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EEAF R HRARBEAT S E I ARR ZRRGE@ABREENG A, [ EF] KEMEAZH AL
1 3E (CK). i AABAEA L R AE 23 (X). B o LA EE(Y)WARRH & L4, &
AEAERRE, FATGHEETN G LRF@BHEEATARFEMBAT., [LR] X LR
FHARKRERERT CKARE, ML YREALRELR, AT S BAEFRAENVUERS,
SAEY RIERZHT 24.48%F 56.98%. F)ATEF3GA0 T AR L3RG H AR Ao FLIRE . AR 2m
A E S P, A F B RS R EHF 1 (Proteobacteria), & 43 A CK 49 34.8%.X 49 34.6%.
Y 49 41.3%, HF YAEEES T AL, LARETH 1(Chloroflexi), X LA 10.2%, &
F CK 422 (8.7%) A= Y &L #2(5.8%). t oI F AAF L 40 1] Cyanobacteria ¥ B 2% & T AT &,
¥ B H 11 (Gemmatimonadetes) = BLAAT B 11 (Desulfobacteria) & % & TRIEKL 3, =48 B (B K
)&, CK A YA Verrucomicrobium #= Lysobacter F E & & . X &I F A JG30-KF-AS9 F &
me. YRAES R Pseudomonas F= Mitochondria k5. S/ FEE o ZHMIEHAIE 27,
TR RN, IR AL IR AR A m B B T AL 223 /), clusters of
orthologous groups of proteins (COG) AL TAM A ARA A LR ERZHT COG HAcs B, L&A
COG # B # 81, 2# & T CKAEG M)A Y &LZ(TA). [4i6] RAFLERG T ATHAE KRR
T, AR TRGERENBE, AXAEZMEMEZ S E. X AFTIHRLE T T RIEIH G fe X
B A W Aol B0 ALY 3T IR BT 64 o8 L 5 Bk 2kt Hh B ML B R AL B BRMAE B, R BT AL A A
J5 R SR AR R AR SR AT 64 LR .
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Effects of hot pepper stalks on rhizosphere microflora
structure of Polygonatum kingianum

WANG Can', PENG Cuixian', YANG Qingsong', YANG Yuling', XIN Wenfeng*z,
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Abstract: [Background] Rhizosphere microorganisms directly or indirectly affect the growth,
development, and quality of medicinal plants. They improve the physical and chemical
properties of soil to increase the diversity of probiotics, promote the biocontrol of plant diseases
and insect pests, and improve the plant yield and quality. [Objective] To explore the effects of
soil supplementation with hot pepper stalks on the growth quality and rhizosphere bacterial
community structure of Polygonatum kingianum. [Methods] The rhizosphere soil samples of P.
kingianum were collected from the control field (CK, without any treatment), the field fertilized
with decomposed hot pepper stalks (X treatment), and the field fertilized with commercial
compound fertilizer (Y treatment). The growth quality of P. kingianum was evaluated, and the
bacterial community structure in rhizosphere soil was studied by high-throughput sequencing.
[Results] The growth quality of P. kingianum in X treatment was significantly better than that
in CK and had no significant difference from that in Y treatment. The polysaccharide content
and root activity in X treatment were 24.48% and 56.98%, respectively, higher than those in Y
treatment. In addition, the organic matter and soil porosity were also higher in X treatment than
in Y treatment. In the rhizosphere bacterial community, Proteobacteria had the highest relative
abundance, which was 34.8% in CK, 34.6% in X treatment, and 41.3% in Y treatment, and its
relative abundance in Y treatment was significantly higher than that in other treatments.
Chloroflexi had the second highest relative abundance, being higher in X treatment (10.2%) than
in CK (8.7%) and Y treatment (5.8%). X treatment had significantly higher relative abundance
of Cyanobacteria than CK and significantly higher relative abundance of Gemmatimonadetes
and Desulfobacteria than Y treatment. The ternary phase diagram (at the genus level) indicated
that the genera with the highest relative abundance were Verrucomicrobium and Lysobacter in
CK, JG30-KF-AS9 in X treatment, and Pseudomonas and Mitochondria in Y treatment. The a
diversity indexes showed no significant difference among treatments. The redundancy analysis
showed that organic matter and total porosity were the main factors affecting the changes of
bacterial community in X treatment. The cluster of orthologous group (COG) annotation
showed that X treatment significantly increased the COGs, with the number of specific COGs
(81) significantly higher than that of CK (3) and Y treatment (7). [Conclusion] X treatment
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improved the growth quality of P. kingianum, changed the structure of rhizosphere bacterial

community, and enriched beneficial microorganisms. This study is conducive to the exploration

of new functional groups of microorganisms and the research on microorganism-mediated plant

response to the environment and microbial synergy under specific environmental conditions.

