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Abstract

Ammonia oxidation is the first step during microbial nitrification, such process
is driver by two specials groups of microorganism, ammonia-oxidizing bacteria
(AOB) and ammonia-oxidizing archaea (AOA). Current knowledge about AOA is
still insufficient due to the difficulty of isolating and culturing such microorganisms.
There are only ten cultures of AOA till now. Therefore, the study of ammonia-
oxidizing microorganism’s (AOM) population in their natural habitats has been
gained great interests. This study investigated the diversity of AOM in estuary area
of Changhua county, central Taiwan. The functional gene amoA was used as the
biomarker for AOM to study their diversity in this area. Characteristics of soil
samples such as pH, water content, organic content, nitrogen (especially ammonium,
nitrite and nitrate) and potential nitrification rate (PNR) were analyzed. Abundance
and diversity of AOM were investigated by using gPCR and cloned sequencing
techniques respectively. The statistical methodology principal component analysis
(PCA) was used to analyze the correlation between soil characteristics and
abundance of AOA. The results showed that the abundance of AOA in this area was
between 1.12 x 10%to 7.11 x 10°® copies/g soil, while AOB was 5.01 x 10?to 3.58 x
108 copies/g soil. Among the AOA the Nitrosopumilus.sp of Group 1.1a dominated
in this area. Ammonia concentration had a positive correlation on the abundance of
both AOA and AOB, showing a positive impact of ammonia. though the ammonia
concentration had relatively great impact on AOB, PNR had a positive correlation
on the abundance of AOA showing that ammonia oxidation might mainly driven by
AOA in this area. The result also suggested that salinity was a key variable for AOA

community structure.

Keywords: Wetland, AOA, AOB, amoA gene, Biodiversity, PCA
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% (Nakagawaetal., 2007 ) ek Ze 8 P @ 35 75 2 3 - B 4+ 3% (Leininger
etal,, 2006 ) ~ #+kd 3 ~ B KR SR HE U E g2 B E (Shenetal,
2008) > ¢t vhiB g - LRI E ¢ 450 B A A A (Zhangetal., 2008) ~ # #
#ru( Spearetal., 2007 )» 3 LAk F 12 E 5 4% (Kalanetraetal., 2009 )»
FENEREF PR TR - F 53 RROERE LY £ F
Ce AATKE ALY LB B § C mijF 2~3 % & (Liuetal,2010)>
Ty BT P RS S RBREBEYRF T L EE s L Er

9 X ARE R BT R BRaE E



\“‘b
|9
(s
&
-
5y

FF T H- Al F v REFL LN

=

Sns § BRI LT RR B A Bk B 3BT B
T AT AT NS PR A G A 2 FL T H R

L 3
@ﬁﬁﬁ?ﬁﬁmjﬁp;%@ﬁﬁw,iﬁﬁggegﬁmiiw¢ﬁ

BT 3 P AV AR (HNO) & 2L5 § 14 7] FOBERE e
¢ B A& 4~ 75 5 (Schleper,2010 ) e p5» IR I 5  © + F45° 7 S%s HAO

i
i % L F1 LR wr R F w2 & % C (cytochrome ¢) (Zhalnina et al.,
2012) iz Ay g 3 v p A4 § I ABREARE S S BF A R -

p%éﬁﬁiﬁiﬂ’ﬁiiiﬂﬁﬁﬁé

ey
_('
=)
3
=t
|
%J\
She
i
b
|
fixd

F 3 Hdu P FAPAieg oom - B4H Nmaritimus 87 7% F 0
55T HDEF B PAPmY £255 (Vajralaetal, 2013) 5 i

T % 3 5 ﬁ&if Rk U T gt g 3 b ?m};:]m HAO p¥% » it 2 A i 3%

A

FY-BREE hNEEEBE F iAo

FF T AR g § O mEE o gAY s Rk s
e 2 £ gl B iEA K ST 3k 44 P wpE gt +
< #A% (Calvincycle) kX Fle~ § ¥ =g tp > 3 § * + AL
#xig i 1 3-Hydroxypropionate/4-Hydroxybutyrate (3HP/4AHB) 7% % ¥ <
— % i ® > 3HP/4HB @Iﬁ{& 2007 & #% 4 » %ﬁ“é e S i) Eﬁﬁﬂﬂi‘ AT IR
Flw ¥ 72 RBvy e o FR S 54 (Bergetal, 2007) 0 ie- B E L&
- 1 acetyl-CoA » + v i HCOz 4 + ## % = succinyl-CoA» £ 5 - i
7| enk i #-succinyl-CoA # it = & B acetyl-CoA » H ¢ — & acetyl-CoA w
PIHEEY V- BRI 2P E S EE S pyruvate 0 & S
glyceraldehyde 3-phosphate -

-

@ cie 15 ¢ 3HP/AHB AR L8 2014 £ 00 U S HEF T
FEFHFEH A FREF T F

# N.maritimus SCM1 % p %

10



3HP/4AHB a2 2 v g7 77 I (konneke et al. 2014) » F]yt #-pt P57k
~ & W] ¢ £ = Crenarchaeal HP/HB cycle 12 2 Thaumarchaeal HP/HB cycle -
# ¢ Thaumarchaeal HP/HB {3k SIE L R A iR p A3 b dts > 5
& 3-Hydroxypropionate 12 2 4-Hydroxybutyrate =7/% i* 42 5 ¢ & * ef_
ADP ( adenosine diphosphate ) #r & 24 e % » 2 £ AMP (adenosine
monophosphate ) & # chfig% » Flpt & B JFTR ¢ 17 & OB b AR A
#® 0 21 (Table2-3) ¥ ¢t » # Thaumarchaeal HP/HB % * %2
A FeenfE & K LY 45 Bcenk 0 b 4o acetyl-CoA/propionyl-CoA carboxylase
2 % 3-hydroxypropionyl-CoA dehydratase/crotonyl- CoA hydratase % - i+
FRAERT FF T R aRe TS A A AL L RS REN R

Bai BT L kG RS RETEF L AREF T ik

B BTy Mg R SN NG R R ATy
Group l.1b eh% ¥ it ¢ A4 £ B2 = § i g eni 4 (MuBmannetal., 2011 )
s 3T HRELEF 5 EF’]"‘ FEERT PO 5 WA bl4e
Nitrososphaera viennensis ¢ & * pyruvate % 5 #%- (Tourna et al.,2011) -
PR AT E R BT R 1 (mixotrophy) shg F i B B 2 prs 4
R BB EIE k dLY Hhg § L EEiE A 4 (MuBmannetal., 2011)
BRI R DT FamoA AT G A L g § L IEY B d 5§ 0

B AR A RAFRYRAEF O F H AR 8 b

11



Mt i F v e sgd ¥ 240 16SIRNA 12 2 amoA A F ki {7

-

hitis ﬁﬁ_ﬁ; FPL S A BAY BT U SRR RS E G G
FAL ) TE ¥ 4 97 %4p R G AR IE 0 T 97 %0dp 0 R P 1 ET 5

|
3t
?‘*

- F2 PR A B A Sy €417 16S IRNA A %)%
BEEFCFTEHIAN - FTONATVREF TR IAS -
WA FE AR R S AE S AORBIA S Ak E KR s Group 1.1a &
Ao¥ — g kp 323z & R4 ik S Group 1.1b 4~ & (Stahl

and Torre., 2012) » 7 i ¢t = 5% A i“}?—j’ﬁi AT RE F I A4

B+ 3 #r3 & (Francisetal., 2005) 5 {4 # ¥ i &

#Forxlw] o dgs Aop wfé* 16SIRNA ATk § ivdEe g § I v /A

b

SR VR R B8N AT L5 3 by F o Tt AR RAR S g
5

amoA A FlE f §F M FEOEAS AT HE G AMOA T A E
AMO f¥% et P33 » @ 5 3 I* v Afvg ¥ ™ W amoA A F AR
7| b w3 60 %:4p i de (Liuetal,; 2010) > 1% K33 chs] + 7 5 saerdt
A Il v FfrioF o amoA R F] o iSRRI 2 A TGN G L
AR TRELTREY £ 5 L EEORE S ER AT ERGH
ZpEs 502 amoA A FE A o e pF ALY A 47 F b 4= 16S rRNA ks g
- Henssgd s B AL > 4w E_group l.la-associated 1 % fh 3t a1 R
2 g4 & e ThAOAgroup (Stahland Torre,, 2012) » £6 # 1 & *ik 5 # i %

BEA R AR Al RS L LM amoA A Ft 16S rRNA & F{ i§

>
o3
o
/\
y
ey
e
3|
EY
*’/

5 o
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253 §§ i+ FAog 5 (AMO)

FHF R LT A - R - AR
Flira ¥ Mz B e FI 2 22 6 30 A R o Jiawt kg o
% § 3 FehF ik F 5 057 fmol NHalcell/hr » i 40 & § 1 e 4 —
23 fmol NHa/cell/hr (Table 2-4) » & & @ A o2 & o # (half-
saturation constant, Km ) » & % <3t & ¥ i 'w#» 4 Nitrosopumilus maritimus
= & > Kn & % 133nM (Martens-Habbenaetal., 2009) > £ 5 ¥ i ‘wFj4a "
17 %) 200 & 0 @ Agk ;ﬂ']’* B & (substrate threshold) * -] %> 10nM »

KRG AT R 2P0 iR AT ey FirwER &k g T 5 9
rT%é B d s 2 o B A T k-] (Nicol and schleper., 2006 ) @ F

P % hz B I A A F) amoA-amoB 1 2 amoC fw A% ¢ gk
R S EELR (Fig24) B g5 mparamo AT Ay &G
fu o AR VAR REELE 0 A LT ARIAE £ F s
Feramo A FI R LG A R RRNg F g A AF A oot
A2 H 3R HY - B AFANE S - B AT R IR G
A kg § v FP 40 7 amoC A F] oo BF A amoA 2 amoB #k 5
B 3 7 i A foafl F138 ~ (Nicol and Schleper, 2006 ) ©

{&-H kg v Rfcoph=z Bz E3 L AP T AR
“TAR 0 B iEA K ehg B i pRARA S| 93 25 %ch- RILLE 40 %
e4p 12475 % (Nicol and Schleper, 2006 ) - % & %8 % 13%& FeoF - Eendp i
B 2w AfroE S AMoA I A B AR AR AR 71 b BE AR AR IR i 0 T
w —*Ff L5 - p2F poESTHE G 010 B <A pL R 7|(Treuschetal., 2005 )
PRSP TRENMER AT AfreRF L ek it o 2R

- AR v RE -

13



26 AOA %% 4 & %

AP S HRPE ARl - BRES - AFE IS L A PERIP DR
Flop N H A Rk sLengg it ,;ﬁa RS R T A 2 o 5 M (local )~
B % #&+ (between-habiat) 122 y % #&+ (regional) = B & & - @ jic4 +
AP SHEMENx L s AP REEe 70y AP s
FBfod A R W E A P e A G fod AR AL Y
WS NL I el Ny B é?—’-ﬁ”brﬁ APk i REEF > RFAS
PREER AR IAFCAFLR Y AAFTAEFP RO F -

AEEHNEF P EAELY 4 RESR L 04 FRERED
BB R ABEAET ¥ A SRR < 5 S AT
Bt 50 AR 40§ e HPRTLR AR A ok
¥rFiloRE-HDL XL REHF GELE ¢85 5 Lo FfI* &
2 F] (4o 16STRNA & amoA) kit 7 A% » £ 4] % H 2 B i Flengp w &
(¥ 5 95%dp ifh) RAHETETE B3l - B s raa ¥ @
% (74 % H < (Operational taxonomic unit, OTU ) %k % 7+ - T—%"ﬁ““’ A BE (S e
WL fHE Aok 2808 & My kB S RERE . Sl
Chao 1 351 (Chaol index ) ~ 3 %a‘ﬁ # (Shannon index) % % ¥ %FJ};] i
(Simpson’sindex ) » 1 KTk P 4 §F L+ Ff i o

Chaol Index ( bias-corrected Chaol ) if # * * 3z &3 # P » ,?u—fun &
2R (Chao, 2005) » 3+ & = 3% 4r4e™ #757 (2-1) - @ Shannon index fv
Simpson’sindex | &_#* **3%5 4 48 % $& % o Shannon’sindex (H') & - & A
A S g JI R F RRAETE SR SRR Y
BegARE N A FLER RGP E 20T #r7 (2-2)o @ Simpson’s
index (D') Pl § #-4f & ¢ ¥R IR D0 4 R T P D H b i
e FIRERBR M ﬁ%%ﬁ RN i & < R Rl Jf%ﬁ??fﬁ’%
RS P EPE DA 0TI 12 foiddxt 47 5 fRibAis o, Fp

14



A ¥ ehG 3 ¥ &4p % (Inverse Simpson index ) 44 i * > i&- 451
Simpson index =i fic > Flpt BeEAR S & S HRMEAREG 0 PHE AN AeT AT

(2-3)-

Chao 1 Index (S)

S=D +fu(f - 1) / 2[2(F2 + 1)]

D &~ ¢ P D i falc
fLifea® 8 Im- =i fhdic

2849 B DIRA X g ik (2-1)

Shannon Index (H')
H= YPilnPj
Pis &4 far ik #icg aut i (2-2)

Simpson’s Index (D')
D'= YP{?

