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Correlation Analysis Between Anthocyanins Content in Pennisetum
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Abstract: Anthocyanins, also called anthocyans, are a group of plant secondary metabolites of flavonoid derivatives.
Anthocyanins play an important role in mediating plant stress responses. However, whether anthocyanins are also in-
volved in regulating phyllosphere bacterial communities remains unknown. To evaluate the differences of phyllosphere
bacterial communities in plants with different anthocyanin contents, this study analyzed the phyllosphere bacterial
communities of two cultivars of elephant grass with contrasting anthocyanins content, Pennisetum purpureum cv. Purple
(Purple) with a high amount of anthocyanins and P. purpureum cv. Mott (Mott) with relatively low anthocyanins. The
anthocyanins content determination results showed that the anthocyanins content in Purple leaves was nearly 20 times of
that in Mott leaves. High throughput sequencing of 16S rRNA and analysis of the microbiome community indicated that
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though alpha diversity was not significantly changed, the bacterial communities of Purple was significantly different
from that of Mott. In Purple, the relative abundance of endopphytic Proteobacteria and Bacteroidetes, and epiphytic
Deinococus-Thermus were significantly increased, whereas epiphytic Bacteroidetes and Firmicutes were significantly
decreased. The composition of microbiomes (ANCOM) at the OTU level, the relative abundance analysis at the genus
level and correlation analysis between epiphytes and anthocyanins showed that the relative abundance of Methylobacte-
rium, Unclassified Methylobacteriaceae and Deinococcus, which showed a significant positive correlation with antho-
cyanins content, were significantly increased in the episphere of Purple. In summary, the phyllosphere bacterial com-
munities were significantly different between Purple and Mott. The findings from this work would provide new insights
into the understanding of the superior forage value of P. purpureum cv. Purple, and lay a foundation to further investi-

gate the mechanism of how plant secondary metabolism products regulate phylloshpere microorganisms.
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123 F¥FXEMBERMNF A FastDNA®
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Mo 5% PCR {54 799F F1 1193R, FR7f
WHART N 13 4b, HARFEF RIS —% PCR, PCR
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JEIT 224001 ( permutational multivariate analysis of
variance, PERMANOVA ) THE U YR S5 16 1)
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OTU 1922 %23 | OriginPro 2022b %41ty
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1A, B 1B). WiE—285 2 g rint H 167 &
GRZES, S 2 AR R R NEE RS R
PEATRE AT . BEIREH, g it R rhiie
HE o8 M150.15+3.4)pglg, BESE H(7.80+
0.29)ug/g, 2 FIZFM R EH RS RmEMN N E 2
5 (P<0.001), @GR el £ 5 "2
RGBT 20 F5 (& 1C ),
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o0 *%
% 160 =
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< — .
BEE RORE
LA Variety

A: MFRIETE; B: MR ZNCNERE, A0 EERE .
C: M EFREGR, »FRERWEF (P<0.001).
A: The front leaves; B: The back of leaves; On the left is
P. purpureum cv. Mott, on the right is P. purpureum cv. Purple.
C: Anthocyanins content of leaves. ** indicates extremely signifi-
cant difference (P<0.001).

B1 REMARRBEREEZRESE
Fig. 1 Phenotype and anthocyanins content of
clephant grass leaf
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Fig. 2 Alpha diversity index of phyllosphere bacterial communities
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A: JET Bray-Curtis I ER 04T, [HBERRHA 95%EFXE; B: JET UPGMA M RHET.
A: Principal component analysis (PCoA) based on Bray-Curtis, the circle indicates the 95% confidence interval of the sample;
B: Cluster analysis based on UPGMA.

B3 SEMBRAHR P SHESHT
Fig. 3 Beta diversity analysis of elephant grass phyllosphere bacteria
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%&1 PERMANOVA B RS2
B BEE SR N
Effects of anthocyanins on bacterial community
structure assessed by PERMANOVA

Tab. 1

K% RS I 2 Wt M
Pairwise F > P
Compartment . R
comparison
I ASE Purple vs Mott  2.422 480 0.232428 0.011

2w 9.974 927 0.475 564 0.002"

T FRR 2R (P<0.05); TRA SR (P<0.01),
Note: " indicates significant difference (P<0.05); * indicates
extremely significant difference (P<0.01).

