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JH & i 2 15 DNA & B A% L 90 M R A 32 AT 3
Mg R R R L . Hoan, RES 32
W70 3 M 7 VR le A A H . i Bkl R
Rl < 3 S R 0 v BT B R P U A B RN Ak O A
SRR AN . — ABOIE LT S SR T A0 BE L RECRE AT AL
RIUF DNA IR . g ANz
8, 38 H A T ke S R 4h (SDS, Sodium
Dodecyl Sulfonate) FI | 75 &g 3 = B JE W A6 4
(CTAB, Hexadecyl trimethyl ammonium bromide) 1 %
DNA $2 U 2% rh 1K) 4 1l 4> - SDS & B 1 B K 1
W A B 8 AR AR M S R T AR AT i
fiE o CTAB 7E i S W 59 & A UMUK 2 BOR 1 2
TERE LLANI) 2 TR Y B2 & W0 JF BE 2% BR800 B O
PR o A V30 AN B A S A AR R A B AL 2 T
VRS o BRI, i T R A R A
ANLEHUER S 4 BLAT ) DNA & 07 AL T 11 A —
UK T A S ) A 2 A T 345 DNA, B A
(1) SCHR 4 WY () — A 1 398 7 B e S PR L 3 IR A BB AR AT
RAE LB EY SR

TH G LT B AR AR I R & b A S AR A AR
S S AR A LR AT B ARCIR B s B An 7K 23 A
e S0 SR DT B RE A A R R Y
(TN P e I A 1 G B 7/ B VA i 5 R R SR U B 7 A E D e
AT £ MR o T R I R . R
110 JUF- BT A 020 1 3 28 ) A2 285 22 i 5 4 R OB i
g, S I AT R ARGE o FRATTHED B i 1 g
HAEAE K = HUF B DNA, iX 28 DNA 7] B8 X J5 22 1
AR AR . X R
e, U 2 DNA W] BEAE A 55 70 8 1) A HL o A TR 1
A T A 1 3 i S AR 41 i Be % AR R R
Rk EMAEY R ER . HA, KZHITRE L
IR R Ak B 338 AR ) AR i AL T AL
AR s T T I AR M W B
W (TS ANVE 48 o R T % i 0T B 4 HE DA DR A 1 B S
DT 358 1Ak 2R W = B AR 90 R AT AR R S .
SR » AH DG 1) W AT MR VP A dg 4 R ILARGE

AHFFCRH oy TS % T BO U T IESE R
IE T b g i AR ) DNA i HAK %R 5T 55t 1) 5% 1 )
BT T 338 R Ak BEOOE Tl AR ) K R 5% R, B8 R
T L TR RS A AT S AR
JUPE T B LA 1 41 0 - S5 Tl A A b BE O3 A R0 A e A1
(S

1 MBS ik

1.1 TIEHRER

ANFE R B RS B A AR A T KK
B3 (35°00°N, 114°24°E) o % SZ 4wk i 57 T 1983
L SRR T b RS B R T . S5 A
T R A ARG ) B e B0 S 2, 2 b BB E e
A0 TF TS B A1 sl 0000 28 B9 0 o B Rl AP B
A 13.9°C, 4 4FE H N £L 2300 - 2500 h, 4 ¥
[ 7K B 615 mm, 5 8 220 d, & K &= 1875 mm.
TENF KT RAE 0 -20 em 3220 i 13 (WS-
F), ik 20 Hifja, —¥0 8 T 4CKF R %, 5
— AT EW T RT (WSD) o /N + 3 (1 L
B A R A AW F K& A pH 4 Bl ok
7.0 g/kg,0.64 g/kg,0.71 g/kg,20.8 g/kg,27.5%
8.5, e B RE " .

