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Arbuscular mycorrhizal fungi diversity in rhizosphere soil of
Atractylodes lancea (Thunb.) DC. in Chongqing region by
high-throughput sequencing

CAOMin HU Kai-Zhi LIU Yan-Qin LIU Chun-Lei
XIAO Zhong YU Mi’

Chongqing Institute of Medicinal Plant Cultivation, Bio-resource Research and Utilization Joint Key Laboratory of
Sichuan and Chongqing, Chongqing 408435, China

TANG Xiang-You

Abstract: [Background] Arbuscular mycorrhizal fungi (AMF) is the most widely distributed mycorrhizal
fungus among soil microflora. They can form mycorrhizal symbiosis with more than 90% of the vascular
plants, and enhance the plant’s resistance by regulating the plant’s physiological and metabolic processes.
[Objective] To reveal the structure and composition of AMF in rhizosphere soil of Chinese herbal
medicine Atractylodes lancea (Thunb.) DC. from Chongqing area, and to analyze the influence of soil
factors on AMF groups. [Methods] Using rhizosphere soils of A. lancea (Thunb.) DC. collected from
Pengshui, Xiushan, Shizhu, Nanchuan and Youyang counties in Chongqing as material, to analyze the
differences in the composition and diversity of AMF from different locations and soils via high-throughput
sequencing. [Results] The mycorrhizal infection rate of 4. lancea (Thunb.) DC. was more than 50%, and
the content of soil spores was more than 50 per 10 g of air dried soil, and the highest number was 144.
Three classes, 4 orders, 8 families and 9 genera of Glomeromycota including Glomus, Claroideoglomus,
Gigaspora, Paraglomus, Archaeospora, Ambispora, Acaulospora, Diversispora and Scutellospora were
detected in rhizosphere soil. The first six genera were common to soil samples of five counties. Glomus
had the highest relative abundance of 67%, which was the dominant group in all samples. RDA analysis
showed that soil pH had the greatest effect on AMF community composition. Soil pH, organic matter,
alkaline nitrogen and available potassium were positively correlated with Shannon index, while available
phosphorus was negatively correlated. The correlation between each soil factor and Simpson index was
opposite. Five soil factors were negatively correlated with Chaol index. In addition, pH and organic matter
were positively correlated with ACE index, while alkaline nitrogen, available potassium and available
phosphorus were negatively correlated. [Conclusion] The rhizosphere soil of A. lancea (Thunb.) DC. is
rich in AMF resources, and soil factors have significant effects on the composition and abundance of AMF
community, which is one of the important reasons for the difference of AMF community structure and
geographical distribution pattern.

Keywords: Atractylodes lancea (Thunb.) DC., Glomeromycota, High-throughput sequencing, Soil
physical and chemical properties, Diversity

& K (Atractylodes lancea) 3 % Bl 5 N J& £ 4
AR MY, DT RRZEAL, RRER RS
btz — HAA BB HEE . BIH R
R, WA IR AR L e | TS L Kb
ERE . KU . KIERE . A . IR A B
sl REE TR R Z N FER
[Atractylodes lancea (Thunb.) DC.], F %434 F1L
DI A 1 ST N [ A 1 1 5 A
BEE s R s I, B A SR I Aoy, A TR

KRR, ANEE PR M DX A A g ik 2]
200 hm’,

M T # L (arbuscular mycorrhizal fungi,
AMF)& 2 50 A ) 3B UEY), GBS 90% LA Eiy
Fili A= FK AR DT B2 AR, 2 5 08 1 A 3R
W REC AMF DU HE K (4 1 22 9 2% 2R G0k At 5
T A LI G AR, YR AE YR BT SR K 43
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245% , KRN AMF X AR A KA R KM
fEHE MR 55 Ah, B2 R EE 7Y Bk 9 5 (Glomus
mosseae) Pl LIAE HEAE ARML Z T H3EFR 0 W lie, 42
AR B W i ZREVE RARTE PR, R
HEEAR (78 IR A KO R AR A i A R
9 8 55 6 X DA TR AR B L v 2 8 45 v 1% 1 P
718, NN AMF 7625 FAEYI 0 253808045
Uitk . EAERER Ay TAA BURMER . AMF 16
Hh 2 b AR S BIF S AT LA Tz e A G, H
A N AMR DL SEE RARPR 58 AMF ZFEME0F
FEMIHRE