Purple vs Mott

2.4 SEMEREAEHEK DT

R FEAT G PR AN B AL, RN K F
XEARFIEA A TAR R A (B4, £ 2), 45
R, iR AR IR ETT (Hb=1%) B2
JEEI] ( Proteobacteria ), #UFFH ] ( Bacteroidetes )
FIREEG ] (Firmicutes ); M7 R AT 1 A0 T
TBR B3k 3 Fdb, i HE AT ] ( Actinobacteria )
MSEEPRE-WiEE T ( Deinococus-Thermus ), %%

O R AT B TR S BR - R
AR X 2B R R TR R A, BT I AR
FEW N TR, L LA RERY], Eagm
FIER F it BRIAE My 3 1] B A 2 A A
25t o

100 -

o Proteobacteria
N Bacteroidetes
8 80 Firmicutes

g B Actinobacteria
2 Deinococus-Thermus
E Others

s 60
2
=

S 400
s
oy 20+
g

0
BREE ROGHE BRE ROARE
R R
A Sample

B4 2MREMREREEKFHENEE

Fig. 4 Relative abundance of phyllosphere bacteria
of elephant grass at phyla level

R2 2HEEMBRRABEIINENEE

Tab. 2 Relative abundance of phyllosphere dominant bacteria at phyla level between two cultivars of elephant grass %

7 PN Endosphere -1 Episphere
Phylum JEZ T Mott LI Purple FE4: 5 Mott EELE Purple
AR B 1] Proteobacteria 19.86 60.22" 49.43 68.21
UFF I ] Bacteroidetes 54.07 26.27 20.10 2.91°
JEEETE ] Firmicutes 21.80 11.22 4.63 0.09"
FLE T ] Actinobacteria 0.72 0.53 25.72 12.50
SR ERIE Wi ] Deinococus-Thermus 0 0.05 0.10 16.10"

M FREREE (P<0.05),
Note: " indicates significant difference (P<0.05).

2.5 ZEMRAEZESR OTU RERESH
XPERAZRERNIZZ RN OTU MXF AT
W20 (K S), B clr ZitERR
EZREWR/N, BHRFIEME, REOLE T
Z OTU [ARXT s TRRZ 5, TUENAHS ; A
WW SRR B TR 2 R R A
LTS TR L BUAHNT B2 22 % B 1) OTU, e
MR REANE AR R 3 MHIXTEE R EER
) OTU, %{%% OTU7 ( H LA HE Methylo-
bacterium ), OTUS ( 5% ¥k J& Deinococcus) il
OTU69 ( Unclassified_Methylobacteriaceae ) Fj#H
YRS TR (£ 3), 7EHEEKY L,
FOZERMAMEER TP EMNEE . 55k
A Unclassified_Methylobacteriaceae F{J+H%} 3=

R m T A R, AR, Spearman FHIGME ST
fRih, QAR H A EE . SR ERE M Unc-
lassified_Methylobacteriaceae FYAH X} 4= fF 5 16 7
ROEBIEMX (Bl6, £4),

3 itig
30 E¥BREMEKREHREETESEER
BE

HE MY R AR, R
Wi e Kz —PH ) LI R, £
RS 5MWYPTi N, REHE & AH P 196 5% W38 6e
FBEHJRT, SRR T AT R AR YA RGE
DI R R4 W 45 O A B s iR, A2 R
NS H5AEFERA MWIEE, I MYB %% .
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Each point represents an individual OTU, and red dots indicate significant different OTUs.
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Fig. 5

R3 2HEEMHREMEAEFEES OTU
Tab. 3 Different OTUs in episphere bacteria communities
between two cultivars of elephant grass

Significantly different OTUs between two cultivars of elephant grass

R4 2HERENRAMEARRKTHENFEES
HEESENBEXESN

Tab. 4 Correlation analysis between the relative abun-
dance of episphere bacteria communities at the genus

AEX =
Relativ: level and the content of anthocyanins
OTU # Fk & W abundance/% o
OTU name Genus W Value B Sperman #H & R £k
BRI BORN Genus Sperman correla- P
Mott Purple tion coefficient
OTU7 WL EE 217 0.16  15.60™ AT 14 )& Methylobacterium 0.6343 0.019 90
Methyl obacterium 5% Bk % Deinococcus 0.6770 0.011 04
EL Al T *
OTU8 T ',l'?’ BRI 207 0.10 15.22 Unclassified_ Methylobacteri- 0.8440 0.000 29
Deinococcus aceae
OTU69  Unclassified__ 2002 0 1.40"

Methylobacteriaceae

T FREF B E(P<0.05); 7", HRR Z F B E(P<0.01,
P<0.001 ),

Note: " indicates significant difference (P<0.05); ™, indi-
cates extremely significant difference (P<0.01, P<0.001).

Welch’s ¢ 453 [l Mott 98%E {5 X [A]
[ Purple
Deinococcus _ * e

Methylobacterium _I X i e

Unclassified i- *
Methylobacteriaceae H

1 10 20 30 -25 0 25 50 75
X B HXTE RS

Relative abundance/%  Difference between
relative abundance/%

*FRARZESRFE (P<0.05); **FRZERWEFE (P<0.01),
* indicates significant difference (P<0.05); ** indicates
extremely significant difference (P<0.01).

