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The Korean fir tree (Abies koreana), an endemic species of South Korea, is experiencing a severe decline in
population due to climate change. Studies on the conservation of Korean fir have been extensive, yet research
regarding its correlation with rhizosphere bacterial communities remains scarce, warranting further investiga-
tion. In this study, metagenome amplicon sequencing targeting the 16S rRNA V4 region was conducted to
examine the presence of specific bacterial communities in Korean fir and to investigate potential differences
based on habitat types (rhizosphere of native or cultivated trees, soil of dead trees, and bulk soil) and seasonal
variations (April, June, September, November). Here we show that although we could not identify specific
taxa highly specifically with Korean fir, the rhizosphere bacterial community in native trees exhibited less
variability in response to seasonal changes compared to that in bulk soils. Suggesting the establishment of
relatively stable bacterial populations around the Korean fir natural habitat. Further research on other types of
rhizosphere and/or microbes is necessary to investigate the distinct relationship of Korean fir with microbial
communities.
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Fig. 1. Appearance of the sample collection area. Soil samples from
the rhizosphere of native, rhizosphere of cultivate, and soil of dead
Korean fir were collected from soil in direct contact with the roots,
and bulk soil was collected from a location more than 1T m away
from the Korean fir. Fifty ml of soil was collected from three Korean
fir per in rhizosphere of native, rhizosphere of cultivate, and soil of
dead Korean fir using a conical tube, and for non-cultivated soil, 50 ml
of soil was collected three times using a conical tube (n=3). (A) Rhizo-
sphere of native sample collection area (35.318944, 127.694556). (B)
Rhizosphere of cultivate sample collection area (35317861, 127.693306).
(O) Soil of dead Korean fir sample collection area (35.316556,
127.692944). (D) Bulk soil sample collection area.

A&7 P AY-L FAGFE 2] AR (rhizosphere of native
trees), A A& A (rhizosphere of cultivated trees), ZZA}FA](soil
of dead trees), TFAIE v|A B E%(bulk soil) & 4239 X
ol 4 A3 THTable 1, Fig. 1). FAFVES] 2HABR), thA|A]
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Table 1. Location where sample was collected and sample information

Location Sampling date
Bulk soil Apr 20,2023
Rhizosphere of cultivate N35.317861, E127.693306 June 23,2023
Rhizosphere of native N 35.318944, E 127.694556 Sep 13,2023
Soil of dead Korean fir N 35.316556, E 127.692944 Nov 11,2023
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nologies, Santa Clara, CA, USA), Nextera XT Index V2 Kit
(lumina, San Diego, CA, USA)E A}-8-3}%1 1 16S Metage-
nomic Sequencing Library Preparation Part # 15044223
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Table 2. Results of numerical analysis of only bacteria in the

Table 2. Continued

sample
Season Sample ID Sample bactct,err‘ilz (%)
Spring Bulk soil D_1101 83.08
D_1102 85.54
D_1103 87.78
Rhizosphere of cultivate B_1101 83.47
B_1102 81.52
B_1103 83.32
Rhizosphere of native ~ A_1101 66.16
A_1102 7414
A_1103 62.99
Soil of dead Korean fir  C_1101 75.1
C_1102 68.71
c_1103 724
Summer Bulk soil D_1201 80.01
D_1202 85.65
D_1203 80.35
Rhizosphere of cultivate B_1201 83.69
B_1202 84.26
B_1203 86.73
Rhizosphere of native ~ A_1201 71.45
A_1202 79.21
A_1203 76.94
Soil of dead Korean fir ~ C_1201 79.07
C_1202 69.32
C_1203 76.27
Fall Bulk soil D_1301 81.95
D_1302 77.92
D_1303 73.83
Rhizosphere of cultivate B_1301 82.82
B_1302 81.82
B_1303 79.64
Rhizosphere of native ~ A_1301 74.54
A_1302 77.23
A_1303 66.73
Soil of dead Korean fir ~ C_1301 753
C_1302 74.44
C_ 1303 74.03

