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Investigation and analysis of microbial information in tobacco-planted soil from

different ecological regions in the Guizhou Province

LIU Yanxia, LI Xiang” , ZOU Yan, ZHANG Heng, CAI Liuti, MENG Lin, SHI Junxiong
Guizhou Academy of Tobacco Science, Guiyang 550000, China

Abstract: Soil microbial characteristics can sensitively reflect soil quality and health. In order to illustrate the difference
among various ecological regions in microbial information, the microbial community structures in tobacco-planted soil were
assessed and analyzed by high throughput sequencing ( 16S V4 region ). The operational taxonomic units ( OTUs) were
significantly diverse in different ecological regions. The soil microbial population in the west of Guizhou Province was
relatively higher than that in the east of Guizhou, while that in the south was higher than that in the north. The microbial
phyla Proteobacteria and Actinobacteria were the top two in relative abundance in the north of Guizhou Province. In central
Guizhou Province, Proteobacteria abundance was significantly greater than Actinobacteria abundance. The soil dominant
genera in the southwest and central Guizhou Province were much more than other regions. However, the microbial
population was imbalanced, inducing potential outbreak of soil-borne disease. This study provides a better understanding of
the soil microbial community and will also provide a theoretical basis to build a good foundation for soil bio-remediation in

the future.
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LA Y S O S R DGk S 1 PR LIRS R R R RS R
HHEAE T 0 - AR B TS A AR VE T, R R R I AR AT B e bR 2 IR
SRR DI ARG A B E AN ZE CE AT RO RE D LU R G e ) 5 PR 2 TR AH AR i 2
TERREED | AR E YIRS DI RE 2 RV L U W REROIRAS 8 b, 7T AR, - 58 P SR e v 10 A 25
AEFNHHEAE S RRAE | T IRAA YU T A 745 28 52 (0 45 # AN D) BE LA S T Jre B A4 ) 22 P 9 0 1 4 R R
HAEEZEXY . M EYRE 2R B AR R YR 2R sl ZREE S5 RN DL K T Rk
ZREER I MRS 2R AN RE SR e VR R A, AT LR 45 3 R e i BRIE

UEAESRBFFEE A T BN B G Pt ol 2B 7 0 S 4R T, R A& R HOR T B sy 1A= 9
LRV, BCANRS AT 2 S B v R M AR RS A HUIE it s T R W B A A, o T R
TR R TRTA A FH2E WA BUIE I8 98 Bl A 0 T v 205 W S B 5 55 A 1) 2B i 40 38
f U2 S A 25 P2 A 7 I KR T | L 25 R AE W LA Bt 5 AR B - 33 B A P 8K
I BEVE DI RE Z REME RN R 2 REME MR (L 2R A AR ] 5 A 0l s e~ 00 e AR S ol 2 A T 0 T A o
I 9 2% T R T Wt ™ AR HRTE T AN IR AH B  FAR 2R 43 M B RV 55

UEAEAR | B M AR AR T fre— L0 21 ZR PR TR - S0 2 W (B] O B, i A AP0 - S Bl A 0 1) 28 1 A B g
FEVE R H 23 A T IR AR S 2011 4R BRI 4k 8584 U 2 RE 18X ( Global Soil Biodiversity
Initiative , www.globalsoilbiodiversity.org) & TEAE X - 884 1) 24 M Ko HoA= 28R 55 DO RE 19N R, A il PR B i
FARMERL A . B XTI Y AR A W D 5 O S8 2D AR B, i T ROR B kA0 T3
Yy Z RPN A b PR D T AT SR TR RTA R, X R PR AR AR DX A ST A SRR A TR AR Y
P A T A7 -1 pH AU HLBR A SE i B VA (AR b A7 A DL IR BT L XK LR B
T e R B Y AR AR S TR R, R W 2o R B AR (1 7S Ak S R R R [
(a9 pH SR IR ST E W) 2 REMEZE S0 SCHE R 7, Ren 551" A LA IR RR B A e 4 0 X R 3k A T
ST e K B, TEAN[R) TR 4K T A0 T LU L TR B R S BB AR R I A 28 fb R . SR, EIRBIE ST BB R AR T AR R B
RS E S N AR pH A HLBTSE  (HIE R WL R GE 3 25 A 25 DR B AR 25 DRI (3R ) 254
RIS