J T HRERFEARE X 3 AMF 94544
YR, b HIER X AMF J5BE R0, AHF
5% DA E PRA [A) 3 X Rl R () 25645 RAR PR - 358 A R R
FIH Tlumina MiSeq 2500 il 5+ &5 47 EL A § 48
FIFF, W98 8 PR X AR 77 X AMF ZEHEY
SERLLAR . BB E Z A IR BT A R X
AMF 52, DUy AMF B8 % i Fn s
Z R PR B

1 MRSk
1.1 EZRFFNEE

NucleoSpin 96 Soil, Macherey-Nagel (MN)
A+ ; KOD FX Neo, AVEYj(Eg)EMREA
PRy #] 5 Phusion & A% E.Jiff . Monarch DNA it [1]
Wik 7 £, NEB 22 ) ; DNA #fifbif#] £, Omega

F1 BREMSERER

Table 1 Basic information of each sampling location

AW, 96 Well PCR X, AB 2w ; BEAR{L, H:[A
AR/ Hl; NanoDrop 2000, Thermo A F]; i
B, Olympus A#l; pH i, FEB{CHRAEFA{LEE
WA BR A F] s KA, R RS AT R
N8
1.2 HEHEDR R mRE

THEFERL T 2019 4F 9 AR A KRNI BEAR
TR S AKE, AHEEAKE  FIE AR
T )1 DRI PR B R B o 3 PSP AR SRR % 1wl
U 2/30 BA KB R—AREES, FEHLERR 3 4
FERFR B, BRI 5 S BREETEER
5 MRS ARMBR LR G5B — . B~ IX L
3AES, 15 AR, S 5hd o PS (2K
BMES) ., XS (FIEREM). SZ (AR =
2 =JER) . NC (m)1 X4 g/t X)), YY
(PG PR B AR 2 RUHAL) o B RAE b 349k DA A
2-3 RSP ARMRER 145, b+ BT &
PR AIERIZNAE . B AR, RS
ARV, 47 TR ATCR A 34, FEEDAS 1]
S AR B AR R BT A R R A A S AR
13, TR T AME ZRE0E, 240 13kt
ot B TARE XU KT R A, B A D - S A 3
FRPERT | %6, RFEpEAME B 1. [N,
W EABEERZR R BT FAA [ W
T AMF [ 22 S AZ YL L sE

PRI SR L/ 273 e &S| AL

Sample site Cultivation area (hm”)  Longitude/Latitude Elevation (m) Soil type Number of sample

PS 30 E108°13'50" 967 g+ 3
N29°38'6" Sandy loam

XS 70 E108°52'30" 924 g+ 3
N28°28'12" Sandy loam

Sz 20 E108°12/54" 974 gt 3
N30°1'43" Sandy loam

NC 15 E107°6'28" 1124 gt 3
N28°57'35" Sandy loam

YY 40 E108°56'46" 1 096 b+ 3
N29°11°8" Sandy loam
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1.3 TIEBUHERNE

pH (B pH THHATINE ; Bifif 2R FH AR
PO 5 SR PR R S IR - AR AP L (o
PO 5 U SR LR - KB B THEINE 5
5 HLJF R FH A% TR B I
14 FBERIREF AMF BERERMERIR
FrtiE AMF 78 F % £ (spore density)#& il

R FHSOK S e (0 AR R YR (A DI,
HU FAA @S 2 G R &R, ARG T4,
B 1 em /NBE. JEH] 10% KOH %K 90 °C /K
0.5-1.0 h, #RJ5 FHZEIRAEDE T4 AR B4R
7K(1 mL 10% NaOH+10 mL 10% H,0, fill H,O &%
% 200 mL)ZE Il 65 30 min, FHZEMEKESE T,
TR FEASOKEES mL ZHFAES+S mL ¥
AR KB TT Y8, 3—5 min, WK IPYE 3—4 Uk, 1L
(AR B AT TRCAE K DR A 5 i R J5 7 S BB T i A 1
MBI RGN (RS AR HZ . B
P, JFCRHAE,

