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mmol /L Tris-HCl,1 mmol/L EDTA, pH 8.0) , i: 4l #
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Table 1. Pyrosequencing summary of 16S rRNA genes in grassland soil (GS) and forest soil (FS) .

High quality reads

Sample Replicate Tag sequence (5°—3") Total reads High quality reads '
average size
1 CGACGACGCGT 19418 16453 389.4
GS 2 CGACGAGTACT 21571 18552 389. 1
3 CGATACTACGT 18744 16203 389.4
1 CGTACGTCGAT 19151 16322 389.2
FS 2 CTACTCGTAGT 17481 14847 390.0
3 GTACAGTACGT 19603 16776 389.3
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R EMRE

1.4.1 PCR ¥ & 16S rRNA £ & & ik : U1 i it
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3k \Tag bR B A key J7 5155, (XAE S1SF 514y i BLifs
I GC 3 (GC-clamp: 57 -CGCCCGCCGCGCGLGGE
GGGCGGGGCGEGGGCACGGGGGG3 ") ™, L i 1

b5y BN [ DGGE 46477 o PCR IV 4% 14 401 i
Jik, B 3.0 pL ) PCR =4, 3@ i 1. 2% 3 I bl vt
JBHLvk PCR B4 R5 S k. 2k — 2 F ] NanoDrop 5
i PCR =4, 8 AN FF R 4 150 ng 1) 16S rRNA
FIH PCR =4 it 17 DGGE WLk 2 #7. DGGE ® W
45 D% e gk S R T Ol 8% 5 A Wk BR RE Y L O 45% -
70% , 3K 4 1F 4:0.5 x TAE 28w i, 80V Hi Ji
60°C L yk 16h. Hi yk 4> #7 # i BioRad D-Code
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o B AT IR o R PR EE A 4 1 B
5€ i Trace (Int x mm) , 1 4% 77 ¥ 06 %5 J5 T T A
B35 . WIS Pio= ni/N, i SEAR X FJE Pio
o, ni g BEAS 4l (I 2 TR N i3 4%l 1Y)
B A i 2 Fle BT DGGE & 3% 1) A Xt 3
Pi, ® ¥k DGGE F &,

ﬁT&ﬁZ\ﬁ HXh”"""" T iziu %ln% $” D‘imp\'an =
S an - 1)
s U DGGE W S 0 A B

ZHE. H,,,,, REEFERZEERE D, REF
W AR ZAEETRE ni ) DGGE B wk v 4% i 1) 3 728
AR N A BTA 4 R0 8 A0 ni Z AL S, AR R
DGGE Jir A7 A I th K 1) 4% ity i £ . 3 T DGGE 3%
1 GCE R ¥ 2 FEVE S T PR DGGE 2 FE 1k .
1.5 REMHSW

FI I SPSS 16.0 % £, % H 5. K % J7 % (One-
way ANOVA) 43 #7 i 18 &= 3 /5 F1 DGGE P # J5 43
BN AR R 2 R R L TR I 22 5 P < 0.05
RREREZE.

2 SR

2.1 EMMAKTIRMEYEESY

WL LA TR FERCAE ) 73 2R T K- el
D R B 3 R BR AR L AT O AN AH [F) 1 AL
A ERE (R >0.7% WAL BB, A4 5
N A& E W] W E T
(Actinobacteria) « 8 ¥ & |] (Acidobacteria) « L ¥ &
I'] (Bacteroidetes) - JE B & ] (Firmicutes) 9t i 56

( Proteobacteria ) «

(Verrucomicrobia) 7% 1 [ ] (Planctomycetes) « 4% 25
[T ( Chloroflexi ) Fl Z B Hy ]
(Gemmatimonadetes) o IXS&5 A= 4 3 ) o 5 b R 7k
PR A= B 5 2B R 92. 8% Fi1 94.3% o X T AR X
FRE <0. 7% 1) 555G ED IERE, 5 M AR AR - 3
SEEANAE 1A (HIX e b 55 3 m e 36
FEAL (5 5 A0 AR AR R SR B R 1. 52% AN
0.69% o SLAN, Fdh LIS AT 4 AR T (R <
0.05%) , AR LIS AT 1 AR I, HoF B i
£+ 0.01%

WiE 1B fros, B R AR AR L 1) DGGE 5 4¢
P 1% o3 SRS D 2] 15 R0 12 AR 384 5 HF AT T v B
W, KT DCCE AL ALY W EY 732K T]
AT BRI AR AR I S AN A F) BB W S
£, $5 Proteobacteria, Acidobacteria, Bacteroidetes,
Firmicutes il Planctomycetes. Wt 4}, Chloroflexi {¥ 17
T HOHh 1% .

