhttp://oklbb.ezbiocloud.net/conte
nt/1001). PCR 27AL thea} ey 94 27] WA (initial
95C ol 4 5H7F ALASHET) a0 @ W
95Coll A 30, eto]n]
annealing)& 55Cojl A 30%, Z3H(extension)S 72°Cofl A
3022 3t0] 303] vl %
2 12Co| A 5EZE AAIEFAT
PCR #Z AFE2 Chunlab, Inc (Seoul, Korea)?] GS

2

denaturation)<

AJ(denaturation)< AgHprimer

A1ZH(final elongation)

OM: organic matter, TN: total nitrogen, AP: available phosphorus, CEC: cation exchange capacity, SD: standard deviation

Junior Sequencing system (Roche, Branford, CT, USA)2
Abgato] A7 AR 0= Ayt on, 2t
H48 A A=2] AM(Chun et al., 2010; Hur et al.,
2011; Kim et al., 2012a)E w5t E9F DNAQ AlE &
F= 571 ff8l HEElor RRaEe AE7F AE
EzTaxon-e database (http://eztaxon-e.ezbiocloud.net) (Kim
et al., 2012b)E ©|83}o] BLASTN ZHME AlA|SFS ]

EoF dhe|g]of el theh 2470l ShAl, F-41% sequence
42| Zjolofl W TiapAo) Holg Fol7] S8, EoF AR
W 7P A2 sequence =0 W} A FE(resampling)S A
At B AR 2 RE 24 H sequence ] 427} AA
EY A& i grE2lor phylum & A Yeldi=

A &olH 7] ]3f rarefaction H4-& AA]5I% T EF Y
efelel el T 10 Dol AR e
7] $J3ll, AlS-(phylogenetic tree)E A3l AlSS
Aol = §& B g2 73:Mo] MEGA v7.014 (Kumer et
al., 2015 ‘E g3tk EoF by glo} BEEIL(ES|,

phylum)7te] 3] W 5/ W& w|astr] 9Js, SAS
(ver 9.3)2 AF&3lo] ANOVAEA T} Tukey AL AAS
XS, helelo} s 4 W8S st o) 9

3l], o}m AWM S Harcsin( vy )] AAISHYTE EE EoF

o A2 3 pelE v elolEe dolny] 913, Eop
o W 14 vejelol BRZEOR 71 ¥ deidl welx

dhe| 2] oH(rhizobia)7} Fuh} EAsh= A AHE T 5
ﬂgm—gﬂﬂo} BrAlof| &= Shamseldin et al.(2016)©] A A| gk
22) Zuhe| 2] oKrhizobia) F-F HE - L(genus) B3

FAd7re] A A E ArE E 7] 98, R VEGAN package
AH&-5}o,

CCA (Canonical Correspondence Analysis)
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oF2 weli(Sand)7t Bt 27.5%, T]AKSilt)7} 53.6%, HE
(Clay)7} 18.9%= wAbd GERZ A= o] QU B9
AHe= ot pH 5102 7ol &3ttt f7]1=5%H0M)
o B 5.1%, FAAZHTN)S Hd 0.15%, SHEQAA
(AP)2 B4t 4.8 ppm, FO|-2X|2HTHCEC)S H+t 13.0
cmol/kg®] <Fo] Q= AR Urhylth XeHd ol
K o] 4 0.20 cmol/kg, Na™= 0.08 cmol/kg, Ca* "= 1.75
cmol/kg, Mg~ = 5 0.55 cmol/kg® & UERGTE Park
et al.(2009)2] Ao = FH A SAUFH] BEQF W
0 7] SOk} S5 QIS Zk7F 2.1%, 21.0 ppm o2 ZA}
o, o] AR Adte] vl e AUFEH f71E
JjAoa =31 & /oALe AL ZAoF et

ol i1
fo %2
o>~ rlr

- A7kl o3t wE|TE o] RoAAA] g A=
dubH o W2 o) Yy - Aot LA ESH
E=tl(Paillet et al., 2010), 02|13t A= o] Sl s}
A A aurd BEG fr1EF0] 7R SRA
AU B4 Ht frledRo diHe R A b
Ehd Aoz gobgct

2. EY Hig2|ot 4 Znt

AN A7) GRG0l gstel, A2 Bl P
ol AT AA 87 = AEOIA 1147167)9] 3}
Table 2. Summary of Pyrosequencing result from Mt.
Janggunbong.

