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Rhizosphere Bacterial Community Characteristics and Function of Five
Limestone Endemic Plants
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Abstract: To understand the similarities and differences in the rhizosphere bacterial communities of different
limestone endemic plants, five species of limestone endemic plants in northern Guangdong were studied,
including Saxifraga dagiaoensis, Begonia leprosa, Primulina alutacea, P. polycephala and P. yangshanensis. The
rhizosphere bacterial community characteristics and functional component of five limestone endemic plants were
analysed by using high-throughput 16S rDNA sequencing and bioinformatics methods. The results showed that 42
phyla, 113 classes, 250 orders, 315 families, and 498 genera bacteria were detected in rhizosphere soil of five
plants. Chloroflexi, Bacteroidetes, Actinobacteria, Planctomycetes, Proteobacteria and Acidobacteria were the
dominant phyla. Heatmap analysis indicated that the soil physical and chemical factors, including available

phosphorus, exchangeable calcium, ammonium nitrogen, soil organic matter, pondus hydrogenii and total nitrogen,
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played important roles in the composition of bacterial community. The LEfSe analysis showed that different plants
enriched different rhizosphere bacterial population. The composition and function of the rhizosphere bacterial
community of B. leprosa was significantly different from those of the other four plants. The prediction of
PICRUSt2 function showed that the rhizosphere bacterial communities of five plants were the most active in
metabolism. The function prediction of FARPOTAX showed that chemoheterotrophy, aecrobic chemoheterotrophy,
nitrification and aerobic ammonia oxidation were the common dominant functional population in the rhizosphere
bacteria of five plants. These functional bacteria play an important role in helping plants grow and develop. It

would provide soil microenvironment data for the introduction and domestication of endemic plants in limestone.

Key words: Limestone; Endemic plant; Rhizosphere; Bacteria; Community structure; Function prediction
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Table 1 Rhizoshphere soil information of limestone endemic plants

T4 Species KAEHL Collection location 4K Altitude (m) 2% Latitude (E) Z5% Longtitude (N)
KR B 5 Saxifraga dagiaoensis ¥ 328 B LU BRI AEK R 460 112°45'6.3" 24°23/53.5"
T KR Begonia leprosa AR VT X % A O3 240 113°21'5.7" 24°3135.7"
RIEMBEE S Primulina alutacea T T A R ARG el A 260 113°20'35.4" 24°10/58.1"
LIERBFE S P polycephala TR A2 B LU B K A 460 112°45'6.3" 24°23'53.5"
FHILRFEE P, yangshanensis T BE LT B PR 150 112°49'11.6" 24°25"24.1"
1.3 AL R E i 4535 Clean Tags #EAT 2, BRIALL 97%M—

TR AR S R (R A AT I g .
358 pH B R pH v HIUE , K LIRS WRACEE A 2.5:1;
TIEAHURR A BRI A RN S BIEAEECR
YR E RIEN E ; TR S A A S -
FHERPTEL VRN E ;38 4 0 R FH S S AL A A i -
ICREE I E s T B AR ECR FH AR S 02
€ s I RO R R SV -EH B T B i E
S RO R P I PR - SR G BEVE I € 5 3T ik
PSR S5-I 73 D' ' BEVE I €
1.4 HRBr 3RS DNA 2B PCR 331 7

il 2+ 4% DNA $2HUA7 5 (OMEGA E.Z.
N.A. Soil DNA Kit, USA) it B 5 52 B b+ 331 AE
Y15 DNA, HT 1% 0B IR B SE I F koA U £ 1o &,
F NanoDrop One 5l DNA 3 F5E A48 B o % 41 i
16S rDNA 741 (1) V4 XBEATH 38, fir I 514907 338F
(5'-ACTCCTACGGGAGGCAGCAG-3")#1 806R (5'-
GGACTACHVGGGTWTCTAAT-3)["1, PCR %
R ZN: 25 ul 1 2xPremix Taq, 1 uL [ Primer-F
(10 mmol/L), 1 uL /] Primer-R (10 mmol/L), 3 uL
'] DNA (20 ng/uL)F1 20 uL 1] Nuclease-free water.
PCR JZ M2 N:94 C 5 min, 30 MEIF(94 C 30 s;
52°C30s;72°C30s), 72 °C 10 min, 4 'C B )2 v/
SEile F 1%BR iR B EE LIk Al PCR P01
BKERWKEZS, KA Illumina HiSeq2500 Wl ¥
*F- & (Guangdong Magigene Biotechnology Co., Ltd.
Guangzhou, China)#£{7 PE250 M5 . 7 TAEZRFT
AR SR I RIRH A BR A 7] 5E il
15 M4
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Reads AT i &1 /5, H FLASH (1.2.11)%&
R X I 7 B AT D, 343 Raw Taglle 44
JE AR 74 B R P 1Y) barcode A5 95 255, FIH
Mothur (1.35.1)# 413517 Raw Tags JF 7 211 9E, &
#2433 Clean Tags. #H usearch (10)3K 14X FrE i

