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Abstract; Ancient irrigated paddy soils from the Neolithic age of 6280 a BP and Shang-Zhou Period of 3320 a were
excavated at Chuo-dun-shan in the Yangtze River Delta, close to Suzhou, Jiangsu Province of China. The objective of this
study was to carry out a survey of the bacterial, archaeal and methanogenic archaeal community diversities in these soils
under different rice farming practices. PCR-DGGE analyses of V3 regions of 16S rDNA gene fragments were employed to
profile community diversities in different soil layers. These included Neolithic, Shangzhou and present day paddy soils

collected between 100 —116, 42 —57, 0 —15 cm’s respectively from the soil surface. In addition parent material (174 —
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200 cm) was also sampled. The results show that clear molecular finger-printings in ancient irrigated paddy soils were
gained using PCR-DGGE. The DGGE band patterns differed between paddy soil types, and exhibited more diverse DGGE
band patterns compared with the parent material. UPGAMA analyses concurred with the DGGE resulis and showed that
bacterial, archaeal and methanogenic archaeal communities were separated from present paddy soil, Shang-Zhou paddy soil ,
Neolithic paddy soil, and parent material. Based on our findings we concluded that the buried ancient irrigated paddy soils
still have a large number of bacteria, archaea and methanogenic archaea surviving. The rice farming practices increased
diversity in present day, Shang-Zhou and Neolithic paddy soils compared with the parent material. The different rice
farming practices might induce specific community development, and different rice farming practices probably led different

predominant species in the irrigated paddy soils.
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HEMAEY AR TR TEEREE, BAMEYS 5T 2B R ENEESRE, I HESHANE
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1 HRE5H®
1.1 TERERRESHHE

SRAE A TEVT IR IR Sk (b 31°24'07" 7R % 120°50'41") , SRAERT 1H] 7 2003 4F 12 B, Ri#E+
B AE AHW, HE P-01 NRERSHREN SN 241 E, HPEF 3 NI KRE L :0 ~15 cm A3
RARELEIR,42 ~57 cm K 3320 a BIRITT T HIRO A KB £ 2,100 ~ 116 om ¥ 6280 a BB A FEAHL
HAKBLEE,174 ~200 cm HBFHE, REMFEHLEN ] BERBR TEANET HEFRE, REREL
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BHRFTAEROER, —WAT ACTRE, 5 —8AE -O0CTREZS . Mo LEANKEES
pHERE 1,
1.2 +3EFES S DNA R#RBLS5 4k

3 F FastDNA® SPIN Kit for Soil 5| & FastPrep™” FP120 1% B$2H{X ( Bio 101, Carlsbad, CA, USA) i2
BUANZiAk 13 5 R DNA, BAR SRS A = R U6HA . 22 9 PR 500 mg 378 HIBFEMBI S AW
BRI A E T, A 978 wl BN PR 122 ] MT 28 03, K68 T LA FastPrep™ FP120 £
FRARBUY , IREHE N 5. 5 BT 30 s, B )5 FARERCAE R IR OF VEBE & DNA #1744k, R B & DNA BT
-20C1R_%F,

F1 HABELHEP-01 TEANRESES pH E
Table 1 Organic C contents and pH values in ancient paddy soils from the P-01

+ EHE Soil depth(em) 0~15 15 ~22 22 ~38 38 ~42 42 ~57 57 ~75
ﬁmﬁﬁﬁi 1 20.52 10.12 9.89 9.89 9.75 7.72
Organic C(gkg™')
pH {&
pH value( H,0) 5.77 6.51 6.50 6.50 6.07 5.89
+ EHE Soil depth(em) 75 ~100 100 ~ 116 130 ~ 150 150 ~ 160 160 ~ 174 174 ~200
ﬁmﬁﬁﬁi 1 13.40 22.31 19.68 17.20 10.70 4.00
Organic C(gkg™')

H
pHE 6.12 6.17 6.30 6.33 6.55 6.12

pH value(H,0)

