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Abstract: In this study, we sought to investigate the correlation between endophytic
bacteria colonizing the leaves of Loropetalum chinense var. rubrum and the seasonal
abnormal leaf coloration characteristic of this plant. Hence, we performed plate
isolation and culturing and subsequent 16S rDNA sequence analysis to isolate and
identify endophytic bacteria from leaves with five abnormal colors and normal
red-colored leaves of L. chinense var. rubrum; we also analyzed differences in
bacterial diversity, community structure, and functional levels among differently
colored leaves. The results were as follows: (1) Compared with the normal
red-colored leaves, we detected higher biomasses of endophytic bacteria in the five
types of abnormally colored leaves. Among the isolated bacteria, 16S rDNA sequence
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alignment and phylo-genetic tree analysis revealed the presence of 906 bacterial
strains classified into 26 genera and 40 species. (2) While the smaller leaves were
colonized by the largest number of endophytic bacterial species with a relatively
uniform community structure, the opposite was true for bacteria isolated from the red-
and yellow-pigmented leaves. (3) Comparison of the bacterial community data for
abnormally colored leaves and those with the normal red color revealed that not only
were there significant differences with respect to the dominant genera and species but
also an enrichment of numerous bacterial species in the genera Methylobacterium and
Pseudomonas in the five types of abnormally colored leaves. Particularly, we detected
significantly larger numbers of Pseudomonas oryzihabitans. (4) We established that
abnormally colored leaves (smaller, red spotted, and the red and yellow types) were
characterized by an enrichment of bacteria with phosphorus solubilization, nitrogen
fixation, IAA production, and salt tolerance functions, among which, four strains were
found to have all four of these functions. Accordingly, we speculate that the abnormal
leaf coloration of L. chinense var. rubrum is closely associated with the activities of
these enriched functional bacteria. Our findings in this study indicate that the
abnormal leaf coloration of L. chinense var. rubrum is closely associated with the
enrichment of specific endophytic bacterial communities, which can thus provide
clues for elucidating the mechanisms underlying the development of abnormal leaf
pigmentation in this plant. Moreover, this may have important application value for
the efficient cultivation of high-quality L. chinense var. rubrum.

Key words: Loropetalum chinense var. Rubrum, abnormal leaf color, endophytic bacteria,
bacterial diversity, community structure.
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A. normal red leaf of L. var. rubrum (ZC); B. red and yellow leaf (HH); C. green and yellow leaf (HL);
D. completely yellowed leaf (QH); E. smaller leaf (XY); F. red spotted leaf (HB).

1 ZLAEHER S - i 5 IE R AL fr

Fig.1 Abnormal leaf color and normal red leaf of Loropetalum chinense var. Rubrum
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Table 1 Biomass of endophytic bacteria in various types of leaves of Loropetalum chinense var.

rubrum
A A A )
I - 258 Endophytic bacteria biomass (CFU-g")
Leaf type P RoA H5 3R 5t DL NA B deit 5
Calculated using RoA medium Calculated using NA medium

ZC 350.001144.91c¢ 200.00£117.04¢
HH 16000.00 = 1154.70a 333.00+41.80c
HL 5000.001-375.28b 367.00£75.03¢
XY 1900.00 =461.88¢c 1130.00+350.00a
QH 500.0015.77¢c 700.00+£101.49b
HB 3730.00175.06b 533.00+171.62bc

A RPEBAR TR EFRHEZE (0=3) « NANEFERRIEREE (P<0.05 .
Note: Data in the table are mean + standard deviation (n=3). Different lowercase letters indicate significant

differences (P<0.05).
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Table 2 Number of endophytic bacteria in various types of leaves of Loropetalum chinense var.

rubrum

A

MELE (P

Leaf type Bacteria number (Strain)
ZC 11
HH 490
HL 161
XY 91
QH 24
HB 129
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A. Phylogenetic tree of endophytic bacteria in ZC leaf; B. Phylogenetic tree of endophytic bacteria in QH leaf; C.
Phylogenetic tree of endophytic bacteria in HH leaf; D. Phylogenetic tree of endophytic bacteria in HL leaf; E.
Phylogenetic tree of endophytic bacteria in XY leaf; F. Phylogenetic tree of endophytic bacteria in HB leaf.
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Fig.2 Phylogenetic trees of endophytic bacteria based on 16S rDNA sequences
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IS ETHH A A2 4 T 22 AR BEAR BLBEVE S5 40 70 A 0 A