W 2 B FE A 73 2R T4 B BER S 7K
b o e A R B A AR 2 B E KR A )
TG XA T AT G v . AR HE LB,
T R I 22 17254 44,60 H 131 RL A1 350 &,
il DGGE H ALK W 2] 6 1.9 2.8 H .10 £ Al 10
JeE » R U R B S S ) 3,746,007, 5513, 1 A
35.0 fifo X —4i REW, DGGE ™ B ARAY 1 1 5
P R 21 3 2 KT TR 5 e 3 A N0 38 7 Ak
EYZ, 5 DCGGE AL AL A an Wl 2. ARk +
B o At AT 2 7R A, AERUEW T H
FERIE 43 287K b e 38 D0 e 1R A 0 R 480 43 Sl
42 DGGE 1 3.8.6.7.6.4.19.2 } 39.4 f%. WiF+
B ) iy W R A DGGE &5 B ¥ 3% Wl 76 B A JE 1)
KAP L w5 DGGE 2 R d K.
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(A)

Relative abundance of each phylum in total reads by pyrosequencing

GS
Soil types

FS

I Unclassfied
[—1=0.007Rare phlya
B Gemmatimonadetes
BEER] Chloroflexi
[III Planctomycetes
ESH Verrucomicrobia
B Firmicutes

[ Bacteroidetes
E=Y Acidobacteria
[FZ4 Actinobacteria
[ Proteobacteria

(B)

Gl-2

G15-]=

GS FS

R2 R3 RI

R2 R3

1. Eith (GS) fF#k (FS) TEBEMEITKFEMEBEMEM FEE (A) %X DGGE B4 E L (B)

Figure 1. Microbial community structure at phylum level by pyrosequencing (A) and DGGE fingerprints (B) of 16S rRNA genes in
grassland soil (GS) and forest soil (FS) .

*2. SBENFR DGGE K AENBMHMEY BT
Table 2. Microbial taxon number of grassland (GS) and forest (FS) soils by DGGE and pyrosequencing

Number of microbial taxon Ratio of
Sample Taxonomic level
Pyrosequencing DGGE pyrosequencing to DGGE

Phylum 22 +1 6 3.7
Class 54 £2 9 6.0

GS Order 60 +1 8 7.5
Family 131 +4 10 13. 1
Genus 350 12 10 35.0
Phylum 19 =1 5 3.8
Class 47 =1 7 6.7

FS Order 51 +2 8 6.4
Family 115 =7 6 19.2
Genus 276 =10 7 39.4

2.2 SERENFLIEMEYHEEHENKS DGGE
B9FE X LB

W 3 PR, 43 FEOK VAR S BR 2 1) ey 3 5 41
ANRERE VA JE B O AR RO ote R itk
DGGE A5l 7K P75 88 3zt iz A% T v il 5 90 77 o ] 2
JIT 7R » e 8 50 R M 1358 (GS) B ZE WA oy 2B
FI2 B BERUE B4 00 5 AR ) R &K 94, 34% <
91.57% 64.08% .56. 02% Fl 64.48% , ifii DGGE =
BRI MR ) B ) 65.42%  47.44%
31.46% 11.98% i1 10. 04% . #:75 2, DGGE 7F I

%Ay HIK A WA 28.78% 43, 74% 32.20%
43.12% F1 50. 88% ¥ 1k A= W) T 4 W 2] o 43 KK
BRI  DGGE (1 A6 W R 80 S R AIG » JC 3L 2 A2 FHF
(7K P b e R R B & DGGE 1) 4 -6
o ARAR LI GlCZE P 1 Al & R DGGE LE
I AT 45 B R A B

