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ABSTRACT

In a redox transition zone, geochemical reactions are facilitated by active bacteria that mediate reactions involving
electrons, and arsenic (As) and iron (Fe) cycles are the major electron transfer reactions occurring at such a site. In this
study, the effect of repetitive redox changes on soil bacterial community in As-contaminated soil was investigated. The
results revealed that bacterial community changed actively in response to redox changes, and bacterial diversity gradually
decreased as the cycle repeated. Proportion of strict aerobes and anaerobes decreased, while microaerophilic species such
as Azospirillum oryzae group became the predominant species, accounting for 72.7% of the total counts after four weeks
of incubation. Bacterial species capable of reducing Fe or As (e.g., Clostridium, Desulfitobacterium) belonging to diverse
phylogenetic groups were detected. Indices representing richness (i.e., Chao 1) and phylogenetic diversity decreased from
1,868 and 1,926 to 848 and 1,121, respectively. Principle component analysis suggests that repetitive redox fluctuation,
rather than oxic or anoxic status itself, is an important factor in determining the change of soil bacterial community, which
in turn affects the cycling of As and Fe in redox transition zones.
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A = Ade FrolthLee et al., 2015). ZAAHANA=
redox ¥stel] RIS F7] A=A sleHA EA Hevt
Hsteb ol sAdd H4o] Sk A9t el tk
A E4o] viioltt. AAE dolAlole} vlag BFE,
AAAR R ZA A ek W Hlx st S718t
= AtglEe] AEFHoE HuEyw ti(ung et al,
2015; Meng et al., 2017, Xie et al., 2018; Duan et
al., 2019).

HIAE HEEAR] BEGRHEAR, A17|de s EA1st
At Bt fEe Al 55 B9l EdeE fEtt
(Smedley and Kinniburgh, 2002; Winkel et al., 2008).
sletHo R off et oy, EY Askrellr= 7
9] As(Ill) (arsenite) F== As(V) (arsenate) = =3It}
(Mandal and Suzuki, 2002). % WellA] HlAe tifE
St EE FilkslEol I3]0 PgslE F
B2 EA5ATH(Mandal and Suzuki, 2002), - =71
o] ZAE 7% FrkelE o] 37} Ho] = HlA
9} Ho] 3 AslrE 82 4 Uth(Harvey et al,
2002). ©] wf 57} H]A E3E ) vlAE 3E 4 Qe
o, 37} Hlae gbERl B pH $E0lA HzAs05
FHE Hals wA] 7] el S8k 57 HlA
(H,As0,~, HAsO )¢} Hlwsle] FEo) F2u= J=rf
won= o]g/do] ulg- Fol o7} = Q3ttH(Oremland
and Stolz, 2005). EQoA XalrEEe] HlA 852 A7}
gk 3 FAlolH, HlA 29 Akl =52 A 78
Aol DNA &3 95 s HIEst] e, Ji,
g, SOl Yol @AY %27t ATH(Calatayud et
al, 2014; Paul et al, 2015). 23} #]Ae] e IS
sto 2= UARkHQl EY pH HL(5-8)lA Enl <
200mV oJ&td W WY ThssiARE, Wk &wrt e
2]cHBurnol et al., 2007). AA| AAZH M= v PE
o] A HAAQ] BA AAEAQ] H BvlA 3]
Az Ags GolstAl ot gl W& FAXT
(Newman and Banfield, 2002). ©]21g} dissimilatory Fe/As
reducing Dbacteria=  Shewanella, Geobacter, 1T|iL
Clostridium®] tj3EZo]H o]Qo= w9 T}t HDobbin
et al., 1999; Lovley, 2006; Jiang et al., 2013). BT
BE T H Ee HAE AR FEAR AR TFsE F
o] A FHeet e g die] AsH AE
A o]gAdel el kS w|XIth(Lara et al, 2012).
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ot EW} §iske 75 mgEoe] o8 o e HTHA
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FE 2 (Loreau, 2001; D'Hondt et al., 2004; Falkowski
et al., 2008), redox transition zone?lA FAE +F WH
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Table 1. Soil characterization
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pH Texture Fe AAO extractable Fe Ca SiO, AlLO4 SO; Main crystalline
(mg/g) (mg/g)’ (mg/g) (%) (%) (%) phase
5.8 Sandy loam 14.09 1.44 2.17 57.95 29.98 0.14 Quartz, Albite
? Acid ammonium oxalate extractable Fe
60 1 AgtE HAQS 18IS W(Table 2), HESF UjollA]
F1:0.05 M (NH,),SO, extractable - - -
504 F2:0.05 M (NH,)H,PO, extractable ]:]L/]\_E. %i @Xé;é] E]__];].E. H]@;g];g éj}‘\l@f‘l_%oﬂ é?ﬂ—ﬂ

