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Diversity, heavy-metal tolerance and indoleacetic acid production

of bacterial endophytes in Bidens pilosa

HU Ze-Rui LIU Yuan PENG Chang-Lian LI Shu-Bin”
College of Life Sciences, South China Normal University, Guangzhou, Guangdong 510631, China

Abstract: [Background] Plants are inhabited by diverse bacterial endophytes that are closely related to the
growth and stress tolerance of their hosts. Bidens pilisa L. is a highly invasive plant species with strong
stress tolerance. However, up to date, there is limited literature reporting the research involving the
bacterial endophytes of the plant species. [Objective] To investigate and characterize the diversity of
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bacterial endophytes community of B. pilisa, and to obtain the bacterial isolates from the plant species
with both potential of heavy metal-tolerance and indoleacetic acid (IAA) production. [Methods] The
diversity of bacterial endophytes community was analyzed by using MiSeq high-throughput sequencing
method. The tolerance ability to heavy metals Pb, Cd, Ni, and Hg, as well as the IAA-producing ability of
bacterial endophytes were evaluated by using culture-dependent method. [Results] We recovered a total of
4 031 distinct operational taxonomic units from the total bacterial endophytes community of B. pilosa,
which could be affiliated with 25 distinct bacterial phyla, 51 distinct bacterial classes, 76 distinct bacterial
orders, 182 distinct bacterial families, and 536 distinct bacterial genera. At the genus level, the most
dominant bacterial genera detected from the root, stem, leaf, and seed of B. pilosam were Enterobacter,
Acinetobacter, Sphingomonas, and Pseudomonas, respectively, followed by Burkholderia,
Methylobacterium, Pseudomonas, and Pantoea. Using culture-dependent method, we obtained 34 bacterial
isolates from the internal tissues of B. pilisa and all obtained strains showed the tolerance at least to one
tested heavy metal. Seven strains (numbered GF-1, GF-8, YF-1, YF-2, JF-1, GF-2, JF-8, respectively)
could produce IAA with IAA yields varying in the ranging from 57.48-312.22 ug/mL. Based on 16S
rRNA gene sequence analysis, the 7 IAA-producing strains were identified, and strains GF-1, GF-8, YF-1,
YF-2, JF-1 as Bacillus spp., strain GF-2 as Pseudomonas sp., strain JF-8 as Burkholderia sp. [Conclusion]
The bacterial endophytes community of B. pilosa has high population diversity. Bacterial endophytes
strains GF-1, GF-8, YF-1, YF-2, JF-1, GF-2, and JF-8 obtained from B. pilosa show not only multi-heavy
metals tolerance also high IAA production, being good candidates used as bio-inoculation agent for
bioremediation of heavy metal-contaminated soil.

Keywords: Bidens pilisa L., Bacterial endophytes, Population diversity, Heavy metal tolerance, 1AA
production
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Table 1 OTU-based diversity analysis of bacterial endophytes community of B. pilisa
ZHA AR HEE OTU %t H Shannon F5 % bk

Tissues Numbers of valid sequences Numbers of OTU Shannon index Coverage (%)
R Root 18 814 2934 5.12 86.66
2 Stem 1948 264 4.27 92.27
I} Leaf 1183 113 1.25 92.65
Fi+ Seed 14 672 882 211 95.98
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Figure 1 Populations composition of bacterial endophytes community of B. pilisa at the phylum (A) and class (B) levels
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Figure 2 Populations composition of bacterial endophytes community of B. pilisa at the order (A) and family (B) levels
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Figure 3 Populations composition of bacterial endophytes community of B. pilisa at the genus level
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Figrue 4 NMDS plots of bacterial endophytes community of B. pilisa at the levels of phylum (A), class (B), and genus (C)

26 EMRERABANEHENSBMNES
B8 h

FHH LR AE S 9 AR A o B R 5 05k, =
M REF AR . RN AR RS 34 BRI R E LA
IR AR . 34 BRNAAHTEXT Pb, Cd. Ni, Hg %
4 FIEE 4R T Z R 1255 3R 20 N3 2 W],
FTA B RRY 2 /D%E 1R 48 B R R R
(T 2 BEF1. 30 ISEIFKAENT2>200 mg/L Pb*™,

®2 ZHREEANEAEEHRESEMZNE

w5 AN B Rk ERe e PR T 32 4 AT i 1 000 mg/L; 164
HARBEMT32>100 mo/L Cd**, Horh 3 bkiw i 32k
JE k%] 500 mg/L; 30 Ak BENMT52>100 mg/L
Ni*, Hi 2 Bidis Nitiifa2 %% 1 000 mg/L; Hg™
X} I R e, X 6 BRI HeP T %,
TR TR A2 e B /R 30 mg/L. 12 /N bk AT [ it
5z 3FP LA R EAJE . Wik YF-1, YF-2, YF-3,
JF-1-2 RElEIT N 37 4 Al 4R .