1.3 ZHE4 16S 1DNA PCR ## RH V3 XKiiER PCR ¥ 1

HERIER S| 27f 5K A S|4 14050 ¥ 35405 4 16S 1DNA B[, SRJ5 LIS —% PCR =4 i
W, FIFRIE F 31 9 338£GC A (M3 4 534r #AT#ER PCR ¥ 3%"'*', PCR ¥ 3% {# i MyCycler™ Thermal
Cycler #4E#{X ( Bio-Rad Laboratories, Hercules, CA, USA) , {#FH 1. 5% BEASIBEE B s ik /) PCR 724,
1.4 7 16S rDNA PCR ¥ 3¢ R HinER PCR ¥ 1

S _ BT 9 A3 5THESI 4 A9 BEATY 3817 ", LA PCR =4 AR, i _E 15519 Saf 5F
5|4 PARCHS19r /7 &R PCR #3861 ), #£50 wl PCR KA, A 1.25 U TaKaRa Tag DNA B
A ,dNTP 0.2 mmol L™", Fi#51¥5 T34 0.4 pmol L' ,MgCl, 1.5 mmol L™",5 pul 10 x PCR £2m#,1.
2.3 54 BEEIMA 0.3 Wl B4R ,5.6.7.8.9.10.11 5 12 BEFAIA 1.2 wl BiAR . SR REBHAE Nicol 2" 3ht 1
WS A B AN :95°C 5 min;94°C 30 5,53.5%C 30 5,72°C 1 min, 5 §E3;92C 30 5,53.5C 30 s, B KB B GIEIFRE
0.1°C,72%C 1 min,30 4&¥:;72°C 10 min, [# 0 1.5% BASkHEERS B 3KkA T PCR 7247,

1.5 FEHEEE 16S 1DNA PCR 318 R HE#ER PCR 18

B SR IE 5] 9 LAf RS [E15| 4 1100Ar 336 2 A4 B 57 16S 1DNA HB2™ ), SRS LA%E—% PCR =
Wy AR, MR IE 951 90 Saf AR 13| %) PARCHS19r #4T#xE5K PCR ¥ 38" ' Rk R K K MBS 58
HixEs PCR AR, [ 1. 5% SEigseie s ik kil PCR 7=477,

1.6 ZFH:45 R BE R Bk ( Denaturing gradient gel electrophoresis, DGGE)

FIFS DCode™ Universal Mutation Detection System Z& %t ( Bio-Rad Laboratories, Hercules, CA, USA) #4728
PERE B EL K . 4H 16S rDNA #r%& 5\ PCR =4 DGGE &4 : %42 MW E 30% ~60% LIEHE ) 8%
ST LR BRI (10096 F 75 M 1 W40 & PRAR M B0 40% B TR BERK 55 7 mol L' B9 R ) '™, 78 60°C,200 V
B TRk S h(? ,3X J5 F SYBR Gold( Molecular Probes, Eugene, Oregon, USA) A, 30 min*' . HE
16S rDNA #xE=, PCR 7= DGGE &/ . BN IR B BRI IR N 8% , A MFIBE N 40% ~65% ,7F 60°C ,130
V T R8Tk 10 ~11 h, 2R /5 ) EB 44£8,30 min, F=H L 16S rDNA #xZ&5K PCR =4 DGGE &4 B
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VR BRI B JKC Tk BE Ay 8% , AEPEFRIBRBE N 35% ~60% '°7 78 60°C, 130 V HLFE FH¥4krik 11 h,#4/5 M SYBR
Gold & 30 min, {3 Ffj Universal Hood I BERZ {5 R4 ( Bio-Rad Laboratories, Segrate, Italy) W.%¢ DGGE &
i Quantity One® 1-D Analysis Software 3%/4-( Bio-Rad Laboratories, Hercules, CA, USA)idF 5011, B4
P R AR AE AR 15 20 535 ( Unweighted pair group with mathematical averages, UPGAMA)
2 HREWm
2.1 #AE4 16S 1DNA PCR i H V3 X#rER, PCR § =¥ DGGE