F3: 0.2 M NH -oxalate buffer extractable
F4: 0.2 M NH,-oxalate buffer

+0.1 M ascorbic acid extractable

F5: As extracted by total acidic dissolution

40 -

30 A

20 4

Percentage of As fractions(%)

F1

F2 F3 F4 F5

Fig. 1. Results of Wenzel 5-step sequential extraction of aged
soil.
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PIONEER, Bruker AXS, Germany)s ©]-83f>] #4]3}
RoH, I Aik= Table 19 ATt Ede F=2
2193(57.95%)7 L1 E (29.98%)% TAEJTE YERS
37 % As(V) (sodium arsenate dibasic heptahydrate)
SN} 531514 250 mgkg As(V) FEZ F LGN
L 759 ZFello]d g 3 AR ARgsiGAnt. ool
S AR LEG U v&e] EAFEE Wenzel 59
ALFEHo 7 B3 AFN(Wenzel et al,, 2001), HA
H|A9] 53.6%7} 0.2 M NHj-oxalate H¥ §Ho02 F=
7Vssr 3GAIZ EA5= HFA, 0.2 M NH;-oxalate2}
0.1 M ascorbic acidZ F= 7}s3t 494 HIAE 16.5%
o B33 thFig. 1). Wenzel 584 A&FEHolA 30
Al HAe] i3 e HIZAE FislEdd] 2 H)
ol 4] miAe] i Jele 28d EiskEo

Table 2. Procedure for Wenzel 5-step sequential extraction

o] St} AU

HIEH
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2.2. EQF Hlfek

EF] Aslak 208 BisAT17] ffste, x B
10 g& 200 mLe] SIFESFEHT Stsle] ESF &89
& Azt s6d7re] EF wid AES SRt
(Couture et al., 2015). ELd4ks} o] W] ¥ ¥HEEH)
AL Zh 22 77 AN Fig. 2). AR E E
Fgolo] HEL TSy 7t} pH 7.0, 2mM glucose,
10 mM PIPES, 2.7mM KCI, 0.3 mM MgSO,, 7.9 mM
NaCl 2 04mM CaCl,2H,0(Duan et al., 2019). S1F
EYEN AR T IS vl o] &3] A gAa
dog Hit H|ad gl A HAREAZA 28
Ak B 20 AE} ool B Eelgjel] Ha 71E
158 &2t 74 £ 2k fs WA flste] - vt
T Tl o= Dt 7Y A F
7keE FhskaL 79 1+ FARAES ZF wjF 7IkE
9] 2, 4, 794 Aol pH/Eh combination meter(US/720A,
Thermo Scientific, USA)Z B8] Ene} pHE =74
St BRSNS 4mL¥ AEFSI] ICP-MS(G8421A,
Agilent Technologies International, Japan)Z -8<§ U] H]
2 FEE, ferrozine assay® 27} H FEE S48t
(Stookey, 1970). AFs} ZZolAl= Eh7} 300 mV oPde
2 A=Ak Fig. 3).

A 7R B B SEjEle 25°C9] of < 3ol Bt
st gl =Y wie F7] Aol AEste] At

=2=1re]
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Fraction Major chemical form Extractant Extraction conditions

F1  Nonspecifically bound 0.05M (NH4),SO4 4 h shaking at room temperature

F2  Specifically bound 0.05M (NH4)H,PO, 16 h shaking at room temperature
F3  Amorphous Fe oxides bound 0.2 M NH;-oxalate buffer at pH 3.25 Ap‘)e};a:illfekmg in the dark at room tem-

. . 0.2 M NHj-oxalate buffer + N .
:l: 0,
F4  Crystalline Fe oxides bound 0.1 M ascorbic acid at pH 325 30 min in oil basin at 96+ 3°C
. e ... 05g of sail
F5  Residual Mixture of 9 mL nitric acid, 3 mL hydrofluoric acid, Microwave aided digestion at 180°C