Season Sample ID Sample bact.:r‘ilz (%)
Winter Bulk soil D_1401 79.49
D_1402 80.87
D_1403 80.56
Rhizosphere of cultivate B_1401 81.04
B_1402 79.88
B_1403 717
Rhizosphere of native ~ A_1401 74.08
A_1402 70.54
A_1403 68.29
Soil of dead Korean fir ~ C_1401 73.62
C_1402 7842
C_1403 79.38
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Fig. 2. Analysis of changes in species diversity according to changes in habitat type and season of Korean fir. To analyze the diversity of the
microbial community, the 16S rRNA V4 region was sequenced using the lllumina system, and the sequences with an average quality score
of 30 or less were trimmed using the Divisive Amplicon Denoising Algorithm (DADA). Rarefaction curve shows the degree of increase in
species diversity as the number of samples increases. The x-axis is reads and the y-axis express clustered Amplicon Sequence Variants.
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Fig. 3. Alpha diversity was compared and analyzed with the SILVA_SSU_r138_2019.RData database after clustering the samples into Am-
plicon Sequence Variants (ASVs) using the Divisive Amplicon Denoising Algorithm (DADA). Alpha diversity shows the Observed, Shannon,
and Simpson diversity indices of microbial communities in (A) April, (B) June, (C) September, and (D) November. Statistical analysis of alpha
diversity used analysis of variance (ANOVA) habitat types had both normality and homoscedasticity, and Kruskal-Wallis test otherwise. Af-
terwards, data with a P-value of less than 0.05 and statistically significant differences between groups were post-hoc analysis using the
Conover-lman test. The Conover-Iman test was analyzed using the Benjamini-Hochberg procedure. The post-hoc analysis results were indi-
cated with the same alphabet for groups without statistically significant differences, and with different alphabets for groups with significant

differences.
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Research in Plant Disease Vol. 30 No. 2 171

FRES 71 YUT AR Al 2] BE o % 7}
e Al ThpT ERES 71X 1 9ichFig. 30). A
HAZ| o LA A AR 2L TFO R FolRA HA
MlEOpRTHE W AR RIS 8 A2 TS R T
QAT Fig. 3). Wby Ut thopy 4] At 4550 1]
% FARE vl Eske] M@ 2Ro] Ao] Wslsldels
A4 theret BRE s 74E 24 AHE $X8E 2o
= ghal gtk vheo] TAREE AR 0] A9 ThE A 5w
o} A2 BRE TheRgo] wouA Aol FRET 7Y
8hx) Qo ER Ao 2 FAE vl =k iR
RAR ] AF 2Ao] AR FARE TS BAT, A
oF LA 2] Al 2ol N2 SAFE Thab4 e Bet oloh
Ze Auto] o)Aste] TAUR A 2 EFO) AE 2
Qe o] wslsltieke QAT B0l Sx|=lo} el
7] o] £ Bzl S FE7} T2 Xodnr &
ok Ttk R AR o LA 9] A9 A Aol
E9F A|Ro]7] o] g Ao LBt X H Efo]
2 NE fARE Al 27 FAE Holk Ao s ke vt
wol WA= ek A AR o) Al 24 T4 A §
A& AR A9 AAo] 7o) EAJeHA e Tl
oA ARFHAL, AL ABH o2 248 Aefolct,
uj ol % Eoke] 7 WS} Ade] w2t Wsleis FEv}
Aoz a4 £ Aejo] $AH Uehg Ao s
e},