{5 40 58 5 1 49 274/1405T 3 3% th i KRS L4 B 42 16S 1DNA 731, BARscii 4 1.4 kb, RGHAAE
V3 X 5|4 338fGC/534r #4THxER PCR, ¥ ¥ H /K FE 1 16S 1DNA V3 X F51, BAr&H H 237 bp, &KAF4F
ST, AR PCR-DGGE W1 Ko AR UERRRIE 73 3 WA 1 F1E 2, B Quantity One 34 3EA
P 19AFHAA, NE1 TLES, BAUKR L (1 3GE) R R e 8 h KRS 1 (4 3B K a e at Ak kg
T (7 B RASHELERAENFHRB(FH N @ , WARELEFRANRFFT, BRKELA
AT RRRFHEET (K agikoo.p Flr) BRI KR T BA 2 R RERT (K c M) ML RlE
KRB LB EAE 3 [ FHERT (K be #j) , 3F BAF N PIKRE L A R BE LB HE (11 KiE) £58, 2
it LB . MR B RS AR T DU E R — N SE R 2 A0 (OTU) , B fy 8™ | X s gk il K
AR LS | R RN AE R R T, M EA RN RIEEE TR FECRARIM LA M, NE2 TLEY,
N SRARIE AR UM B B R I 4 4 3, W BR R (910,11 3B ) By —#%, BAUKRE (1 IKIE) s
—, HKRE SR (8.3 TKiE) Boy—#% , R R A B A de At KRS - R )R (5.4.2.7.6 TKiE)
FAh—Ko

Bl 1 P-01 KRS+ 405 16S rDNA [ V3 [X K- i PCR-DGGE [E3&
Fig. 1 PCR-DGGE patterns of bacterial V3 region of 16S rDNA fragments retrieved from the ancient paddy soils of profile P-01
1 938 ,0 ~15 em £ ;2 ¥ki8,15 ~22 cm +; 3 38,22 ~38 cm 1 ;4 3kiE ,42 ~57 em + ;5 338,57 ~75 em 1 ;6 ¥KiE,75 ~ 100 em ;7 ¥
38,100 ~ 116 cm + ;8 ¥kiE,130 ~ 150 cm 1 ;9 $ki&,150 ~ 160 cm 1 ;10 3%iH,160 ~ 174 cm + ;11 3%3&,174 ~200 cm + Lane 1, 0 —15 cm
soil; Lane 2, 15 —22 cm soil; Lane 3, 22 —38 cm soil; Lane 4, 42 —57 cm soil; Lane 5, 57 —75 cm soil; Lane 6, 75 — 100 cm soil; Lane 7,
100 — 116 cm soil; Lane 8, 130 — 150 cm soil; Lane 9, 150 — 160 cm soil; Lane 10, 160 — 174 cm soil; Lane 11, 174 —200 cm soil
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2.2 # 165 rDNA PCR 58 RELHAR PCR I PR DOCE o o e
ARG R FEE Y ASL/ A9 3 KRS L 0.33 0.40 0.60 0.80 1.00

#4168 IDNA 51, BARA&H4 900 bp, BEMZIY | | |

SAf/PARCH519r #4782 &= PCR, ¥ i KB L&

#9

#11
B 165 DNA H I, H AR W 157 bp, RA5 45t — .,
#F., #HHS: PCR-DGGE [ & FAR I RHR I 4 N
UL 3 FIE 4, 3P Quantity One #HEILR I 38 s
AR, N 3 T #, BUKES £ (1 5aH) | — 5
R E AR 4 (5 Will) B A S R E KRB 4 (8 s
W) BT ST + RS MR R (59 doeni k “
Q) AH R A AR A, BT + ”
BUA 3 S SRR A (485 o 1 1 m) , R VAL 74 2K R | ;