WA 5 ey T8 0 A 2 ) — LSO A A )
W DGGE £ (18] 2) , Jt I /5 BFRIE K7
Fo DARRAR 54 ), 7R AR ) 4 S8 T K F, DGGE
SR A 0 3 D e e A AR S R R 4 9
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(26.6%) -

M  Gemmatimonadetes

AN A 2K B, W Actinobacteria
Verrucomicrobia (1. 14% )
(1.45% ) » UL B BT A 1) e 0 0 v 59 34 2R o 25y
KR K bl A T 21 MBI, 5
PR RN 48.91% ; DGGE AWK T 3 rh 3 4N, 43k
YN B 10.46%, 18 £ R OB W R
( Bradyrhizobiaceae: 4.89%), 4 % 1% pis
4.60%) » K 75 Wi ICOAT B R
3.10%), B & K W R

(Hyphomicrobiaceae :

( Conexibacteraceae :

2.54% ) S5 AL 2 HE R B
DGGE firthho 7270 K J& /K b i & kil iy 1 22
AMRIBERE 5 RUEY) S 42 11% ; DGGE HUAG
T A A A H R R 13.25% 5 18 AR R s
3.69%), FE &% M K AT W OJE
(Conexibacter: 3.10% ) , JR ¥T & Gpl J& (2.20% ) , &
W K W B (Pseudonocardia: 2.18% ) 25 ¥y K ¥
DGGE #i H -

(Pseudonocardiaceae :

( Bradyrhizobium :

*3. SEEFIHARIESMUEYH LR TH LA
Table 3. Ratio of classified taxa in GS and FS soils by pyrosequencing

Ratio of classified taxa in GS, /%

Ratio of classified taxa in FS, /%

Taxonomic level

Taxon >0 Taxon >0. 05% Taxon >0 Taxon >0. 05%
Phylum 94.34 £0.09 94.20 £0. 14 94.97 £0.20 94.81 +£0.24
Class 91.57 £0.29 91.18 £0.32 93.57 £0.30 93.19 £0.27
Order 64.08 +0. 69 63.66 £0.71 75.78 £0. 54 75.41 £0.50
Family 56.02 +1.27 55.10 £1.24 59.43 £0.56 58.53 £0.52
Genus 64.48 +0. 96 60.92 +0.94 63.59 +0.71 60. 64 +0. 49
Relative abundance of 168 rRNA gene-based taxon, %
Phylum level Class level Order level Family level Genus level
0 102030450 0 1002 30 4 0 481216202 0 24 68
1 > * 3 * (] ] ‘. . ® » . o
" P 1 e » « 2
= L] o b ] & . ] ®
2 e > ] " . 2°
71 *» o 1 e e °
= o 1 ep O b
Sq e» ° 1e s < .
= L i .. @ e®
S 4 @b » | e ’ (Y
3 ) 1 e o e
5 L : 19 . f L] &
a4 @ ® 1l e .
=
5] o H 1% o LY
8 : o 4
=1 : 1§ 3
Ede L) {e ]
- . 1 »
L ¢ 4 ®
I o 1] -
2qe 18 H ] y
o ° ]
5 » Sum: Sum: 2l < Sum: ' Sum: i Sum:
;:":7 1@ A 6542 A 4744 1p A3l46 ™ A 1198 A 10.04
Ade ® 6422 ® 5139 18 ®2058 r ® 1064 ® 1327
| 28.78 ® 43,74 13 32.20 43.12 50.88
® 30.59 L4 ® 4180 4® ® 5483 ' ® 4789 ® 4737

A Microbes in GS detected by DGGE and pyrosequencing
Microbes in GS detected by pvrosequencing only

E 2. 5i@E N FF DGGE 5 4 E %

® Microbes in FS detected by DGGE and pyrosequencing
® Microbes in FS detected by pyrosequencing only

RS MERMRR TR TIBEBEYETR S XK T LB EAR

Figure 2. Comparative analysis of microbial community structure by DGGE and pyrosequencing of 16S rRNA genes in grassland soil (GS)

and Forest soil (FS) at different taxonomic levels. The solid triangles in green and gray represent pyrosequencing and DGGE data from GS

soil, respectively.

relative abundance more than 0. 05% was included only.