Hdp, 0 FOREAMBI AR YL, 10 FRE
10% K B Bl (R AV AR, 20 oA 20% 1K
FERR B R YT AR, LAEZEHE, 100 M2/
FARBL TR AR YL

SR FHR UM - e kU OV B AMF 787,
TEMFAGE T IOl 4 (1 M R4% 1 it
). THEMRPE LR AMF (1)l F % JE (spore
density), VA% 10 g KT LHEP AT EIIR;
K SPSS 16.0 et AAxt SL s s A 15811534t -
1.5 TiEX DNA HIIREVS N F

HRPR A A Y DNA SR A& NucleoSpin
96 Soil FHFHEHL . HEHUA) DNA 7E 1.0%ZiEHHEE L
rh 2 L PRI LB i, R AR NanoDrop 2000
e FoHe s, Ak e T SO . LA AR LR
DNA b5tk , #17RlE 514 PCR. PCR 4§35
JME TR B AMF 5SR-S AMVA4.5NF

B o) =

(0 x HREBEE+10 x MR B E+20 x AR B H+ - - -

(5-AAGCTCGTAGTTGAATTTCG-3") f1 AMDGR
(5'-CCCAACTATCCCTATTAATCAT-3"!"", PCR 2
RARZR (10 pL): FEAFE 4] DNA 50 ng, 5149
AMV4.5NF (10 pmol/L)Fl AMDGR (10 pmol/L)#%
0.3 uL, 2xKOD FX Neo Buffer 5 pL, dNTPs
(2 mmol/L) 2 uL, KOD FX Neo (1.0 U/uL) 0.2 L,
ddH,0 #ME % 10 pL. PCR W 4514 : 95 °C 5 min;
95°C30s, 50°C30s, 72°C40s, 325 PFEIF;
72 °C 7 min; 4 °C {fAF o o ISR HRE HEE B T Ao DU
PCR § 342l , SRl DNA 2lifb a7 & k1 7
gt aifb)E AR 4 PCR ¥ I B, +%
PCR Wi B 04 T 48 EIR A, IR ARk glifk, FH 1.8%
D RE W EE I MW H A9 Bt , 7 Tllumina MiSeq 2500
WP 5 HEA T e 3d S o ph b A R AR R
A B2 E 58 By, PR R AR RO SR T PR A DE
FAR BT ST R L8, I bR G4, 153
R Y Tags JP51 o FEARIUEE 97%MKF-_Fxt 7
FIHEATERIS, DAT BT A TP 5150 0.005%1E 1]
fEid3€ OTU, Fff#if] BLAST HXF MaarjAM 4335
SRR, BERIE AMF 9 OTU, FIREXF, XF
OTU HAT/r 21 R
1.6 HAZE

K Mothur (V1.30)HAFXTEE i o ZHEHEFE 2L
AT . SR ANOVA Xf HIEFR{L /5 . AMF
ZAEERE B A K R i AL IR 22 Stk A T e o i
LB T HA RIETF . Python 155 %,

2 HiR54h
2.1 HIEBUMR

1% 2 AT, JE DRI IX S48 R 327 Hh - 3885
AR 135, pH LR 4.63-6.32, BRF5 LA Ks b
IR F A R, AR 4 A X B R Ak
o 5 AN BRI RO A A
F&, MNAVCRE , Bt ra s 158 T
+100 x HR Bt %)

MER AR B

(1
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x2 FRERESTIRERBASFYE

Table 2 Basic physical and chemical characteristics of soil from different samping locations

KA BRTE
Location pH

Tl A2 AR

Available nitrogen (mg/kg) Available phosphorus (mg/kg) Available potassium (mg/kg) Organic matter (%)

PS 5.23£0.25b  65.24+5.78b 123.80+31.48b
XS 6.32+0.26c  55.29+2.67ab 58.81£15.66a
SZ 4.63£0.13a  27.46+3.64a 82.05+17.78ab

NC 4.86+0.06ab 69.45+21.12b 82.05+9.09ab

YY 5.34+0.18b  73.41+6.55b 38.40+6.76a

A AR

778.49+65.18a 2.39+0.19ab
773.12+46.56a 2.50+0.65ab
654.84+153.86a 1.25+0.09a
687.10+42.67a 2.19+0.68ab
843.01+76.22a 3.3120.52b

T R — B 5 R W) 7B RORTE P<0.05 K B2 55 B2,

Note: Data with different superscripts in the same column indicate significant difference at P<0.05.