IKFE TR A VL9544 N T /b 2 B s A 1
G £ AE A H 4 2 & 48 FACE (Free Air Carbon-
dioxide Enrichment) iX 4 °F & (32°35.5°N, 119°42~
E) . % FACE “F & T 2004 4£ 6 HIF4Gis4T, WH
FACE & CO, ¥ Ji 8 5 Ambient Xf i & 2 /> &b 2,
FACE [ P}y KK CO, ¥ J& Ik Ambient %J & J& X /&
200 pwmol /mol, il i 72 4 10% o 55 H 2k Mt 714 (1)
FEAZRAERIAE IR, LIERB N RE T Mk -
MK BEN At o FLAE P-4 0 14, 9°C, 4248 H
12100 h, 4= ) B 7K &= 980 mm, JG 55 # 220 d, 4F
R 1100 mm. 7EKFEA K Z=1 R 4E Ambient
of H Ak BT 4 L 93 (RSF) 5 5 20 H i 5, — i 2 &
T ACUKFERAE & 53— 4> T %8 F R+ (RS-
D) o JKFE L HEM A BG4 R A8 A S K R
K pH 435 K :18.4 g/kg, 1.50 g/kg, 0.63 g/kg,
14.0 g/kg,22.4% 1 7.9, TIEVEM AL EC A
Wi .

T4k B AR R A0 R R OF 20 A 5F )5
(1 39 8 1 39 T B O T R SR A TR ORCT
B IR AGEE (15 d) 5, 38N T 9 R 48
B
1.2 +1% DNA 2B A%

A JE 41 DNA IR BN B %
Griffiths 25 ", (L fF3& 416 oo A AR D B F - (1)
FRECO.5 g L HEFE 5L T 2.0 mL A7 B8 11110 28 i 4
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N 425 - 600 pm /N J 106 pm (1) 3% 5 2R %
0.5 g(Sigma A7) ; (2) W RMAE NN 0.5 mL [
CTAB (Hexadecyl trimethyl ammonium bromide) & HX
W (10% ) CTAB (w/v) FIZE R 0.2 mol/L
pH =8. 0 1) B2 2 ph VR &5, TR A5 ¥ 7 0.7 mol /L
NaCl) , # 0 0.5 mL ) PCI & 7] (W & 4 57
JEIE =25:24:1(v/v/v) ), I T s A Gl 17 2 Ak D
/K Vortex — 6 Jig ¥ & %) 76 1960 r/min T &%) ;

(3) ¥4 2R 45 TN Fast Prep™ FP120 4% B2 $2 BUAY , 76
5.5 m/s [P BT AR IRARAE D) 4 i 30 s, Y
filt IR 5 M AE 4°C ' 16000 x g B0 5 min, b1
RLEHM2.0 mL 204 F; (4) EEPE2) - (3)

4 U ARAF I — 4 5 KOE SRR I DNA L3

(5) 76 B b In N SRR CIA R 7 (U7« 5 IR
WE=24:1(v/v)), /384 )5 ,25°C K 16000 x g 2
05 min; (6) #F LiEWELHM 2.0 mL #.04,

N 2 548U PEG/NaCl 3T 3E 7 (1. 6 mol /L ff)
NaCl 1 30% ] PEG 6000 Ji24) »25°C#'& 2 h; (7)

4°C K 18000 x g 2.0» 10 min; F£ 245 Ak, 3 I
0.5 mL [¥] 70% [¥) & B ¥ Ve Ui i€ DNAL RGBS )5

4°CF 18000 x g &5.0» 5 min; (8) 2 i A 4K T4 DNA
2930 min;5 YOG LR T E M SE 41 DNA {K
WHRT 100.100.50.50.50 1 TE Buffer [1 mL Tris—
HCI % (pH =8.0,1 mol/L) A1 200 pL [f] EDTA ¥
# (pH =8.0,0. 5 mol /L) sz %% F 100 mL &)+, Jf
F NaOH #% pH 4 8. 01, £ 4 T —20°C k4t

1.3 DNA #mESRE MK

UL wL B DNA BE & Tl & 5 40 4 6 B
(NanoDrop ND - 1000) Jll 52 DNA ¥ it (113K J& (ng/
wL) 5 HAL T 0Dy, /0D Fl 0D,y /0D, 1 LEAH DL
& DNA BE S a5 Bk ok, K 5 pl 1) DNA J# i
1. 2% 9 B Ji B et 10 Lk 43 125 (0.5 x TAE 28 pPifi) »
K56 DNA (1) 56 3 11 A5 &