1 mL hydrogen peroxide, and 1 mL deionized water

for 15 minutes
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Fig. 2. Schematic diagram of the experimental procedure.
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Fig. 3. (A) Eh and (B) pH of the soil solution.
2 FYS Adsigth EqF =S 98l Z FriHltt GGCTCGG-AGATGTGTATAAGAGACAG-
AES EAHo 7 A|ZsigeH, ZF vk VI =8 & GACTACHVGGGTATCTAATCC-3%); archaca 5903 =
S AEZHEIAT). Original(PES), Oxic 1(14L7F 1l gle]™  AS19F-Mi(5’-TCGTCGGCAGCGTC-AGATGTG
4 A AR 2kl 2o AEY e EY), Anoxic 2(21 TATAAGAGACAG-CAGCCGCCGCGGTAA) 2} A958R-
A7 vik, T HA A ZAA MSHE E3, Mi(5’-GTCTCGTGGGCTCGG-AGATGTGTATAAGAG

Anoxic 3(3597F Hi%k, Al WA gkl ZHA AEFH S
E9F), Anoxic 4(4997F ujek, v HWH gkl oA A
E9% B ol8ste] mAE A4S Fsisith

E

N

3. DNA £ 5‘—; EY 0jdE 28 24
ANZSE ES Chunlab, Inc.(A2)0l Qs 2HA|
o AlE% O(NGS: Next Generation Sequencing)S =333}
At} FastDNA SPINKit for SoilMP Biomedicals, USA)
S AH8sl] EYIA genomic DNAS #a]3}a1 DNA
FEZS 93le] 16S rRNAY V3t V5 998 titoes
she zEtolmE ARESITE AREE Eefo|no] A
23 2t} bacteria 5°]F ZElo]w 341F(5-
TCGTCGGCAGCGTC-AGATGTGTATAAGAGACAG-
CCTACGGGNGGCWGCAG-3")8} 805R(5’-GTCTCGTG
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ACAG-YCCGGCGTTGAMTCCAATT-3"). 2.5mM dNTP
(2.5uL), 10X buffer(2.5 uL), primer(1 uL), DNA(2 pL)
2 TaKaRa Ex Taq DNA polymerase(0.25 uL)7} 33+
H F 25uL EFES WA A2 95°CollA 3%
59t denaturingS A171 & 55°COllA] annealing, 72°CO]|
A 3057t extension AJZT} Final extensions 72°Col|

A 5% B9t ST F 25 cycles S3YSITE. PCR
HES-2 1% agarose gelollA] 7] d&F3le] FRISHATE

Nlumina sequencing(Miseq) 2 Agilent 2100 Bioanalyzer
o] ARSHH.
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diagram packageE AH&-31] ALKt o] T
< FU1sl7] 98k alpha-diversity X331 Abundance-
based coverage estimators(ACE), Jackknife, Chao 1,
231 phylogenetic diversityS 4Fd3}99t}. ©] 5 ACE,
Jackknife, Z12]31 Chao 12 ZA| OTU(Operational Taxo-
nomic Unit) THH] singleton == doubleton®] H S-S 5
3la] Fo] FRE (richness)S UERNE AXEE, o] =5
T5 SAHA & Fo] BWol T TR =kl A
3}, Phylogenetic diversity= AlSollA =Z(node) 3t
Hd Ags sl & 119] AEsH alolg FA1skst
= AF=E, T v o ATt Ao mAE
2 7+ §AME J3E]) 9ske] UniFrac methodS
0|83+ Principal component analysis(PCA) #2418 =3}

a3t

3.1 0/4E 2HEN 2t 29

A Akskghel 270 Wis) slollA wAdE Y W
3= 3RIS}7] #1814 Original, Oxic 1, Anoxic 2, Anoxic
3 2 Anoxic 4 EXS AZ33)] Illumina sequencing
S 3. S5(genus) oA FIAIE 9] AdUIH
T/gu19} Heatmap 4] Av= 782} Fig. 4% Fig. 50l
veh ot Fig. 404 & 8419 2% w|vhs xEx|st
= 152 7]EKOthers)Z #FE AT} Fig. sl EYS
AlgoA] HHE A e va 3 vAEY] FTHES
heatmap® 2 FAIBIATE 97% FAIEE 7|F02 F
(species) o2 TAE ZF AR total reads = Z}
Z} 58,813, 61,582, 50,160, 72,741, 712]3L 63,5404t}

Z} Algoll4 Rarefaction curve= &5 saturation phase

k0
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o 248k Al FHE UER, AEY] read TF
OTURLS 47] 9fall A-3hs SRIskiTt. HA readoll A
singleton2 A €)%+ OTUZ AAFEE= Good’s coverage
of library= BE AlROA 99.7%=, AZ2] A1EA =
F7F AAE S Adslel BARCE Ttk

28 epio.