HZEAE KA1, Hody 4 A X B AR AR 5+ 45
¥ )& F R e Sk .
22 FEARRHREBAMF BREERLTIEBRTFEE
R 5 A X BB S0 AE AR I A /E AMF,
M HFEEARR R ZE] AMF (443 3). 5 X
B BEARM AMF RYEITE 50%LL E, FFil
(XS) 1P BH (YY) 19 5 45 AR B AR f2 gy 8 24 R T
90%, BN, FHKFEE AMF B3 T RFEE,
YIEdE 10 g AT+ 50 N LAE e is ] 144 4,
A, FERFERFZYRES 15 AMF 81 5 &
AL AR IEAAE, XS, SZ M YY HIX I FHE
REMRRZ YR T % EH 85T PS Al NC
Hi X,

x3 BHHWFEANAMF RRERTIEBRTFEE
Table 3 Infection rate and spore quantity of AMF in
each sampling location

REERD RYR

Location Infection rate (%)

TBFEREC/10 g KT 1)
Spore density
(number/10 g air drying soil)

PS 56.25+8.65b 64+4.58¢
XS 90.00+=14.77a 118+11.14b
Sz 82.50+12.92a 133+£7.21ab
NC 51.25£13.97b 50+2.65¢
YY 95.00+£5.53a 144+8.08a

e R —F B G AR B R IRTE P<0.05 K F 225 3
Note: Data with different superscripts in the same column
indicate significant difference at P<0.05.

23 FAFEIT AR

J A FE SR Ze PCR A A4 Ji #4452 50
J¥o R 4 TR, 25 RAE AU - S8 S AR AR A AL
FEAEE S S, 78 5 TR, DI HEFE
AR IR A RUT 55 2, h 60 751 4%
B R S A S A RUT A B 4 LLISTE 90%LA
b, SRS EEAE 217220 bp Z[H] .
24 WHREMZSH

Shannon $5 U B fh £ S 45 AR 7 AN [w] 0
FEBCR I RUE D 2R . R T AT, 45 SR FE A
AR S O B 2 O 710, IR S I 7 4
P SR, AR B e S e 3% AMF BV
M ELSE DL, PT84 0r . 54, L 1 AT,
& KK S A Shannon 15 #{ XS>YY>PS>
NC>SZ, Vil KhE 5 AMF ZFEM: t i 2R AR I
XS, YY., PS. NC. SZ.

x4 TRRESTEERNFHEST
Table 4 Sequencing data of soil samples from different
sampling locations

I EcbE PS XS Sz NC YY
Sequencing data

TR P 518 53238 52160 59624 56 563 63 184
Raw Tags

AT HEL 51408 50340 56151 53 883 60 751
Effective Tags

AROFHE S 9324 91.88 90.45 91.09 92.27
Effective (%)

34 7 A 219 220 217 218 217
AvgLen (bp)
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Multi samples Shannon curves

4.0}
IH HWHHWHHHHH\HH
L T T T T T
35 S
H jusani I I HHHH
30¢ SaE 1
5 11 ] - Il
< 25}
.g
g 20r —NC
£ PS
k= 1.5¢ —SZ
17} —XS
1.0t -YY
0.5+
0.0

0 10000 20000 30000 40000 50000
Number of sequences sampled

1 &1 MA Shannon EEFHRE ML
Figure 1 Shannon index dilution curves of each soil
sample