1.4 ZAEAXEE PCR

KB I DNA K il A 98 1k B 5% 46 40 6 % B o
WI5E (7 DNA 3K B2 347 7 B fff DNA R EEAE 1 -
10 ng/ L, 88 5 5 B8 2o 1) #F il 26 47 5€ & PCR, AT
ARAFIEDN B DUE. SRR 2 514 (38 1) 4 B Ay
B 1) amoA JE IR L Jz 16S rRNA JER AT 3. &
= PCR brZe R H & A b 3 A1 41 B amoA JE IR DL K
16S rRNA JEPE ¥ va B 2E AT ) 2% o ¥ & H br 2k
(15 BEAE LB 5 372 W b i 1 35 9% 5 48 BOT0R 444 JF
D5 SR I B2 5 AR 4R PR R vt B H bR 2k DA ) 4 DL
B R TORLIE SEMRE 6 -8 MR . IR E
B PCR ¥ NIARAN:10 [T SYBR® Premix
EX Taq™ ( TaKaRa 72 # ), kv F 3f 51 %
(20 pmol/pL) % 0.2 L, 1.0 WL [f 4 35 54 2E )
DNA B, 8. 6wl f KB WA K, [ VAR & AR R
920 who BHPEXEHE R K R 25 K X DNA fE
RN R . 5 B PCR X N 7E CFX96™ Real-Time
System (BioRad /A %)) § 844 F k4T, & PCR ¥
1415 2 1) 3 I #% D% (Copy Numbers) F T J5 42t

B
o

®1 PCRIMEEH

Table 1

The primers and PCR conditions

Primer Name Primer sequence (5°—37)

Target gene Thermal Profile

Arch-amoAF STAATGGTCTGGCTTAGACG
Arch-amoAR GCGGCCATCCATCTGTATGT
amoAdF GGGGTTTCTACTGGTGGT
amoA2R CCCCTCKGSAAAGCCTTCTTC
771F ACGGTGAGGGATGAAAGCT
934R GTGCTCCCCCGCCAATTCCT
515F GTGCCAGCMGCCGCGGTAA
907R CCGTCAATTCCTTTRAGTTT

ArchaealamoA

genemj

BacterialamoA

[14]
gene

Archaeal 16S rRNA

gene[”ﬂ

Bacterial 16S rRNA

[15]
gene

95°C, 3.0 min;
40 x (95C, 30 s;
55C, 30 s; 72°C,
30 s with plate
read) ; Melt curve
65.0°C 10 95.0°C,
increment 0. 5°C ,

0:05 + plate read

2 R

2.1 TEMEMERESE DNA 2H
W 1 Ao, Bl i b s /L 3K 0 BT 28 - /N 22

AR L % MR T A BE L BCE B DNA
SRHUHCRBT 5 YRR IR 1 L e U548 1 A i
1) DNA. T EL ST 88 B B L 10
DNA et Bt ki 40 P T4 B 4 I 4 5 R
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HCDNA 3 FE i, 55 2 I DNA $ B W]t i 45 1
U IR T T R U, W R - HE R ) DNA
PEHUM T IRl AN i 30 5 e e 1 38 b 1) B 7 )
J& 5 W] R 38 2K A R B A D R AR AR R IR,

Fresh soil

WS-F-3" _WS-F-4" _WS-F.5"

R I VL K B Th T 2 4 v I I AR I P B, A/ 4
151489 bp 1 925 bp [J Marker 1 Bt #H 8L, & ¥
Griffiths 77 V42 L DNA 1[5 B, 3578 T — & S5
(k% B 44 RNA, 5 &4 e .

Air-dry soil

WS-D-1% WS-D-2 _WS-D-3" WS-D-4"  WS-D-5"

] 2 3 1 2 3 | 2 3

M
-—
p

2 3 2 3

RS-D-4" _RS-D-5"

2 3 1 2 3

B1 /NELIKFELS KESRNA IR R B IXE
Fig.1 Agarose gel electrophoresis of total nucleic acid from five successive extractions in wheat and paddy soils. Soil samples in
triplicate. A :Fresh wheat soil (WS-F) ; B: Air-dried wheat soil (WS-D) ; C:Fresh rice soil (RS-F) ; D:Air-dried rice soil (RS-D) .
M represent for \-£coT14 I digest DNA Marker in A, B and D, M represent for DL15000 DNA Marker in C.