¥y 51 25N OTU (Operational Taxonomic
Units), 4 H IS R = 1 PP I 984S OTU AR
FEMERF1 . I QIIME (1.9.1) 2[4 & 441 singleton,
RIGTEE NP SRS IR AL S B, KT EE
BN Silva (https:/www.arbsilva.de/). {1 QIIME
BAHELH T alpha diversity.py BIA AT o ZFEMTR
B, HAPEHE Observed speciess Chaol Shannon.
Simpson. f#i [ SPSS (27.0.1)X} Fr & £ 3t 47 5. K 2%
J7 253 HT(ANOVA). FIH R (4.2.1)4 B i A 7 A
TEE, 5ERK PCoA 73 #T+ Spearman AH I HESE 73 Al
YEW . K H Galaxy 7E £k W 3 (https://huttenhower.sph.
harvard.edu/galaxy/) 56 B ZH [ 1) M 22 S 2 25 M 3 #r
(LEfSe 73#7). 4 Dy Re AR &2 Tl R A PICR
RSt2 (22.1.0) 3347 43 12" SR A FAPROTA %#%
JE (http://www.zoology.ubc.ca/louca/FAPROTA X/) T il
I ER Th B

2 SR

2.1 1RFr LM R
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FHILREE & . RFEIREE SR L3 pH B35
T 2 R S A KIS . T R AR B
HIEMENUR . AR . AR X
RO A E S e, KM P AR s 18
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AR E I AR, 2 EMEE SRR LIENA
BUR . A% BARA. SRR I E I RAE, (A
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Table 2 Rhizosphere soil properties of five limestone endemic plants
B j(’ffr‘f}iﬁﬁ ﬁﬁﬂﬂk‘}%% &ﬁ?&ﬁ'ﬁ% %E?E’(%Tﬁ% FH m&ﬁﬁ%‘
Parameter Sw‘czfragaA Begonia Primulina Primulina Primulina A
dagiaoensis leprosa alutacea polycephala yangshanensis
pH 8.34+0.28¢c 7.38+0.26a 8.19+0.21c 7.7540.11b 8.34+0.02¢
HHLIE Organic matter (SOM, g/kg) 27.67+8.48a 320.31469.54b 95.34+58.60a 20.64+1.87a 44.14+22.76a
4% Total nitrogen (TN, g/kg) 2.18+0.54a 18.23+3.80b 5.16+2.74a 1.96+0.19a 2.96+1.50a
4=1§ Total phosphorus (TP, g/kg) 0.42+0.05a 1.41+0.59b 0.81+0.20a 0.75+0.07a 0.32+0.22a
44 Total potassium (TK, g/kg) 0.52+0.27a 5.90+0.19b 11.0342.96¢ 13.9440.24¢ 5.06+3.18b
Tl % Ammonium nitrogen (AN, mg/kg) 105.29+25.52a 759.89+84.33¢ 305.51£173.27b 85.65+18.51a 150.81£76.85ab
A% Available phosphorus (AP, mg/kg) 11.87+2.60b 15.33+2.40b 6.33+2.22a 5.2742.60a 2.80+0.36a
AN Available potassium (AK, mg/kg) 34.57+11.79a 178.80432.62b 181.64+124.69b 57.7443.30a 35.29+11.69a
ZHPEES Exchangeable calcium (ECa, mg/kg) 5 592.73+97.32ab 14 452.33£1549.50d 7 728.47+513.49c 4 287.07+824.91a 6 073.67+804.20b

FATEER G AR 7 B RR 2 57 8% (P<0.05). TR

Data followed different letters at the same line indicate significant differences at 0.05 level. The same below