25 aZHEMESH

St T A FEN B OTU 4 35K (coverage) , 7
0.999 3-0.999 7 Z [A], i BH A YAS I 25 SR RB AR ek
A AMF B2 REME . o S0 T I WeRE S 4 b
F R, SRR EIE ST B R ACE.
FEEFEEL Chaol . Z 454X Simpson Fil Shannon,
M 2% 5 AT, & RFE SR OTU A5 5L ACE
TwFEEES . FEIE Chaol B/R, FHAM
PR 130 AMF F AKX R SZ>XS>YY>NC>PS,
B SZ X i & 7 T PS HiIX Ab, HA KRR S ] 22
S ALE ., BA, Shannon FEE L /8 XS Hi
DX 2 R T A R A S, AR A S5 ] Shannon
BEES AR, 1 Simpson FEHIA, XS
b DX AR T LA R A A
T B8 F W XS b X 5 RAR PR+ 381 AMF Z 4%
Pt , HCE YY HIX . X 5E 2 & REE S
) AMF Fi 2 Ge 1145 5 — 3, XS HiIX -+ AMF
Fhi2kig e, LAME] 73 Fly HoOoh YY #ilX, 36
66 Fii.
2.6 OTU BERYMERESH

M5 AREEER 15 SRR IR 461 4>
OTU, B 6.47%AFEREIM OTU 4k, H4y OTU &
JEA XTI R BRBE TR ] (Glomeromycota)i) 3 2N
4 H 8F9Jg 83 F AMF (K 2. % 6), Hrh,

Simpson #1 Shannon

&5 AMF ZMHEHSEIT
Table 5 Diversity analysis of AMF

SKFE S OTU %t ACE  Chaol Simpson Shannon
Location OTUs R Ak ERid R
ACE Chaol Simpson Shannon
index index index index
PS 171a 196a  188a 0.098b 3.10a
XS 191a 236a  217ab  0.05a 3.70b
Sz 193a 217a  245b 0.144b 2.77a
NC 176a 198a  196ab  0.123b 3.04a
YY 182a 207a  214ab  0.078ab  3.21ab

TE: Rl —3 5 AN R PR FRRTE P<0.05 K F 25 .
Note: Data with different superscripts in the same column
indicate significant difference at P<0.05.

Glomus fAXF e, U AMF B8 67%,
ARSI E; HIRE Paraglomus F
Claroideoglomus, 3 J&2Z FITEFA A9 i AMF
ST 96%.
WNIE 3 Fis 4 X H Y 5035 8 53 28 K- i

PGt Al 5, 5 RS HE RS & AMF &
HINAE], RFES SZ A YY AL E: A 9 1N g
) AMF BgRiis], REER NC M PS RiGH
Acaulospora, Rkt XS AKKii Diversispora Fl
Scutellospora, 47 6 ANJ@ N 5 ARFEEIHAT . H
Bl 3 AT, AS[FERAE £ B AR = A e 22
S, LB RS AMF BV 45 e 1710 Hb B 3 A5
%5,
90 r 83
80 73
70 66
60 56 34
50
40 b
30

20
10

50

AMFF MK
Number of AMF species

PS XS Sz NC YY  Total

RAERL
Location

2 FRER#ESLIEERD AMF #E50t
Figure 2  Statistical analysis of AMF species in soil
samples from different sampling sites
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* 6 AMF A%t
Table 6 Statistics of AMF
4 H # )& di ke
Class Order Family Genus Rate (%)
BRAE 2N 28 gL BRAEEFL R )R 67.00
Glomeromycetes Glomerales Glomeraceae Glomus
TR TR )R 10.00
Claroideoglomeraceae Claroideoglomus
ZFEHER E g pt E &R 2.00
Diversisporales Gigasporaceae Gigaspora
JEE s 0.06
Scutellospora
TR RER TR R 0.20
Acaulosporaceae Acaulospora
EZiE 2el EZ0E 2] 0.09
Diversisporaceae Diversispora
FPRBEFE kPR H FepRBERET KpRBEER 19.00
Paraglomeromycetes Archaeosporales Paraglomeraceae Paraglomus
TR A2 JRAEd H R R )R 1.00
Archaeosporomycetes Archaeosporales Archaeosporaceae Archaeospora
MR R VR R 0.20
Ambisporaceae Ambispora
Similarity Taxonomic composition Taxa
VY3 I S [ Unclassified
Y Y 2 I Scutellospora
VY | S [ Drversispora
Ambispora
XS3 I T —— Acaulospora
XS T By Archaeospora
NC3 Gigaspora
i (et
NC | O w— Glomus
XS1
SZ1
SZ3
S72

