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Fig. 1 Research procedures of soil metagenomics( according to reference [2] and [6])
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P 5 2 3K ¥ ( metabolite-regulated expression, ME-
TREX) , 1% )7 B8 725 5L 20 Fr B 5 A= W d v 4 e Ak
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o WAL, — BE5H Y J7 25 A0 B 31 $ R ((microar-
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3.1 E-RMFHEARRE

B AR P B R AL 45 X IR 454 A FE Y GS
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DN P A 5 22 T e i A R S 7 BSE A IR i
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1 75 2R S S I B B e AN ] R A A
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Table 1 Comparison of three second-generation sequencing platforms

V-4 Platform Roche 454 Illumina Solexa ABI SOLiD 2% HR Refs
T i ]
2005 4 2007 4F 2007 4 [32]
Time to market
A ZRAN A5
50 54 59.5 [37]
Price(10* dollars)
WP AR
50 4 2.5 [38]
Run cost( dollars Mb™")
BAYR S SR
0.4 20 50 [32]
Gb per run
E4S
400 50 x2 50 [32,37]
Read length ( bases)
PEBT L S H HT N
5L Pros BER A B 17 B R - LA BE [32,37]
- RS2 MW FF G -
WP A 7, 32 ) A 7 51 X . . e
Bt 25 Cons . LR TR BT K [37]
(‘homopolymer repeats) /f&li?&m
3.2 ERNFHELE fiF 22

AIXHE GE Y Sanger ¥, 55 — 0 5 £ R AR 75 22
P o B SC T, AT DA AR AT R 1 8 B0 (R B
W58 AR e =AY e A R A T N A B A A
T8 Bei s, SR BT RE Al B A R Y R A
PR ARMERG 2 257 800k A A0 F, O R
()t 3 DNA sp i 35 WA A & iz W A iy & 3 5L A
W, HE S ZWEREE T ZYM N EEASTER
WA Qs i B Ah ) DR T XV O SR B, DR
Tk — 4 19 20 B B RS R ke 7 Xt
BN AR A B 2E R T R B DL B E Y
THRRE A T m . — B, 2 3 ALY Bl b
PRALEE J3 51 P 2 1L I AE 4E (gene calling) , #2F 2k
SR 2R R AT S DR R AR Al 1, AT DA
R4S — ST B 2 L AL B, WP H A R (GC &
TR R INEE ) W Rl A AR T 4 R R B T

fﬁléﬁéﬂ}?ﬁ%;’é%ﬁm A KB D R S MR
A L BE B A 41 ak %t 8 BE 4T 3 26 ( bin-
ning) " HH R 31 A B O B 9 26 Bk OTU,
PLS HOR R ROk o 56T A0 L (9 J7 356 v 5
500 LG A, SR TS U AE LS Sk X A E 26
M0 £ Y {5 B % 1. B H Metagenome Analyzer
(MEGAN) "“*") 'CARMA"*’  Phymm'*®" L) % SOrt-
ITEMS ™ &5, 33 26 77 1 1 — A B B 2 Al T B0 A
B AR PR T A v 46 R 22 B0 A W 1 T AT A R
L BRI 7 5 PR A B e &2 T ak 90% 1 ) A i T
Brz 2% oA RE B S L T A R T
W23 A 7 51 H 5 R AR, 4 GC & i V365 1l
R S TR %, # O6 T B A PhyloPythia ®' |
TETRA™' TACOA™' GSOM"** i1 S-GSOM " &

F TR R R R, E AT R 4 48 % P A
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Iy 1) 41 38 B DL, 32 A B R AE T 8 B9 DR 5 T
BEXHE E HAR A B (1 SSU rRNA JE[A | JE 8t 3y g 3
PR 9 R BRI , A T A 2 B
LA 168 rDNA 7 41 3 #7 Sy 49] , 5= 3] v 3 2 00 e 530
J& e KRR A A, FEESE OUT, 2k 47 AL
R, T REvE H R (A EE -2
Ao OB ) BR SRR O, U AT 3H 58 B-2 AR, R AT
F 3 (PCA) (IR M 55, 5 S 3R 355 A 1 X
TR YIRE TS B2