3 AFEZEAM e 2 AR RO A

Table 3 Calculation of bacterial diversity index in different types of leaves

W R Shannon-Wiener ¥5 4 Simpson ¥ %

Leaf type Shannon-Wiener index Simpson index
ZC 1.4140.17b 0.81%£0.01a
HH 0.3940.17¢ 0.02%0.01b
HL 1.3040.12b 0.67=0.21a
XY 1.794:0.03a 0.69*0.11a
QH 1.354+0.01b 0.70=0.01a
HB 1.3840.01b 0.62%0.05a

e RPBER NP EEE (0=3) . ARINSFREREREE (P<0.05) .

Note: Data in the table are mean + standard deviation (n=3). Different lowercase letters indicate significant

differences (P<0.05).
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& Bacillus paramycoides (FIERZFHAH) Neobacillus ginsengisoli (ANSLH#FRH)

1 Curtobacterinm albidum (3 ER/IMTRE) & Mesobacillus subterraneus (HF R IFIZEAUFF)

s Micromonospora chalcea (7 Hil/NATIE) = Paenibacillus amylolyticus (FRERZZFRIFIH)

@ Pseudomonas oryzihabitans (WERFIEEHTR) > Pseudomonas caricapapayae (TR NEEIE)

t Labedella gwakjiensis (7T HERE) 8 Bradyrhizobium denitrificans (FRIIE AR

a Bacillus salidurans (ViERZEHUFFR) < Brevundimonas vesicularis (4B EIE) ® Paenibacillus tylopili (RMK HAF RN )

% Massilia neviana (FICKFDIEH) - Sphingomonas yunnanensis (7T R L) Sphingomonas kaistensis (HUITFF 8RR HIRIA)
Ralstonia pickettii (J{FEDIRIFEIRIE) + Methylobacterium radiotolerans (FiffadfFEFTE) = Lysinibacillus odysseyi (REESEHEREMITH)

s Pseudomonas meliae (EIREAMFA)  Plantactinospora sonchi (ESERMIMEAE) 2 Curtobacterium flaccumfuciens (%155 MFH)

~ Bacillus tequilensis (FSHRZFAIFTE) % Siminovitchia acidinfaciens (AT AT AELERT (V) » Sphingomonas kyungheensis (REEA R B )

7 Aquincola tertiaricarbonis ( ZFWIKH) - Alkalihalobacillus hunanensis (WRREHERSFHITE) = Cotobacillus oceanisediminis (FFHETT I AEZF T

aSediminibacterium magnilacihabitans (FEZEURBRRETARE)

AL JB 5 SRR T I 1 A8 M R Py A G T R VR S R 5 B Rl 20 SROKCT IR 40 A8 M K I P A A T R VR
45k

A. The community structure of endophytic bacteria in the leaves of L. chinense var. rubrum at

aPaenibacillus seodonensis

= Rhizobium soli ( +-HEARIRI)

v Pantoea anthophila (EAEIZI)
2Niallia circulans (FRI/RE)

S Bacillus pumilus (SRR

o Bacillus subtilis (RiESERIFH)

s Janibacter melonis (B TE FITE)

the genus classification level; B. The community structure of endophytic bacteria in the leaves
of L. chinense var. rubrum at the species classification level.
K3 20 Fe M AR i Fr A 2R TR R S
Fig. 3 Endophytic bacterial community structure in leaves of Loropetalum chinense

var. rubrum
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Fig. 4 Results of endophytic phosphorus solubilizing bacteria in leaves of Loropetalum chinense

var. rubrum
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Table 4 Ability level of endophytic phosphorus solubilizing bacteria in leaves of Loropetalum

chinense var. rubrum

wAAG T () kB ER (D) /HEEERE (D

Strain number (Strain name) Diameter of halo/ Diameter of colony
RZC1-2 (Aquincola tertiaricarbonis) 1.2940.07bc
NHHI1-1 (Labedella gwakjiensis) 1.45+0.19b
NHH2-2 (Bacillus tequilensis) 1.38+0.08bc
RHL2-2 (Ralstonia pickettii) 1.24+0.07¢
NXY1-1 (Pseudomonas oryzihabitans) 1.81+0.19a
NXY3-4 (Rhizobium soli) 1.42+0.07b
RHBI1-2 (Curtobacterium albidum) 1.22+0.05¢