Meanwhile, it gives new insights into the cultivation of P. kingianum.

Keywords: Polygonatum kingianum; growth quality; rhizosphere microorganism; stalks
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[ 3& N (Papaver rhoeas L.). %5 (Matricaria
chamomilla L)FF¥RZIR(Urtica dioica L.)iX
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asperellum) ACCC30536 25 T HEEEWH I
SCHERGSE HMGRI . FPS. ADS. CYP7IAVI,
CPR %1 BRIk, WM& 1 s et
HHEHRWE . W EOTR R, 7614
AL 2 A 3 AR = ERPRTUZE YRR A
M Flavobacterium F145 t5 ELI& Myxocephala .
Aspergillus 1) ~F & B A PR AEBRAG S I 2 T
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AP B FFSEIR, WHoE R WS i r R
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b X RS AR T SRS I A, DARSERT
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P2 i BRAUR T 1) FH 38 S5 5 (157 1) DL At

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



I BABORE T S0 S AR Bl A= W e v (1 52

489

1 S

1.1 ##

FIAE AR 2 AEZEVHEORS, WK | Sl
FA X FRAE P, ARIE MR S S CA. B
ARG RN 15:15:15). A il J55 PR FT ek
KRB FZ AR 2 EM B R R (—FHR A,
FEAFECEH . B . FLRRE A 5 w25
JEF AR TR RS T o PR o Kili4r £ . pH
4 5.23, &% 1.27 g/kg, 2 0.991 g/kg, 4H
8.33 g/lkg, A ML 20.084 g/kg.
1.2 AZREBREMRE

ST 2021 4F 2 A-2022 4 2 A7ESCHIN
AR BE B FPAE KM T o EHOICHE L
TEHUBEAAT . R/NIEA — 30 A7 S B T ZE 9 2
AR A VL EORE AR ZE A B AR A rh (S B AR N
%25 em, & 30 cm). SEHRIR 3 NARHEE, 43
J& CK AbFE(ZS (AT RR) . XA BE (TR 8 i b
FEAF o RAE 3821 HRBUECS 1LD)A1 Y 4b#
(BEEETRAN 12 g B A IR0 AN 4b B 5 Wk
HE, 1 @0 1 WEE . LA R FEPLEF
3 bk, FHrEBREE BRI I BRSSOk
JC A ] ) B ZR% o A AR 2 1 179 B8 L A 50 mL
TwELEY, Nl E T Tk R FEEh, &
Jit—80 °CUKFE PR AT 75 H o
1.3 FELFIFNEE

Phusion® High-Fidelity PCR Master Mix
with GC Buffer, New England Biolabs /23 F] ;

QIAquick Gel Extraction Kit, Qiagen 7\ F];
NEBNext® Ultra™ IIDNA Library Prep Kit,
NEB A Al M AR, Implen 22
Al PRI, WL = R R
MARAT; BEREIKRS . #.0HL, Bio-Rad
vl NovaSeq6000 {4k, Ilumina 23 A .
1.4 MEFZE

25 KR ZE TR R T L RCF I B R RO

i, SRR NN Ea R TR S R AL,
ZHER PRI -mERE", MRS R A TTC 110,
MR B B - 3k 1 5T Pl B WO & 2 R AR A
. 47 DNA $2CR M CTAB ¥, i fHBE
W R G R DRORS DU A B HS ) DNA 25 Ak 32, b
PG ICE KRR 1 ng/ul, MBS
FYHEEZH DNA SRR A4 3 4 X I8k 2 05
H7 barcode HIFFFMEGI PN V4 RKFITP 3 (F
1) PCR JZ W {A % : Phusion Master Mix 15 pL,
214 515F il 806R (2 pmol/L)4%& 3 pL, ddH,O
2 uL,DNA (1 ng/uL) 7 uL.PCR JZ hij 14 : 98 °C
1 min; 98°C 10s, 50°C30s, 72°C30s, 304
PEFR; 72 °C 5 min!'", ¥ %4 TruSeq DNA
PCR-Free Library Preparation Kit ¥ s 41 DNA
SCPEIE A Qubit A2 AISCEERI A A% fe,
NovaSeq6000 #47 EHLIMF, Hdbatiti R EE
FHE A A R W] 58
1.5 HERESSH