OB ) 2% 5 DR 20 1 AH G 38 A A B T T R I
A YIRETR 5 O AL R B ) B A B OC FR o R R IR 20
) b4 B B UL T Tringe 25 (93 38 Y WSS AR L A
AN T) PR A58 Hh 3R A 1 A ) T T Y A 1 I O R 4
283 LE BT T IS AR B A BT R S i BRI L X
fif B AN W 25 b B 05 TR R R AL OB O SR B . BEJS
H T Ak A 2 A 0 4R 2 AR 3R DL R Bk R R 1Y
K JB MG A T B Y R, — SR T
X 25 11) 2% e IR 4 7 B &, U1 metagenomics RAST
server ") IMG/M server > D) & METAREP"® , L AH
ARWOT & ok, B EAR R R IL N A B S E A &
F A H R R A P R AT He X, ) L3 A AN [a] #4458
T R R TE ISR R T B

4 LT REENANBAEY A S0

i 16 v R SC P, 2 H S AR AR — LR A 2R
Yy i Pk W o sl B R L] T A e S R 7 S Al
i o R W AR S O 5T Y R B R TR R 4
¥ 5 T RE , K H 5 Jo HL R B 8] 9 AH B 52 e, >R
D2 X DNA FP 3 6 45 3R BOR1 230 A 0 05 ¥ o B T
BE DA B A Wy A 2 i T B R T DLy g =
2 ST
4.1 16S/18S rDNA s HMiricEREFE

16S 1 18S rDNA J3 Jjil 2 i J5i A% A= ) F1 A% A
PR AN HE RNA 73, il 1w B2 A f s 1k
AT LK A HT T 23 A7 W Ao ) B 2 2% 52 &R ) B 2
BEVES G o B L+ B DNA T E 5
Py g 168 B 18S rDNA , & J5 Il F7 , AR 4 168 5
188 rDNA F7 3l 70 R 48 e B KR R M W) 2 B
B R T 98 S0 3 (Y J7 vk, 0 8 P R B R H UK
(denaturing gradient gel electrophoresis, DGGE ) Fl K
v R M o B K 2 A& 4 7 (terminal restriction
fragment length polymorphism, T-RFLP) 4, ] 4,
He 22 BRI 16S 71 18S rRNA X £ 1 38 K A

AR PR P 40 A LR RS EE A A
INHE tDNA VB A OTU 1) bR i 3 P A7 78 B B
rDNA 23R K- BE R 6 % , JF HL4H T8 Y 16S rDNA
45 VLR 2 A AN [, 3l 2% S5 300 BE 7% b A 1R 4
Hal OTU wopl 5 %0 H A8 A w22 . It
— LU ) B DR AL B 2 i AR D A i i DR AR E RN T
rDNA J3 81 W00 D) A8 5L N AL F5 RNA R 5 7l B
W HESE B (rpoB) L) e 2 5 i | 8 e Al 19 2% A i H
Kt SE AL W HE (K] (pmoA ) | & BN 46 B 2k A (amoA ) |
A R R A G L R (narS/nirK ) 1L A R A
(pufM) %™

R At PR B 0 Y 5 AR R 2 i 8 O, O
HAE S0 FA B 57— ARy B 1t B, AT
DLGE L i e b B, B XT3 h iy 1 8 168 5K
18S rDNA AT T, {8 R RASE (%) 1 J A= ) 22 R 1k
P A A LS,
4.2 KRE DNA UF

KR DNA 3 BE W] DR 3R A% R ALEL Y 16S/
18S rDNA Bl H AW & D RE HE P (19 77 31) 5 o m] D)2 s
JIE A5 2 1 3858 DNA 2380y, DL R V% (19 ) F 20
TSI PR 2H 1, WY A R T 100 45 1 R D R B HE S BR
[ AHE KR o