THLIR 23 M 2Ee HEe} thF/d (beta di-
versity) #-419] -9 Alt9] E7AA 5 Z(Phylum), ZHFam-
ily) AN A A3} ADE =2 9] 10709] A d FH=5 7
2 7T 552 A5 1 A} FollA= BE A9
A Proteobacteriaf, Acidobacteriota®, Actinobacteriota&
o] 714 X314 ZA)5}Th Proteobacteriaf-2 <F 35% o]
Ao MY w2 FHER S48 1 thF 2 & Acidobac-
teriota£0] 2F 20%, Actinobacteriota£0| 2F 15% A x| &
R ZAshoth theba AH9] 374 o] HA] EREo| of
70%7} & ARISHAT. o]2|7t B3/ AlEo] It =
AFSHAl A = THFig. 4A). 2THA 0 2 A9 Z/AA 5
£ @AY £ A9 A #iste] wheka] Aldt 28
T &Rl & "I dojuA] stk oo = 1
A S ERAACNAY £A A SHE A 10719 EF
£ & Xanthobacteraceae}7| 2 X|Hoj|A] oF 5% H = o] FH
T2 7F 255191 & HA 2 Z=H3SF Nitrosomonadaceae
Tz BE A oA 49 1% ofste] W FREE HtPt

=
lo| 282,
=

6%, 9%, 11¥0f| & 5% =2 FRE7 Z7H6H= FHE 2S
t}. 71 o]9]o] YR BRI EL BT FHEO] Zfo|7t 2
UA] 99kl others2 278 EFw50] FAY ¢F70% F=
£ AAst= Ao 2 A= QIHFig. 4B). 3} TA|Q BFAA
A A= & GAY ERAA 243 v R 2 2|1, AE
o] Wsto|| M2 Al BHwe] FHEo| HTHE WP} dofut
A koket w3t 3 Ao A thget TR EREE
o] Al AL LA B/ 242 FHEE ol W2
EAE Ho|7| fiiof 1A +8& 1A= EFY ¢ 70%
J=7} others2 75 A7} AFE=SITHFig. 4). whaka]
Hel thF £4 Aol A= A Folu A 9] #iste] whatbA
W3kt Al 1S A ERT ) frovldt vistE

21O A~
S Tk

TR XHEX] 23 M 28 A2 =48
(principal component analysis)?] 73-¢ FANRE 2] L34
F AR A A A H3to] whebA] Alet ol ofwgt %
WAEkA) shetaly] Sistel B4 AT B4 Al
o) A% 204 53] = 23 o] 20| Bray-Curtis Dis-
similarity #4158 AR5k} =214 2po| 2 HMesHITHFig. 5).
2 AT AR 2R, JAMAR], TARAAE mEe] 9
%) Wskh Ado] Wstsheleks 37 g yhde] TR v
A EFol A= Adol Mg o l==9] )27} U R] A
=0l HlsiA ZA MetstithFig. 5). o1 % HE 739 A=
S PERMANOVA 438 AL-g:3}0 2|<] Zho] felmlat o]
7t =R SAH L2 HF3FtHANnderson, 2017). ZA| Ho|g
o] PERMANOVA £419] 79 2|9 7k] Al 24 7401 v
FOJuI3k po]7h WS ATHP-value=0.001). o|F HA] o]
oA ofd XY -2 AHE| 3} o|2fgt 2ol & WAAIF=A]
oFopi7] $Isted 3 71X) 2] x|ofut Helste] 2izte] zjol
A] PERMANOVA £.41& 21338}k, 1 A7} AR vl
ol ATt AE w3t mhE FAH .2 {-on|gt 2to|7} AR
THP-value=0.019). RHH AFAYR], tiA| A 21A], ILARA oA = AE
o] WS AR 0 2 foulat Al e ol LAt
gk AR O 2 FARLRY Al Y] AB WSt uf
E At 28 -2 Zole U5 BRI EG AT EQ1E R
31 jeiR] AedolA wfol7} 1Bl gkglek ol FARtR)
o EAsh= Alat T3lo] Ae YT 2482 sho
2=, T 59 27 #stol 9 WA vhg-shs vhde A=
o] ZASHA| Y= EFollA= B8 M7 Alxt 29 HskE
op7]3p7] wiEl Ao & =4 r}(Chaparro 5, 2014). T3t o]
3 Al 20 Wshs A= o] AfsHs Bl AL o5