K GraphPad Prism 9.3 Z#riE B0k A K
Jo i AR s - 1 Ak o e 1 22 Sk . A
FLASH V1.2.11 ZAEXSEEA Y reads #EATHHE,
i il Fastp #/4:%} Raw Tags #Ef7/dids, fiif
USEARCH ¥ Clean Tags 5 %4 2 ¥E 47 HE X} Hxc
2193 effective tags.ffi 1] QIIME2 1) DADA2
HEATREME , RLUEEE /N 5 R, I
mAE 2 Frox, MRS &M amplicon
sequence variants (ASVs) & 45 ik & . f#
QIIME2 feature-table rarefy . H LIIHEEA 751
T 97%HA TR EE(A] 1), FEJS {# ] QIIME2

#1 3I9F5
Table 1  Primer sequence

Primer name Primers sequence (5'—3")
515F CTGCCAGCMGCCGCGGTAA
806R GGACTACHVGGGTWTCTAAT
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Table 2 Sequencing data quality

Sample name Raw PE Combined Base (nt) Avglen (nt) GC (%) Effective (%)
CK1 84 983 84 098 1.64x107 253 56.52 76.25
CKl1 83 745 82 964 1.77x10’ 253 55.59 83.48
CKl1 78 138 77 346 1.61x10’ 253 56.19 81.36
X1 78 748 78 262 1.50%x10’ 253 55.89 75.45
X1 81733 80 980 1.75x107 253 55.54 84.72
X1 84 864 84 513 1.73x10’ 253 56.32 80.54
Y1 81 155 80 967 1.58x10’ 252 55.40 77.28
Y1 83302 83 285 1.58x10’ 252 55.07 75.11
Y1 82 178 82 003 1.60x107 251 54.04 77.72

Raw PE F/RJ5UE FHLAY) PE reads; Combined 28415 2 tags J¥ %1 ; Base J& % effective tags MIFRIEELH ; Avglen
H effective tags B F-3IKJE ; GC (%)~ effective tags H' GC Bl EE 1 7 1 ; Effective (%)~ effective tags I%X H 5 Raw

PE ¥ H M E L

Raw PE means PE reads of the original off-plane; Combined is the tags sequence obtained by splicing; Base is the base
number of the final effective tags; AvgLen is the average length of effective tags; GC (%) indicates the content of GC bases in
effective tags; Effective (%) indicates the percentage of the number of effective tags to the number of Raw PE.

2500
2250 +
2000 +
1750 t
|1500 F
1250 ¢

Observed ASVs
=
(=)

750
500
250

Q S D (L Yo b
S RN O Y
BN AR R e
Sequences number

Bl 1 Observde ASVs ik AL br Ayl
FIREE, YARBRN 10 ISR ASV AL B
RS, thZEa TiaE . P2, Ui
I e 48 2R P BEAC R 55 AL S b B R A, PR
I e 8 1R DGk A 1) R R Y R HTET ASV

Figure 1 Observde ASVs rarefaction curve. The
abscissa is the sequencing data depth, and the
ordinate is the ASV boxplot calculated 10 times. As
the sequencing depth increased, the curve tended to
be stable and gentle, indicating that the sequencing
results could basically cover all species in the

sample, and a large number of unknown new ASV
could not be detected with further sequencing depth.