3.2. HFSE Redox H3P| DjdE 2F 740 F= &

Z} AgolX mdE ] g T Table 390
[0kt 4 Av) AEYT v 2719 Edele o
&2t T nAEe] SR BE EY AlRlA o
9] UitkE AASHE E(phylum)2  Proteobacteria
(44.2-78.6%)2}  Firmicutes(11.4-53.0%)3C}. “d(class) <=
ZE A= Betaproteobacteria(1.3-58.6%)7F A7) Agol|
w2l fostAl 1A% Aol Wk, Alphaproteobacteria
(17.3-772%)y= A=A S7kke s BA). o] %
(class) -2 = Bacilli(1.3-14.7%)S}  Clostridia(1.2-40.3%)
7F ATk E(order) FANXM = Burkholderiales(1.3-
58.9%), Bacillales(1.3-14.7%), Rhizobiales(1.8-6.3%), Rho-
dospirillales(2.7-73.3%), Clostridiales(1.2-40.3%), ~12]1L
Sphingomonadales(1.5-11.0%)7} -3} ). ZH(family)
Sz A QEFNNE 571492 Massilia(40.1%) 2
(genus)©] EZH  Oxalobacteraceae(0.2-41.7%)7} 7173
FHaI9a, 3 279 BEXM= Rhodospirillaceae
(1.1-73.1%y7} =2 H1&-S ZASIAT. S5(genus) <0
Ae Akl 29)9] wslel uet EY Ul vAE 3
o] Hslsl= RS TAFoE RIF 4 A vE
A A|8= Ex(genus) S Bacillus, Paenibacillus, Rhizobium,
Rhodococcus, 1831 Sphingomonase= 37} E= 57} H]
2o AAdS 7RG geA Ati(Jackson et al.,

I Ciostridium

[ Azospirillum

W Paraburkholderia
[ZZ] Massila

EEE Sphingomonas
I Desulfitobacterium
EER Bacillus

BN Paenibacillus
M Pelosinus

[ Desulfosporosinus
[ Edaphobacter
EEER Aneurinibacillus
[ Phenylobacterium
[ Sedimentibacter

Variovorax
EEl Rhodococcus
I Others

Anoxic 2 Anoxic 3 Anoxic 4

Fig. 4. The changes in bacterial communities at the genus level.
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Min Max
[ |
(Genus Potential role Original Oxicl  Anoxic2 Anoxic3 Anoxic4 Reference
Clostridium Fe and As reducing Anaerobic ‘ Oremland et al., 2005

\Desulfitobacterium
Geosporobacter
Paenibacillus
Pedobacter

Pelosinus

Sedimentibacter

Desulfiosporosinus

As reducing Anaerobic

Fe and As reducing Anaerobic

Fe reducing Anaerobic
Fe reducing Anacrobic
Fe reducing Anaerobic
Fe reducing Anaerobic
Anaerobic Anaerobic

Oremland et al., 2005
Oremland et al., 2005
Hong et al., 2015
Ahmed et al., 2012
Chen et al., 2016

Ray ctal., 2018

Fig. 5. Heatmap analysis for Fe or As reducing bacterial communities at the genus level.

Table 3. The relative abundance of the microbial communities

Relative abundance (%)

Sequences
Original Oxic 1 Anoxic 2 Anoxic 3 Anoxic 4

(a) Phylum

Proteobacteria 772 54.9 442 60.4 78.6
Firmicutes 114 41.0 53.0 33.0 19.2
Others 114 4.1 2.8 6.6 22
(b) Class

Betaproteobacteria 58.6 14.2 13.0 7.8 1.3
Alphaproteobacteria 17.3 40.0 30.5 524 772
Bacilli 9.8 14.7 8.2 1.9 1.3
Clostridia 1.2 24.0 40.3 30.0 14.6
Others 13.1 7.1 8.0 79 5.6
(¢) Order

Burkholderiales 58.9 14.2 13.0 7.7 1.3
Bacillales 9.8 14.7 8.1 1.9 1.3
Rhizobiales 6.0 2.6 2.5 6.3 1.8
Rhodospirillales 2.7 29.3 23.7 34.1 733
Clostridiales 1.2 24.0 40.3 30.0 14.6
Sphingomonadales 4.1 7.3 34 11.0 1.5
Others 17.3 7.9 9.0 9.0 6.2
(d) Family