PS2 I N ——
| PS1 | I —
—— PS3 I S —

0

B3 FHideEmeRERMERE

20 40 60

Relative abundance (%)

Figure 3 The cluster tree histogram of each sample

80 100
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27 TIEREAFE AMF HXMES

TUAYFE 43 M7 (redundancy analysis, RDA) -+ 3% [A
F pH. ML (organic matter). B#fi# % (available
N). R (available K). 4 % #E(available P)5
AMF ZFEIEZ AR AR S (T 4) T 1, 9 % 2 AR
BAE BRI 42.5%, UrakEAsm b3 pH X
AMF ZHAPEMFE R K. pH. AHLET . iR
A BEH S AMF ZF£% (Shannon 75405 1EAH
XK, MARWE S Z R 5D HER TS5+
J£(Chaol FEEOZEMAR; pH AAYLR SIS E
(ACE 1880 IEAHSC, ol . sRs . ARk
HZBHMK. 7o, B 4 BRI A B TR
Shannon F5ECZ WG N, RIS RAELT AMF £
FEME XS>YY>PS>NC>SZ,

*NC
: PS
1.0} : szS
: °X
Chaol ! AACE °YY
A
— 057 Lo
S :
Ne
3 Simpsog____ ut . Shannon py
= 00 premmmmm e N Organic matter
S :
< :
2 Lo
® 05 tAvailable N Available K
Available P |
10} '

1 1 1 1 1
10 -05 00 0.5 1.0
RDALI (28.34%)

4 TIEEF5 AMF Z#1£87 RDA TR S
Figure 4 Results of redundancy analysis of soil factors
and AMF diversity index

TE: AFB R AR FERAE SRR KOTSRS
WA 23R T W EB LT ARSI S B br B
ZNBE R BFARE 5 S 9T 1A 3B 537 A B AL
Note: Different color dots represent samples from different
sampling points; Grey arrows represent different soil factors; The
blue dashed arrows represent the diversity index; The scale on the
abscissa is the value calculated by regression analysis of each
sample and soil factor.

3 WikE4w
30 FEARRRLIEAMF ZEEE, —&/ER
U MBS RY A IR

AMF J& H3ERUEY X R oy Aids) 2 i —2%
AR ECH , HER b 90%AY 4R 45 I #T RETE BLAEL
AR, (B AMF 75 2 b RIF 5 458K 14 107 FH ek 7 4
M, FEEPIECHN AMF X2 K W)
Jo AR B AR 0 B ot U B9 A o,
1 AIEAERAL TR B, AR R AN,
P2 R AL GRS S T 40 Z R0 25 FH RS
HEAT T A AR B 5, LB S e B 20 A
AME) AL 25 b 5 0 vk o 1 S e+ 33 R L Y
BLSE AL, AXRE e AR B 1% AT R 5R
FLA EPRBLU S R, AT B VR A s
JF 4 ARG I 43 B T 5 DG HiL X 245 464 S5 RAR PR
e AMF ZFE1E, RIS RAE A AMF B 75 2 BUAH
oL, A AR ES, A RS A 2
8 B} 9 J& AMF., H:HA Glomus AHX F E iy, A7
67%, JEITAFEMIIPERE . ok B ST E X
W ARIER AMF #1477 IH2R 845, LB EEEN
CHGEN AMF £ 145 Ff, SRIEF 8 R 12 )&, 1
H. Glomus HFFEIEN AMF LIS, &G Fp
(g 71%"7 . ARBFFERIEI AMFE R b 36 = E 50
AMF F'f#y 57.24%, HALIE S FKH &ML,
BB A F TR FEHRAZ YR M L e &
AR E5E . AR 13 AMF R FE,
e 5 AMF RGFHIE AL AR 1A, 1 HXF AMF HAY
1R AR ARSI o
32 TIERFS5 AMF #I# S MR X R

AMF & +3E)Jmi, HAKLHMAMIGE
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