A classify-sklearn BEHUEAZ RN ASVs
S5E LT, MWmEEaE1 ASV HYFE
Eo 1 Canoco 5 #E4TEE A 1Sk Hr . fiff

H phylogenetic investigation of communities by
reconstruction of unobserved stats 2 (PICRUSt2)
PEAT AR S RE T

2 BRS04

2.1 AEACEFHEERREFMTIEN G

A [) A2 3 XoF L A A o o S - SRR
W, AR IR 3, X A E iR
#ik 56.59 mg/g, i T CK 4bFE(31.10 mg/g);
X Ab PR W& 5 Y Ab T (45.46 mg/g) L T & 2%
S, B X AABEEL Y AP T 24.48%. T3 4b,
MG J1Hr, X AR N 6.86 pg/(h-g), B35
T CK A2 3.28 pg/(h-g) 1Y 4bH 4.37 pg/(h-g),
X AL PEARTE S Y A0 BRERE T 56.98%. HAP,
BAPZEM K IR E 2SS, R Y
PR ML K 2.69 mm, BEE T CK b
(1.78 mm), {H5 X AR FEEF ., EHGE
MN SRS AT R E 25, H X AFE
B, 2 W P BUBURS 1 Ab B 5 AR K B i 4 CK
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bR R, SRR R, mA
P T HZR EMRRE T

Mk 4 fon, fE R, X b
HILBE Rk 74.75%, BEET CK AR
(45.30%)F1 Y AbFH(46.62%); AHLE LT, X
AEFER 11.98%, 3 T CK ARBE(5.73%)F1 Y
AbFH(5.85%); AALE pH LW FH 2R, Y 4B
i, 5 X (electrical conductivity, EC){H & /= ik
1.08 mS/em, 3 & T CK ALBEAI X 4bf; 7£
AN, P, K i, ¥PLY B ¥R,
GERLRH], MEST CK AFEFD Y 4RI, ¥sin
R AT A0 PRI & T - 8 AL o A g AL
22 IREHERESHNIR

X O ANFEAVEATY 1 T, 5 DADA2
RRME J5 7= A B AS  FE AR 51 ASVs 476 L
K2l (B 2A), LRI ASVs BH b 1 426 1,
X AbBRERA 1223 4, Y AbBRERA 1586 4, CK
EEEEA 1385 o TIKFETR 3 ANFRE I A

*3 EKRELR
Table 3 Comparison of growth quality

THEEA D FE RSN ELIE E ]
(Proteobacteria), it h CK 1Y 34.8%. X
) 34.6%F1 Y 1) 41.3%, o Y 4bHE Al
AbEE; R SRS ] (Chloroflexi), X Ab¥fx
FoN 10.2%, =T CK APH(8.7%)F1 Y 4b¥f
(5.8%); TENLR | ] (Actinobacteria) 2 Y 4k
PN 10.1%, CK Ml X AHL4358 6.2%F
6.9% (& 2B). JEAKF-T (B 20)F F i 2
Mitochondria, fitb7351h 0.66% . 2.59%F
5.88%, MY AbPRAR S ; R Lysobacter,
d B 2.73% . 0.90%7F1 0.97%, HH CK
A PR s FE Pseudomonas W, Y Ab¥E(4.83%)
BT CK ALFE(1.05%)F1 X AbFH(1.16%); 1A,
TE JG30-KF-AS9 1 IE X AbFE Ny 2.41%, =T
CK #b3(0.49%)F1 Y AbFE(0.81%). ¢ Frdar]
KT, X AR EEANE ] (Cyanobacteria) = i .
F(P<0.05)f T CK b HL(& 2D). X 4bFH A 25 P
M1 (Gemmatimonadetes) 1 i & AT 7 ]
(Desulfobacteria) i # (P<0.05)f= T Y AL BE(1E] 2E),

Treatment Stem length Stem diameter Chlorophyll Nitrogen content  Polysaccharide Root activity
(cm) (mm) (SPAD) (mg/g) (mg/g) (ng/(h-g))
CK 11.224+2.88a 1.78+0.3b 30.40+3.56a 10.37+1.17a 31.10+11.57b 3.284+0.26b
X 12.01+0.49a 2.134+0.35ab 35.77+3.98a 11.27+1.19a 56.59+8.03a 6.86+1.05a
Y 12.21+1.66a 2.69+0.24a 34.90+1.31a 10.30+0.1a 45.46+6.9ab 4.37+0.53b

F P[RR B A F/NG FEERIR 0.05 KF 22 7 8 3 (P<0.05). T

Different lowercase letters after the data in the same column in the table indicate significant differences in the level of 0.05

(P<0.05). The same below.