2.3 DGGE St BMENHEENSSEEN
Fr B9 48 2K LL B

ELL DGGE i 4 1] 3 R vy T8 £ 00 > 2 44 £ 44 e

The solid cycles in red and black represent pyrosequencing and DGGE data from FS soil, respectively. Taxon with the

A 2 (5 ) fa Bk DGGE 2= & il & il &
BE) 5 R 3 AR 2K I]7J<¥ﬁ6/l\%ﬁu\ﬂp4
ADGGE £ HFEm Tl &FEE (P <0.05), 0
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Proteobacteria ( DGGE: 35.0% ; Pyrosequencing:
28.0% )+  Bacteroidetes ( DGGE: 21.3% ;
Pyrosequencing: 9.50% )+ Chloroflexi ( DGGE:

7.12% ; Pyrosequencing: 2.22% )« Planctomycetes
(DGGE: 4.03% ; Pyrosequencing: 2.72%) . # &
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Figure 3. The total abundance of common microbes calculated from
both DGGE band intensity and pyrosequencing reads. GS (A) and

FS (B) represent grassland soil and forest soil, respectively.

2.4 S@EENFFDGGE Lk tIENEYE
I

DGGE 4%ty i) B0 Ml B2 7T 7 — € P B S A
R AR AR S PR, BT DGGE 4R 401 % 1)
B AR AR L GE A Shannon fi5 #0y ) O 3. 43
FI1 3. 26, Simpson ¥8 %53 5 >k 0. 9603 F1 0.9551 .,
e I RE 2 RE R O B W R M B
ARARAE 80% J7 HUAHALEE (177K F*) T, Shannon $7 ¢
Sk 5.07 F4.75, Simpson #8443 1) 4 0. 9878 i
0.9829, W ¥ w5 T DGGE £ #EPE35 % (P <0.05) ;4
95% J7 5 A L B (J& 7K °F) '~ > Shannon $& 4 43 5l 4



1496

Weiwei Xia et al. /Acta Microbiologica Sinica (2014) 54 (12)

7.12 F1 6.93, Simpson 85 % 4> B 4 0.9981 i
0.9976, & 51> DGGE Z AL VESR Ho PI 1 48 2 1]
ZREEI LU AL R A b, DGGE & &yl & Wl 5
g5 R — 20 T 54 WY R M AR RK R 2 R P O e

HAE %A 70 K P F, DGGE Dy S it (1) 7% 2 #F 1
B0 S AT v R N A A B REVE 2 R (P <
0.05) « 7EGrHITK R 8 Tl J5 95 2 o 1) 2 48 1 4
HOZ TR 2 /S AR B AP S K

4. DGGE A EMMMEYFEREASBENFERPRIRR

Table 4. Estimated relative abundance of common microbes by both DGGE and pyrosequencing methods