Ee6 2FMEREMKREMEMAEFHEBEKERNENFEE
Fig. 6 Relative abundance of episphere bacteria
communities at genus level between two cultivars

of elephant grass
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R EB, ok ZmR1 LR Y 91 8 S e e 3k
TSN T AL BRI P (i
1% T VwmybAL JE R 8 DX A R T4
A, SEAEORFTENRIERERZM, 2T
BECO, MR b,
KOZEENRSATRSTENZ TSR,
AW A, EOZEMNFRhRAET RS ERE
SR R E R SR 20 5. R R, 2
PR AT RFEAR, HOLEAFTREZ AR
RN BEORNGAEY, BEE T REZN
REZGRNMEYPY, B T2 0550 5
HHESBENBEIHEEE —Eniir. $6%
HI AR R A R R Rk K R sk e it B
B R RE L, 2D REEAT RN RN
TP HAZEMNE, HRBIKFESBELEER
RN TR LA A £ S M s R A T RiE
EFEEOZEN R AT RESRZNEZERNA,
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32 EGREMEZEMREMNEMAEHE
FEER

FE ) 0 U A= AR ) T 52 i HL - B i 2B 0
SERUSIS ONERIE AR R AT R & AR PR i
PIREVR I 22 5, ARFREIR 2 DAFIER RS
HYREM (FARFMEEMN R IERE ),
WEEX; 2 A EF PR AT o 2R, B
ZFEVE BT . OTU AEXT = BE 43 b LA K 4 TR 7% 21
AT, HA S R ORI PR AN B 4544 . 2
o 5 B B 4 R v 3 S P A SRR, R g
5B R R A BERE R PR T T B AR X =
YIETE 2 . PCoA . HEARRIE I DL K
PERMANOVA 7345 REH] , HORFHIELR
FETE AR A A0 A B B A, ORI R R
THT BFF A= 4 TR V% T RE 5 AR TT 2R i MR R G
Al BT AT A R I,
M 58 A g 7Lt b AR = AT e s e i
HOLR B R, BUEM i r e gam g, i
S M) - T B0 A 40 TR P RV 45 A
33 ZBREMAFREREAENRERE
(=ES

A A R A A B 3 > OTUs 1)
MR 2R R, X8 OTUs 53k H H AT
J& ( Methylobacterium), 5% ¥k 7#J& ( Deinococcus )
F1 Unclassified_Methylobacteriaceae, H:HH JE4T
WEME T HEFFEFR ., PR, Eagmnt
FE T H AT B A X F R S W T
HE—2 AT R, WA B AR B 5 AR
ROmEIEMA, BRI, RERAFRAY A
FE AT LA S VR 0 7 6 . 1 SR A ) R B 2 P
[0 e g i SE R MRS, P R 0 Hin SR
T BFF A= 1 RS BRAEDG = BE R B I, W e AR 1 5%
ORENAERK, #F— PR E AR 2T
WivE, XA S RGP A BRI SRR
—EMIEYE . SR eRE B B AU . PrE LS
FRPE, ARSI, AR A R R R R
(9 AH X 2 B2 55 e v 28 v T A Jo ) vk R B TE AR
KBGO, ARSI T 5 0 BR A 8 20 TR S I e 2k
AT R g m e T R R R A 40
A RENE-A-F L AL (amylosucrase ), DA EZ
% (quercetin, —FhEHIZRILA5Y ) NIEY, T
PIA: R 2 Rl iz Z T ( quercetin glucosides ),
PR S0 BK TR B 4N R AT A R0R) R 2R AL A
W ARWFTE R, SR ERE R AT A ' A

TR MO R, SRR
JESAETT RWBERK, RIS G Yt =W
BRCER e 2 g pE SR TR RS
34 HBEEXIREMEBEREXRBFM
WEE LW, SO, MHmeEETR
BRI R O RIS T B S e i
1 N 1 S RS SRA N IEARTAE AL, 27/ )RR I B D)
i3 B RELS A1, T T P T RS A 23 S R 1
R BL ARBFTE R, MR R A5
MR AEH RS EAAIRR, R 2 WYl fExs
M AR, O HREE A, AT g
FOX B A P AR R AL TR AT T 1)

4 it

R, SO i bR T V% 4500 5 5%
FEAAMEREZES, RAULEHRPWEETRS
i G B Rl B TS S5 AR G . FE R g Bt
R, BefR SRR AR K B H IR R DL PR
B, PR SR BR R E A X R, R
LT R & m T ] Re e dE X Xt 18 4 R AE
FRATR A, F T BIAE ) A PTa s by . AR
AT DA TR TR 7% 235 400 1 ) BE e A 1T 2 it b iy
ETH 2 50 FR i B I8 a5 i AH e, b &
R B AR M RE S AR A ER AL T L
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