x4 TRMIKEER

Table 4 Comparison of soil properties

Treatment pH EC Organic Available Available phosphorus Available Total
(mS/cm)  substance nitrogen (mg/kg) potassium porosity
(%) (mg/kg) (mg/kg) (%)
CK 5.68+0.12a 0.28+0.09b 5.73+0.26b 231.18+16.18¢c  52.38+3.62b 603.86+19.44c¢ 45.30+2.64b
X 5.66+0.19a 0.52+0.15b 11.98+1.19a  281.67+10.25b 58.66+13.75ab 872.72+91.82b 74.75+3.78a
Y 5.74+0.25a 1.08+0.19a 5.85+0.62b 323.56+29.84a 73.16+2.87a 1239.35484.98a  46.62+0.98b
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2 HEEEEEMON A: OTU fBMREL B: [ IJKF T AR AP SEAIXT FHIEEL. C: J&KF- T 4 & F
AN FEFEFIE K (Top 10). D: CK ZLFH vs. X AbHE r-test (I']/KF). E: X AbHE vs. Y AL HE r-test ('] /K ).
F: AR = oM B (8 KF)

Figure 2 Analysis of bacterial community structure. A: OTU petal diagram. B: Column diagram of relative
abundance of bacterial species at the door level. C: The column diagram of bacterial species at genus level

(Top 10). D: CK processing vs. X processing ¢-test (phyllum level); E: X treatment vs. Y treatment #-test
(phylum level). F: Ternary phase diagram of bacterial species (genus level).
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=T (& K ) B R T A [R) Ak 21 v 7 £
MR RES AR i (5 R A T e bl
i, Fon PRI S R . IE] 2F 1]
LIEH, CK &P L Verrucomicrobium =FJ% B
. HOKE Lysobacter; X AbFEH L IG30-KF-
AS9 FERE; Y AHP Pseudomonas F 5,
HWIE Mitochondria, FKWIFSFFAE AL 4L
PRI 2 MR T RS AR PR A TR RIS S5,
SRR A G I I E A, Hi,
il A A R A0 N A 2 W 25 4 e 1 AR DG T E Y
FRE

23 AEAEMAEIFEZZHEEST

Chaol 50 e Wi 32 B2 948 45 , CK Ak
PRI (2 078.22), Y ZbBRERAIK(1 945.34), {HAb
PRI JG P % 2% 5 . Shannon #5%%#1 Simpson &
BOERAERE T8 N YR oA 19 Z AR 5 5
VR Z2 AR B v WO e o3 A B34 57 L FEEOBER .
AR AL FEH Shannon F8 %I Simpson 5403470
W EER . FIASTRE] b FE X HORE ML PR 4 S A
HER 254 o ZHEPETC B 2520 (3R 5).

B 2T F PR RII(E 3),
PCoAl FI PCoA2 W] 73 Jj| fift ¢ Fr 47 78 it 1
57.32%1 13.87%, FEAS fd 0] 1 5 F) e e 3% W A
AREZEFH RN ATUEN 3 MeEfh g —&
2 5 (Adonis: R*=0.600 06, P=0.005), PCoA2 ¥
CK AL A X AEBES3IT, 1 PCoAT WK Y 4b B
HMCK. X AbPr e, KUY 435 CKALHE
X AEPEA R 25 5

K5 oZHMERSN
Table 5 Alpha diversity difference analysis

Treatment Chaol Shannon Simpson

CK 2078.22+71.43a  9.90+0.29a 0.996+0.03a
X 2054.23+117.33a  9.92+0.08a 0.998+0.01a
Y 1945.34+£76.17a  9.63£0.29a  0.994+0.03a
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Figure 3 Analysis of Dbacterial community
diversity.
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4 INBREFERESH  A: RDA Z#rE. B: Spearman A& 1E43#7(Top 10). TP: HFLEEE ; OM.
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P<0.05; **: P<0.01

Figure 4 Correlation analysis of environmental factors. A: Redundancy analysis. B: Spearman correlation
analysis (Top 10). TP: Total porosity; OM: Organic matter content; N: Available nitrogen; P: Available
phosphorus; K: Available potassium. *: P<0.05; **: P<0.01.
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N: ZfeEsiE; 2. HESE; W. ALY
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AR A MR sk A B IRz A ; F.