Table 2 Detection of heavy metals tolerance of bacterial endophytes isolated from B. pilisa

— _ IR T 2k _ — _ IR T 2k _
Strains Thghlghest tolegimce concentratlon (mg/L)+ Strains Trsz highest tolezrfnce concentrf\tlon (mg/L) _
Pb Cd Ni Hg Pb Cd Ni Hg
GF-1 200 200 100 = JF-6 100 200 = =
GF-2 200 100 100 = JF-8 1000 100 200 =
GF-3 1000 = 1000 = JF-9 100 = 100 =
GF-5 100 = 100 = JF-10 100 = 200 =
GF-7 100 = 100 = JF-11 100 = 100 =
GF-8 1 000 500 200 = JF-12 200 = 200 =
GF-10 100 = 200 = JF-13 500 = 200 =
GF-X 100 = = = JF-14 = = 200 =
GF-Y 500 100 100 = JF-15 100 500 = =
JF-1 1000 200 200 = YF-1 1000 500 500 30
JF-1-2 1000 100 200 10 YF-2 500 100 1000 10
JF-2 200 100 200 = YF-3 200 100 100 10
JF-3 500 = 500 = YF-4 = = 100 =
JF-4 1000 200 = 30 YF-5 = 100 100 10
JF-5 100 = 200 = YF-7 500 = 200 =
YF-7 500 = 200 = YF-10 100 200 500 =
YF-8 500 = 100 = YF-11 = = 200 =

T - PEMRASREI 2215 4 BT 5 (VR E (P . Cd®* . Ni™y 100 mg/L, Hg® >y 10 mg/L).
Note: —: Strain cannot tolerant the lowest concertrations tested (100 mg/L for Pb*", Cd*", and Ni?*, 10 mg/L for Hg?").
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27 =MRFERBAEMREREEER IAA FE
EHME

24 LR -Salkowski’s €0 fz i %t 34 Al TR ik
) 1IAA AT THEE TR0, ERAT A I 5 s R
N AAA A BITERRR, 43I RE T R 2T TR
7 AR R B IAA TEA T (B 5A) . dE—4E
IR IR A S AP RR Y IAA 238, &
R, IAA PERIEH N 57.48-312.22 pug/mL, LA
MR IF-1 i, HEMKUCH YF-1 (225.69 pg/mL)
1 GF-8 (81.11 pg/mL) (& 5B).
28 Z=MRHEERE IAA REAEREKOVS
£33

PIGIT 7 bR IAA TR LE TR BRIY 16S rRNA J
N, MR EREE NCBI B4 8wt
PE3>99%. ] Neighbor-Joining ¥:#4 & 2 48 ik 4k,
B, WFE GF-1. YF-2 5 K 2F i #T 1 (Bacillus
megaterium)f; Tlil—43 %, Btk GF-2 S5
15 24 Jfa 1 (Pseudomonas nitroreducens) {3z T &) — 43
¥, WPk GF-8. YF-1 5 i By 2 0 41 1 (B.
amyloliquefaciens)fs; - [F]—43 32, Ttk JF-1 5H5E

B 5 =MREENEMEERT IAA BENNE

B FE M ZE AT (B. methylotrophicus) £ T /] — 43
X, WERE IF-8 5 E T 7oA /R TSR (Burkholderia
gladioli)fyi ¥ [F]—43> % (&l 6)-
3 WikE4w