Inverse Simpson index =1 /D’ (2-3)

2.7 & 3 2 FiaRIFHT

Hed Fe AT TR0 N A S SRR T K 3 bR
% (culture-independent) == VN k¥tic 2 %3 - ¥R 2 S M IR FH
woom bR A DS 2 A dp 1 A F A S RRIFEE BT R Y D
Ao B REEATHREY B AKA ORI T E R Y A Y
G4 L B ¢ 450 B OL fesady £ (polymerase chain reaction,
PCR) -~ ¥ R & fe4agy ¥ J& (real-time polymerase chain reaction * #t

qPCR )~ g 44 & % 5% % & (denaturing gradient gel electrophoresis, DGGE )~

15



L R EE R P A (restriction fragment length polymorphism, RFLP )
¥ & =322 (fluorescent in situ hybridization- FISH )2 4 3 i£ 75 ( Molecular

cloning) % -

271 R Ll F R

REPr4asl F R F 1F 503 - e o P BT AR P HEME
BT ATN LR BAF G- ) P B - kWA ¢ AZE 10Kbp o FHH e
PERE D EHE IS (primer) kid-z o 51 F A 1 & 2 DNA B
ERA ¥ 5L 18~25bp s S04 4 ¢ 4z 50bp 2 i€ * pErL S sl ke
IR B s R R R S I B Rl - S 0 R g IR
#F DNA T # HEE  DNAREfeL BE T Rl K& TATDNA &

+ (Fig2-5) -

REpssal F R A sy d e g R F L fE N, 3
2O SRS A B s b TS s 4 K piEARY 4
23T %m—&’ﬂ%v‘Fiﬁﬁ%ﬁﬁ€ﬁ@ﬁﬁ@ﬁ%ﬂ&ﬁ;
AHMDE-HFRE D KL 4T3 P FUHRPRT ATERY 5 FER
ERABRE F DB M I R DRF]FE A aF EA P {7 fls DNA
BAGEd Repriag F ERE®  BERR S RAAMEIF 2 EPF50 5
AR B AR > F RSP R DR B R AR A R G PR R R

Wip— PG BRATOFIES > FIR AP wagicd A RFT P 0 g

A A RIS S HT BT A R L AR F i 4T -

16



272 wRER LAY F &

I pE R & frsdsy R (real-time PCR) ~ #£% & PCR (Quantitative
PCR,g-PCR)" & & Jx* **impF ~ fs# FHEFT RIY »ip- 221 & A4
PAEGEFTHMF B » F LR DT RIEFRBRRAFRF Y D
LR o FETEY D AT AL EG P HRE - Ptk - Baha AR
Ao PRS- A AR Y A1 FkFEE NS ke R L (Fig2-6)>

P s - e § 8 DNARTEEE LA H (Fig2-7) & % 2t
- A& 1 &5 Sybr Green s iz— 4% € &2 L DNA % & ¥ 2y £ >

A& PCR F g7 v 7 B =< Hik prdg 4o o0 22 Sybr Green % & enfE ik
DNA » [ FEdf4v » @ 0 R3] cnd Eop &+ BE2Z {5 » Uyt K #B-DNA &5
£ 1A o

@ % — e A L TagMan 5 &) > 35fE k4 A FaE# - =3 PCR
51+ fF %{B AT - B EREAFTSIFL AFF AR § 5k
s B (reporter) » ¥ #F A4 3 =348 F HR k= AL B (quencher) > d >tz
FPABEERIT 7)) ¥ i En@EM B 57 €3 ¥ LNELE 4
Mt IR 4T 0 DNA 3 48 5 97 & PCRETRF € 2201 DNA 2 & »
B EATIFEEHY DNA G E iR pFr o R 45 57 ¢ AR & fe i

g @ BARA S YRR R B X 0 R B ¥
L.

BEBE EEARY 0 Em P RATIE Mg B R o R R TR
W4 DNA GER ~ frena B2 2 b > F B3 Sl LAREY £
5L B e~ dp BOH K 0 B N ESUBLE Ao dp ol £ R enip TR R R Ct
e (ThresholdCycle) » Ct @22 4242 F Rerficts DNA#E & 7+ » yj}u—:{'\
g Ao s DNA A% 5 > BB & fi» AR 138 ~ Jp i & B ol
AL Ctigs tpgtken] » 7 2 % il DNAR S ERIE & 5 7R Ec
io I3 4p BH £ TR B -
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AR Y A B BT o TRER L fR4as F RAR RARF R 5
WHREABRA P RIR A A F R D REF ek &
SRR E N AR ERRIFAMER N P ELAWATERICASFER S
SR ER AR R PR B2 PR G ke
TR PG B R R AP RENEF s AL
7% & (abundance) cfE 3ty & B WpER & ARdhgl £ eh

v @ ips BT R A A A BT PaE R o

2.8 3 33t

Gfcd dp et AT T AR LILE BRI S oA T 3 M

jud

He 2R LBHTE SO Pl E S B foERE S FFEHD
o REASLREF FIFoEF €T S BT REEAT F
dofr X L enfd PR EEs RHBAET P ER - TR oo m A E 2
R F R H Rt AL FE T o I R F e b s e

FRESZRENIFBV AT AL S PFARAFR oy 0T

ud
=

ELREIIR G A M R AR 2§ 3 LT
TS B R P AR TR AN EIANE KT
FFI* 2 NPT R R TR AEAT Y AR T

B A Em A R o

2.8.1 4p M % (Correlation coefficient)
PR A 4T R B Y A AT R R L RSN B R e o
Horend b kBRI RPI A LEPipM Glic 27 L F &40 M
% # (Pearson's correlation coefficient) ¥ — % L e4phd R#ic> * KPS

FEXfeY2Z B th o e kg HEFFEIN+1I-12

s

B+l 273 XfeY S BRREZFZ R D mﬁ#ﬁ?&ér}’#i‘am%pm%
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Pt ERFLI L G- FERY P F2-1REAXeY s BREZF L=

DenfARME R A RINABIRA F AAF S -1 s M o @ AR B TR

o

RAEFRITOF R A A XY A BREZF AL ¥ T R T

8 EREEEA RN G AR 3 - RE R AA RER R 2L

1P
p RER A Dol G ApH BlahiE RS R
%

B AT REF T FEE g Y A At S L E RS
HE FERA L o AAM G P hEE NS 2 BT G AT
Tt o v 2 IR B §~éﬁﬁ§éw’ﬁ#§ﬁﬁigamgg\ﬁ
PRAF NI RAF DERELF LeRfrd §F s AFFREYR
P48 % # 1 enbd B4 (Stempfhuber et al., 2014, Tripathi etal., 2015) » { i&
—H AT AL EF A R AR 555 0 k2
WIS R A B F NERRE S R g T e A

AP TREE
A e FH T RAfCRRSEHEER S RSB EE > T by ¥R

¢ RRP-FEERSNLDE D hN2 b a e ® o GldehidE
HEFATF AT G GlAcdp T ER ~ 87 %% (Wangetal,2011) &
&Rk % (Wang etal, 2004) 0 1 02 41515 S 6 2R & 5 fi 42 02

AR A AR o ok HIET IR BT S PR 1R AU R A g

2.8.2 i & & & ¥ (Principal components analysis, PCA)

b P2 B 0 B0 (B R Bl {eTRB S
SRR R i T SR R S 2 2

WE RGN F O RS R L R

W A R ARR PR I Tl Rl RN Y G - AR 0 @
el B 2 R BR P X EFA T LR LAY - EHEE G
A AR R BRSBTS N e A A A 47 B - BRI [

19



iv I & F7en 2 > d Karl pearson >+ 1901 & 4 B (Pearson, 1901 ) » #+ = ;2
MR EpR R 0 RIRT O Bdp Y R )i??);%ﬁx 5oehdE i, gt
K-S RERES CHEPBE AL IR A e ST E - BRI ER
PR EBRS) BRHREPIANO- BRI LRY > RANERECRE A
FoBAEY (A4 1) %o A RBEAY - BAKRS (L84 2) 1
PLRRAE 0 M ARF P end 2 A iy % ﬂ?‘ﬂ%\'“& C FlE g KA B
ERCAS A SR AN PR S0 7 T RUR= TR B s s

I A B B FACE R L > A d F s B A G

P}

BEF T AP LSS A F RS SURT  @ PR

B A AR Y g 3RS ke FRE R A 3
( Stempfhuber etal., 2014 )+ ¥ — 384 B 845 B F] 5+ A %2 o P A 45 2 B 55 |3
33 (Gaoetal, 2013) - & A T A SFeA 72 > T ¥ € &7 § IR

RS TCER LY %w’aﬁgﬁﬂ@w&%éﬁiﬁﬁﬁﬁ@’%

HPR D AT AAP o LR AL R iy O~ ATen AR kLY
VAT SRR AT AR R R PR AREE A AT AR L i diT
Foo o W H NI RBLE A TR AR o @ TG AR 0§ F

TARELRER MG ARATORE L o R E § R AT
ch— Frpcwe £ (eigenvectors) m AR EAR T B E v A B S AR Tt

VLS B E R R R E PR R SR AR o

20



2.8.3 e d A 4 47 (Rarefaction curve analysis)

Mromd WA - AR N  d NRBAY Y FREREURARLE
PRI E N ARE A PR Y AR R ARLTE L A
Bl MBI AP AEE R ARE REFTRE > FHRAKEH P SR
BEH S ARF R TS o Rl ER AT E P > R FPRK
2 BEHG R SRBITI P R R ABRER P P AN AT R
o P AT ARG s - IR R AR R R At Y 2 ST (2-

4) -
e®= xi1-" N
[\ I = N o
S:yfaiics
n & % 3 gtk A 8
Ni & w4 i ® (2-4)
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31 R %A

AT R REIHELARS PEATE 2B § %
FooRTERF? DEBRF)Ffop R FEEF O > ¥ s X
FPHRRAARTFEHRAFEFDR LU - 5 - IR EZFEHAEL > A FHER
PAEREEE A PR E o 2P R pH ZoRF S B A @ K
(Potential nitrification rate, PNR) ~ %, 3 #%#% (Total organic carbon, TOC) ~

S

2% LARB ARBERE  MAPFEHEINSR G BUREEDE
A FATE 0 MEEFEREFDOPREA TR kB2 §
twopfrd ¥ v el BHREOEKE L2 F g FRL REY DE
B0 Bofs M AT 03 N KRR B foiic 2 2 B ohl R 0 SRR A
EAl* A FeAp B T Bcs 470 = & & 47 (Principal Component Analysis,
PCA)R:& {7 o % - St i BRREEAFE A A > P LT~ B RiE (T
g kB[ R B RS ot e 0 2o R A 4T
BPRFMAGAN S 24 v FOAEN LR RERER 0 TR
#rew 4 47 (Rarefaction ) kei&fm B % 2 % R H87P4R 8. F K55 - A7 7 infe

% - de Fig 3-1 #57 «

32 th%fp it

i’ﬁ ¥ r-s-ﬁ/' AT » BRBREH D B R

%
1
ETIRN
=

AHENERDAE R BREE T 4R Fig3-2 el 2 SR
Table 3-1¢ b % 3% F P59k & 327 B Fa Bk~ Fpcok 1 &2 1 E Rk

KRR ZTTEBPT - R 3 BRBETRIELEET (Al g B

\\

r2 A

A B 2015) > 3 g:ﬁ%@?i%ﬂ»’ﬁwﬁai@&ﬂﬁﬁﬁiﬁﬁ
Ly

BRECEFORE A pH B0 2 H & 3R p U Lk Pl T & B )