Number of sequences 114,716
Total length of sequences (bp) 42,838,145
Average length of sequences (bp) 373

| =
Ll -

The number of sequences in subsamples

Figure 1. Rarefaction analysis for each soil sample at natural
red pine forest of Mt. Janggunbong.

g 2]o} 16s rRNA gene H7|4E GHEES AJ4kstal 24
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2 @749 9ol ol Wit 373 bpick

MexE A, A7 H2 6,1837]9] sequence”} FHE
(subsample) 0.2 FZTc}t. F&5
S=2EE phylum o] t)3l rarefaction 242 AA|5H 2
TKFigure 1), rarefaction curve”Z} FLAlo| 717HYA 2=,
w4 A7 AR B A= W BtE| 2o} phylum®] 5

BR ehn gloks AL ¥ 4 Al

HIEEI] sequence

3. EY dig2lot 28 7Y
Aatg AR B U AR dhE| o el 2,90971 9
Fo] ZgE ] lglem, 7t A mY Bt 1,0447]2] Fo]

tZH 3}t v glol 3 U Proteobacteria”} 39.60%,

Acidobacteria”} 25.03% =, -3 U 7F SH-5t= 2

02 e tiFigure 2). 71 ghof Actinobacteria 7.71%,

Planctomycetes 6.19%, Verrucomicrobia 3.74%, Chloroflexi

3.53%, Bacteriodetes 2.97%, Cyanobacteria 1.87%, TM7

1.25%, Gemmatimonadetes 1.19%, Elusimicrobia 1.04%,

Nitrospirae 1.00% =S &2 14 H] &2 o]F1 giglom, -

] 1% vt 7)e} EHF4Others)2 4.85%5 A}A|3}% Tt

2y B ueol FE yniel i

Proteobacteria?} Acidobacteriat= 7]=2] E9F Hig|g|o}

24 ATOINE F2 $Yshs BREoR Uehtltt

(Janssen, 2006; Uroz et al., 2010; Hartmann et al., 2014).
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phylum

I rProteobacteria 39.60%

Acidobacteria 25.03%
- Actinobacteria 7.71%
- Planctomycetes 6.19%
I Verrucomicrobia 3.74%
B Chioroflexi 3.53%
B Bocteroidetes 2.97%

Cyanobacteria 187%
B v 1.25%
- Gemmatimonadetes  1.19%
" CElusimicrobia 1.04%
I Nitrospirae 1.00%
B Others(<1%) 4.85%

F=12107
P < 0.001

Figure 2. Soil bacteria composition rate in phylum level at nutural red pine forest of Mt. Janggunbong. a)
Phylogenetic tree constructed with all soil bacterial species at Mt. Janggunbong, using neighbor joining
method. The colors of each tip represent bacterial taxa in the phylum level. b) Result of comparing the
composition rate (%) among each bacterial phyum. The same letters above bars indicate no significant

differences at p<0.05.

CHFierer et al., 2007). AE AR E9F Yoia=
Proteobacteria’} Acidobacteria®]] H|3] AljAH oz =2
FANES 23 s, ol R 2Ryl $7]

>4
M

=90 AR &7 fwos Bz £33
2 AR E9F pH= o 5.13. 22 Proteobacteria”}
KT = ZAo|H(Lauber et al., 2009 %ki1), o] FE3t
Acidobacteria®]] H]3}] Proteobacteria®] T4 H|&o| =
ol F shtz weEcTh o] Qo A A EYA
w2 pHO EFoll A wtF(fungi)®] Aol v 2ot
AEdEy =4 veids 718 Zofof] Sadt 94
3= Ao 2 U A lth(Blagodatskaya and Anderson,
1998; Rousk et al., 2009). WatA AUEH EoF 479

tlo 1o o®

S vrElElor 9 7o) BESF W A=A o it o
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el ot ool R hizobia)oll Sels AOE okeid
wEool BRZEY F42 AuE ATable 3),
Bradyrhizobium 4:0] 53392 a-Proteobacteria®] <3}
L ERE F M B F 42 T Qs Ao
ebtth. Rhizobium= B 1%, Devosias= B4 15,
Mesorhizobium+= 0.6 02 AX A|goqt A& 2 &
Astgict. hd, B-Proteobacteria®] &%3dt= HRD F
Burkholderia 2 o 22.8%F 02 HE Ag7oA 714
T F 75 RS A= YEth Cupriavidus <
2 W 04F0R U AROIA thebeh
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Table 3. The number of species within rhizobia bacterial genus at natural red pine forest of Mt. Janggunbong.