21 22 DI B — Xm0 e BoR 1 BB H 57, 7T B4 16S DNA &K 1) PCR 74, IR 43 A
AT R P B LA A T 2 ACTT v NG B e 00 ELRERS [N 24 AN TRl B RE | S AT S A B v
UL D RE TS )Rl A SORRE G = B Y B B TR AR5 MU WA 0 K R sh S WP 3R 4 1 [ R A
FETC, LATH f K MRS [) A 7 P S0 % 0 AR 0 SR 0 5L, PRRCAR RS 0] 5 M A B TR AR A4 285 DX J - 43
P E IR A E I L K 22 05 T3, R J 2k 3 48 2 4R B BB AR AR

1 #MR57EE

11 kR

TE ST A JAVR AR A 28 XS TR S AR 55 d Tfik” SRS IE A KA H g MRV RR B 338 i R 4R
IR A IR MR R A I IREE TR ANIC S G, SR AR AR 0 HL S ZRAR
FHTCHUIE+AHLAE , TCHLAC IS A 20% , A HLIE TP AR R, #8 0 iAs A HUAE . 4 i A0 R B s R AR AR AR, K
PS4 A TONF . P e S — S0ny TORR AR, 1 A0 AR R A IR B Rl 3l K R B 1
HE KR ARSI £ BT 10 mL KE/K BRI 15 min [FA3 2100 HHERIARBR 17 0 R
AR IR IR - SRR S A E B LR 1,
1.2 - SRE B PR IR o Ty 1

+ 3R 4 N A PR S 81T Elementar S04 TR AT 5E ; pH SR A FiveEasy Plus pH 71l %E .
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Table 1 The general situation of ecological regions

A A K sk HE S SRAE b A 4K/ m Ra: &3]
Ecological regions Sample number Sample location Altitude Soil type
P AL X 5, WNCJT T H R A 1934 AR
Northwest Guizhou WNHR BT B2 1978 B
WNHZR JRCT E N R 2145 R
WNZT BT E /N R 2145 SRS
XXCG JaRCT H /N R 2145 AL
VR DX XYHR M AR 1127 B
Southwest Guizhou XYHHR MR 1127 LTI
XYHEI 26T 1127 AR
ZFZX 0T LA 1115 B
XRXZ 24 LR 1149 B
XYWS 26 ST T A 1127 B
PXBT FE BRI 1164 e
B AR DX TZ350 KA EED S 350 B
Southeast Guizhou TZ550 PN SR a7 550 B
TZ750 T B 750 S0+
TZZT PR Ry iR 607 EJURS
TZSDT KERES S 350 KAE+
Horprh R X FGHR PRI B o] 4 700 B
Centre part of Guizhou FGSDT U] EL 354 700 JKFE
ZYHR W CELAR I 918 B
ZYSDT W SCER IR 918 JKFE
QXHR P HH%ES 1934 g
FQI1 SR T B4 1111 JKFE
FQ2 AR S B 1034 B
4 v R X DSSDT Ml AREK S 909 kARGt
South-centre Guizhou DSHR il HEK S 909 B
DYSDT HRA T £ 816 JKFE 4
DYHR HAI T £ 852 B
b 1K 35k DZDHB TE R R 526.5 B
North Guizhou DZZHB TR R IR 1000 B
DZGHB TE R R R 1600 T

1.3 +3 DNA 25U PCR J )i

KA 13 DNA SR H Soil DNA Isolation Kit( Omega) #EHC, #2505 19 13 DNA | HGE & W& F 208,
KRR 1x107° wg/pL, DI BEG HE R 41 DNA SRt , MR 4 I 5 X B 0 26 3% | 4o A0 b 25 )
(Barcode) (4 S5 Y FIEREL &H GC Z bk i PCR IR & (Master Mix with GC Buffer) ( 219484 #pi A
5], New England Biolabs) , [F] B8 FH S AR & AR B RO B UEA T 93 | B O3 S8R FIMER P, 510X N7 X 48
16S V4 X548 515F-806R . PCR Wi FH 2% Vi i (1 Br AR e 1464 T FEL DK A DU 5 AR A PCR 70k B2 i A 755
WL IRFE , FE MR AR 2% BB IS ARHER IS FBL TR RS  PCR 7249y, fefi FH 3R R B2 20 7] ( Thermo Scientific ) A ¥%E
B H AL ( Gene]ET) RIS F=4)

