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High throughput sequencing analysis of bacterial communities in
Yumin safflower
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Abstract: [Background] Xinjiang Yumin county is the largest safflower planting base of China, its
unique geographical environment and climatic conditions suitable for the growth and it is beneficial
to formation of quality of safflower. [Objective] The purpose of this study was to explore the
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relationship between the bacterial community of safflower rhizosphere soil and its environment
factors in different growth periods in Xinjiang Yumin hilly area, which may help to provide scientific
basis for revealing the nature and low of geoherbalism to genuine regional drugs. [Methods] Took
the rhizosphere soil and bulk soil of the vegetative growth stage and reproductive growth stage in the
3 sample plots of Yumin cultivated safflower respectively, determined the soil properties and
extracted the genomic DNA, and then established libraries through PCR amplification of 16S rRNA
V4 region. Abundance, diversity and structure of soil bacteria were analyzed by bioinformatics
technology after sequenced by Illumina HiSeq high-throughput sequencing platform. [Results] A
total of 10 303 operational taxonomic units (OTUs) were obtained from 36 soil samples of safflower,
and it have identified belonging to 405 species, 738 genera, 381 families, 201 orders, 102 classes,
47 phyla, in which the Actinobacteria (32.9%) and Proteobacteria (28.7%) were predominant.
ANOVA analysis showed that there was no significant difference between the richness index Chaol
and the diversity index Shannon in the bacterial communities of the four group samples. However,
the principal coordinate analysis (PCoA) and the distribution of species abundances at the level of
bacterial genus revealed that there were significant differences in the composition of bacteria
communities between different sample plots. [Conclusion] There are a lot to adapt to the changing
environment of bacteria in rhizosphere soil of safflower, the presence of these bacteria may have
positive effects on forming geoherbalism of the safflower. In addition, soil properties, plant growth
stage and root exudates are the possible factors who committed to form the geoherbalism of
safflower by effects the rhizosphere bacterial community.

Keywords: Safflower, High throughput sequencing, Bacterial diversity, Bacterial community
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72 °C 30's, 30 MfEFR; 72 °C 5 min, PCR y=#fii
2%k B2 B AR B e S A TR TSI, X H 4%
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GC Buffer, New England Biolabs 23 F]; QIAquick Gel
Extraction Kit, QIAGEN Z~F]; GeneJET i [HIicis
# &, Thermo Scientific 2 F]; TruSeq® DNA
PCR-Free Sample Preparation, HiSeq2500 PE250 {%
#x, Illumina 23 F]
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ARG 2 694 274 SFmia)rsl, FHKEN
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(Coverage)J KT 98.47%, UiBHEEEHLIGA: W)
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Table 1 Soil properties of different sample groups of safflower (mean+SE)

i o7 2H - EC SM TN TK TP oM
Group name P (us/cm) (%) (g/kg) (g/kg) (g/kg) (g/kg)
VIR 7.47£0.008 8i  134.43+0.52e 15.28+0.14¢  1.92+0.09ab 62.22+0.66abc  0.18+0.027 0de  33.84=1.80ab
V2R 7.77£0.006 7e  139.07+0.69¢  18.53+0.09b  1.79+0.2labc  63.29+£1.54ab  0.18+0.013 4d 31.54+0.65abc
V3R 7.99£0.005 8¢ 139.33+0.17e  16.16£0.09d  1.17+0.05de 64.60+£0.95ab  0.23£0.027 5cd  34.56+2.49a
VIB 7.95£0.003 3d  202.33+1.20b 17.37+0.06c  1.60£0.17bcd  64.03£1.34ab  0.10:+0.004 O 28.17+1.28abc
V2B 7.74+£0.006 7f  180.27+0.30c  17.37+0.10c  1.12+0.14e 62.22+0.44abc  0.2240.062 6¢d 19.59+1.99de
V3B 7.64+£0.003 3g  108.37+0.32f 10.38+0.08f  0.64+0.07f 65.34+2.47a 0.18+0.020 0d 11.3942.09f
RIR 8.16£0.003 3a  117.10£11.47f 9.47+0.02g  1.78+0.05abc  62.44£0.92abc  0.34+0.009 3ab  26.71%2.57bc
R2R 8.01£0.006 7c  107.30+0.31f  8.03x0.04i  2.17+0.32a 59.39+0.86¢ 0.28+0.021 5bc ~ 25.02+3.41cd
R3R 7.7240.003 3h  82.00£0.15g  7.70+0.03g  1.80+0.24abc  59.51+0.23¢ 0.37+£0.008 7a 28.83+1.04abc
RIB 8.01£0.011 5¢  241.67+0.33a  9.31£0.06g  1.33+£0.09cde  62.17£1.39abc  0.32+0.005 8ab  25.30+1.83cd
R2B 7.96£0.008 8d  151.53+0.35d 26.33+0.04a  1.62+0.06bcd  64.06£0.38ab  0.28+0.030 3bc 18.28+3.96de
R3B 8.05£0.003 3b  144.03+0.20de  8.77+0.10h  0.860.01ef 61.25+0.25bc  0.37+0.001 8a 13.07+1.04ef
. BC: ML, SM: F/K3; TN: @%; TK: @8 TP: 28 OM: AR, FIIRF/NG FRFRARFFEFH 412 025
B2 (P<0.05).