2.2 IEMAE HE.-SEUAE - SELERFEE

N I KRR B 1 DL R AT Ak B - 438 v 2 4R
AT TR A A T TR DL A AR R BT DL
B2 pron. BEAE DNA 3% S 5 B E I 38 s e )
B AR T REEHE 5 4 5 5 Ik DNA $2 IR
it AR D A T IRAR R K TP R R
[F] A LR o 3 RIS A AT 2> & DNA Bk e T+
Herbro gEAh, KT R0 RS - 3R AR ) R TR DU B
(AR R = B SO 7 PP B RS T - S T E e =
Tt i H R PRI 84.3% , & A AL 4 R B & B A
81.2% , 7 1 B i PR A 12. 5% » 41 1 50 B BAAIG 90. 3% o

BT 8 X S AN () A AR ) 28 R DS B T
TUMARAT R EES. WK2 fix, ML
T b R B LT AR R SE L 101, KR
fif 54 L R LB 1032 RS
T b G ARG TR EE B ik 8. 64, S A AR AT TR Y
LA AN T 4. 685 411 B ¥ LL 491 d52 =1 v ik 10. 99, 3R 1]
P Ak B 2 A o TR S R A B A A TR S ) R
R oo G0 TR 32 X Ak B R S5 i g 5 HE 5 T o T LG
ik 1. 01, 3 B KT Ak B G T B8 5w AN B G R
/NG A /N T KRR KRS 4 28
A ) e A9 3E AT 2 Pk 1813, A O R ik 0,95, %
BH X Ak B s 0T At R o R A A e S

K ] RE L SR ROGI I A e B P
LS N A b KRR e, N T KRR T 4
AL B ) BE AT 2 P 1R AR OG AR K ik 1. 00,
F W AT A B AN [A) - 8 rh R SRR R ) MR AR
e # HEEAR — 2

R2 LTEWMEMENHLE

Table 2 The gene copy numbers ratio of soil microorganisms

Microorganisms WS¥/WS-D  RS¥/RS-D  WS+/RS¥  WS-D/RS-D
AOA 5.03 8. 64 17.5 30.05

AOB 4.68 6.17 2.93 3.85
Archaea 1.01 1.32 3.09 4.05
Bacteria 9.7 10.99 2.53 2.86

2.3 DNA EZRBUERIEEE

Griffiths J7 V5 $& MU T et A ) 6 IR 41 5 DNA (1)
B3 R BB ERIER T 82.3% ; & Ak iH 1# &
S A TR A B A T B U A ik 88. 3%
77.5% 83.0% F1 80.4% (F& 3) o & 4 4k il 142
YR80 B v » 2 W) RH ORE T 2 S A Al AT o R R 4 T
TS AL A0 BT RETE S TR . BR T A1
LLAN, R Griffiths 5 v S B /N2 T L ar 3 Ik
FRRCR A i T e AR, R 2 AR /N ;i K R e
R IR W v KRS T B R KRE T 5
A=) DNA ([R5 BCRAT — 58 WA 2 T 72 ] gk
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1.5x10°7 A 48x10" 9 B

1.2x10° 4 3.8x107 4
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6.0x10¢ 1.9x107 A
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" 0.0 . 0.0 A T Y 1
z
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4541007 C 1.8x10"4 D
2
£
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>
o
(=3
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O'O_ T T T T T 1 OO-
0 | 2 3 4 5 6 0 1 2 3 4 5 6

Extraction times

2 NEHIFKBEETIREANTLERTIETSEENTE SELATE FEARAEMNEE
Fig. 2 The copy number of 16S rRNA and amoA genes of Archaea and Bacteria in fresh soils cultivated with wheat (WS) or rice (RS-
F) crops and in air-dried soils (WS-D and RS-D). A:amoA gene of Archaea (AOA) ; B:amoA gene of Bacteria(AOB) ; C:16S rRNA
gene of Archaea (Archaea) ; D:16S rRNA gene of Bacteria (Bacteria) .
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Fig.3 Extraction efficiency of 168 tTRNA and amoA genes of Archaea and Bacteria in fresh soils cultivated with wheat (WS—F) or rice (RS-F)
crops and in air-dried soils (WS-D and RS-D). A:amoA gene of Archaea (AOA) . ; B:amoA gene of Bacteria (AOB) ; C:16S rRNA gene of
Archaea (Archaea) ; D:16S rRNA gene of Bacteria (Bacteria) .
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S0 M A WK
3 itig