B R BB JF T AR L Venter 7% %t Sar-
gasso Sea R I BL [H 4 () 0F 5¢ . 1 H 5 H 5 X) Sar-
gasso Sea 3 J22 /K A (1) JE PR 2 S AT 1, AR 58 N
BUR T R B R B K Y R, R R YR TR
TERED Z R INiR . AR — R0 2, 7R X 28
Feal B, Ok BT — Al R R & B e SR
(amoA) , X H4EIF A T — A Hr iy o 58 J7 1], B Xf
ST R IFE M B, Tyson %17 ) £E
N7 5 ek X6 — A T % 45 R A X T B 11 0 R AR )
I v G A W o R R R A R AT TR AR O T R
A W R T A A i P A5 Y A A PR B AL T R
B2, 2007 4 2 2008 4[] FE AT (14 W 7 2
21 % P8 2% (the Sorcerer Il Expedition) 754 T F &
1 H8CHE A 5T R, R ORI T O R IR A
(% L A, g kPR 2 AE B ST AR W S
F ) A O 28 LA B BR B 0 7 o 07 T W AR B TR Y
JEH

F A 23 A8 S D R B O 2 22 0, A B
W RO 81 5 W RUBE A AR 6 B R  Se J5  , +H E 1Y
TR YRS WA R, Buee 7 I A
AR AR (454 FERERRI Y ) X AR bR A HE 3EAT
L sl TIRE R ERE A Z RN, BE5EE B
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6 J HAT A [F] 4 4 26 B bR DCIBORE | 4> 1 R 4R 8
AT, A3 B XX 48 A R TR & 4 e DNA
J5 AR DNA =) 5 B 7 A A5 5, 4R 15 96 D EE
ain, T A S5 A% H TR A5 30 19 51 9 43 91 %o H A R 1A
B — G SR RR DX (ITS-1) #4797 18, SR 5 45 96 4>
PCR WM 5 6 4> RIX 45 I 1 6 A9 18 7 30 %
R M FEERIEG G 454 V5 L7 R uEm
WFF , AR B RE  PCR OB, 51 9 vy 19 55 4% 1
MR bR iC AN 6], BRI 05 AT DLk R B AN [ b g 1Y
FEA XA IF ok o 3R R R HEAT F A 4y M. A5 B Y
Jit b B AR 28 2ok B T R IS, B 47 AR 166 350 K F
G- 252 bp, BiE OTU J5  fEH 9t —20
VA R 2 AR A s o G I S~ (=R T G D)
WP 90 o3 2K 45 R/ MEGAN #ER, 70 R LK B L
Fo HREY 81% 11 OTUs J& T 14 & '] (Asco-
mycota) F1#H T 5 | ] ( Basidiomycota ) , H: Hp 26 4~ %
FE M OTU 245 T 73% 19 1TS-1 JF 51 . A [w) A8 8
AR R, LT A e T K7 22 53¢ 3%, T AE
FEJm R K FE B, B R T R VR 45 A
BE BR 55 A8 AL KT A 25 0 . R SRR T AL
454 I AE AT 58 AR 25 R G U RE TR I 25 3 5 v
A9 L H

XF s HE DR 43 A, AT LA PR R R R — 2
GE— D REVE RO LR ) (B4 | B LAJE R4
F.0 B 43 BT ( genome-centric analysis ) ; 55 — Fp 52 L)
FE [N g G 9 23 BT (gene-centric analysis ) , Bl ZH 1
ILREVE I HE DN T T B o ik R 41 F R L
56 B B AT 5E R 1) B DR A R T AE S RE 9 b T A
WL S Z R T B 5 IS 3 5 S0 VR vh A A R
LU DR L T IR v 1) 23 B G X B 5 ) w7, £
ANHE T A A B ey Y B DR X R VR B AT
TR AR T, 4] 1 3 )23 165 K v 728 T8 7 400 58 Jo kR 7
O3 BAE HABAE B b Tz, U W b Rl 2T 4 R
F i A 5 PR R b A B 2
4.3 RIZTHHIIFERFE