FAHRPARE FIP TR ORPT AR e A ¥ - R
Pl mesd BENERLABRBEFIAS REF > PELARY

- H BEPEAREGE ARNGAFLFERP R SREEFA

33 F HEEH

FHES - XK 2015 & 2 0 5 FIAFFEFRARE 6 B SR
Boed 28k 2%a g iz 2 7 10 Y hEE2 Y i EEL D
212 B2 (CHOL-CH12) 27 % - tB A 4 > “HA G~ MEFREK
FREF AT 10 T EERPERF EEERA > SR TR RFY
{52 E CHOL ~CHO5 ~CHO09 22 CHI12 i2 4 BigLk:27 447 >
PR s R RBETEFA D o I RBTE Y 401 B LR - R
B3t AP 5 0-15cm &+ o BRI AR AR T4 IRl K Ada
B RN K R GE 0 Ot 24 p BN Ew A s g L 50 ml g ¥
(conical tube, BD Falcon™ ) 4 #8338 F| {8 A 45 o * 303 o7
otk h (kS B AR g For et ) 2105 R E o 2 Rl
fois R gL 39T £ de g (20 mesh )2 o7 4B & iR e 2 A T
2 {6 H AT 248 ) PR A 2 EHP AT o ¥ T FHE L TR A K
73 3-20°C > &% 48 0] P i DNA 3B~

34 F HEFELH

3.4.1 pH

A PH EST R oTiRES 2 R ER T 2 -7 2 (NIEA
S410.62C ) kit {7 o A B~ 20 g W iC A i &7 15 20 2 R B T MR N
At o~ 2 B (A9 %% % DI Water: pH 8.41) &4 * & 7 g F R {o >
Frdort b5 125 (2 k) e ox SRR BOMIEAK o de xEADK 1SR
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S04 WEFEARAULELARE 8B EEE
A BT > B de s BIRE S N Bk ©eknR B o SRRk
ik 2 pH B 5 3 42 pH E -

342 3ok
PRI R ST R AEE S E IR R KA T RERIE 2 —
£ 22 (NIEAS280.62C) 11 % ApM#" 3 < gx (Lietal, 2015) kg7 » ¢
WARY B AR eI o g AP TEREHE Y > 0 105 £ 5C

SoW PP BB B IR L Fr 45 A b Bl 2

\V‘\ﬂ

2 £ % (mo)
FHFEL 10 mg s f2B~6 10 215 g 2 ATH L HRE TR L L 0 7 7
2 FELEHEE (M) 2 10 mg > & fR{ef=8 &%~ 45 ¢ 12 105
+ 5C¥ic = 4B | RN ETEd 2o XL T AFE7 2E 0.1%
(m/m) RIARG EE - < Sk SRR 16 1 24 @ vk
B EAEAI BTN I ERLER A BEEEESUBAB I BEY LA

45 A\‘éafgﬁ»ﬂ'l%f_ ZZ-lﬁ’;T';fJ’_'é- (m2> .L%@mu—p;,, \(31)

33 7K F (%) - (m2—mo/ m1—mg) X 100 % (3-1)

3.4.3 #Lm i i# F (Potential nitrification rate, PNR )

LA SR RS Ap M AT 2 fe (Chenetal, 2013) frfk i 7k
W EokY TAEBE KPS E— 42 (NIEAW418SKIC) kiefF » 4
TR BT RN AR BE R TUEERAY A AR K
Rl ARACT » R B B0 Ml Hre FARE > (S 2 ATE I I B F Y
%ﬁé ir“f%épu FEE(4E 59 2 > £ 4 » PBS buffer (Table 3-2) &
ImMM (NH4)2SO04 » #1840 » B % k& 10mM KCIO3 » 12 gt &k 458 ik 7%
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( Nitrite - oxidizing bacteria, NOB ) & 74r#4] - & At ER BT L A
Fa @it o AR A S HF R TR PEERA 2 EORBESE D
m2MKCl 24e > T E 3 AR NEFTEL > 2200 rpm 2F 1) pF > L&
i fots 12 3000 rpm & 10 4 45517 ¢ KR 0 2 {8 SRR OTIRE S 2 &
Rl e TAR TR R Y (& RE B F(NO2 mg/kgsoil/d)-

344 B3 B

FHEAFWRRITEAIABAFIFFIRIRR > LY R
ARG AT A ATEARST B THRRI D NI TR S e
‘&Rl 22 (TARIS201.1B) kBB F 5k 5 5 3,m WFd B > fiR> 1
AR B00C Rt o A g A fRa A S F ek o Bk -
Rl fURF REE T AT R FRIF AR RER 0 fed 3
IR AR, 5D HiEa A2 -3 LA FIRBIR RSD BRI FE
2 ) R BT AL S R R AR R R g AR T
ZF bR pREHBETE D D F CRUER RPIEF BEUER o

P FE- 0.50 i EE0 1 & F 7 kP (8 02 4R 4r > 1ml10% H3PO4
o REAFRBI2 )P F RBRELSE N 105CEH2 ﬁzﬁﬂw’ A= WA
£ A1* % #5447 & (multiN/C 2100, Analytik Jena, Germany ) 4 47 & # %%
EREATA A - §F CPRER TR AR F - 7 fia 4o (Potassium
hydrogen phthalate ) #l &% » #-2 ##rp|iF2 - §F PRERF »HRERES R
@H AP g PR R o

345 AR
JEBRKPSTEETRP N IETERR T 2 (TARI

SIOLIB) R R ¥R F ¥ Ttk TiRE S Z-kP BRKRR S 2 - %2

Bi# (NIEAWA44T20C) # 5 £ @ 1R R o Hiplh Fae™ > 25 109 5
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RS FLE G S 2 B 250ml = & 4555 ¢ 0 4o x BOmI EE K T
AREFNETH 10mm BF 1/ pF > SR T {82 -k 2 "% % 2 3000 rpm
oo 10 » 485210 R o B0 E 3T E R 3 (SC-110, Suntex, Taiwan )
PIHTHR LR HR - HER®* % F 2 1413 uS/em & 1 R
BERE > F BRSPS T RY I B RpikigE A7 EFT -
TR e RIEIHRZETREE I iR 20 TR R FH#
YoV REIERR > HE N o5 320

S(®mA) =a+aRM+aR+ R + AR +asR>? + AS  (3-2)

AS = [(t— 15)/1 + 0.0162(t-15)] (Do + baR? + bsR¢ + bsR2 + 4R + bsRE?)

ap = 0.0080 bo = 0.0005
a1 =-0.1692 b1 =-0.0056
a2 = 25.3851 b2 =-0.0066
as = 14.0941 bs = -0.0375
as = -7.0261 bs = 0.0636
as = 2.7081 bs = -0.0144

Ri=C (k= A F Bt C 2 F#T ) [C (324356 7./2 7 KCI

/%“7:%%"— ;’fji\t C7]1 ;”’L‘)

IR F AP EREALTFY v}*k(ChenetaI 2013) & {7 F B~ o
HAR fiE it 2 R 594 » g F ¢ o L 4o r 25ml h 2MKCI (2
ok 5 1:5) BN AR RET B2 200rpm 2 1) pF > £ 02 3000 rpm
g 10 A 4BP~1F 1 KR 0 2 (s kg R e (Grade GF/C, Whatman,
England) i& {7 g (1.2um)> 2 ot TR L XA o @ & § HRRIICA B 4
Ry é[ﬁ% (Bollmannetal., 2011) = ;& k&7 » LB 2ml F Bk 40 »
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P Y ¥4 Iml B F 40 (sodium nitroprusside ) E#frd § it 4h e 102
R Ao A| (Table3-3) R{r3=3 (vortex) > £ 4c » 0.4ml k& 0.2g/L =
% $ § /Rpa4 (sodiumdichloroisocyanurate) -ki3 ik & £ iR {rizg » 2 (S #F
Bova A 30 A4EE ¢ o AR R AT » 48T €2 kPR (sodium
salicylate ) ™1 2 X § phdF F RA S EF & > Ft v I ok kB
(UV mini -1240, Shimadzu, Japan) *%;& & 660 nm * jp| ¥ H e k & >
IRV RTE 2 BBk E AR ERERTLFRR o 2 2
i pHR 5 5 0.05 mglL -

347 TRABAF

PELTHABBE R ARG FEI LR SRR RS 2
NIEAWA418.51C % i {7 - & *=(sulfanilamide ) & pé 4 i it = (pH2.0-2.5)
gk TAEBAL B F R (diazotation) 25> F L &4 > @ iE-
BE L ELE NL-FAC %= @A (N - (1- naphthyl) -
ethylenediamine dihydrochloride ) #® & @ ) & *=d & § ( £ 4 » b i- £ %
TSGR RR I 543 nm A & T RERCRE  HRE DT A KRAE Tk
B b3 i p&rL s 5 0.0 mg/L -

A AT B iR PR AR IE S R TR 20 AR A ‘:ﬁ/ﬁ“' P BRE B S 2tk A 1Lml
fer 15mlzEE @ o 754 0.04 ml & ¢ 3## (Table3-4) # mEd 2 BiR
friog > EUgRHA S RBE 2 Fr IR AR ARE RS o F BYE R
JPRERS S BB SRR RPIEBR L ES Bl LRI T RELE
FH2H AP FIPAPFETEEFRY 2 o MRkl > VR IT

R oo

z js#a kB v ERTERAY THKAE

348 AR
SR R 2 RS RS SRR TRE S 2
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NIEA WA419.51A k&7 o -RA T 5112 pIpc @ 220 nm L £ 7 5 =%
KRG G gk E 275 MM PFF B R A F kbl B AR
FoF kR o FIR A M KR ER A R RER  LpE R
AR 220Nm L £ T e R B 0 Lo 28 275 nm Ak T e k@ o W
RERAY PIRRBER JFIAR B 5 F 2 K E(275nm
FeZo @ Bk R ) AT A3 220 nm ek sk B 10 % o
Qﬁﬁwﬁﬂﬁ"k%faﬁﬁWﬁiwﬁﬁ BEBSZHEA1ImI
for 15mIZEE ¢ o e 0.02mIIM B R EE R BRI
R rgpinie R g 2 pr ¥R SR B E K F ROE BRI
Ak B3R 220nm 2 275 nm ok & TRl E Rk B T ik R E R IRAP R
FREE 2 BB R EFT T RERT R A ABARR o 22 0P

4 5 0.05mglL -

35 &+ 2 F1RR|
3.5.1 DNA 3B
4 4% DNA 3B~ & i % 35 % 47 2 575~ 223 2 (PowerSoil ® DNA Isolation
Kit, Mo Bio) & % peH 3% it £ 4 Rie (7 o LB 02509 * 4 » PowerBead
Tubes: 4v » {5 frevortex @ Bl fos # P 92 S HA R T B ISR K
Ffe o v AR BB B0 2 SRR ACHE o R fois 4 » 60ulCL
7% I F 3% Bead Tube #ic=k ¢ H R {r > CLia/R @ * % /LR 7 &k > d
SRR Y & 7 o A ERped4p (sodium dodecyl sulfate, SDS) 3 H
AR R e ER] o F AR A P F oA g T ARIRA A G ik o

PEP Se gD 60C R Hipfg > phiefid (72 € B3k SDSfrdl & 38® > ¥ Cl

(4’-«}

iRt BOCRES ¥ L F i@ % o 45 (5% Bead Tube ¥ 3 %5 - £ kT

WRFEY b FEAF 1044 RF 5T Bead Tube £ {7

=
(=
#

& 52 10,000x g & 7 A 30 480 2 f8 K- P0E ‘}%";‘&E’»:".ji»%ni'l—

=
S
o
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& er12ml Collection Tube » £ 4v » 250 ul C2 3% T B e B 5 #/48 > R v
(B4 Crk4ab a4  C230R1EY 5 rd|F+ 2 R P ATERE
2 DNA e e fom s ik » ¢ JRAT ~ mbe By fodd T %0 3
L3 F A 6219 DNA B R T > LA HiE A DNA o Afrid & F

FORets > 4% B i s $502 10,000 X g 3w 1 A48 0 2 {455~ 600 pl +
Fik##5 2 A7¢0 2 ml Collection Tube » & /3 & #F 4B~ ARk » £ 4
»200uC3 3R T BB T 54 Ricis B 4Ckiab »4s 0
A U R e