Note: EC: Conductivity; SM: Moisture content; TN: Total nitrogen; TK: Total potassium; TP: Total phosphorus; OM: Organic matter.
Different lowercase letters within the same column indicate significant differents between different sample groups (P<0.05).
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Table 2 Abundance and diversity of bacteria in rhizosphere soil of Yumin mountain safflower (mean+SE)

FEah 2l F TR ZREER L R
Sample group Chaol Shannon Coverage (%)
VIR 3 679.36£526.43a 9.23+0.36a 98.57+0.28a
V2R 3 694.84+488.61a 9.32+0.27a 98.70+0.26a
V3R 3781.94+395.61a 9.34+0.30a 98.60+0.15a
V1B 3 946.04+475.28a 9.54+0.29a 98.47+0.24a
V2B 4 081.27+404.14a 9.56+0.28a 98.47+0.15a
V3B 3970.32+392.96a 9.34+0.27a 98.47+0.19a
RIR 3 831.38+378.24a 9.45+0.22a 98.50+0.20a
R2R 3 797.45+380.06a 9.2240.29a 98.57+0.15a
R3R 3 842.13+375.80a 9.50+0.23a 98.60+0.21a
R1B 3 536.13+244.72a 9.38+0.21a 98.70+0.12a
R2B 3 729.85+267.67a 9.1740.25a 98.57+0.09a
R3B 3 471.60+47.54a 9.2940.11a 98.77+0.03a

T [FFUARRE/NG FEOR A [FAE b 321 2 (8125 57 B2 (P<0.05).

Note: Different lowercase letters within the same column indicate significant differents between different sample groups (P<0.05).
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(Arthrobacter) . Steroidobacter . & i ~ K H &
(Pseudonocardia)F=-FEAIN R o S A E ],
R IER 73 TR B R BN IR ],
MANE B R BIRRAT A ] . JERETR ). 2R A
M AT TRPERR ]

(Stenotrophomonas)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Microbiol. China

2434 AR R
1.00
8 Others
g 075 _ mVerrucomicrobia
g w Planctomycetes
g m Thaumarchaeota
B m Bacteroidetes
2 = Chloroflexi
= 0.50H - m Gemmatimonadetes
E » Acidobacteria
m Firmicutes
i m Actinobacteria
1 m Proteobacteria
= 0.25} -
z
007" F P T ®F QDS D
NPNERIE U QIR QIR S S R U e
Ffih 434 Group name
Bl1 afHiEmEAlIkESE

Figure 1 Bacterial classification of safflower soil in phyla lever
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Figure 2 Soil bacterial community cluster analysis of safflower based on genus level
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Figure 3 Principal coordinates analysis of safflower soil
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Figure 4 RDA analysis of soil bactreial community and
soil properties
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Note: The symbol of different shapes and colors in this diagram is
indicating the bacterial communities of each sample groups in
different plots and growth stages; Arrows represent environment
factors, the length of the arrowhead line represent the degree of
correlation between an environmental factor and community
distribution, the longer the arrow shows the greater the correlation
is, and vice versa; The angle between the bacterial community and
the environmental factor represents the positive and negative
correlation between it, acute angle is positive correlation, obtuse is
negative correlation and right angles are not related.
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A JERETR1(9.0%) . FRAFTRT1(8.0%) FIZF H i T
11(6.2%) (1 1) ik B2 245 HIRE AR PRof s vh—2
HLEMMAY), TEIRSEREY) A Ky T A ¥ F AR
FH, T AT LA A5 A 5908 i o DA S R 58 1Y) A
ST, DT 25 2 7 VA8 2 B FRY . s S B A
R I 7 2L A2 AR - B R A 30.9% 04
PR EA TR A Y R A T, OF B 6 bRk
LR R SRR R B R T SR A A T P
Hh, 38 XA R 2 AR AR RIS A P 2R E R 5
RIL, AR TFIERER o F LR, AT
PR R R R U RIS P AT T
FHJSBE BT ARXT £ BE 7350 28.7% . 9.0%, TEZL
PR AR T TR L, ST AR A5 R
HA—F