PCR ¥ 34 WAKZ : Ex Tq loading Buffer 25 wL, I FHE51 945 1 wL(25 pmol/pL) , £ DNA 2 uL, dd
H,0 21 pL, BARFL 50 L, 244495 °C A M 5 min, 95 °C 28 30 ,58 °CiE k 30 s,72 CZE{H 1 min,72
CARFF 10 min, FEAEFF 32 K, 4 CIRR
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1.4 SCEMHEE DR ARG o b

A SR A+ R (New England Biolabs ) A F]{Z 3%k (Tllumina) B DNA SCPE il £ 071 & ( NEB Next
® Ulira™ DNA Library Prep Kit for Illumina) VEATSCRERIAR | FA 1) SC 2R 283 i -7 ( Quibit) 5 1 RN SCPEAG:
W, A48 )5 BT MiSeq 47 ALY, 3 T4 N4 50 57 )5 F- 15 ( MiSeq Personal Sequencing System,
lumina, 3& [ ) ' R X 50 5 ( Paired—End ) 197745, #4 8/N B BESCRE SEAT SR Sl e

D252 00 S R B A7 AE— 2 LU B T8, 1 A5 B2 B a0 25 R oo | T &8, 15 SE 0T I R 4
PE AT PR G U8 SRR R . AR5 FE TR SICEE R Uparse(231 A4 (Uparse v7.0.1001, 3€ [#) X T 5 £
w28 bR 25 i 51 3 25, LA 95% 1Y — 201 (1dentity ) #4732 5 43 2% B {37 ( Operational taxonomic units,
OTUs) REFYIFI 7325001, JE4 OTU Ay M IEReSS & IS 28R G 9 OTUs 1732831 2 B BEA I3 B
GEIRDY X OTUs $EA7E B | ZREVETR SR Hr , R Xt b P B A 45 AN 43 FOKF _E HEAT REVE 25 i SE 3T
0T BIGTELL a3 M ) B ml b WT DL AT — R 918 5T OTUs F4) Fh 20 1 i 28 26 20 A L 32 43 29 A
(Principal component analysis, PCA ) 25>
L5 Hdkbp

SR R A Microsoft Excel 2003 Ab 3, & 25 14 43 #r >K F SPSS Base Ver.13.0 Ziit# {4 (SPSS, IL,
Chicago, FEE)#17, f/NE & 225759 (LSD) BB 15 ( Duncan ) #r & #2847 2 # L # ( P<0.05)

2 FHRE5S

2.1 AN[RVAFLR AR 2 DXk - 9 i R AS FA b A

ti¢ 2 Al L, 360 pH (HAS IR N 4.88—7.45 A >7.5 B9 HKE,6.5—7.5 By Pk 438 5 SR S 8y 29.
04% ,5.5—6.5 W PE 1355 35.48% ,<5.5 MR 3 Y 35.48% , M ISR E L4148 L4180 L6+
F—2 (R KRG = A TR 1 48 e LU P AR PR 0 3, TR M R 5 JBRR AR B 139% ; e M LUk

TR A PR & IR FE (DL IR G PO IR R A LTS bR AT R, UT AR | F 3 2.
24% MR 1.119%—3.69% , 7 HLAk & 2 SR . 588 HLER > 2.87% A FE i o5 BRE i B 22.58%, 1.
72%—2.87% ) 15 54.84% ,0.86%—1.72%F1) 15 22.58% ,<0.86% HIT%A . M HIEIISKF | Bk 00 HLEK &
i, HUOE R FUKRE L+, SAORE , A PR A6 04 BE VPR T =, A LR 1 i 2 i Fa e [ X
BN LR AR T = I  INIXIERA B Pa b DX 4 A & A X R, RO P R X
St A v T S X s S A T X A X ARG

IR SR ERRES ,FY 0.23%, 251/ 4 0.14%—0.34% , + 345> 0.2% L i 5 SRR S B0 64.
52%,0.1%—0.2% W i 35.48% ,<0.1% WA . N HIERBRE | EAAERUKR L9 2R & Eim . 6 X
WA SR TR O, IOk , B a0 X0 & & A e, e K22 R8N,