2 {5 F @ M50 10,000 x g T A 1T A4 0 L BT750 ul b FR T

#7e12ml Collection Tube » e i £ B~ 3] & FRTHk P » £ 4o > 1.2mlIC4 3
R TR MR RS A rOFRALIAREE T CABIREB R
BRBBR > d 3% DNA AFBRERT 82— §F ibp 7 BEE o Flt A r gt
preR DNAP g5 tp -mig dis 2t DNA g 35 fra il
W R PR E o Rfrdn g (EBX 675 pl 4 » Spin Filter & 12 % i# &
1#2+ 10,000 g F a4 1A Ao 2 15 F iR 4o r 6750l £AF A A T
£ RFIRZ R e~ T EAFH B 0 0 2705 AL 3 SpinFilter - ¢t pF DNA 4
WRBEREMSGE Ao F MR o A B RRE R BRI AR
e ® o 4ex 500 ul C5 ;% ;% >+ Spin Filter # 12 3 & 3. $#%5>% 10,000 x g 4
= 30 #5480 C5 AR A RB R AR G o R iRk TR £ Spin
Filter # = § i # ot HDNA» & 4 %A § enB B pafe sl 65 44 -
B 15 159 kiR £ =02 10,000 X g 4 1 A4 2 35 AR C5 R R
EAE f P FlA kY AR Ze o F e DNAKRAD FIMART 0 T g
%%éﬁﬁ@ﬁﬁﬁ’%%éﬁ%ﬁﬁ@#%ﬁiﬁio%ié%ﬁ?%
i ts > 4 Spin Filter #& 4 #|— §z:% ¢9 2 ml Collection Tube » £ 4c » 100 pl
CB 3R> wimMit »d 2 CORARY 4 @A » B L3 §F L p R
FIDNA - F|1 5 C6:3R? #r7 thzx® Az A9 2% (Tris (hydroxymethyl)
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aminomethane, Tris) @ 3% B /3 f&1% > F|t 2% &£ o DNA 4 C6 4 7% 713 ) -
£5d %@ 4o %2 10,000 x g e 30 fi481s & 3 Spin Filter » ¥ £ 18
FP i DNA i 3 ® 5 20-20 2-80C27 & %13 - DNA kKR 2
A& 17 Nanodrop spectrophotometer (Maestro Nano Drop, Green BioResearch,

USA):B| 2>+ 230 nm ~ 260 nm 12 2 280 nm A & T sk k B8 7 4 47 o

3.5.2 BT A

WA T A - AT % 0 ] B eh DNA FEin £.4 47 £ & 0 DNA %
Boood 3 EE (Agarose) B FZ 8B G S g T %gd e
FHARARLF b Tt ¥ 2FE RSO DNA P57
1% % kAR (Table 3-5) g% % ki 1) { & ¢»c% (Sambrook and
Russell, 2001 ) o fie & "} R pF>t = £ 48557 ¢ Se »EH/H LR HTT X 9
£ 4~ TAE Buffer >z sr% difpikeie ¥ i~ 7 & - fe i = {84
BHAMRE AP LR RS FE R (comb) X BRI Fr 15
A &BTSGRE] BT R B B A RAGE P o FA R A ¢ s » TAE Buffer i

HEHF L% R (well) o £ % DNA # & 12 2 2% = (DNA ladder) 4

£
&

27 6x loading dye ™ 5:1 (Vi) RAris iz » a2 ¢ > 250V T REF
TAEMRY VRBAAEE AR TABE T RGE 04 REF
TAR RSB R ¥ A ¢ 4z (Ethidium bromid, EtBr )% /% (0.5ug/ml )
TR d o 4 d 10 A4S Ee DI Water ¥ 194 5 A4 0 2 5B 3

UV B 5% % 5o (Vilber Lourmat) # & (7% o

353 R &l F R
AEEE R E R M T e E § O R AT
amoA A 15 P #&#73k 3t (Table3-6) > 4 mF:51+ L amoA-1F/amoA-

2R (Rotthauwe etal. 1997 ) » 33 A 4= ¥ £ 5 5 450bp - &4+ F«51 5+ 5
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amoAF/amoAR (Francisetal.,2005) > #3# 2 4 * £ %) 5 635bp - £ {7 F J&
pF oo R fo A (GoTaq Green Master Mix, Promega, USA) ~ 513 feficis
DNA i & if 4 v 6% 4 (Table 3-7) » & {1 * R & fraash 5 & %
(MyCycler™ Thermal Cycler, Bio-Rad, USA) & 7§ & # % » & (Table 3-
8) RIFEEAR SR AT BRI PRIER RS N FRERGFR
AR E A Rl LN EBERRTARSTAS » P FERAT &
PR E o

354 &£ 3FiE7E

i3 %75 (Molecular cloning) .57 T3] p chm (7 > B - FiFs W
PERE rdag F iR BB A B T eI o 2 2 f)
%?‘%@ﬁ%ﬂii“'ﬁiﬁm“&éﬂﬁﬂ * IR EEiE
Wep AR kR F S A 51 2R PR A Sd DNA s o
G Wit AR AL R FEE S 1 BT FehamoA A IS e
WHF e TS HHS AL T ERF Dl DNA 27 A FE7 - &
F %A% E 7w EA 2 (T&A™ Cloning Kit, YEASTERN, Taiwan ) % it {7 >
% §*48 5 T&A™ Cloning vector (2728 bp) » i * &% iz ¥ 5 E.Coli
DH5a (ECOS™ 101 Competent Cells, YEASTERN, Taiwan ) -

FHERIART A 5B B o @& F g (ligation) v & B )
(transformation ) » i& 7 3% & B pF > #4icfr DNA 12 2ul 4c » > T L PR I%
e 4o n o0 7 il 4 3 B3 0% ~ TRA™$ 412 2 yTo DNA it 375 ( Table
3-9) 2 5%

T
e
A

9
N}
}=]
X

R 53 W5 osEREF R 2T E (A
Fo T R ACkFET o F ¥ B DNAZ Sk Fl gt g4t -
ket (Adenine, A) F10t fid DNA i 3% & §5 8 DNA 4% v 3 = cig s
sie_(Thymine, T) I 4 » 252 = & e 4 DNA (plasmid) o pt = & d 3¢

ML 3 D e FUC R DNA 5 - e ¢ 1k 3w a5t
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MAL N 8P o FE S AR SR

THDNAEG 2 BRFEFTHE LWLk abEmieisd
EE R kRokfEL o RIS Eme - LRSS R KL o R TR
E A8 DNASul 2 F @ F g icr @ R oo L R 30k b A4k
2 eI ER RipH 42°Cokip 45 54838 7 £ ik (heat-shocked ) & i 15
BH RGN ERA Y TREABENITC A A LREP #rit (Table3-
10):fe ¥ 7 3 22 % 4 ¥ # % (ampicillin) 5H LB F k32 % & (lysogeny
broth):4e » 2 Z 3 d B X AGEFEFRAF AL AFLRET Y
55C 4 74t » o v GFR#7 £ el » > IPTG A% 40ul (0.5mM) e
X-gal i3 ;% 10 pl (40pg/ml) FE£iRfris » 393 4> LB Hs £ £ ¢ >
IR RFAKRFESPN o#EEe FLENR AL > d 2 Xgal B
G54 A 5 = 7 27 Atk (Dimethylformamide, DMF) > ¥4 £ 5 3 44+ » 7]
PR R R BN T L B o

F1§ 48 DNA | 3 & ¥ - Band # @t A %] (ampicillinresistance gene,
Amp") > #r1U 3?‘%% DNA £ 14 DNA S & = R B » 3% T iz it
Gtttk DNA RIT #25 $H4nd F enmf < o Bt A & A ohv L FE

YR A& 22

TEF GG LT RN PRLEE - R E e §Z PR E L

WY G0 - BT S DNA € i £ ficis DNA &9
S

:\.5‘;;
i)
A
N
4

=3

s
En

F_*

PR B E e e RV P $HRd & ahat <
Flut ] r ES ki - HFE o Fo AT #3 DNA S gt o
e B-L g s A (Fig 3-3, Fig 3-4) 4 HC4r DNA i 32 3] 2 L 48
DNA o gig 82 424 72 E# i fhen -2 J 43 s (B-galactosidase ) » 7]
72 g2 X-gal 22 };@’ﬁ_ﬁ‘;%m_}gﬂj;uég*pfl;fgofgguggDNA_pﬁq
B-L A AF A2 5 stk DNA FF > B § 2 2 254 it e B-L U3
e gd IPTG A S H Bt - g 1t Xogal ig— BRI M - 8187+ 55
-= 5-4,4'-- & #_(5,5-dibromo-4,4'-dichloro-indigo ) i&- ¥F¢ + F > Fp
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e A a—
X o

¥ 2% A
= I ~Ed bt

i 16 - JB*%%W RN pﬂ:};ﬁg:?rng—r#um *’“F}F‘fmﬁ’\w 4 *E:’]*;?

§ b

]2

WABIIES A JI* BARS AR FGE T R 1 T&A™
Cloning Kit p % primer 2 2 GoTaq Green Master Mix & #%i& {7 /5 PCR
(ColonyPCR) &3 F Rz ®| 2 F B B %P+ P &7 (Table 3-11, Table
3-12) > Fpek-FHlE 7 T o g g P TR LR £ FREE PCR 5%
FERR{S MR AR R 12 | FTFTEIIR ZAIIF R MI3-Fe A7 3
dAR PR EF P FEEAL T A FEALS Y IR TR A
R EHEF T HoraE AT AR A 2 ) R R
B® -1 TPEL0B0 § sz e o100 fRAR RS {REES A

EHLEPFE 0BG § FEERARE o

355 TR LG F R

TEREMAGFE B FRAY DE 3T Afrd F P wEAATITLE
Krrnd A H® R (abundance) > & Bl#r* &R E 5 T pFR & prias
F J& % (StepOne™ Real-Time PCR System; Thermo Fisher, USA ) » if *
¥ k4 A 5 Sybr Green (GM SYBR gPCR Kit, GeneMark, Taiwan ) -

IR AR RS A EE S AW BTGP

EAFORAZES I RER AL B4 16 /) o £ 3% 2 (Gene-Spin™
MiniPrep Plasmid Purification Kit, Protech, Taiwan ) % 2~ % 48 DNA » & {7 e
B4 DNA S48 4~ € £ & 3+ (Maestro Nano Drop, Green BioResearch,
USA) ¥ BIE R frid & > i%é%gd Tak o (34) EHEAkR (ng/lul) B
22k T35 Dok (copies/pl) MR A fFR S o4 RE & @R R
FHP1x10°-1x10"~1x10°~1x10%~1x10%r2 % 1x 10! copies/ul %
EF K iEA (Table3-13) &2 £ s it (Table3-14) 4Rk ic£p 2 2
PRE - ARPIRRRERLAPR FEEGE > RARRESRS By =
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I
=
(i
W

DNA #£ b #iz(copies/pl) = DNA ¥ : ik & (mol/pl) x (6.02 x 1029

DNA #  j& & (mol/ul) = DNA ik & (g/ul) / DNA %, 4 3 £ (g/mol)

DNA %4 5 £ (g/mol) = DNA * £ £ & (bp) x 660(g/mol/bp)

*6.02x 107 % I 4o B ¥ dic

* 660(g/mol/bp) % # AT 54 3 £ (3-4)

356 FilLi7

FATAL P G2 P E e Al MIB-FilFi27Ew

TR EPDRAIEER > MEGAG ¥ 874 47 > AFEIRA 7SS &
- dm TR R IR G e g IR G ke AU LI R 0 B
PIRATFI-E g iy s B - s @ WA BE R L isE Y o
2B B2 RIZEARGIR RAET o T g R R B RALERET] o 4 FiE

7 15 F amoA R Fals Bl AR HNAR LT E P AT
Boqlr ks RIS EAS P BRATFIACIE o #13 H4FH DNA A
Ao wE EEREDRAFTR] o N ATA R A e Tt A
FEBT LG T RFEAAKIEFI A EE KRN MR
$#2 (alignment) > F# A 77 5 &M (gap) REE R A T FFH
EAREABING R FRALERI F LT RG> B EE LA
PEM-H 8 B afple BEH]E RIVRE PR o BAAE RS 0
MEGA 6 #-F 7|01 48 0 B 5 2% 2 & > 97 %1 F chB Z4p R 314 5 FF -
BEiTLEE ~ (OTU)-
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35.7 M A7
BAlAfr RS0 MBRPRERINIERARLFHIE LY <
( National Center for Biotechnology Information, NCBI ) 7 F] 3 #L
(GeneBank )4 * & $r4tt 1 2 (Basic Local Alignment Search Tool, BLAST )
Wkt R EEEARITE A U ITL S iréjgkév’ﬂﬁﬁﬁﬁiq S ERVR:
AR PR 2 Bk L AR B (phylogenetic tree ) - se3h = 54
B 2 (maximum likelihood ) » % %23 T & BI:E 8 p 24 B 4R 2

( Bootstrap Method ) % :& 730 48] » 4 ¥ =x #c 5 500 =

3.6 it A ¥

M 2 BN ARE GEA TR AR S A RIFEF 2 A R
BFEIFEFAERFOMEE 2 REIEFFHE I HEIR > a 10 7 FHikd
WEEH A Rk B SR AL > ARG B ARG s A
170 FP R A A S RPN T bR e b A +5 (rarefaction curve )»
A S RO R e T R KRR BT L o

A BE il 4540 Stk SPSS (TR E o AR M GilchRE F LI
Bt ¥iei7 o BFRT A 005 FE M FpM > MEF LT A00L L3R
A FAp M o SPSS thdf iT4) FedoT o

1.2 3 Fo 4o e iy ~ SPSS ¢
HE M e~ BB HHE B0 1909 %

33 HHERER
Ficio pH kg PNR =] EETHAEE THBEEE TOC AOAamoA | ADBamoA
1 CHO1 751 18 78 763 41.36 187 322 6.65 6.55
2 CHO2 8.02 2 .29 Nl 34.34 4.47 269 5.05 4.40
3 CHO3 8.33 19 121 437 31.70 290 1.74 6.85 4.62
4 CHD4 749 38 22 B2 22.04 6.28 6.86 547 5.06
5 CHO5 778 39 38 8 2116 454 6.41 543 378
6 CHO6 7.86 38 A1 27 13.26 7.29 257 574 320
T CHO7 781 23 24 192 31.70 290 290 543 410
8 CHO8 8.26 26 34 43 2985 387 13.16 6.37 270
9 CHO9 8.36 )| 18 243 3258 182 114 6.14 320
10 CH10 8.32 28 Rl 4.09 70 1.44 375 545 521
1 CH11 8.01 35 39 228 34.34 1.50 4.44 5.79 710
12 CH12 8.62 29 49 429 6419 115 220 5.99 548

35



2ERAT M AT 0 BB R EE

SR EWTHN HHEG) KREDRWY)
$EE(P) b B o g 5
HEIE) ) e e
F15(B) 3
thEFmasw » | FE ERTHESED
_peEt©) » 7.63 413
ERSHEERD > o 34.3
BEERN - 437 3N

1ERAC)
R (R)

HERE(0) >

AFEmEARE N k

SEHE LT R o HiE

4 EEsEE(E)...

b E eERAR)...
[]] RER#(D)...