Oxalobacteraceae 41.7 39 4.9 1.4 0.2
Burkholderiaceae 16.2 9.9 7.6 4.1 0.9
Rhodospirillaceae 1.1 29.0 23.5 34.0 73.1
Desulfitobacterium_f 0.1 12.5 4.5 4.8 1.9
Bacillaceae 3.7 10.2 1.2 1.0 04
Clostridiaceae 0.3 10.1 34.1 15.5 6.9
Sphingomonadaceae 4.1 7.3 34 11.0 1.5
Paenibacillaceae 3.6 43 6.8 0.6 0.7
Others 29.2 12.8 14.0 27.6 14.4
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Table 3. continued

F PSR I B ] sl A= 9% 31

Relative abundance (%)

Sequences
Original Oxic 1 Anoxic 2 Anoxic 3 Anoxic 4

(e) Genus

Massilia 40.1 1.9 2.8 12 0.1
Paraburkholderia 153 9.8 7.4 4.0 0.9
Azospirillum 0.0 28.5 23.1 33.6 72.8
Desulfitobacterium 0.0 11.4 2.8 0.7 0.8
Bacillus 3.7 10.2 12 1.0 0.6
Clostridium 0.3 10.1 34.1 132 4.6
Sphingomonas 4.1 7.3 34 10.4 1.3
Paenibacillus 1.0 39 6.7 0.3 0.6
Desulfosporosinus 0.0 1.1 1.7 4.1 1.1
Geosporobacter 0.0 0.0 0.0 2.5 0.1
Others 355 15.8 16.8 29 17.1
(f) Species

Massilia arvi group 28.5 0.1 0.1 0.2 0.0
Massilia aerilata group 8.6 0.3 0.0 0.8 0.0
Paraburkholderia caledonica group 8.1 0.0 0.1 0.8 0.2
Paraburkholderia dipogonis group 0.0 8.3 3.6 0.0 0.0
Azospirillum oryzae group 0.0 28.5 23.0 335 72.7
Sphingomonas pruni group 0.0 7.1 34 10.1 12
Sphingomonas lutea group 3.6 0.0 0.0 0.2 0.0
Clostridium magnum 0.0 29 22.7 0.0 0.0
Clostridium beijerinckii group 0.0 2.8 24 10.1 34
Geosporobacter subterraneus group 0.0 0.0 0.0 2.5 0.1
Desulfitobacterium dichloroeliminans 0.0 11.1 2.7 0.0 0.1
Paenibacillus borealis group 0.0 22 3.9 0.0 0.0
Others 51.2 36.7 38.1 41.8 22.3

2005, Bachate et al., 2009; Oliveira et al., 2009).
Clostridium, Desulfosporosinus, Geosporobacter, Desul-
fitobacterium, Paenibacillus, Pedobacter, Pelosinus "]
A Ee HlA ghelo] Jhedital dE ueksk &
(genus)©] EASFAIL(Ahmed et al,, 2012, Hong et al,
2015, Ray et al., 2018), =L FoNM% Clostridium(4.6-
34.1%)°] 7FE FX3IJ. Clostridiume 712+ A4
3l 371 HE A F U PIBER, redox FAW
A &3] Hsl= Si(genus)©|tHWang et al., 2009,
Megjia et al., 2016). HI2883% 2Hd disleS 27
AAFRAR o8 & o, aRt= F2 Feit
(humic acidsys B3l AE &2/ 3j9 4 3PS =
ZNZItHBenz et al, 1998). Wl Ho] 3l ZHolA
Eokg ol pHE 59-637HA 743t (Fig. 3),
Clostridium™} =& fermentative Fe/As - 1t|AE0]
F7Vks A WiEos eET) 371 HIAE Akt

Al = Akt €37 RhodococcusES ALJ5tas, A4
157 4(genus) PIAEC] 271 Hy} 37} BIAE AsAE
T IR A= gEAA %t &, Paraburkholderia
o} FAKSE Burkholderia <5(genus)e 3] AollA HlA
2kt 7hssitkal Bare bl Qltk(Sultana et al., 2012).