2.2 AN[EVALAR A 25 DXk - S G Rl 2R 1 (OTU ) 19 25 53200 HT

AT AR XA (K1), BHEMAEYI R OTUs %ot 22 S0 | BV PU0 s T 43350, ma il e FAL,
Horp B IX S - A I OTUs B i 2, UGBS v X8, 25 v 00 43 i) 385 v o 380 DIl 86 o pig 3 DX B 2
ANXIEAE OTUs B JLF- 180 25 5%, B AR T X 8k 5 8 v Xl 2 S /N, S VA g X sk AN P L IX sk 9 OTUss #ii
A0 /DR R VG AL X, B b X sk 9 OTUs %0 S22 ] J2 25 74 g A8 P L X 38 OTUs # 1.44 Fil
1.661%

7] —AE 2 XU [ AR ) 3R S b OTUs B 2 R B % (B 2) . AR Xk, H A1) OTUs
Bt B A SR T AL A VR T v T S B AR A A T AR S G X, - 3ERUE MY OTUs it A2 51Kk
SRy AR ) - R A AR ) - SRR O T VR ) A N SRR XIS S AR X - S E W OTUs
B e R IR Z [ B 22 5 Bk HI A B3 = TR, 2B R I 1.65 £%,
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Table 2  The basic physicochemical characteristics of soil samples in typical ecological regions

KIX SR =N [
L EArS:) WNCJT 6.72 3.04 0.29 5.30
Northwest Guizhou WNHR 6.72 3.00 0.29 5.23

WNHZR 6.56 3.69 0.34 6.43

WNZT 4.93 1.85 0.18 3.23

XXCG 6.19 1.62 0.15 2.82

VR DX, XYHR 6.30 2.22 0.19 3.86
Southwest Guizhou XYHHR 5.80 2.73 0.24 4.76
XYHEI 4.90 2.57 0.22 4.47

ZFZX 6.87 2.92 0.31 5.09

XRXZ 7.31 2.32 0.22 4.04

XYWS 5.89 2.29 0.27 3.9

PXBT 6.14 1.76 0.20 3.07

AR DX TZ350 4.97 1.88 0.23 3.28
Southeast Guizhou TZ550 5.21 1.15 0.14 2.00
TZ750 4.88 2.94 0.30 5.13

TZZT 5.26 1.47 0.17 2.56

TZSDT 5.32 3.03 0.27 5.28

v ep R X 3 FGHR 6.28 1.36 0.16 2.37
Centre part of Guizhou FGSDT 6.39 2.27 0.26 3.95
ZYHR 6.56 1.11 0.14 1.94

ZYSDT 6.69 3.36 0.34 5.86

QXHR 6.43 1.54 0.18 2.69

FQ1 5.05 2.17 0.26 3.78

FQ2 5.38 2.03 0.23 3.54

v S X DSSDT 5.11 2.11 0.22 3.67
South-centre Guizhou DSHR 5.76 1.68 0.19 2.93
DYSDT 6.28 1.80 0.20 3.14

DYHR 5.39 2.86 0.30 4.99

b X sk DZDHB 7.45 1.83 0.23 3.19
North Guizhou DZZHB 7.10 2.17 0.24 3.78
DZGHB 5.98 2.68 0.24 4.67

ARl - A I RUE Y OTUs B 22572 (81 3) , L RUEYI OTUs $o Wl 35 5 T80, L
BEWUE I OTUs BRI 25.5% ; MUY OTUs B0 535 i T b AR FHLE -, B h i e
OTUs % e IR 565 119 59.5%

2.3 A[ERE N R MRV JE KT B A A 2 AT

HRAE T RIS S U B AT IR R X R R B (B 4)  FEANE g, RS0+ (TZZT) |
AP (QXHR) AR R EE(FQ2) % HF H (PXBT)  RUX ¥ 4% (FGHR) 3% XK A8 1 (ZYSDT) & T 480,
+ (WNZT) FRFERIEFR 350 m A5 (TZ350) A RRGEE T HHE A Y@ K P Fhase Sk~

AR AR S I R RVER 3 i B R R AR, 18 BN IR +3 ( DZDHB) 51 H.5
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TR+ ( DZGHB) U E R /K I R I R B 538 B g3k + 3 (DZZHB) MW R 2B R BT
RAE AR 145 (T2550) 5 s ik 138 (TZ2750) 04 ) )8 /K7 19 R OC R Bl , 1 5 AR 4k 118 ('T2350) 4
YR E KRB LRI,