PRI S

TR

() -

& 2hE
&% PNR

& &3,

& ToRMBES
& WHBES
& ToC

&2 ADAamMOA

[ tERRE&(N) [ Kendall's tau-b fERE{H&(K) [ Spearman iEBHH&(S)

AR HRE

@ ¥ERET) O EESEL)

[ THEERRE LR (E)

[

e || mrzee)|

ra |

Aoy || semvne |

36



AR SE AR @?J MY - R R VHEPREGBLATREIRET
Wé BT [BIH1] - IBM SPSS Statistics Viewer
EEF) HRB|E) #ENV) FEO) BROD BA0O A SEE) BERTHEM SHEG) SREAW BEW)  REH)

SHER &M LI OO EPER®

=03 E%%m [01] D:\Eiva\OAOM\s0il sample.sav
-] 156
[ EE FElER
AEFEE
i e pH SHE PMNR =k il HiNERR TOC AQAamoA [ AOBamoA
- Lig) 1EER pH Pearson i 1 -197 108 116 513 -E16 -148 231 -303
B () 540 RED 714 .oeg 086 646 470 338
Tl 12 12 12 12 12 12 12 12 12
Pearson i -197 1 -£03 -584 -.442 445 202 -413 - 246
T (BRR) 540 096 046 150 147 524 183 440
Tl 12 12 12 12 12 12 12 12 12
PNR Pearson i 108 -£03 1 582 193 - 186 -244 738 350
T (BRR) RED 096 043 548 562 445 006 265
L 12 12 12 12 12 12 12 12 12
Pearson i 1186 - 584 592 1 609 -694 -427 589 739
T (BRR) 714 046 043 036 012 166 044 006
L 12 12 12 12 12 12 12 12 12
GEAEE Pearson fE 513 -.442 193 609 1 -743 -.256 257 448
T (BRR) .o8a 150 548 036 006 422 420 44
L 12 12 12 12 12 12 12 12 12
Gl Pearson i -516 445 -186 -694 -743 1 27 -330 -473
T (BRR) 086 147 562 012 006 304 204 120
L 12 12 12 12 12 12 12 12 12
TOC Pearson i - 148 202 - 244 -427 -.256 27 1 020 - 255
EE T (R 46 524 445 A6 422 384 851 424
L 12 12 12 12 12 12 12 12 12
ACAamoA  Pearson 23 - 413 EEL] 58S (257 -330 020 1 214
B () 470 183 006 D44 420 284 851 505

Ao A A g A 5 R canoco 45 & AR E s BRdnBdh e 7 E
378 € L8> %P aeE (Covariance matrix) B~ 18 E g 4 % B #icehi &
Ats s BELA A SR B e
L R il L excel fh7 4 A B R RS £ 5 A5

A E C L E F [ H [ ]
pH water PFNE Ammonium Mitrite Mirtate TOC AO04 AOQE]
751 1909 078 15.25 82002 3773 322 BES 8.55:
8.02 2095 029 141 6367 8594 269 505 440 ]
832 1920 1.21 8.73 6340 580 174 655 4.62!
749 3848 022 1.23 4408 1255 686 3547 506 |
T8 3858 0.38 .36 4233 908 641 543 3.?8!
786 3811 041 .54 2652 1458 257 5/ 3.2'1]:
781 2318 024 3.84 6340 5380 290 543 4.10 ]
i
1
1
1
1
1
1
|
1
1

g.26 2299 0.34 0.87 2989 4 1316 637 270
8.36 30,74 018 4.85 6516 365  L14 614 320
10 832 z8.16 0.31 8.19 6340 289 375 545 5Zl
.0l 3491 029 4.57 ee.ef 301 444 579 110

— =
— e (MO C0 ] O n e e D
WO -1 O L= o [N

—
[0
—
—

—
(s
—
[0
e}
fay)
[0
[~
o0
n
[0
)
e
e
o0
n
Yo
—
[~
o0
L
W
[~2
(s
—
[~2
[0
[}
N
Lo
e
©n
e
o0
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2.2L:% canoco 4.5 < 5% ¢ o WCanolmp » #-+ - W 3 T8 B
o
k49

HEFRNER S ERY Fe R ARG EARMNET (B
Save ¥ 545 %

HOWs TO USE THIS PROGRAM
11 In wour spreadshest:
* Copy vour data table to the Clipboard
* any labels must be in Bow 1/ Column 1

21 Caonfirm the options below and Save

OPTIOMS

[ Each column is a Sample

Generate labels for:
I Samples (Samp0001 Sampl002 ete. ]

I Speciez / Env. Yariables [VarD001 % ar0002 etc.)

[ Save in Condenzed Farmat

Save | E uit | Help |

2

3.2 14 1% & canowin &~ A 474255 > I 2ZL3E File T & New project

=i Canoco for Windows

File Edit Search Project Window Help

Mew project el
Open... 0
Close

Save ’
Save As.

Make movable

Save log... AL

FTINT Freview.,
1 —
Frint... F

Page Setup..

1 D..CH sample\CH sample Oct
2 DMcanoco'CH sampletyCH A A

Exit K
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4. % data available for analysis ™ i£ # only species data available ¥ £ # ~ -
#

DaTA avAlLABLE FOR AMALYSIS
* Ornly species data available
(" Species and environment data available

(" Species, environment and covariable data available
(" Species and covanable data available

[ Supplementary environment data available

EMVIROMMEMTAL DATA, WHEM &WAILABLE, SHOULD BE USED TO:
~

{* interpret patterns estracted from all vanation [indirect gradient analysis]

F—(N) > e | =7

Species data file name:

D:eanocobCH samplehCH sample data.dta Brovse

Ervironment data file name:

Covaniablesz data file name:

Supplementany environment data file name:

Canoco solution file name;

Browse

|EH zample analyziz

« F—#(E) | FT—%HMN) = s Slils
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6.4 1% £ 4] &% & PCA

Gradient Analysis Methods

Rezponze Models

|ndirect Drirect Hybrid
Linear + PCA " "
Unirnodal A ' '
Unimadal ™~ DCA " "
[detrended]
<t—5® | T-s0v> my | =m |

7.5 2 0% 3% 4 %t focus scaling on F i #% inter-species correlation % species
scores f&iZ % divide by standard deviation » 1485 38 & @ 458 2 KAl & F
ki

Focusz zcaling on: Species scores:

£ Inter-sample distances f* Divide by standard deviation

{* |nter-species comelations " Do not post-transform

" Symmetric

< E—#@ | TN > BuiE =M

40



8.% = {6 ¥ 3 ATHh 0 BiE Analyze i 7 4 47 » 2 14 2hiE CanoDraw g % F]

— |nput Drata — Commands —

Data: % Species © Environment £ Covaniables Qptions...

Fath: ID:'&::anu:u:u:u'xEH zampletCH zample data.dta

Samples: |1 2 Yariables: IEI Analyze...

— Analyziz
Type: IPE"':'" Forward selection [
Permnutation test. [
. Savelog...
Other optians:
Scaling:|nter-zpecies correlations [corr. ] ..a.
Stand.by zpecies centerad ES summar,
Stand.by zamples: none _—
v
< > Hep

9.F #& ¥ 73 #74% 14 1% & Create ™ <7 Simple Ordination Plot

{1 CancDraw - CH sample analysis.cdw
File Edit View Project Create ‘Window Help

0|85 |_|i|g[_J 2|3k

1 Biplots and Joint Plots 3
A — Bpalysis Trl'plots »
\ Methad - I_ Attribute Plots k] b fest

Model: IInJ:liIect method

— Diata,

File: ID:"a:amcu:u".CH sampleV"H sample data.dta

Samples: I 12 Yariahles: IEI

[¥ Accesible File format; | Full

4



10.i% # Species and sample & 2t OK & {7 % @
Create Simple Diagram »
Select Type to Create
oo K|
~
Cancel
f* Zpecies and samples Q
~
(" Bpecies
~
(" Samples
~

Chrd ination Axes to Plot
{* First and secaond (" Firstand thivd  Second and thivd

112+ @ PCALFR ELREFTEB AT 3 BHA L
pN

BE File Edit View Project Create Object Window Help

D|W|Iﬁ'|g || |@ T N2 ﬂ|Whule page j 2=k

T

t]|
A o
N

1.5
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3.7 5 Hidp iR 2 fFEd &
B®Y & § it A AT & (speciesrichness ) frd~ & % & 12 (species

diversity) % % i Ap 1% 14 B3t g EstimateS R TR AT

1g & FRARS TR < 2 Multiple-Individual-Based-Example #-# 3

Bp it 17 it > XXt BN

7 cHsample - 5% - o x
EEF #EEE B0 BENV) HEH)

Multiplelndividuale* 5 AO4 Abundance

CHOT Hindividuals* 2 ] ]

2z 1

2 1 5 1 2 0 0 0 0 i 0 ] ] ] 0 0
CHOS *Individuale* 2 0 0

22 1

0 1 1 3 1 2 2 2 1 1 1 z 1 0 0
CHOG *ndividuala*® 2 ] ]

22 1

i i} i} ] 1 ] 0 0 1 i} i} 1 il il 9 1
%12 ;Individuals* 2 ] ]

0 ] i ol 0 0 0 0 1 i i ol ol ol 1 0
Toatal *Individualz* 2 0 0

22 1

2 1 6 2 £ 1 2 2 4 1 1 2 z 1 10 1
€ >

2.47 B #7.5% 18 2L File 3£ % Load Data Input File

B2 estimateSWing10
File Edit Diversity Special Help
Load Data Input File

Export Input File as Triplets
Export Input File Species Sums

About EstimateS
Quit Estimates Ctrl+Q
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3.5 % % » pF:E & Individual-Based abundance data = 7 Multiple Individual-

Based Example abundance samples(batch input)

EstS|  wWhat kind of data do you have?

() Sample-based incidence or abundance data
One set of replicated sampling units (classic Estimate3 input)
Multiple sets of replicated sampling units (batch input)

(® Individual-based abundance data

() One individual-based abundance sample

@Erﬂultiple individual-based abundance samples (batch input}é

Cancel

4.% ~ % % 15 32 & Diversity Settings

B3 EstimateS\Wing10
File Edit Diversity Special Help

Diversity Settings... Ctrl+T
Compute Diversity Stats Ctrl+D
Show Diversity Stats

Delete Diversity Stats

Export Diversity Stats

2

5. & Estimators & Indices £ 7 T 1 Diversity indices /& 7 i Compute Fisher’s

alpha, Shannon, & Simpson indices » H &% 7 % & 9| 2 £pl&a F { &

[ Diversity Settings (Individual-Based) @

Randomization & Rarefaction Estimators & Indices  Other Options

Diversity indices
Compute Fishers alpha, Shannon, & Simpson indices
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6.3k T_=

A

2%

o

2% Compute Diversity Stats

B EstimateS\Wing10
File Edit

788 %

Estimated (Version 9100, Copynght B. K. Colwell: hitpeifpurl.cele orglint mates

Diversity Special

Diversity Settings...