T BA 3 FREREAW (&K £, F o), 5B K
T BAE 6 RFEFRMAT (K7 ab.g hoo fp) ,IEHAR  m2 P01 BIEH KA+ 414 54 PCR-DGGE ASIERHRE
Rt BIAKRS - KRB RE (12 3B) FEE,4> Fig 2 Dendrogram representing the similarity of bacterial specific
TS, MEERAE LB T BERF 4 PCR-DGGE profiles generated with soil DNA from the ancient paddy
SCFAY R (OTU) SRR , S Mg SR, kARG A S0 of profile 101

#1,0~15 cm 3;#2,15 ~ 22 om 4 ;#3,22 ~38 cm 4 ;#4,42 ~ 57

HEW LG RSN SRR LT, T EAFERFRIEE e - 145,57 ~75 cm - 1#6.75 ~ 100 cm - 147,100 ~ 116 cm - 1#
HiF] R BORFI R LS RE . IE 4 FTRUE L, R 5 130 - 150 om 149,150 ~ 160 om & ;#10,160 ~ 174 om ;5 #11,
BRI I IR R 2 o 4 58, MBRKRE (1 174-200 em+  #1, 0—15 om soil; #2, 15— 22 om soil; 43, 22
WIE) B o —, KB T SR BIE KR T —38 omsoil; #, 42 —57 om soil; #5, 57 —75 cm soil; #6, 75 —
B IR (2 B .t R — B R KRS - 100 cm soil; #7, 100 — 116 cm soil; #8, 130 150 cum sil; 49, 150
TR (3 4.5 .6 W) B B A kRE i 00 em ool #10, 160174 em ol #11, 174 =200 om soil
BEE%(12.7,11.8.9 510 k) BA—#%K., RE®
M ABLESEREERN K, WREXA S HE, TURAEHEKEL8 %k#E) SHTEHMHEANLZE
(9,10 3K ) ME{BLPAEFEBS B B K F 58 fE R A U FE S (12 3KiE) o
2.3 FHLEEEE 16S rDNA PCR ¥ 38 & HixER, PCR ¥ =48 DGGE

R = ey B R M B 4 1AL/1100Ar 338 H i KR8 7= FF Se & B 16S 1DNA 31, AR 4 1. 1
kb, P54 SAL/PARCHS519r #17H#xEN PCR, ¥ KR L =B Se 5 1 16S 1DNA F U7, B AR4RiE N
157 bp, &R T, 7= H S iy 4 7tk PCR-DGGE [ 3 K H AR BU AR E 2 B DL E 5 FnEl 6, A
Quantity One 3XAHEREIE] 17 4R E, AE 3 TTLIEH, BARUKRE L (1 3GE) (R H KRB (5 %
B) EFasREkEL@kE) BASHELERXANEFRE(KF M) , WERELEREAEK
Reacmt o BURKRE T BA 3 KRR (K7 e h f11) AR BIE KRB BA 2 KRR (K7 b
Md), MR KB LEA 2 RAEFMEEH (KW a M o) , 3 AR HI/KE L AHHREA B RZE (12 3K
H)FEE, MREMEAFRBT LB EREZE LSRN (OTU) SR A, X SRR, KRR ]
PRSP EEE AT, T EARRNBIEEGT RS EAR M SR EE. AE 6 ITLIEH, I
FARYEAR U EE B R S o 4 5, ML R (12 Uk ) B B — , SR iy KRS 4+ R Had 982 (10,8
11 59 3kiE) BAN—8K, AN PIE KR (5 KE) sy —&, BRKB L EHSERE (7.3.2.1.6 &
4 JKiB) FRA—H
3 iFig

HE B RARKEMED S, R KB EE S SRR K LR ENAE R SR S
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B3 P-01 B AKFEL A 16S (DNA iy PCR-DGGE Bl
Fig. 3 PCR-DGGE patterns of archaeal 16S rDNA fragments retrieved from the ancient paddy soils of profile P-01

EERZE1FE 1 See Table 1 and Fig. 1

BRI R, — AT LT & ROK RS RS sh% FL I R %L Similarity coefficient
RPN, B EOTOVKREN 02 o0 0w 0w 10
TER & B 0]+ 82 F1) 32 5l A 2= 4K #E . PCR-
DGGE BB KK FAEYEITAZ — BilZHERES