7000 - 7000
6000 | 2

5000
4000

L ab
abc
- bc
c
3000 -
2000 -
1000 F
0

a o R X
B b IX

wW B W
(===
o o o O
S o O O
o

FHOTUsH &
Average OTUs number
(3]
S
f=1
S

FHOTUsH =
Average OTUs number

ygde BveE AR Edehd B hEE B 100;) A i
A A7 X 4 fiKifEHk e R
Typical ecological regions FRI#EHK 5 B Different altitudes
1 FREEHRE OTUs RBHESR H2 FA—43RENFEBEE OTUs BRHES
Fig.1 OTUs difference in different ecological regions Fig.2 OTUs difference in different altitudes in the same ecological
region
TEARFRIA IR o R L (TZZT) FE T 4000 .
S0 - (WNZT) 55 30 2 25 K I 46 25+ HEMUE W 3500 | +
PR RIS TN B R ES R e B0 - F c
EESLIECRIERSEEES S SIS R g
(DSSDT) S HBAIKR £ ( DYSDT) BUEMIR AP EE S 35 |
ZAOIT , 548 FOKAE 1 (FQ) FIK ALK FE 1 (TZSDT) “r;é 1000
AR R K T R K 6 R BT, R 8 UK s |
(ZYSDT) JRACF R A RAR LI e R e wer ML
2.4 AN[RVAFCH AR 25 DX A S A W e DR 2 R PR Y R H 2 Different soil types

24=) 25
Z 5 B \ / B3 FRELHELEE OTUs MBALLE
%ﬂ: j:i%%ﬁﬁﬁi% E’\]ﬁl %5'55{_ E/‘J éj\*ﬁ éﬁ% ’ ?’fﬁ%ﬁi% Fig.3 OTUs difference of different soil types

JEIKF- EHAT IR M ST, 2 IR A i Y R
SR (L S) MEE R R AN DB S A G E M R S Lo 491 i 2R m], Horb | JEERETR ] 48 K 43 4 Th AR
P IR R RAE R0 1 (TZZT) 1E 28 I 1 ( Proteobacteria) ] I y-ZE X W I] ( Gammaproteobacteria ) Pt
A E R AL T TR AT I H ( Enterobacteriales ) FiA B IL A= 41 H (Aleyrodidarum ) (4 L £ T 4
DI b B R E 75% VA o TR T 58 (0 (WNZT) TEASTE B 1) FIRAL 40 T8 ( Thicbacillus ) P s BT A 1
SR i L B R
2.5 MRBRIERAEY RS R AR T oA

MEL 6 AT LAE Y 6] —H X S E DS AE PCA TR AR, 22 BH (W] — b DX A 3o A W BV 4 3
AFMLL, 1O 34 PG e DXl A 310 o PO ARV 2EL ISR B A | B Gl DX A A ot ) 22 SRR PR T 0 B b rh S DX, 058
A Z B+ HEE SR TR R, T U YR IS 40 A 1 25 5 0 3 LT L IX 32 ZR B SR T R RN 2
TR SEM AL/, IR PRV 2 S A AR, 7EBS PH b DX 38 2R R DX I A 8 v e 0 DX ) AN ] A 28
DX Sl AN [] - S5 2 A R AN T T ey B 1 8, VAR B T A 0 R D 2 AR, T2 BB FROCR IS IR . 75
Ah, FEBS 1(PCL) AR 2(PC2) S AN ) A 25 DX A S92 W A 7 8 40 1 T A B R 22 SR AR AIE, TR
3 9°h 20.80% F113.78%
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DA101 )
Amycolatopsis
Streptomyces
Kitasatospora
Glycomyces
Pseudonocardia
Nocardioides
|| Thiobacillus
Sphingobium
A4