Help

Show Diversity Stats
Delete Diversity Stats
Export Diversity Stats

Crl+T

RisF 55 v FRANXUAT > $ B H S S B ~ Excel ¢
—fl]%“%% 5

Mean p* 7]

LB S PRI AR BT g A RS BRI LT S

Dhvessity Output from Inpat File: CHOL 2015, +—H 20,)
Feeference Sample = 11

Indivedual: Stesth

— D WO 00 =] N L e e b

I
L7
241
202
335
373
405
435
46
152
5

Sipst) D59 Siest) 95%Slest) D
0.32 1.6% 0.35
0.7l 2.85 0.54
113 168 0.65
1.53 4.3 0.7

1.9 48 0.74
2.23 3.2 0.76
232 5.50 0.7
277 393 0.21
298 .22 0.83
315 f.40 0.5
38 6.72 (.58

b Meam (0

1 1
1.33 1.66
243 1.9
299 212
341 218
321 233
405 224
4.3 223
4.5 222
479 208
] 2

45

0
0.76
106G
117

1
0.59
116
106G
037
0.71

0

0
17
0.4%
073

0.9
091
0559
1.13
1.37
1.71

2

1]
0.3
0.5
62
076
09
087
0.7
058
0.46
0

l
225
337
419
435
203
S48
531
5.47
533

i3

0
0.57
1.55
&3
183
1.3
233
205
1.47
082

1

fangletons Singletons Deabletom Deabletent ACE Mear ACE 5D (Chao 1 Men

1
225
ek
4.1%
4,35
a0z
348
351
547



Yr® B%2H%
XS .F
411 = 2 F R
LA kA Y o pH ehge B/ 7.49 3 8.62 (Tabled-1) fred s
g R A X 0@ &v);kj\—g ' & F 0w Fhg R REREARA (pH3.T -
8.65) (Erguder etal.,2009) e & % * ¥ aug & 4 L if it § &@ 4k
%% kB T (pH 7.0 - 7.8) ( Kdnneke et al., 2005, Jung et al., 2011,

Hatzenpichler et al., 2008, Tourna et al., 2011) -

dAHRR RP UIRS R PPHT - - LSRR Lok
T Al (FR 3 H9.2% - 18.0%) Ap 1 4 A AR § ok

% (Chenetal,2013)» 7 -k F &R 19.1 1 38.6% (Table4-1) -

K

P E o i ip g (CHO4 ~ CHO5 ~ CHO6 ~ CHO9 {=CH11) ¥ it &.d *¢
H

s

3}?1

B R e &R TR o AR TR BNk hiR T

FEA i ¥ (PNR) £.0.18 3 1.21 mg NO2/kg soil/day ( Table 4-1) -

B BHET R B R R IR GE s fe PR IR 4§ 1L G
bo FARBRIRY i §  LTARBT ARBIRAT P EORS

WA MR 2kt x FERRT pH o g FORAR AT R § 1 EE AL
£ o B P %S (Stahl and Torre, 2012) > @ 2 7% ° & § kB
0.36  15.25mg/kgsoil > FFFFe A FERB-R » « FILFFHLEFY &
FHNEFRHEE T EEORE
Bfdo B e h s HE Y R 114 1 13.16 g/kgsoil (Table4-1)-
mR YN F CeEt R e RS S RBRI g g §
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l"‘mﬁ-‘];l%—am’gﬁ = RN /}Efimﬁf;&«fﬂf’*ﬂkg’ fehg &

R g
~ B
IL];{:]E’»Hv%.#« o FR AL EE Y P%Ey\ ’%EF bg ‘j._;kj;rf,umﬁg]

-

F F 0w FOIRA o e LAy ¢ G g mn

F_k

R R G TR e @
A& 3T Ay RF R ke bl4e Nitrososphaera viennensis 7 F
Mk & ehpyruvate ( <0.05 mM) PF# K i& 3 3 4c 048 % (Tourna et al.,
2011) > PP AR B AR TR B T (W RBCRAIE L 5) YT g § IV 5
A~ B0 B e iy (MuBmannetal.,, 2011) > 238 p 5B R &

A

BETREFEIF AT T e R FIBRELF T R

412 = % 3 EEE TS F oM B

BERERT OpH By BECER W H B R FlF L B F
'ri;,;ﬁ#\ # &g 35 (significance>0.05> » & iF p>0.05) (Table4-2)» 2 ¢
pH enf o & M B cnh Flap £ d SRR 3~ > Flpt m i 2w R

L) eng

r_rs-k\‘_

o A H R RE AL P k4 (Yaoetal,2011) § pH #
LR A R FlS G F MBI s T E A RS Y pH
FAER RO RESN S MBLEFF T MBI E L AP 5ok
FaApM ey ? o ¥ § Y- LR BT oo B Y %
(Chenetal.,2013)> » F|pt -k F >z & % EY L RiKhw - BRFED
FPEFF >a P RE? ZRFELFRAF % - B F(p=0.05)
i 4p B ++ (Correlation coefficient=-0.584 > » % i r=-0.854 ) ( Table 4-2) >
TR el REEY I RFARRMEFRAF A TR R > @
&ﬂ?ﬁ{%ﬁ%%ﬁ*%i’ﬁﬁiﬁﬁﬁiiﬁﬁ%’@é%ﬂw%
BFF TR NEFOMEE AR Bz g &I PO
R Tl ie- BRI

ARSI FERAR G ATEE I M (r=0592, p=004)
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(Table4-2) gm0 fripdthgh? Al it SEFATER D 2 A K3
Fpre 270 %% 88 og g RAEFgE P EEDERE > 7§k
BRArT @A ERTHEFLAM (r=0609,p=004): &+ &7 7 %H

S

PEF e sl o bl WERBE 2§ (r=-0604,p=001) fri;
AME@E (r=-0743,p=001) FERITEF DI PRE > &- F57 i
Fr - BERY L BHRIGE LT B BT gk 0 FREY
S F B PE 0§ IGEAT T T o BB AR DR B A
o B BB R AP F B Akl > A R (g AR e -
Frimh- TR F§ v gy 2 5 L3R (Stempfhuber et al,
2014)> $ % § AR BE271ppm PF - HEEBF 2 F 39ppm > A A E B
% 345 ppm @ L FRAE B R G LT7 ppmo s B MR 0 W
ll‘io

413 - % 1379 ACA¢ AOBE A

B3N 12 BHREY 0 £ § 5 FAehamoA A F1¥ & (copies/gsoil)
CHOL1 % 4.43x108: & CHO02 % 1.13x10%: & CHO2 5 1.13x10°: % CHO3
2 7.12x10%: 4 CHO4 % 2.96x 10°> # CHO5 % 2.70 x 10° » % CHO06 %
5.53x10° > % CHO7 % 2.68x10°» # CHO8 & 2.32x10° # CHO09 3 1.39
x10%> & CH10 3 2.82x10°> & CHI11 % 6.11x10°> & CH12 3 9.81x10°
(Fig4-1)- @ & § 1 Ao amoA A F1¥ & (copies/g soil ) # CHO1 X
3.55x108 » & CHO2 7 2.51x10*> % CHO3 3 4.17x10%> % CHO4 3 1.15
x 10°» A CHO05 % 6.03 x 10°» & CHO6 3 1.59 x 10% > & CHO7 % 1.26 x
10*> £ CHO8 % 5.01x10%> & CHO09 % 1.59x10% > # CH10 % 1.62x10°-
A CH11 2 1.26x107» & CH12 % 3.02x10° (Fig4-1)> A7 &R ¥ 11 e
Fracopeis FE v B wme BicE N A F i FiE (Figd-2)- . ?‘
AT AEARORGRI] P AAFRARRY PRANRF LT L
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PR AR AR IRA R R ICaE o
AFTEARARF 0 4 F T FEME R Ry RRAIELRG

,___,,b;,/

T HNBBES L AR RF Pt F] L R f“i’p‘ % 3

414 =7 I ERRTS HE §FEEARPYP
% L F B GHcA 37 nE S B m o pH s A e e IE P i £ §
LT EfcE F L wEnE Rt BESRE (p>0.05) (Tabled-3) > & 7
dodh et o pH hie- BRI RN A FLLF 3 R EL T mE T
zR}-2

FAWFAL G AE oL FIP AZFEA X R T R | u)

3

4
iy

' pH
Z F (LT mﬁ_}%—ﬂ;plup&uél‘ j\’F'LF*ZJL‘yF‘&’ @ pH 'Eg g"g
F s B enibi o SAMEERRF 2 F AT A e ¢

IRE:

==
i
%
/

P AL ERI e pH = 29 il P KRR S F G L
(Schmidtetal.,2007 )» & £ ¥ ©* i & B EARL 5 i 6207 iRk Tk

ifﬁ,_’:"r_ﬁgiib’p" #”fig};‘ll/m']‘g/ ’E]E'Jiii—%/\bi"‘—’_ﬁ:]m/gﬁwﬂ bré._

3

=7 7

I FF TRV AR ATARDPH EFERFT 0 A pH3T7-87 ihE ARG

d 3};&7& 2% v+ *,;%:]’m.’;c # (Reigstad et al., 2008, He et al., 2007, Wieldier et
al.,2007) @ igs & EHWEF CF HAFON T BN EE G RS N
PR EBIRG DL F T ARRFL KRG T B (Ca
Nitrosotalea devanterra #:f # & i% # pH = 4.5) (Lehtovirta-Morley et al.,
2011) > + S Hehg § v 5 AATi £ et L iE R B0 Mindg ik
# (Konneke et al., 2005, Jung et al., 2011, Hatzenpichler et al., 2008, Tourna
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etal.,2012) iz 4% 7T %

P MR L A e ¥t BR3P wpH EFEFL ]

HE Y FIRI pH B35 3 hd B4 (Wang et al.,
H

2011)fe hFT g ¢ T oard S H @ e 3 B A 8 pH B SRR P AT

~f

SRR AT R KRR RS PR R R Rk pH

% RAE¥Z ¥ v F(r=0589,p=004)fr% ¥ * wpE(r=0.739,

ﬂ\

P=0.01) 415 FHF LM S 6o IFFFERE § © mEEaTF A 3905
Srrf kgt g & 1t ‘mm&fﬁ“%’}frm»;@ MBI E F N
TR AT S B A F RAGIFIF R od 20 50T R

M K 2 2 K8 )% & & (Martens-Habbena etal., 2009) # i

T\E
ey
ey
-

THEEHF AL ERR L AR A FERFREY £ F L
TPt £ ok ipa Ee s R GF FOREMDORET > 2 R
PIP EEARY » F g 3 s AR AT 2 a @i T4 £ 0 2 Bie-
ARF AR AF S HNAFTA oS DI PR ER TRy Y S A
iR A fad 2 FER LS B (F 3 1w Calvin cycle & {7 F
B0 & § 1t v R ik HPIHB cycle i 7 Fgt ) (Konneke et al., 2014 ) -
%%ﬁﬁﬁﬁwiﬁémiﬁ’ﬁﬂéii@#ﬁﬁ%g;sﬁﬁﬁgﬁ
R AT R AOF O E F ke
KL T S g § 1 RE a2 Bk g (Tabled-3) i §
THAFIEARF FEFOLAMME (r=0738,p=001)" % % F i WmFA

A EF MG A (p>0.05) A A E X AR Y Sk A

\ .