Azospirillume A2~ 317 W] &7/ (microaerophilic)S-
E(de Zamaroczy et al., 1989), Oxic 1(28.5%), Anoxic
3(33.6%) 2 Anoxic 4(72.8%) EXIA 7P TH3 &
(genus)o|RAoH F7|7} REEHe] wa} 1 o] HAt &
7tk v Al 37143 e A @714 rAES
redox ¥3P7} WHER) we} o1 FguIzE A} 7RSS
t}. o] redox $7o] &Aoo w ®iskelr] wiEel] 54
redox ZARE AE0] 758 WAE(e.g., Massilia,
Clostridiumye 838 €31, 7 21 BFA A& 7Fs
Sk HjA)Eo] 5] Wiz HRIth |l tolojas B
2 AZHFig. 6), & 186 7S] OTUZ} BE Al &

J. Soil Groundwater Environ. Vol. 25(1), p. 25~36, 2020



£ IR R

Original

384

40
% 34 9

29 15 ¢4

7736 Anoxic4
Oxicl 40
255 17 6
11 186

16 40

99
79 50 17 2

64 23,
190

58
2415

143

Anoxic3
Anoxic2

Fig. 6. Venn diagram showing overlaps between species under
redox changes.

A= EABIoH o] T AEGFS ALg BE AR
oflA] F3H] 0.5% ol MdE TS WA Al T
©F A3} th(Shade and Handelsman, 2012). 314 A
o L Azospirillum oryzae group ¥ H H H|A4 &
Yol 7V53t Clostridium  beijerinckii groupS3THDobbin
et al., 1999).

2l 249 B Oxic 1) 3 2719 EY(Anoxic
2)5 gk 2y}, 3kl 7o) FAE 79 Al Aol
A B Ay} v E AmA S mdEe] &
71 gl th(Parsons et al., 2013). Oxic 1 Ell
A= Clostridium®] 10.1%0 SIS Anoxic 2 E
oM =34.1% &3] S718KAY}. Paenibacillus, Desul-
Josporosinus, 183l Pelosinus 52 AMA 3 n|AYE
T 2 2N FAHISo] ST gl 210X
AHpA 2 mAES TR i BlAd 858 X
NAE 7FsA0] k. AR 28} 27e] Eokgoo)A
= 27} "ol HA H9 0.1% vvte g Ao, &
A ZHolMe AA Fe 1.0-33%7F 89 FolM 27}
2 ez BAEACR, 89 F AR wael @
g FoJsiAl Sk Ale ERIsISTHFig. 7). YEU
A AR AislEEos RlaRd dislEdd Agd
H|A0] H]go] E947] whitoll, H $helol] QI vk &&

o] #4144 vk PEET. RE EYI FY &
7 e W7o UuRl nlgEe] P waHge

= 271 == @71 vlEelRkE A §
Zolre Atk fsl dAIHR] Satst =4
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S ZQF 3Jlal(Teh et al, 2005), EhdE 230 A3
Sk AJZto] A Q E7] wfiFo|th(DeAngelis et al., 2010).

3.3. OJME CiF X[zo| 24

o 245 1] 2 Edelre) e
319t ACE, Chao 1, Jackknife 52
Table 47} Fig. 8ol #A|E]o] o} BE
redox W3/} WHEEHA] TA] 734sle] YEYIA 71
=7 JEPSAL, Anoxic 4 BN 7P WdTh 97%
FAES 71502 A3 OTU= Y] W9 redox cycle
ol 1,834(Original), 1,088(Oxic 2), 962(Anoxic 2),
23 1,024(Anoxic 3)°4 772(Anoxic HE =} 7
adhs A4S BATh Jackknife= 2,018904 95022,
Chao 12 1,868914 848, 1|3l phylogenetic diversity
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Table 4. Alpha diversity indices of microbial communities in the samples

No. of detected species

Indices of species richness®

Index of phylogenetic diversity

Samples

OTUs" ACE° Jackknife Chao 1 Phylogenetic diversity
Original 1,834 1,918 2,018 1,868 1,926
Oxic 1 1,088 1,327 1,373 1,242 1,615
Anoxic 2 962 1,171 1,223 1,098 1,450
Anoxic 3 1,024 1,081 1,148 1,055 1,338
Anoxic 4 772 908 950 848 1,121

# Index focused on species richness; The higher the value, the more species that are not found
b Operational Taxonomic Units; Clusters of organisms, grouped by DNA sequence similarity of a specific taxonomic marker gene

¢ Abundance-based Coverage Estimators
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015}9tt. DeAngelis et al.2010)S -FrAKSH EF wjjok
ARE B8 Ewt 98 fA1E A-9HT Eht ¥t
g mAE RO tede] SRS Rylet, 2
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tdol g RISt HIRE 2R el =
= 212 gt 715S 7R rlEe] 24E TR
ES U 228 58702 I8 F IS ot
(Loreau, 2001). ™WZFA, redox W3} HHgo] 9|t w|Al&
g e EY W ki F1EEe a9l &
& AT = AK(Torsvik and Qvreds, 2002).
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