172 Research in Plant Disease Vol. 30 No. 2

A Buksol Rhizosphere of cutivate Rhizosphere of natve Sol ofdead Korean

va June  September  November  April June  Seplember  November  Apil Jne  Seplember  November  Apil June  Seplember  November

Phylum

Proteobacteria
9 Bl Acidobacteriota
g I Actinobacteriota
g B Verrucomicrobiota
% 0 Bacteroidota
[ . Chloroflexi
£ Planctomycetota
3
[

[l Gemmatimonadota

l | | I .l l.l I.l others
— .- .I. ... l- .I [ | .l. .- I .. i .. i
n o [ L LR et
... = ll. .=I !!_ !!! !!. .I. : I- ENn --- SEE == DT !E-

1
gor g "o My B g ol B

o1
02
103
201
202
203
301
302
303
1401
D_1402
D_1403
8_1102
B8_1103

8
o

8_1202
8_1203
81301
B8_1302
8_1303
B_1401
B_1402
81403
A_1101
A_1102
A_1103
A_1201
A_1202
A_1203
A_1301
A_1302
A_1303
A_140
A_1402
A_1403
02
c_1103
c_1201
c_1202
c_1203

g

2}

o

>}

o

)

)

5

o

o

D

B8_1101
c_1101
c_1302
c_1303
C_1401
C_1402
c_1403

B Buk soll Rhizosphere of cultivate Rhizosphere of native Sol of dead Korean fir
April June September  November Apil June September  November Apd June September  November April June September  November

11 I| =1 | | =5l =
l . =-n
| | . .. ... . . - . - ._—
II - ... --. --: I . =1 _- -. .l. | == -.- .=-
- l ==y ... o ]| -_ II.
= § = =N Cy | =g® .
= - - . Family

= - Xanthobacteraceae

[l Nirosomonadaceae
Chitinophagaceae

B Acidothermaceae
Pedosphaeraceae

. Bryobacteraceae
Chthoniobacteraceae

B solibacteraceae
Ktedonobacteraceae

B Polyangiaceae
others

Relative abundace (%)
2

- - 2 =N N0 =
3 2 8 288 5388 o8
g & 8 §§§% 8% 8% & &

D_1101
D_1102
D_1103
D_1201
D_1202
D_1203
D_1301
D_1302
D_1303
D_140
D_1402
D_1403
B_1102
B8_1103
B8_1201
B_1202
8_1203
8_1301
B_1302
B_1303
B_1402
B_1403
A_1101
A_1102
A_1103
A_1201
A_1202
A_1203
A_1302

3
o o < < << QOO 0O VooV Voo

Fig. 4. Analysis of the top 10 taxa with relative abundance by Korean fir habitat type. Data processing grouped taxa based on 100% similar-
ity between the database and Amplicon Sequence Variants. Afterwards, the relative abundance of all taxa in each region was converted into
percentages. Taxa other than the top 10 relative abundance taxa were classified as others, and data classified as not applicable were re-
moved. (A) Top 10 taxa by phylum level. (B) Top 10 taxa by family level.
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Fig. 5. Principal coordinates analysis (PCoA) to analyze microbial community differences between Korean fir habitat types. PCoA analyzed
the Amplicon Sequence Variants composition of the microbial communities of Korean fir habitat types using the Bray-Curtis Dissimilarity
method and then analyzed the presence or absence of differences between communities using the Permutational Multivariate Analysis of
Variance (PERMANOVA) statistical analysis method. Differences in the types of Korean fir habitat were classified by the color of the nodes,
and differences in seasons were classified by the shape of the nodes. The closed nodes are the average coordinates of the nodes of samples

collected three times from each Korean fir habitat type.
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