A TR 2 DNA B AR R W 4y
TEZ WAL . X LAY DNA )5 1
S BT 6 78 43 WA 0 1 S 2R A i B R LA R O T
REE— 0 4 I 0 7E 19 AR F1 5% v 19 2 BEAR U B A I
BT AR TG AR, A — A 1 38 75 2 5 4 Y
% /DR A BEAE e KRR E b S e e AR W i
SRR EYA G A N A N ) N o a7
HOA0 A WL . DR, N7 n) S 1 - A W B TR
FLIA 4 DNA $2HU7 AR bR AR R IR0 AR
FBEM F AR AR AT IR, R A MR R
Mo AT R LW, S ARG 2 2% T HRE ah b
A7 45— %€ B ) DNA, {1 DNA #2 H & 7E 25 4 e fl
55 TR ESE 3 AL EL) DNA fig
RAE T6% VA b1 4 38 o w87 41 B 2 S AL o R &
AL T . KT b H O B R LA
DNA $2H &, 5 30+ 3 4 Ak 4 56 DR 3% D1 45 W 2 o
Ao SR KT AL BRI R, 2 BP - 4 R A
P RE AR A B R AR — 3, A0 OC R IA 0.95, %
B AN () R A 38 v 3 S A ) R R R 22 R R A
— 8 PR b WO 5 A AR ) R AR A A

B 1 R R Uk Al S FE I i T b IR
B AEE BT B B DNA LT+ £ . Xl fig
S T A A KT I R s R R B © & R
T AE T 3 23 40 M PR 1R 3 I 9L T R
PEECH ko P T BE S K [ B DNAYT,
A3 AR A A AR Ui S DNA AT BE A PO B Ak
ST b e Y DNA B R (R G Itk 4,
Griffiths 32 fig [A] I 42 HOX - 1 8 1) DNA Al RNA, Jf
HAZBEAR (RNA S5 5 50 W) 5, 3t D) 17 e 1 X
T4k B S R A R K A R A b e
WAT AR T e H A — 8 AR S k.

Wi 28 K358 4 + B A= ) 36 D9 415 DNA 42
BRH 1 IR . AR 1 IREE I A REHE HL
B O A A ) DNA g KT g, 3T
FrK B BAR, B 1 IR U N G2 i )3 4y 7K A
AR A g A1 SR A R AT R AR I % o AR R AR
WIS AT BE L J5 42 DNA SRR o B S fl Al ]
BE NS J5 2211 53 T 3k AR W A 25 2 7 A B K IR S 56

2 R A T B AN AR AR T e
W), 50 DNA R0 #1. Feinstein 58 ANWF5T T &
SRR BON b R W) IR Sy AT IR e e, R W 3 KA
4 DNA R HUE KT 80% , A Lo 45 R —5 " .
SR, A AT RO AIE 5 B T B i 3 ) DNA JR L, R
e AT Ak BERE - SRR ) E B R . AR R
B, RV XTI AR 3 BT S A ) B B R AR, R
AN [R] - 338 v ) AH [R5 2R P 2 T e ek XUT Ak B g
o7 A A AR — B, T AR TR S AN () - 39 2 i)
W2 A — 2 S % 0 E, s oy A AT+
BERAT I LIRS 2 AT AR T IR
P o

Feinstein %5 A ff8F 50 45 9 " 5o, + S8 BOK
HBE 50 DNA 1R 3 G0 9 F FE 23 BT A mT R 52 i
WAEW A B . B0, SR B — AR AR R W Y B R 4y
T Al 1 JCRT 6 I JiG S B 1) 1458 DNA 3 A 9 41 ke »
gE LRI, 0 g AR b 5 B R ) R
( n Acidobacteria ,
Verrucomicrobia) » 24 1 X J5 11 DNA T ix s 4k A=
YR AR XS 3 B v T 248 6 KA 19 1 HE DNA; SR i
P e HcE b0 AR ) SR AR T T R
TS BT JLAH O = BE AR MR 1 IR (1 13 DNA b g |
F4R 6 WK 1) e DNA, 3E— 25 (% 4 #r & 9 [/ — A
T S AEE 3 R e R U SR AE L g AR 1)
B M A . Bk, Jones 25 AR JH B4 58 2F [ 47
MR R 4T H AR (DNASSIP) #2557 L i 4=
DNA 3% 2 5 O v G - 158 v 380 B A o1 19 52 i, F
SR, R AR IR T DNA [ [l 2, (1
O] ) FE Vi 2 RS M R, 5 O A B ARG AR —
BT o BRI T M R A P A AT X S A
A=) DNA FEHCR FE R0 A 7 AR B G i AT A
BT 4 2 IR I DNA X AR W 8 U 2 BT
R WA AT 5 0k — 9T .