TEATIEMAEYEREMROR, BEHTE

PCRy MBI S MEMFIE DNA WEE, Nz

DGGE 7 5 43 3 % A5 [, R MY, 17 3% 28 45 3t # % F1 F B &
PCR-DGGE 2R/ RZE R 27, ¥

#1

#2
#3

#4

IARTROBTIC R L, B SRR Lo DA 8 S IR N
EUMAEYITFNE, T35 7.0 x 10° CFU g™ F 4, 3 Bt L o
BRI P 55 R AR et TR AR 431 "
S b, B B KR PR B R |
AR B350 S, L) 8 0 F B KR o

£ PR RE S POR-DGGE ZiRBIR, KB g4 b1 sy ohe 484550 PCR-DCGE b RHREE
i}%%lsﬁ K%HTJWK@:’:}% B‘th @ﬁﬁﬁﬁ%,ﬁﬁ e Fig. 4 Dendrogram representing the similarity of archaeal specific
H{I‘ﬁﬂ \ﬁﬁa Hﬂ‘wj\m’fﬁﬂ(%ﬁi&%ﬁx Iﬂ E‘J’fjt%fb EF'*;E PCR-DGGE profiles generated with soil DNA from the ancient paddy
HEREDY . APFRNRMET e — SRR K soils of profile P-01

KRR BB S R A . FIRERR I B2 Seo Tuble L and Tie.2

B ZHM W, Braas iy B 7 R e RRUK RS L&A

EEBEZHNMFNAE E SRR ERE. AR PKEMNEE ST UG ERRENAE . HES
RN EREAT, AR M REEE S T AR SR,
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B 5 P-01 B KR4 ™ P bi B 16S rDNA A Wiy PCR-DGGE [
Fig. 5 PCR-DGGE patterns of methanogenic archaeal 16S rDNA fragments retrieved from the ancient paddy soils of profile P-01

EERZE1FE 1 See Table 1 and Fig. 1

FEE BHE T A AR E RS, L RBES HAD M 5 4 Similarity coefficient

YT WRMBAH SR R ARETLR 0 00 o0 o o 100
BE Rl — R KRS, M KRR AR re T T

SRS A T AN, DRk AT SR AR 2

WS, EEBEEREE KBENIMHESTY 4 —

BT EANTHEDE SIS IR ALE, By S 411
PR KREFIH TS Sh 3 I T 8% I + MR 2 A0 i
Tt BAF A F A, o B MR T R IATFRIE S,

#12
#10

#8

#7

REK L = A9 3 A 28 i B KR8 £ b sE gy AL i
“ KBEKIB” 7 FEKRE T B, S50 T T 58 i 4 H #2
Mty 138 Terra Preta W2 B ST A TIHE KR #
B, XWAKLFH TESSAERBHEIE, R ———E:Zj

ORI E BRI A Y etk , Ko Terra Preta

HIEENE % Acidobacteria®' . B FRIFE/KAS ik s:  HE6 P01 MIE A /KR L= bt AR5 PCR-DGGE A {l M
‘]% ’ ﬁﬁjmfﬁ}\ﬁ ﬁﬁj E{‘J?ﬁuﬁl thg‘éﬁ?“q ? mﬁa?& }Egiﬂl‘ Ega6 Dendrogram representing the similarity of methanogenic
Ha Ei y{ﬁ ﬁ:ﬂ H{I‘%ﬁ 7](%?-_%*11 ﬁ ﬁ ﬁj XTJ‘ ij%ﬁ%’[ék % g ﬁ‘lﬂz E‘J archaeal specific PCR-DGGE profiles generated with soil DNA from the
W, SRS A R E K T = £ e X R R iz mm”mgggﬁgfmnm“mmz

BRI EOKRE AR, R T LS B AT Y

ST, AT ZRAG 58 2 B 5 TR RE R ARLTE St - SRR Wy 2 e 1k O B2 Ml LA % Bl A 78 7K R A2 VR T IR 38 4
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