BB 1 IR W2 R R T
TAE YRR 5 R 2 2, ARG rh Bkl 21 /)
KA R EW A E R B BT BA R
[ 22 SR (] 2), 3X AT g S5 A [l Al - 3k A A
ZEFA KK 1) 3 LIS TR AR IR PR 1- 15
PR BT, VIR PL3E e A A i
)& (Sphingomonas) . FL.IR I8 )& (Lactobacillus) . Aii
£ [ JE (Brucella) . "W & (Phyllobacterium) |
M I8 14 J& (Rhizobium) . Bosea . 12 £ % W )&
(Bradyrhizobium) . i ¥ AT & (Luteibacter) . " H.
M B J& (Aderomonas), V2R ¥R EA ZFHTEIE
(Bacillus) . Bryobacter , V3R W Zf H il B )&
(Gemmatimonas) LR & ; HEFEHA K ISR HAR
br - S OL AR E 3 R, RIR R E 8 2
Candidatus Nitrososphaera . Gaiella, R2R {L3#F &
AR M R
(Stenotrophomonas), R3R HEEEE I & (Streptomyces) .
F P JE (Gemmatimonas) 1 Haliangium JEA3H
FE o ARPR -3 R AL oA R B Aok
(255, ULBHIAHbZS A 21 AL AR B2 B R VR S ha 4
K%, PR 2R . ARBRRAEY AT DL A
MY, fRFsinh K, FEE Y &

J& Candidatus Nitrososphaera .

TR AL, ARBRGUE Z R A A
KRR TT i P35 e e AR R A
TR B T i o R BT e A B R e e 1),
REMS I IR 5 A KT e A A T A T L
VT EAEY A BB, SRR R SR
PP s ZEFRT TR R 40 T AT LA 5245 Pl KA 3R 35
S, AT X R A — E A PR Y,
X 6 241 T X0 3 b 25 M 21 AR B A K T AT AR 24
W B (BRI A RE i — 25T .
3.2 FIMOAEREAERENER

Pih ZFEPEAIR G PR A0 Y 2 [a] 3 LA
FEE R AEATE N, TEAESE T, Z0AEMRPR +
B pH, SR, SKREESHESTEIEN AR
IR 2 ) 22 5 5 (GR 1), TEZLAE IR Y 5 &
$8%% Chaol FIZHFEMEFE%L Shannon 7E AN K B Bt
Z A TG 3 25 5 (55 2), MR Loreau 252 MR1%
I3, LIAEARBRA AN B TE M AE KB B R
R AR TO B B 22 A, R T
AN GRS 7 A SR SR B ST VB S R S g e e
MmN R SRR R %, ARk
MRBRIAE S RGARIFRRE , I I HE DU X D1 1 e
T 20 TR T BEXT £ A8 M T A B URAE T o

AW £ AR ] A K B B ) D 3 TR T 1
SR 2), AR IEHEY R
A BENIRBEIR R, pHP Y K
B/ RS SR ESHEPS N, R
5 WE 5T B 6 AN B TR 10 50 AT RN S5 R AR KRR S
AT AR A B R R ABFSE M RDA
TR AR VS S IR F 2 B R , 4551
73N 3B T AR DRV ) A R R 46.26%
(K 4), RUIZAE AN REIR TR R T 5 1
PEA AN, B AR R A, AWFEHE
FEPIAR B 2E W0V S5 A0 A 1 B B RN 2R 40 b
Yy IAH ST,

[ A e R AR R B B, AR PR A=
YHAEE—E S . AR, ZAERFEKH
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By s 25 W ., D T e 2T AEARPRAE S
FRAEARI A BRI RS, AT ) DU I T 5628
FEE TR AR T A B RS TRIAE , IXLE 3R TAT
BRI b — SRR BAT SE P8, A B
PR KRGS, 53— LR E SE S A i
B, BT R S B A K By
Bf) .35 2T

BRILZ ST, RIS AR PR A )
FITEAR R IR, FARYIHRR T S o i
Ft v AR P ) S B SR IR AR DR, A AR
RPN SRRV BT AR
AT O 2 LTAEROAR R ), (R R A B
TR R TV Z A AR B B SR A2, 31X
B R LA SR M A R O Sl 2y
MEAEE TR AR A AU A H 5, P
SHIPIE G % TR T — LA A A A
At AR AR T R T LLIRY
A2 Ak PT RS ZLAEAR PR A AR T B 5 BUR B 4300
P ARG

LRI, HSerEe . A K BOAAR R 5y
WIS LA PR At B RE ) E 22, KA
% T I A 5 W AR B A TR A 7 A T £ AR T
9FE AL
4 &

Z00HT, LLAEMR PR IR A AR AR I Y R R
PERYANER , X SE20 R (Y 7775 AT BEXT£LAETE Hu Pk )2
AR/ . tehh, HIEVERT . AR AR K B
AR 2R 70 WA T RESE Ao 52 W) £1 AR AR B 200 BT AV O
FO T AL E AR R
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