BT R E PR BT 5B RE R R
AT 2R 32 2k 25 4 v 1 Bl A W B0 0 R 10 i R A 2
T PR 2H 2 rh — b i S ST R, T A A
DGR A A8 B R LS BEOR o 980 T %
A AR AE PR AV 4 38 $2 R (in situ hybridization,
ISH ) 9 HE Al - & JE T O 14, G B AR it B2 HH 52 0l b
0P S TR PR T A S M R B R A% R T 81 (1687
188 rDNA = H Al 56 ) 254, 9K 5 3 i 4G I 2¢ D 15
Sl LIXF HAR DNA AT £ 8l € 0 B, LA B B

A K Y fg . FISH [ B AR B4 45 LR L2
OFE 5 [ 2 5 @ 14 BERE 5 5 B AH R 1 R & i 17
BB DU AL G IR E ;s @ F B 25 X855
B A I AR R R AR AT AR I O X
WA R ey B e 5. T FISH 4 R H A
B R RSSO A, 7R S A S R A A S
BRI A5 3 T 7z 0 R . KA AR R 168
rRNA $5 5 PE 4, 454 DAPT 4 41 g Y € F1RE 5 s
B, SR FH 2 I A 2% 38 12 AR 43 1 1 W6 307 4% 1 b+ 18
B R & 145 J A ( SRB ) 14 5008 1 235 [ J A2 9 A IR B o
S5 5 R o ) TE 45 )2 Y45 SRB K, Py
F(2.7£1.2) x10'4~ ¢ ' T+, 3 H SRB ¥ 1 %
JEA — A fk, F B FISH fg [7] i xF +- 3 b i) SRB
HEAT 5 PRI E S AT, S — DR AT R A D T B

AN A, R FE RS o, & — 2 A
Yiits i o AR R AR 4 1 24 38 19 TAF I 3, ij
FHE B 82 e 504 S BT 5 B AN B A% 1 R )Y )
S ERIIBUR == I PR = TR I LS DR X vy
SEVEEE BT L FE R R SR 4 24k O T
Sb BT AN B b e T A b HE 5 K
SE R B sl AT e B JE B DNA U B4 AT E
i — YR A3 AT Rk 1 S AL R b S T A B AR A
D2, T fifk PR B 06 i v B2 0 R 3 205 g o G R TR 3
R AN |57 X RN N U g 515§ i Bus S /K 19
RGN B AR A i (cDNA BUZE R R AE ) A
TR I EP TR M (SORROES RO O AR
SR M) b O HEAT [, PRI Y ok R Y A A P
PRI B IRIE & W (IRED) 5 il 4 19 1% 1 51 3
F1258 R 5 PO 33 1 30K 0 98 Sl d i L FH 20
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METHODS FOR AND PROGRESS IN RESEARCH ON SOIL METAGENOMICS

. + . . . .
He Jizheng'' Yuan Chaolei''?> Shen Jupei' Zhang Limei'
(1 Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Soil microorganisms are a driving force in material recycling and nutrient transformation in soil. However,
for a long time, soil has been treated as a “black box” system, wherein microbial diversity and biochemical processes re-
main to be explored. Since most of the soil microorganisms are still quite hard to be isolated for culture, traditional culture
methods are quite limited in helping reveal compositions and functions of soil microbial communities. The metagenomic
method is able to explore the structures and functions ( sequence-driven approach) of soil microbial community and to
screen bioactive materials and new genes (function-driven approach) through extracting all microbial DNAs direct from en-
vironment samples and then sequencing or constructing clone library, thus breaking through the bottleneck of the tradition-
al methods and greatly enriching the knowledge about soil microbial biodiversity and functions. While reviewing main pro-
cedures of the metagenomic technique, the paper focuses on the introduction to application of the next-generation sequen-
cing (NGS) technologies in metagenomic research and processing of the huge volume of data it may produce. The new
process on soil microbial ecology with the metagenomic technique is then discussed. And in the end, the authors propose
that research projeces on soil metagenomics should be launched at the national level to explore soil microorganism commu-
nities and their variation, so as to contribute to the causes of bioresource exploitation, agricultural production and environ-
ment protection.
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