LHELLATREF? R eFehg § M IE% o a - [iEwi s 3 HT
THEFOME O SRR A TR PRl B RS REF
Fenim g s L EREE S HNEF e S RELL T 5 FRen

ol
3t
(s

Sod P A RP TSR RRR FF CEr PR A £ 5
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TR
AL BREIA BN L EE T B b Al

i (p>0.05) A 1 Bt B g § EHRRLL § Y s

‘5
=
>
N
7

fwfFerd Fo R § R A iR - BAUE K
LB T 0 AR o BRBYEEF P e EE § 0 IEY gk

FEAFHEF LR td Wy WS LA R EHRE T RED P12

3
Y

FF Mg FAHEF N GRS T A5 F
Rl#: 2 0 AR aw 3 ¢ 3 8 R N maritimus % 7 #4 Frdenfiin
(Konneke et al., 2005) » fe» 7 # 33| N. viennensis 213 * 5 4 ofi

= (Tourna et al.,2011) » F]* & § I* + A 5 89 e

énh)
=
“‘J
g
=8
&

)

g 7 A & (phylogenetic types) ¢h% e @ F d* chL B 5 2 i & P A T

$Y AT T AR ROREAREY BARBABT A F B

ey
|
3
b
¥
=i
&
NS
¥
pacd
o\
’
i
Py
8\/
1y

Fltip- Bk AT RIFEFPN

415 = % 3 % AOA % & foij it A 47

2" 2450 B oclone T /A teAY v SHEEDLMiEE TR
amoA A F1E 7] ¢ > 12 Q7% p R & AEHI A OTU . 24755 5% ¢ 4 B~
¢+ OTUL ~ OTU3 ~ OTU8 12 £ OTUQ % /,>+ Group l.1a (Fig4-2) - #
P OTUL #rit 3eni & £ % p Ak k2405 7] (KI472720) > OTU3 +*
Wrlen % Bk p d-R-kEaA 7] (KC758426) > OTU8 122 OTU9
WD e SRR Ak p PR R e 2 R KR A 7] (KP026137 -
FJ227157 )» “T TOTUL e Hdpa & 5308 AP 7 Tk BLAp I & & o
g0 AF BB 7 ERT o - 304 EFAEY Group L1a 0 P B 1T R
R W EIIA LS I B A o F] P A {8 E 202 Nitrosopumilus
maritimus &tk Fid s R & o BAF YV &p: >+ Group lla shg §  + F
SfE & Nitrosopumilus.sp » B2 2% 5 — & B 7] & 5 A+ & Nitrosopumilus
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maritimus B 7 $ G 35 o R ARt B¢ R A Nitrosopumilus.sp i &
1Qﬁ§§“#ﬁéﬁ’&*—®ﬁﬂ%ﬁﬁiiﬂﬁ*%éﬁo
IR A40E R 7P X o 016 % OTU (Fig4-3) > jF#g>t Group l.1la
AEEFG 9B OTU X 345 R 7D ik 230E7[hT74% @ ﬁﬁa\;{’?? Group
l.1b 2 3 %35 7 B OTU £ 10 i 5 7| » ik 238 R 7] 26 % (Fig4-4) >
T-REAPIL R DEF L RAALERANBE A RAENL R
Pihg § it ARE Sl R RS DRARERMP T RE LD RO
% 7 (Singhetal.,2010) F PFiz~ Bor 7 AP U BB iE- FARRBET

Group l.1a 0% § it + A+ Group L.1b € it 5 Bdise = o

416 =7 2 HEMREFE A4

R A AT R B A $ A 1402 A B2 85.2% 11 2 12.3%

RE A RL TR« T L og R vra o : 8 R ML (Fig
4-5) fFpEs R REE DM G E RBE L hL B> B

WP 9 BEES wA 53 BREE A 5 LNHSPNRAOA
AOB iz— #F & »pH v NO2 iz~ ¥ & » 11 % 2 R X fr NOsgiz— ¥ > i =
BHELPREMAHER R AT m TOC £ & B3 e B (44540

e Tl e TR AT PR REBE R 5k AR AT
LA ap PR PR RPEEFF  d TL TR §AL T R ORI

P s w4 N EAFRARR B R 0 Rt AR A ahE R AT
AL e B H w F S RS
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F BB Rg > e REY RS RER DL R AR 5
%7'€9$@v$émi$”P’*Wﬁmﬁ%{AKQ%mhﬁ’m
s B N EE R LRBRFEIPEIER c - HRY ALV RA S
SBHF - 3 AEANMES 2 B E3F A B 5 CHO3 {r CH10 v 2 CHO4 fr
CHO5» 12 % 3% fe4p 02 & 5 CHO7 ~ CHO9 fr CH11 i&— & 3 > @ H &4k 2Lp|

H_aAp3 LFZ:&T:}’}% A iR o

42 L1 1 HEBE
421 L7 3B HEE

42 4 BHgL? > pH ﬁﬂ%[ﬁi?.% 3 8.61 (Table 4-4) > {4 &
PR REP B LAFET &0 A B BERE? 5 LA qmiiwe 7-kF 229 1
383% BRI AP EE o d WHRRFR GREPIFFIE DX
FHA LTl  FRRLPr REVARL - Room P HEPE - SRR
gamip e plaleesg o FIY ORI B ERA LT EREL & S ST o

% % & & 044 3 5.83 mg/kg soil > B =] % 2k "ﬁz 7 CHO5 2 #hgry =
FARE > PFu adRgbCHOL TR B R BB 0 - 7 91525 T8 1 583
mg/kg soil » T '} f2 & & B kgl CH12 » j& = * 2859 T '8 3 3.95mg/kg
SOil > (BB 1t Tk L §ORRE AR A SRR TR R KR
VIR e PP L o TAFRAER 5 67.29 1 143.01 pg/kg soil “f
7P B CHOL ™ " ruvh > Hois frghang FAARE . A AR BRA G 363 3
19.68 mg/kg soil - I’f I R BLCHOS5 F 2 rueh > H AR BLY LT FE o

itk & 0.35 2 1.70 NO2 mg/kg/day » H # &k 2 CHOL j& = *

#1077 + 2 3 1.70NO2 mg/kg/day » & 4 8P F 2 g & f < » HAR4R
E‘_L"f 7 CHO9 z_ 7t » #1483 +§%$K2%+§T Fooefe2 P jprtRlE s < ¥
fLoff 8L CHO9 &€ 2 *» prerBEAm i 5 0.18 + 2 T 0.48 NO2 mg/kg/day-
FBPIF PR FF A B ¥ - A7 A Ed Ry hpH B A IS
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Fllv AR AT E F M IEY e i&- RO LA 3 (Jungetal.,
2011, Hatzenoichler et al., 2008 ) l—g XA pHT70-78 =+ » & TP iRsE
B H @ A 2 BN e & E 2 CHOS etk A pH B A
PR V@ FArT iR Fltie- RFIEZ R 2T ¥ - A7 5
_CHO9 *+ 2 " i tomd it i# 5§ drdleniim > @ 10 7 Pl 3l F
koo FE

=1

R - fREJE2 T FHA AR OB L T 0E
Wik % T 35E 5 0.44 NO2” mg/kg/day - @ CHO9 b = fhde [fl» #iTie
ToE o Ftie- RT fEDERERET 2 B Bk A
- BARTRF] A @&—3\2 IOpEE A U S e F S 0 R A2
R By % <—’— R 578 1| B E R g*nﬁl;'fi B RER L ESF R
-2 7 2 10 7 endichpal (7RISR 0 10 7 CHO5 thd % & 47k B »
%{ﬁﬂ'ﬁiﬁiﬁizﬂﬁ FABNL S FY AT 10 7 AP R e TS T2t
AR > A Vo ZH B A PaIRE T3 o
#ELCHOL £ &R 10 P AP A L X 245 5 k- F
AT iR FIRR A B B B R Pl 6 ik d 3 pH b
IR A aNERE S Flt GE 0 ATV AR o ol a g 4R D] his -
faipl 2 2 CHOS ehfiim » B4 % i X 2AE 2 > # B~ F 7 ic & CHO5
FHB ARKBIPr| TS > BRI IR TR AL P ESF L PR
%2 BV A R FIE_CHOL R hd % A4 R ARG #recd > &m RaE
BRI oA - P EA LA BRRER oA BRBERE N 210"
PRie s SR R R T TR AR SR L AT T R A R B

B B B T 2R nE § S o T R

)m.\

A g R S Y AR Y 5 P A eniRaR T o
JEBRL 107 A PTERGE D 020 FHBAET &I BN

Schy o Flt R A A AT BT R ER 4

Pl AR BER Py %3y AR 0 TN 5 0 FRRB RIS 44T 0 @

54



PPl S E 2RI P P EEFOL ) M B B SE AT

HITEJ/F mé‘ &_3: 2N -ﬁ?:IFL W o

422 L+ 1 139 AOA2 AOB ¥R
Et ik AY g § by FOOER A 3.87x10°-1.40 x 10’ copies/g
soil (Fig4-6)> % CHO1 4~ CHO5 ¢ 3 + & g% > @ & CHO9 2 2 CHI12
TR £ § 1w EE R 4> 5.01x10%-5.62 x 10° copies/g soil -

0 CHOS s &g bt vavh > HARimhy STk o 1o DR Ap o 4

&,\

ST RNERERE-BAPFRER M AERE < 3 g AW & &

fk@ﬁwmﬁx—fiﬁ%ﬁﬁ’ﬁ:

PRV Z s RO F > FREEF R LARR L EREE kg e g
B bd FRATHDOREY L5 P oFE R AT DR B |
= ?_{é‘_-’? )

MEMBE L & 270 HRFP - @R D 5 F L7 AT &

AL R o RS R AL EEECHOL %F o KA F

g
s
fr
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Table 2-1 Classification and characteristics of ammonia oxidizing bacteria (AOB)

Genus Species Characteristics Reference
europaea Gram-negative, rods, aerobic, motile, mesophilic Winogradsky, 1892
communis aerobic, mesophilic, optimum temperature : 28°C Koops et al., 2001

Nitrosomonas eutropha

Gram-negative, motile

Koops et al., 2001

oligotropha Gram-negative, aerobic Koops et al., 2001

ureae aerobic, Mesophilic, optimum temperature : 28°C Koops et al., 2001

briensis aerobic, spirals, , motile Winogradsky et al., 1933
Nitrosospira multiformis chemolithotrophs but can grow mixotrophically, mesophilic Watson et al. 1971

tenius rods, motile, mesophilic, optimum pH 7-5-7.8 Harms et al. 1976

oceani cocci, motile, mesophilic Watson et al. 1965
Nitrosococcus

halophilus moderately halophilic, aerobic, mesophilic, Aquatic Koops et al., 1990

61



Table 2-2 Classification and characteristics of ammonia oxidizing archaea (AOA)

AOA Classification Environment Culture Genome Reference
. . . . . Kdnneke et al., (2005)
Nitrosopumilus maritimus 1.1a Marine aquarium Pure +
P q Walker et al., (2010)
Ca. Nitrosopumilus koreensis 1l.1a Marine sediment - + Park et al.,(2012)
Ca. Nitrosopumilus salaria 1l.1a Estuary sediment - + Mosier et al., (2012)
: : i . Kimetal., (2011
Ca. Nitrosoarchaeum koreensis 1l.1a Rhizosphere Enriched + ( )
Jung et al., (2011)
Ca. Nitrosoarchaeum limnia 1l.1a Sediment Enriched + Blainey et al., (2011)
Ca. Nitrosotalea devanaterra 1.1a - associated  Agricultural soil  Enriched - Lehtovirta-Morley et al., (2011)
Nitrososphaera viennensis 1.1b Garden soil Pure + Tourna et al., (2011)
Ca. Nitrososphaera gargensis 1.1b Hot springs soil  Enriched + Hatzenpichler et al., (2008)
Ca. Nitrososphaera evergladensis 1.1b Everglades soil  Enriched + Zhalnina et al., (2014)
Ca. Nitrosocaldus yellowstonii ThAOA Hot springs Enriched - de la Torre et al., (2008)

*Ca, candidatus
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Table2-3 Energy efficiency of autotropic carbon fixation cycles (Kénneke et al., 2014)

HP/HB cycle
i Calvin—Benson cycle Crenarchaeota Thaumarchaeota
1 mole precursor or 1 g biomass ) ] )
(mole of high-energy bond of (mole of high-energy bond of (mole of high-energy bond of

ATP) ATP) ATP)
Acetyl-CoA 7 6 4
Pyruvate 7 9-10 5
Phosphoenolpyruvate 8 10-11 7
Oxaloacetate 8 9-10 6
2-Oxoglutarate 15 15-16 10
Biomass (1 g) 0.12 0.13-0.15 0.09
Table2-4 Kinetic constants and properties of soil AOA and AOB (Prosser and Nicol, 2012)

Characteristic Soil AOB Soil AOA

maximum specific growth rate(umax) 0.005-0.044/h 0.015-0.027 / h
Saturation constant for growth(Ks) 4'-125 uM NHs -
Maximum specific cell activity(Vimax) 4 - 23 fmol NHs / cell / h 0.57 fmol NHz / cell / h
Saturation constant for activity(Km) 6 - 11uM NHs 0.0036 - 0.036 uM NH3
Maximum specific biomass activity 30 -80 nmol NHs /g protein/h ~ 51.9 NHz/ g protein/h
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Table 3-1 Location of the study sites in Changhua

Sites Coordinates

CHO1 24°12'17"N 120°28'54"E
CHO02 24°10'11"N 120°27'45"E
CHO03  24°07'30"N 120°26'22"E
CHO04  24°05'07"N 120°25'23"E
CHO5 24°0322"N 120°24'25"E
CHO6  24°03'05"N 120°24'08"E
CHO7  24°02'24"N 120°22'26"E
CHO8 23°59'31"N 120°20'53"E
CHO09 23°58'01"N 120°19'19"E
CH10 23°56'15"N 120°18'23"E
CH11 23°52'30"N 120°17'13"E
CH12 23°51'30"N 120°15'35"E

Table 3-2 Reagents for PNR determination

Reagents

Component

Concentration(g/L)

PBS
buffer

Inhibitor

Sodium chloride

Potassium chloride

Disodium phosphate

Monopotassium phosphate

Ammonium sulfate

Potassium chlorate

8
0.2
0.2
0.2

1 mM
12.25
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Table 3-3 Reagents for ammonium determination