INFE B KRR LT 3 Ok R AR R 1 % L
H (WSF/RSF) F/NEF - HKFET 107 3 KB
FRECE R % LA (WS-D/RS-D) & AHIT » Ui 1] 7] — 4%
PEAREE R IR 2 B ] DL S i 3 6 - 4 Hh 2 S A
A A A A R DL R Al B AR e A AR
1M CL AT (R BIE 5E 28 W X Ak B mT A% 5% iy | 18 o 2243
AR o B, AR A5 B STR BAT d nok
BFEJE NH,, - N & W 5% 5 18 i 1+ b 3, 12
NO, N (15— BEAK T30 ff 1 4b 3, 32 WY R Ak 2 T

Gemmatimonades b
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REF Y T 20 S8 A Bl A2 0 1 2 KRR A Al 2B 4 1 55
SR, T Ja N K B IR AR HE B K B R B K
TP BRATR S B W], A T A BT KT
Ao R PR RO A FRD PR AN (E R T Ak B X
Tl A= 3 R 1) R W AT 5 TR N IT 5
P T st 2k 1) DNA 5T 36 o I T ff 1 45
HEAT A B DNA, 3B 2 KT 3 72 5 S0 20 3 A
90 MO AL T R T AR ) DNAS H AT AR AT W] 1
S WK ARG, FAT BT ST L R L WA
() SRR (10 5k A 0 0 AT Ak B ) fE ) AT 2 2
St AE IR OR B R T 3P R DNA 83 2 T8 R
Tk A 5 A ) BB UL 41T 40 I 2 I A DNARY
AT R BT A 3 5 A ) 2 R T AR 5 R A B
K IE HARIA B A i 49 LUSE B2 e 1R B R ) i T
AR R AT R AN ERIER, B2
TR 2 B L AR 1 T B ] 1, R
oK B A AT T T B AN i 338 25 K AT RT B B DN A8 b
57 T R B A 22 R 1 S o R R A
WA R .

Z 2 3LHR
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Three successive extractions reduce quantification bias of
microbial communities associated with incomplete DNA
recovery in soil

Yun Guo'?, Yucheng Wu®, Xiangui Lin’, Wenhui Zhong'~ , Weixin Ding”, Jianguo

2 . A
Zhu", Zhongjun Jia
" School of Geography Science, Nanjing Normal University, Nanjing 210046, China

* State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,

Nanjing 210008, China

Abstract: [Objective] To assess the quantification bias associated with incomplete extractions of soil microbial DNA and
the feasibility of air-dried soil for microbial ecology study. [Methods] The flooded rice soil and upland wheat soil were
used, and multiple extractions of soil microbial DNA was performed by lysing a single sample for 5 successive times. The
copy number of 16S rRNA and amoA genes of Archaea and Bacteria was quantified in each DNA extraction by real+ime
PCR. [Results] Cumulative DNA yields in 3 successive extractions accounted for more than 76% of microbial DNA in
soils, and more than 77.5% of gene copies could be recovered. Air-drying decreased the abundance of bacterial 16S
rRNA gene and archaeal 16S rRNA gene by 90. 3% and 12. 5% , and the abundance of bacterial and archaeal amoA genes
showed a decline by 81. 2% and 84.3% , respectively. The decline showed similar trend in two soils, suggesting air-dried
soil could be of choice for biogeographic survey of microbial communities. [Conclusion] Three successive extractions of
microbial DNA in soil could be of choice for microbial ecology study in order to reduce quantification bias associated with
incomplete DNA recovery. Air-dried soil could be employed under certain circumstances, and further investigation is
warranted for the underlying mechanism by which microbial communities manage to survive the desiccation of soil.
Keywords: successive extractions of DNA in soil, air-dry treatment, archaea, bacteria, ammonia oxidizing archaea,
ammonia oxidizing bacteria
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