Taxonomic Microbial relative abundance, %
Sample Microbial components DGGE bands
level DGGE Pyrosequecing
Chitinophagaceae G2-G4 11.9 £2.36 4.88 +0.43
Comamonadaceae G1,G4,G8 10.0 1. 66 0.48 +0. 09
Anaerolineaceae Gl1 7.12 £0.40 0.72 +0. 09
Burkholderiales_incertae_sedis Gl14 5.85+1.14 1.08 0. 17
Family Phyllobacteriaceae G5 4.80 +1.67 0.20 +0.01
Alcaligenaceae G5 4.80 £1.67 0. 004 +0.003
Planctomycetaceae G10 4.03 £0.37 2.16 £0. 15
Xanthomonadaceae Gl 3.45 +1.37 2.46 0. 13
Enterobacteriaceae G6 2.63 +0.92 —
- Brucellaceae G7 1.14 £0.56 0.002 £0. 004
e Gp5 G9 6.94 +0.91 0.51 £0. 04
Terrimonas G2 3.86 0. 06 1.08 +£0.09
Dokdonella Gl 3.45 +1.37 0.41 +0.02
Acidovorax Gl 3.45 +1.37 0.08 +0.02
Conus Gp6 G3 2.80 +1.98 6.31 +0.39
Ferruginibacter G3 2.80 £1.98 1.27 £0.22
Chitinophaga G3 2.80+1.98 0.19 +0. 04
Serratia G6 2.63 +£0.92 —
Variovorax G8 1.32 +0.37 0.18 +0.03
Ochrobactrum G7 1.14 +0. 56 —
Xanthomonadaceae F3,F4,F6,F10+12 26.5+1.83 8.20 £0. 18
Burkholderiaceae F2,F5 8.39 +£0.62 0.78 +0.03
Chitinophagaceae F1 4.41 +0.97 1.48 £0.09
Family
Sphingomonadaceae F8 4.24 +1.78 0. 18 +0. 00
Enterobacteriaceae F9 4.15 +£0. 46 0.002 £0. 004
Clostridiaceae 1 F2 2.14 +£0.70 0.03 £0.01
FS Rhodanobacter F3,F4,¥6,F10,F11 16.9 +0.91 5.96 0. 16
Gp2 F12 9.54+£2.73 1.47 +0.07
Burkholderia F2,F5 8.39 +£0.62 0.74 £0.03
Genus Rhizomicrobium F7 5.36 £1.79 5.08 0. 17
Novosphingobium F8 4.24 +1.78 0.02 +£0.02
Raoultella F9 4.15 £0. 46 —
Proteiniclasticum F2 2.14 +£0.70 —
*5. DGGE RSBENFHELIRMEYH S L
Table 5. Estimated microbial diversity indexes of GS and FS soils by DGGE and pyrosequencing
Index Sample DGGE Pyrosequencing
80% similarity 90% similarity 95% similarity
GS 3.43 0. 04 5.07 £0. 05 6.31 +0. 05 7.12 +0. 05
shannon FS 3.26 +0.03 4.75 £0.01 5.99 +0.04 6.93 +0.03
GS 0.9630 +0.0018 0.9878 +0.0010 0.9962 +0. 0003 0.9981 +0. 0001

simpson

FS

0.9551 £0. 0034

0.9829 +0. 0009

0.9942 +0. 0005

0.9976 +0. 0001
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Comparative analysis of soil microbial communities by
pyrosequencing and DGGE
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Abstract: [Objective] We aimed to assess the advantage and disadvantage of next-generation pyrosequencing and
traditional Denaturing Gradient Gel Electrophoresis (DGGE) in fingerprinting analysis of soil microbial communities.
[Methods] We analyzed microbial compositions, abundance and diversity of typical grassland and forest soils by 16S
rRNA gene-based pyrosequencing and DGGE to compare the accuracy and reproducibility of the two techniques on soil
microbial communities. [Results] For grassland soils, pyrosequencing technique revealed 22 phyla, 54 classes, 60
orders, 131 families and 350 genera; DGGE only detected 6 phyla, 9 classes, 8 orders, 10 families and 10 genera. The
results show that DGGE greatly underestimated soil community compositions. Similar results were obtained for forest soils,
and the detection sensitivity of pyrosequencing of forest soils was 3.8, 6.7, 6.4, 19.2 and 39. 4 times higher than that of
DGGE at the taxonomic levels of phylum, class, order, family and genera respectively. Furthermore, DGGE
overwhelmingly overestimated the relative abundance of dominant microorganisms represented by the high-intensity bands,
leading up to a 2000-fold difference. Both DGGE and pyrosequencing showed consistent results of microbial diversity
changing patterns, although the DGGE-based diversity index was much lower than pyrosequencing. [Conclusion ]
Pyrosequencing thus provides more comprehensive and accurate fingerprints of soil microbial community structure than
DGGE. DGGE only can represent a few numerically dominant phylotypes with apparent overestimation of their relative
abundance in soil microbial communities.

Keywords: pyrosequencing, denaturing gradient gel electrophoresis (DGGE) , soil microbial community
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