Novosphingobium
Flavobacterium

Dok59
Nitrospira
Candidatus_Nitrososphaera

4

|| Kaistobacter 2

Mycobacterium 0
Actinomadura -2

Candidatus_Koribacter

Planctomyces

Candidatus_Solibacter

Rhodoplanes

Bradyrhizobium

| | Candidatus_Hamiltonella

Burkholderia

Candidatus_Portiera

Candidatus_Phlomobacter

Pseudomonas

Rhodanobacter

Sphingomonas

Sphingopyxis

Janthinobacterium

Desulfococcus

Catenulispora

Lactobacillus

ST AT n AT LT ]
-_-
HE |

E MO ENEUNN Y OB S EEEE D22
NEE RO E R fERNNEEEESEE0RERaNEERRR
NYXAOEXDAL Y IR EZ S EBXNARR R DA Z > T
FERR AErZZZXNSRZAYUNN CAZ-ELCRRR
[alia) N B§ < AR ERAop @

4 TEMEMYTEEREE
Fig.4 OTUs difference of different soil types
Amycolatopsis : L I R 1] ; Streptomyces : §if 57 4 ; Kitasatospora : J6 L ; Glycomyces : 4 &% I ; Pseudonocardia : {2 i#5 = [ 14 ; Nocardioides : 2%
R[G5 Thiobacillus ; 5 #T 12 ; Sphingobium ; %4 JI 12 ; Novosphingobium ; 7 i & B #T 1 ; Flavobacterium ;: %% 1 B ; Nitrospira: i 1k 12 i€ 14 ;
Candidatus Nitrososphaera: Y. fif§ £k, #2 i B 2 72 ' ; Mycobacterium: 43 3 #F 7 ; Actinomadura: k47 J§ £& B ; Rhodoplanes : 48 {5 i 5 4 74 ;
Bradyrhizobium : £ T ; Candidatus Hamiltonella ; #8453 B\ ¢ A= N 22 4= T 5 Burkholderia: {11 52 [X 7 ; Candidatus Portiera : 4878 B #) A 242 7
Pseudomonas : {2 51 ifl 1% ; Rhodanobacter: 7 # #f [# ; Sphingomonas : % 22 B 5 il 14 ; Sphingopyxis : # 24 B & 14 ; Janthinobacterium ; 2§ 4, FF 1 ;
Desulfococcus : BB ERF ; Catenulispora : BT B ; Lactobacillus : FLER

3 it 54£iR

TIEGCE A YRR RS SR E Y R SRR 2R SRS PEAE DT I X L R R ] 4
PoE LI RIS SRR AR, LI Y R R R AR M S R Y OGO T LT
AT % - e AR A WA | DR G 4758 2 BRI 5 - Rl A ) 2 e A AR A AL R AIE 5 - R B S5 HE T i
Prd T BRI, ASHIESE R S M RO A DI ) b SR IR 1 (<5.5) o B A IR L Y 35.48% , FFTE L
FRALI S , 13 pH (B -3 P 52 SRR DG, R MBS (1Y) L S e A 55 2725 T Il A BB 4 2 5 4
FENOCT  BRIE N5 S B AL E AR A, N Y BEAE b L oA By dte v R A b AT T RE . AA
6 &t , 7RG X PN 1) - SR ) 32 B8 IR G ER BRI, 45 8 18] 19 Bl A W e 4 ALl 4 1 2 S5 S 25 5 T
FEHIX 3B SR MASH M E /)N o bl B RV 2B B o AR, D6 S A W B e v 5 s 3Rk
DU A ARAR B Y], AT REXT A A5 A MR A AR 3 06 ™ [RIIRFIAT 1 AR SR 00 T 6 1 2% P A, - M8k
AW OTUs Kt SRR DU AR T 2R, M &l e AL, 1 St MRS AL 55d 9l 55 OTUs %ok i #
R—H,

AR - e Yy iy 9P Ao+ B A T 2R 2 — . R HERUE MU I A R A, R T R —
A, -5 A2 T 50 1) TR R A B W 2 R ST BERRAIG, AR AR5 R IR B Y AR g R
B e g 0 P A7 AR DL BRI O LT A - SR OC AR Az, /KR 1) Fp Bl A ) R B R K
KRBT (1] 4) 30 R LSRN LR MRS SRS LR 1X 5 Perez 557 BFFEARZEL,
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'r
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/Y ‘ v @
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B 5 TEMEMEERSENMSER
Fig.5 Classifiction tree of special microbial community in soil
Archaea; i 41T ; Microbe : 145 9 ; Bacteria ; 4047 ; Proteobacteria : ZF F 1 Gammaproteobacteria y-ZE T ; Xanthomonadales ; B (7, P i ]
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