Reagents Addition Concentration(g/L)
Sodium hydroxide solution sodium hydroxide 12
Sodium nitroprusside sodium salicylate 85
solution sodium nitroprusside 0.6

Sodium nitroprusside
mixture solution solution : Sodium hydroxide -
solution=1:2

Table 3-4 Reagents for nitrite determination

Reagents Addition Concentration(g/L)
85% phosphoric acid 100 ml/L
Chromogenic g jfanilamide 10
reagent
N-(1- L

Naphthyl)ethylenediamine
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Table 3-5 Agarose gel concentration and efficient range of DNA

Gel concentration (%) DNA fragments (kb)
0.4 1.0-30
0.5 0.8-25
0.6 0.6 -20
0.8 05-15
1.0 03-12
1.5 0.2-10
2.0 0.1-2

Table 3-6 PCR primers used for the amplification archaeal and bacterial amoA

gene

Primer Target Sequence (5°- 3%) Reference

Francis et al., 2005
Arch-amoAR @moA gene GCGGCCATCCATCTGTATGT

amoA-1F bacterial  GGGGTTTCTACTGGTGGT
Rotthauwe et al., 1997
amoA-2R  @mMOA gene ccCCTCKGSAAAGCCTTCTTC

Table 3-7 Reagents for PCR reaction

Reagents Volume(ul)  Concentration  Final concentration
Master Mix 10 - -
Primer - Forward 10 uM 0.5 uM
Primer - Reverse 10 uM 0.5 uM

Template DNA

o N P

Deionized water
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Table 3-8 Thermocycling for PCR reaction

Arch-amoAF/Arch-amoAR amoA-1F/amoA-2R

Thermocycling
temp.("C) time cycle temp.('C) time  cycle

Initialization 94 7 min - 94 7 min -
Denaturation 94 45 sec | 94 30 sec |
Annealing 53 45sec 30 55 30 sec 30
Extension 72 45 sec | 72 30 sec |
Final elongation 72 7 min - 72 7 min -
Final hold 4 oo - 4 oo -

Table 3-9 Reagents for Cloning

Reagents Volume(pl)

Ligation Buffer A

Ligation Buffer B
T&ATM cloning vector

PCR product
yT4 DNA ligase

w = NN NP

Deionized water
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Table 3-10 Medium and blue white screen in cloning procedures

Solution Addition Final Volume Store Temp. Brand
Lysogeny broth, 5 ¢ BD
LB medium Agar, 3 g 200 ml (Water) 4 C BD
Antibiotic, 40 ul Sigma
Antibiotic Ampicillin 0.1 g 1 ml (Water) 4 °C Sigma
Blue white  X-0al,0.04 g 1ml(DMF)  -20 C  GeneMark
screen IPTG, 0.024 g 1ml (Water)  -20 C  GeneMark

Table 3-11 Reagents for colony PCR

Reagents Volume(pl) Concentration Final concentration
Master Mix 12.5 - -
M13-F 1 10 uM 0.4 M
M13-R 1 10 uM 0.4 uM
Deionized water 10.5 - -
Table 3-12 Thermocycling for colony PCR reaction

M13-F/M13-R

Thermocycling

temp.(C) time cycle
Initialization 94 5 min -
Denaturation 94 30 sec |
Annealing 53 30 sec 25
Extension 72 30™ sec |
Final elongation 72 7 min -
Final hold 4 oo -

** General, DNA polymerase can synthesize 1Kb of DNA in 1 min.
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Table 3-13 Reagents for real-time PCR

Reagents

Volume(ul) Concentration

Final concentration

GM SYBR green
Primer - Forward

Primer - Reverse
Template DNA

Deionized water

125
1
1
2
10.5

10 uM
10 uM

0.5 uM
0.5 uM

Table 3-14 Thermocycling for real-time PCR reaction

Arch-amoAF/Arch-amoAR

amoA-1F/amoA-2R

Thermocycling

temp.("C) time cycle detection

temp.("C) time cycle detection

Initialization
Denaturation
Annealing

Extension

04
04
53
72

7 min
45 sec
45 sec

45 sec

|
45

94 7min -

94 30sec |

55 30sec 45

72 30sec | v
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Table 4-1 Soil properties of Changhua estuary sediment sample in February

Water

wt % mg/kg/day mg/kg ug’kg  mg/kg g/kg

PNR NH4* NO2 NOs TOC

CHO1 7.51 19.09 0.78 15.25 82.72 3.73 3.22
CHO2 8.02 20.95 0.29 1.41 68.67 8.94 2.69
CHO3 8.33 19.20 1.21 8.73 63.40 5.80 1.74
CHO4 7.49 38.48 0.22 1.23 4408 12.55 6.86
CHO5 7.78 38.58 0.38 0.36 42.33 9.08 6.41
CHO6 7.86 38.11 0.41 0.54 26.52 14.58 2.57
CHO7 7.81 23.18 0.24 3.84 63.40 5.80 2.90
CHO8 8.26 25.99 0.34 0.87 59.89 7.74 13.16
CHO9 8.36 30.74 0.18 4.85 65.16 3.65 1.14
CH10 8.32 28.16 0.31 8.19 63.40 2.89 3.75
CH11 8.01 3491 0.39 4.57 68.67 3.01 4.44
CH12 8.62 28.52 0.49 8.59 128.39 231 2.20

*PNR: Potential Nitrification Rate(NO.  mg/soil kg/day)
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Table 4-2 Correlationship between various environmental factors in February

Correlation water
coefficient pH PNR  NH4" NO2 NOs TOC
— content
Significance
1
pH
water content 007 1
0.54
0.108 -0.503 1
PR 0.74 0.10
0.116 -0.584" 0.592" 1
NHa* 0.584" 0.592
0.72 0.05 0.04
NO» 0.513 -0.442 0.193 0.609° 1
i 009 015 055  0.04
NO -0.516 0.445 -0.186 -0.694" -0.743™ 1
> 0.09 0.15 0.56 0.01 0.01
ToC -0.148 0.202 -0.244 -0.427 -0.256 0.271 1
0.65 0.53 0.44 0.17 0.42 0.39
*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.01 level
Table 4-3 Correlationship between environmental factors and ammonia
oxidizer in February
Correlation water
coefficient pH PNR NHs* NO2  NOs TOC
P content
Significance
0.231 -0.413 0.738" 0.589" 0.257 -0.330 0.020
AOA amoA
0.47 0.18 0.01 0.04 0.42 0.29 0.95
-0.303 -0.246 0.350 0.739" 0.448 -0.473 -0.255
AOB amoA
0.34 0.44 0.27 0.01 014 0.12 0.42

*Correlation is significant at the 0.05 level

**Correlation is significant at the 0.01 level
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Table 4-4 Soil properties of estuary sediment sample in October

water content PNR Ammonium Nitrite Nirtate Salinity
sites pH
wt % mg/kg/day mg/kg ug/kg mg/kg psu
CHo1 8.12(0.61) 22.90(3.82) 1.70(0.93)  5.83(-9.42) 67.29 (-1543)  3.63(-0.10) 3.95
CHos  7.99(0.21) 38.25(-0.33)  0.35(-0.03)  0.44 (0.08) 68.19 (25.86)  19.68 (14.25) 2.23
CHo9 8.48(0.12) 31.90(1.15)  0.48(0.3) 3.55 (-1.30) 87.15 (21.99) 5.41 (-0.74) 5.35
CH12 861(001) 30.31(179)  0.44(-0.06) 3.95(4.64)  143.00 (14.61) 3.84 (-2.16) 4.86

*The number of brackets indicates the change compared with first sampling.

Table 4-5 Arachaeal amoA gene diversity in different sites sampled in October

Seq numbers

OTUs numbers

Chao 1l Shannon Simpson Inv

of ACA estimeat index index
CHO1 11 5 5.3 141 3.46
CHO5 18 12 15.97 2.4 10.13
CHO09 18 7 9.83 1.53 3.31
CH12 17 6 6.94 1.32 2.6
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i Denitrifaction

[Organic N]

Fig 2-1 Nitrogen cycle. The cycle between various microbial-driven processes
including nitrogen fixation, nitrification, denitrification, assimilation,

ammonification and anaerobic ammonia oxidation, also known as Anammox.
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Fig 2-2 Respiratory pathway for ammonia oxidation in AOB (Ntrosomonas

europaea). Ammonia is oxidized to NH2OH by the membrane enzyme ammonia

monooxygenase. In the periplasm, hydroxylamine is oxidized to nitrite by

hydroxylamine oxidoreductase. Then, four electrons are transferred to the

quinone pool by cytochrome ¢554. Subsequently, two electrons return to

ammonia monooxygenase and are required to initiate ammonia oxidation. By

cytochrome ¢553 and cytochrome cwm552, two remaining electrons enter the

electron transport chain to generate the proton motive force necessary for ATP

synthesis. (Stahl and de la Torre, 2012)
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Fig 2-3 HP/HB cycle

2- Oxoglutarate

of crenarchaeal and thaumarchaeal. @ ,3-

hydroxypropionyl-CoA synthetase (ADP-forming); @, 3-hydroxypropionyl-
CoA synthetase (AMP-forming); (®, 3-hydroxypropionyl-CoA dehydratase; @,
4-hydroxybutyryl-CoA synthetase (ADP-forming); ®, 4-hydroxybutyryl-CoA

synthetase (AMP-forming);

crotonyl- CoA hydratase;

® , 4-hydroxybutyryl-CoA dehydratase; @ ,
®), succinyl-CoA synthetase (ADP-forming); ®,

succinic semialdehyde dehydrogenase; @, pyruvate-phosphate dikinase; @,
pyruvatewater dikinase. (Konneke et al., 2014)
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AOA

i -—.—[>— amoA »— Sargasso Sea genomic fragments
- ' - amoA >»—  Nitrosopumilus maritimus

Fig 2-4 Schematic of ammonia monooxygenase of archaea and bacteria. The

AOB genes with a conserved amo operon arrangement, but amo clusters in AOA

gene varies. In addition, the AOA gene clusters contain a gene between amoA

and amoB that encodes a protein of unknown function.
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Fig 2-5 Schematic of polymerase chain reaction. (D Reagent contains DNA

template, primers, DNA polymerase, dNTP and buffer solution, providing a

suitable chemical environment. @Heating the reaction to 94 - 98°C for DNA

melting. ®The reaction temperature is lowered to 50 - 65°C allowing annealing

of the primers to the single-stranded DNA template. ®Heating the reaction to

72°C for the DNA polymerase synthesizes a new DNA strand complementary

to the DNA template.
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Fig 2-6 Schematic of real-time polymerase chain reaction (TagMan). (DProbes
binds to template DNA, reporter fluorescence is quenched in intact probes. @
DNA began to extend during PCR process. ® During PCR, the DNA
polymerase degrades the probe and the fluorescent reporter released. (@ After

several cycles, the gradual accumulation of fluorescence intensity, and
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proportional to PCR product.
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Fig 2-7 Schematic of real-time polymerase chain reaction (Sybr Green). ©

When the template DNA melting, fluorochromes wouldn't binds to single-
stranded DNA, no detectable fluorescence. @DNA began to extend during PCR

process. @ The fluorochromes binds to double-stranded DNA, causing
fluorescence of the dye. @ After several cycles, the gradual accumulation of

fluorescence intensity, and proportional to PCR product.
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Fig 3-2 Location of the study sites in Changhua coastal. CHO1: Estuary of Dadu
River; CHO2: Estuary of Tianwei Drainage; CHO3: Estuary of Fan Ya Drainage;
CHO4: Estuary of Yang Tsai River; CHO5: Estuary of Yuanlin Drainage; CHO6:
Estuary of older Zhuoshui River; CHO7: Estuary of Hanbao River; CHOS :
Estuary of Wanxing Drainage; CH09: Estuary of Hougang River; CH10: Estuary
of Erlin River; CH11: Estuary of Yuliao River; CH12: Estuary of Zhuoshui River

north shore.
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Fig 3-3 Schematic and sequence points of T& A™ Cloning Vector
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TAGT. AACAATAGGC
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Fig 3-4 DNA sequence of cloning region in T&A™ Cloning Vector
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Fig 4-1 Abundance of archaeal and bacterial amoA gene copy numbers in

Changhua estuary sediment in February. Error bars represent the standard

deviation of triplicate samples.
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Fig 4-2 Maximume-likelihood phylogenetic tree of ammonia oxidizing archaea
amoA based on OTUs sequences in February. Scale bar represents the 5%
nucleotide substitution. The numbers on the branch nodes indicate the
percentages of bootstrap support for the clades based on 500 bootstrap
resampling. Numbers in the brackets are the number of sequences obtained in

this study in February.
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