BTV Observed species T8 500 KM HE B> FH LR
FEE>Z EMEH B E>REIREE E>WHRK0E
%, Chaol fRECAHIHILREE H> KR HHE>2 3%
B EEXREIRE S E>W R, B85 MiE
W] Observed species $a £ A AN [E], (H M T HH
FABH L Fi 35 i & 1 Observed species 8% Chaol f&
I E 2T, Kk, IR AR,
FARIBEOV KRR B >[I IRE E &> 2 2 iE
E ARG E &> K KR H 5
L AR B T R B 3R R 1) o AR R R R A
=, HE5EHKIBRAEREER, ZEREESR
5HAth 4 MEMERALE .
2.3 ARERGHEE RET AL RRAFE

5 TR o SRR ot p ARSI A R 42 17 113
20250 H 315 F1 498 J&. W& 1 AT, 7EI4528K
b, AR R B B R (> 1%) AR B 35 4 T L
H 134, K& B 1 ](Chloroflexi)« #F & ] (Bacter-
oidetes)- i ZE 1 |1 (Actinobacteria) V%% i | ](Planc-
tomycetes) . 2% JE & |'] (Proteobacteria) F1 2 4T B 1]
(Acidobacteria) e 44X R H 1], 25 B A7 40 T S 40T
77.33%~90.64%. FHALIETE R ] (Nitrospirae) ¥ 7E 5

R 35 IR R A AR bR 08 = AN 22 R AR A

I BK i S5 0 B L A 3 T AR B 3B 4 T P A R
JE>1%, [T ] (Latescibacteria)fll Rokubacteria
ASCHEE 8 P B S AL o - S 48 R v ARG = > 1%,
M [ '] (Cyanobacteria){X 7E K p% H-AR s -+ 5848
HR AR XS 2 £ >1%, Entotheonellaeota X 7E BH 111 & EE
E AR BRI A B Hh AR F > 1%

TEJR I3 FKF b, MR EE>1% 8 A 13 4,
H AN W & (Pirellula) Planktosalinus A1 RB41
& 5 MEMR b LA AR RS A LS R .
VI RE, REIEE G R R g oA X A
>1%H1J& 5 BN Pird_lineage (3.48%) /NALIEH &
(2.23%). Planktosalinus (2.19%)~ Bryobacter (1.65%)~
Gaiella (1.47%)~ RB41 (1.26%)A1 Terrimonas (1.1%),
Hrt Pird_lineage 7 £ S HUAL o KMr e B AR bR 35
XS 32> 1% & 73 )9 Planktosalinus (2.58%)+
Pird_lineage (2.33%)~ RB41 (1.62%). /NI )@
(1.58%)~ MNDI (1.09%)F1 Bryobacter (1.04%),
W Planktosalinus 7 £ 5. ZERBFEERREF L
PR > 1% & 73 32N Planktosalinus (4.00%)-
YB-42 (2.79%)~ Pird_lineage (2.40%). UTCFX1 (2.10%)~
NI B R (1.60%) Bryobacter (1.31%) RB41

il
i

Table 3 Abundance and diversity indexes of rhizosphere bacterial among five limestone endemic plants

KM R H
Saxifraga
dagiaoensis

iz

Index

T RK i 5 WHEREEE ZEREFES Pl EE S
Begonia Primulina Primulina Primulina
leprosa alutacea polycephala yangshanensis

452.00+36.05b
1137.86+202.91a
8.32+0.16b
0.99+0.001b

Observed species 6% Observed species index
Chaol 84} Chaol index

T <4840 Shannon index

¥ ARFEH Simpson index

389.40+21.96a
980.99+76.11a

411.00+26.69ab

993.77490.23a
8.07+0.19ab
0.99+0.001b

439.60+59.35ab

1083.97+171.43a
8.12+0.56ab

0.99+0.008ab

450.20+47.11b
1 167.89+199.74a
8.30+0.25b
0.99+0.001b

7.73£0.17a
0.99+0.005a
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Fig. 1 Relative abundance of rhizosphere bacterial community among five limestone endemic plants at phylum (A) and genus (B) level. PA: Primulina alutacea;

PY: P. yangshanensis; BL: Begonia leprosa; PP: P. polycephala; SD: Saxifraga dagiaoensis. The same below

(1.27%)~ Gaiella (1.05%), HH Planktosalinus 15 £-F
ML o 8RR SRR B 338 A X = B> 1% 1) & 43l
N UTCFXI (5.66%)~ MNDI (2.19%)~ RB41 (2.07%)~
T 16 W2 € B8 8 (Nitrospira, 2.03%) -+ Planktosalinus
(1.85%)+ Crossiella (1.40%)~ Terrimonas (1.22%)~ /)
FUT B (1.02%), Hrh UTCEXT 5 E S 7. BHIL
B R PR 3 A F > 1% 08 43 0
Pird_lineage (2.73%)~ /NIEH JE(1.99%) MNDI
(1.95%)~ Crossiella (1.77%)~ UTCFXI (1.74%)~ RB41
(1.46%)- Nitrospira (1.28%)- Planktosalinus (1.20%)-