A RPEAR TR HEZE (n=4) . NANEFERRZEREE (P<0.05) .
Note: Data in the table are mean + standard deviation (n=4). Different lowercase letters indicate significant
differences (P<0.05).
242/ 1AARE 1 E

CLAEHEAR T N AR B L T TAA Be IR 5 s (JAA P2 &8 0 mg L' |1 8 #k
YN RAEEFFRRD , HE 9K~ HE JAA &K T 17mg L) « SHRFFZH (IAA P
B 17~80mg L) . 26 k= (JAA PR AT 80 mg' L) o HA, XY, HH M4
P2 IAA REJVE R R T ZC MHLE 3 7 W mH (ot 4 i, &7 B A RXY 2-6(Flavobacterium
acidificum)  RHH2-2 (Pantoea anthophila) ~ NXY1-1 (Pseudomonas oryzihabitans) 3357
BE RO . AN, SRR R A TR E M R AR IS Rk, R
WSt AR T OREARAE K TAA DIRER .
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Fig.5 Analysis of IAA production ability of endophytic bacteria in leaves of Loropetalum chinense
var. rubrum
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Table.5 Determination of nitrogen fixation and salt tolerance of endophytic bacteria in the leaves

of Loropetalum chinense var. rubrum

\ IFi] (A AN [FINaCLi#K &
g ( ) : :
._ wHS (H ﬂl% Nitrogen Different NaCl concentrations
Strain number (Strain name) )
fixation 05% 3% 6% 9% 12% 15%
RZCI1-1 (Janibacter melonis) - + + + - - -
RZC1-2(Aquincola tertiaricarbonis) + + - - - - -
RZC1-3 (Massilia neuiana) - + + + - - -
NZC2-1 (Micromonospora chalcea) + + + - - - -
NZC2-2 (Bacillus paramycoides) - + + + - - -
NZC3-1 (Paenibacillus
+ + + - - - -
agarexedens)

ANFINaCIHk

=
el
&
&

WSS (R4




Strain number (Strain name)

Nitrogen

fixation

Different NaCl concentrations

0.5%

3% 6% 9% 12%

15%

RHH2-2 (Pantoea anthophila)
NHHI1-1 (Labedella gwakjiensis)
NHH1-3 (Brevundimonas
vesicularis)

NHH2-2 (Bacillus tequilensis)
RHL1-4 (Methylobacterium
brachiatum)

RHLI1-5 (Bradyrhizobium
denitrificans)

RHL2-2 (Ralstonia pickettii)
RHL2-3 (Sediminibacterium
magnilacihabitans)
NHL2-2 (Mesobacillus
subterraneus)

RXY1-2 (Sphingomonas
yunnanensis )

RXY1-5 (Neobacillus ginsengisoli)
RXY2-5 (Plantactinospora sonchi)
RXY2-6 (Flavobacterium
acidificum)

RXY2-7 (Lysinibacillus odysseyi)
RXY3-1 (Paenibacillus tylopili)
RXY3-2 (Methylobacterium
radiotolerans)

RXY3-4 (Sphingomonas
kyungheensis)

NXY1-1 (Pseudomonas
oryzihabitans)

NXY1-2 (Alkalihalobacillus
hunanensis)

NXY2-1 (Cytobacillus
oceanisediminis )
NXY2-2 (Niallia circulans)
NXY3-3 (Bacillus salidurans)
NXY3-4 (Rhizobium soli)
NXY3-5 (Paenibacillus
amylolyticus)

RQH3-2 (Bacillus subtilis)
NQHI1-1 (Bacillus pumilus)