Soil sample
Class Genus
1 2 3 4 5 6 7 8
a-Proteobacteria
Bradyrhizobium 5 5 4 4 7 6 5 6
Rhizobium 1 2 0 0 1 2 2 0
Devosia 0 0 2 0 1 2 3 0
Mesorhizobium 0 1 1 0 1 0 1 1
B-Proteobacteria
Burkholderia 26 24 22 19 22 22 28 19
Cupriavidus 0 0 0 1 1 0 0 1

T2 Fiklegume) A& HE|o

W59 FHAste] FAY TAS WO m(Shamsledin et al.,

2016), Aa 1 58 2L A EoA AAE FEshe
S

dhg]| g]o} B3-S T=3lti(Sprent, 2001). 3}X| g, Ha]s
e

gt gloffof &dts BE ERaEe] 3 AlEd He
3 A 3= AL oYt Winamo and Lie, 1979). B

5o FASA AUl Ma|E e A= E dhy)
glo} ERtET A, 4 1Y 58L& 53 4=
o

4> £t (Tanaka

Tanaka and Nara (2009) ¥-olA= AUpREo] Helo 1

SHtg| g otof| &34= Burkholderia, Bradyrhizobium,
hazobzum o] th EAshE A 2HlskAAt) Uroz et
al.2010) Ao A= it 23 St 2 5 B9k

Table 4. Correlation between composition rate of soil bacteria
phylum and soil pH.

Phylum rt p-value
Proteobacteria 0.91 0.00*
Acidobacteria -0.68 0.06
Actinobacteria -0.06 0.89
Planctomycetes -0.09 0.83
Verrucomicrobia 0.31 0.46
Chloroflexi 0.59 0.12
Bacteroidetes -0.05 0.90
Cyanobacteria -0.72 0.04*
™7 0.13 0.76
Gemmatimonadetes -0.02 0.96
Elusimicrobia -0.18 0.66
Nitrospirae 0.73 0.04*

T Pearson’s correlation coefficient.
* correlation coefficient (7) is significant (p<0.05).

Burkholderia, Bradyrhizobium 40| 4:3)= g}g|g|o} Z£o]

4> EAEH= Ao 2 et ow, 2 9] Burkholderia
nRzel 47k 2 wuo folel B Ao ue
Mok A2E b =9 ehelelol 2l

1_
N B
i)
o
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)
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4, EY it E4n} gle[2[of 7Ae| A

VIF =215 &3 thasadd A7F e ES =2
S5t B4 A7S Aik £ U F Sandst Clayel
TdulE BoF 3keHA E4 5 pH, FRIAKAP), #7]
ZTHOMP©| THEEAY HEoh Ae wez AeHg
th AHE £ B S0t 54 o v} 2
2 FA7E] TAE CCA EA 3 permutation testE A A
o Ak HFH0R 2o pHrt =9 v lot 7 74
Argshs fofeh MR A EQTHF=1.92, p<0.05).
& pH= ES dtE|ejor 4 48& 25t #8 &
Moz deA @) o w(Fierer and Jackson, 2006; Lauber
et al., 2000), HFE AW &Y Ef vElob 24
T4 9 =k pHol ofa) AAEE Aew rhe,

= pHet phylum 2ol o] B whEe]o} 4 -4
71l AltA| S AR A3, Proteobacteria, Cyanobacteria,
Nitrospirae E-Ft0] EF pHO} §-2)3 AHaA IS 1 gl
tH(Table 4). Proteobacteria J-AJH] S-S Fo] AFIIAS
EFHTH=0.91, p<0.01). Cyanobacteriatz= % pHS} &
9] AIAE EFH S HH(=-0.73, p<0.05), Nitrospirae
= EY pHeF 49 AHHAE HAAthr=0.73, p<0.05).
Acidobacteria= 8-2] =3(a) 0.0594 82512 oA
2 pH7F STV G HlEo] sl AdE Bl
th(=-0.68, p<0.1).
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