AWFFEFI ] MiSeq i £ 7% HiSeq M=
BEEAR, 250 0F. B 4 SRRIZZURS 36 617 4%
M4 16S rRNA JER V3-V4 XATFS, 4 193 4
OTU (% 1), MARSFIAY OTU A3 1T 50% AN GE
EH . B OJEAE RIEZE, (ACAZE OTU &
76 MANFIRIAHTE H | 182 AR 40 F 536 A
[ TR, EHTZAE ) N A A R AR A = 1Y
PR G AR e, =0 AT B 4 N 23t
AHIOTUAL 124, fRFRASHLINAANERAAN ],
FUEAKFE ERHAL A NMDS B A5t B B 231 (&
4), Vi IZAE YA [RI 2 2 PN A A0 TR 9 2 B AE B
W25, S RE ] A 2R R AR P s L
MR A A AL B, T LS AR ST P2t
s R BEZH A 50020 ST RS S R 21 21
DA A BRI AP AE 22 S R R 22—

Lo T
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Figure 5 Detection of IAA-producing potential of bacterial endophytes isolated from B. pilisa

W A EMENE; B EEIIE.
Note: A: Qualitative determination; B: Quantitative determination.
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Bl 6 Z=MREET IAA NEMBEE 16S rRNA EEF Neighbor-Joining L1
Figure 6 Neighbor-Joining phylogenetic tree of IAA-producing bacterial endophytes isolated from B. pilisa based on the 16S

rRNA genes sequences

TE: 43 ErgdEFRIR AR 1000 IRIMSCRF A% 45550 GenBank J¥41'5 s ARRSEEFTRHILIEES.
Note: Numbers at each branch point indicate the percentage supported by bootstrap values based on 1 000 replications. GenBank accession
numbers are shown in the parentheses. The scale bar indicates 0.05 substitutions per nucleotide position.
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ERZRIE i S NN NIV N 1 S hEr . S TNl
B A AR A G AR S AT R AR,
s TR R RS . N T RS R AT
J& . HEAFREESFFZm AL REIE(E 3), KR
=R A RN A R AR AR B — Y . A E

RS Jm A R R s . 2 RE . S
WwE . AT RS . BRI R R . P
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HHPIHUR . PR AR R =t
I P A A TR ARt T BBV AR TR A AR
B8 N e RPUR LS RE Ty o (EARR I A, A
FEER B = R EE EEWAIFE, A
AT B A BRI T 250, 2 12 B S g 10 F B0
w2z A E I R ST S 2 2
DARE DIVE Ry 2k A A 74548 1T 62 U A S (B 1Y)
ER TS S I e R N AT AL A
B 11 HE o] B G PN A I 2P 2 TR AR E A BREE
HAT 4 R PO % P4 A6 40 7 T 3 e ) B4 R
(0 B L RSO Ak SR R 4 SR X i
EARPE, WO N EENETE A 2 A R b
T AR E Y. ABETE R, 34 MR = AT
B AR B ) AR AP T BRI X Pb. Cd. Ni. Hg
4 FhEE4JE BN BRI 2R ), Hid 2
PR 2 R 4 LA T A2 B8 T (3% 2). X R
ARG . AV AR T A E R RE T
e HAR N E B KR E S BPIEANR A . 1AA
AT B R A, RN S S 3R
WY SHE EENEEE S TR, 1AA 1EHY)
PUE 4@ Wl rp R AR SR, SMEES I IAA 7T
WA ARSI IR R TSR A
FIETSY, MO E AR IS A E RS 2R Nt 552
A SR ZRE S, X EAE L MR RS8R
S8 ARG N I AT B Ay B AR R R 34 bk
WAAE A 7 ARk SRS EA A 1AA 1
J7, Hpm#k 57.48-312.22 pg/mL ([ 5). 7EHRIE
TP IAA NARHITR Y, RRIERRAT IAA ZrUKF-
BIRKES, BN, LREFHERE KRR N L
T IAA 435 25 AT i 269.83 pg/mLle, sk A
B 2LGRAT 5T RO TAA VAR, H 1AA P20
0.5-129.68 pg/mLI3, ABF5E N = W 525 43
RN —SERAR TAA PR i A SCRR IR
Po AFFE L E R R LB SR BUEA™ 1AA (R
B B P9 A= 41 8 B S 2 i 1= 32 A 9 % E 4 U 1 T
SRR E SR N ARBFT SR 1AA
FRATERR AR 3 R E 4R AT AZ A ), X

SERMR Y)Y S B R E e R ge IR, By
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