+

+ + + -

+ - - -



[ % BE 7 ANRINaClHk B2

e é > = e
oS (A Nitrogen Different NaCl concentrations

Strain number (Strain name) fixation 0.5% % 6% 9% 2% 15%

NQHI1-4 (Curtobacterium

+ + + + - - -
Sflaccumfaciens)
RHBI1-2 (Curtobacterium albidum) + + + + + - -
RHBI1-3 (Pseudomonas congelans) + + + - - - -
RHB2-2 (Pseudomonas
+ + + + + - -
caricapapayae)
RHB3-3 (Sphingomonas kaistensis) - + + - - - -
RHB3-4 (Pseudomonas meliae) + + + - - - -
NHB2-3 (Paenibacillus
- + - - - - -
seodonensis)
NHB2-5 (Siminovitchia
- + + + - - -
acidinfaciens)

TE: PRI INBERAL; - RN %I BERHIE

Note: + indicates the function is enabled; - indicates the function is not enabled.
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PN D AW S B NI I o R L s ol S T ol AN N R o B
B, T S R A At B N A 2 R R A R R T R = R
2ol ST N il o i e e Sl N A e N N = M/ N O ol {7 2 R N
IR 2 AETE . BEVR S S D RE R BE I 0 A AR AR R OK 22 e o W 0 B WoR 40 4k
AR FHEH At FNAEMERES S TIEFRa a5, NIk e AR 54 X f
A, 2R 0. M 0 f B RN R I b AR A T B E O A R D R R A
R, HORWM A R AE T AR (BRE T, 2009; =K, 2017) o &G
RIS ARE AT, NAE R E SR AT A EAMNAET RS ERN
NAH K (BkZEMEE, 2022) « B ABSZ KL, KFhriEER&EE
WoE B R RO S (FESLBESE, 2016) , B BRLhdEKINEETER
TESMAEMBEAR MK, HFRBETFRSTE NN M HEY - K
(Rogez et al., 2012) . WA A, AR FEHE AT PR ERTERD,
HMAEDMAKEERZEME, NSO NEHEREDE .

A TSR AT I AL A MR TE R A B 5 R R ok B N AR A B 2 R T IR
Bon, Br/ANm R OAN, RN AR E AN AEME S FEEYKT IEY
gL e, TR AR TR B A R R B A Sl R, TRIER O R B AR AR i
AU TE 2 FEE SR T EEM A (SR, 20205 A EMS, 2022) . 5HER
R RN o N i 15 I N o o N Y S Vo A L S i N N N 2 R A A 5
RPN NEE IS TRAN IR - NI e L o T RE o /Pl i Bl i G AN - N S I )
SO T R AR B RN AR AR M BEVE IR AR AL (BR 55, 20085 RS, 2017; B
&, 2021 o N ES M B SR 45 T 80 e A 0 B A IECD TR A O AR B
HREHERIRFELEEMNEFEKKE TR, MR THEHYS WA 4058 1 b
FE . B 3w AR A0 2 B R i e RS E oy X, B R AE ok
P& = AH W IE R B R T .
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Be fEEHPEE (Zhouetal, 20100 FIAH (FR B, 2023) [ KM 78 4 th
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AN R R REOKIE (53, 2017; Hou et al., 2020) , £ 16 M K 1M {4
AT BE A 51X P R AE WA 9% . o W AN [F A0 AR R i B b 3R AR 1 T RE B I LR
W, mEmart b A REREE S, HEB. o, B~ IAA W)
mTEFaOEOF RS MIIaEE, B 4k B LM IR, et art A
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1998; & FEZ, 2012; WM, 2014; Kushwaha et al., 2020) . MZLAEME A
MR R B IRAS T 26 MR T IAA A, K IAA R AT TANE L HIESHE
Y A 4H R TAA 43 WK - (Malik et al., 1997; A 25 & %%, 2023) , 770
SHRAME B E AR A Fd . R, aEg AR B RAEBELIL
R BRI AT B LA K S et R R R K E AR, M 52 R R E AR
VIERER R, A AR R, 2R M R oA B BE R, il
MR T8 BT R ) BRBE AR AE , FBRBE I AR AR I R AR AL AENE R I P AR g R A AL
BN EAEEI R FERIE TN G, REMH I T RN, EEEEN
e ic 28 7B EYMAEK R ERER.
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