AKYGS587 (1.04%), F Pird_lineage 5 3 57,

XPAS [EIRE AT B, AN (A ot PR R
BRI =K, T — b8 54 R oothre
LG FRE A 1) OTU i . KR B = ik
BE. REMEFES . Z2ERFEEMHLREE
&2 HIEA R OTU 008 302, 5% H AR br 3840 b
OTU SH01) 21.57%- 25.90% 27.21%- 22.91%A
22.17%; 5 FAEYIAR bR 88K OTU £053 718 324
284, 239, 307 f1 330, /% HMRER -IEAE OTU
ST 23.14%124.36%+21.73%+23.29%F1 24.23%,
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Fig. 2 PCoA Analysis of rhizosphere bacterial community among five limestone endemic plants. A: Based on Unweigheted Unifrac distance; B: Based on

Unweigheted Unifrac distance.
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Fig. 3 Taxonomic cladogram of rhizosphere bacterial community among five limestone plants (A) and LDA value distribution of significantly different species (B)
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Fig. 5 KEGG pathway of rhizosphere bacterial community among five limestone endemic plants
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Fig. 6 Function prediction of rhizosphere bacteria among five limestone endemic plants in top 20 relative abundance
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Fig. 7 Difference test of rhizosphere bacterial functional groups of five limestone endemic plants
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Table 4 Corresponding functions of bacterial communities in rhizosphere of five limestone endemic plants at genus level

JB(FHXT 32 ) Genus (Relative abundance)

IjfE Function

A Bradyrhizobium (14.44%), Roseomonas (5.86%), Asticcacaulis (3.93%), Bryobacter (3.85%), Lautropia (3.12%),
Chemoheterotrophy Sphaerisporangium (2.37%), Sphingobium (2.32%), Mesorhizobium (2.25%), Hyphomicrobium (2.23%),
Flavobacterium (2.11%), Sphingomonas (1.64%), Devosia (1.43%), Rhizorhapis (1.37%), Rhodococcus (1.13%),
Caulobacter (1.10%), Micromonospora (1.02%), Novosphingobium (1.02%), Cupriavidus (1.01%), Roseimicrobium (0.97%),
Mpycobacterium (0.97%), Cytophaga (0.83%), Opitutus (0.77%), Actinoplanes (0.64%), Singulisphaera (0.58%),
Pseudomonas (0.57%), Amaricoccus (0.53%), Others (16.35%)
A RE S Actinophytocola (14.44%), Actinoplanes (8.18%), Pseudonocardia (5.86%), Bradyrhizobium (3.93%), Streptomyces (3.85%),
Aerobic Pedomicrobium (3.12%), Devosia (2.37%), Hyphomicrobium (2.32%), Sphingomonas (2.25%), Kibdelosporangium (2.23%),
chemoheterotrophy Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium (2.11%), Bryobacter (1.64%), Mesorhizobium (1.43%),
Leptothrix (1.37%), Nocardioides (1.13%), Rhodoplanes (1.10%), Kineosporia (1.02%), Solirubrobacter (1.02%),
Novosphingobium (1.01%), Reyranella (0.97%), Sphingorhabdus (0.97%), Micromonospora (0.83%), Caulobacter (0.64%),
Pseudomonas (0.58%), Bosea (0.57%), Crossiella (0.53%), Others (7.22%)
TEALE MNDI (1.73%), Ellin6067 (1.10%), Nitrospira (0.64%), mlel-7 (0.40%), Candidatus_Nitrosoarchaeum_limnia_SFBI (0.10%),
Nitrification 15-44 (0.07%), Leptospirillum (0.06%), oc32 (0.04%), Nitrosomonas (0.02%), DSSD61 (0.02%), Others (0.01%)
AR S A MNDI (1.73%), Ellin6067 (1.10%), mlel-7 (0.40%), Candidatus _Nitrosoarchaeum_limnia_SFBI (0.10%), IS-44 (0.07%),
Aerobic ammonia 0c32 (0.04%), Nitrosomonas (0.02%), DSSD61 (0.02%), Others (0.01%)
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