AR s A H: GBSz s 1. g

Bz A P JCHLE TEGs S Q: UERBIRIAEYI S L. A S RMIEE
Figure 5 COG function bar chart. J: Translation, ribosome structure and biogenesis; A: RNA processing and
modification; K: Transcription; L: Reproduction, reorganization and repair; B: Chromatin structure and dynamics;
D: Cell cycle control, cell division and chromosome division; V: Defense mechanism; T: Signal transduction
mechanism; M: Cell wall/cell membrane/envelope biogenesis; N: Cell motility; Z: Cytoskeleton; W: Extracellular
structure; U: Intracellular transport, secretion and vesicle transport; O: Post-translational modification, protein
turnover, chaperone protein; C: Energy production and conversion; G: Transportation and metabolism of

carbohydrates; E: Transport and metabolism of amino

acids; F: Nucleotide transport and metabolism; H:

Coenzyme transport and metabolism; I: Lipid transport and metabolism; P: Inorganic ion transport and
metabolism; Q: Biosynthesis, transportation and catabolism of secondary metabolites; S: Unknown function.

CK X

Y

6 COGHE
Figure 6 COG venn diagram.

WPS-2 I Chloroplast. S5 &% 7102 1EAH K
HIAHEEA Chloroplast Fl Allorhizobium-Neorhizobium-
Pararhizobium-Rhizobium . WAL, SE S & B E
IEAH S 40 8 2 WD2101 _soil_group. 5 -4
KR IEMRIIA Pseudomonas F Cellulomonas .
520 B 3% IEAHSRHIA Mitochondria . Myxococcus |
Cellulomonas . Devosia . Pseudomonas Hl
Bacillus , .3 A0 XA Sphingomonas F
Gemmatimonas . ‘5 ZE £ . 3% 1IE M & 19 2
Muribaculaceae 1 Clostridia UCG-014,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



496 (G ESGE e Microbiol. China

Mitochondria l 0.97
Devosia

Pseudomonas 0.00
éact%bacillus

ysobacter _
Pedobacter . 0.97
Flavobacterium
JG30-KF-AS9

Sphingomonas

JCLI84

Gemmatimonas

WD2101 soil group

RBG-13-54-9

Verrucomicrobium

oLy TS el < [ . | - 8 Muribaculaceae
N D NS > S > N

NS \@6‘0&\%\&\‘9 o) \"’Qq&?’ & \Q\W\\n’ ORISR \\%WQG\ NRSAS
OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC) OC)
(eodogodededosedededeedodoododod O OEOdodOdOEede

7 Spearman 747  COG0438: Z 5 4IBE NG LA BEIL L B ; COG1028: NAD(P)-H 614 i
SN, MR AR ; COG0642: {555 AL IRIME; COGO745: DNA £55 S W 755, OmpR
FWi, &4 REC MBIZE(WHTH)ZEH38; COG1595: DNA T[] i) RNA F A BS54 o WA, sigma24
FKik; COG2814: Fl MBI H MR B, MFS Ki%; COG0596: Pelilk-ACP H [ R MR ik ity
COG1309: DNA 45555/ 7, AcR ZKi; COG0451: 1T ZBEMME 22 1) 5+ A4 ;. COGO0583:
DNA 45555/ T, LysR ZM5; COG1012: MiAEANG a if IS Bl AL NAD 4w Mt 00 5
COG1131: ABC WENHiZ 75, ATP [Midlsr; COG1960: ke lefb )i [ AidB AH G ik KL 4 il
a i ElE; COG0845: ZZGAMIER AL, AcrA (BERIGHE); COG1846: DNA 455 il v ¥,
MarR ZJ%; COG1538: AMBEHE [T TolC; COGO0463: 215 4l iy E WA ALY B AL E Bl ; COG2197: DNA
ZEA BT, NarL/FixJ K&, &4 REC 1l HTH Z5#438; COG2207: AraC % DNA 254 45 F s A
& AraC HEF; COG0491: Z Ml 5 Y & S MO AR Al B- P IBERE A 2K 1; COG 1132
ABC BIZ 452 750 . ATP BiFIBBRGALSy; COGO673: B A ; COG1136: ABC HUEHEE (14
ARG, ATP E41y; COGO841: ZZGHMER AL AcrB; COG4974: i mi F 51k 4l XerD
Figure 7 Spearman analyse. COGO0438: Glycosyltransferase involved in cell wall bisynthesis; COG1028:
NAD(P)-dependent dehydrogenase, short-chain alcohol dehydrogenase family; COGO0642: Signal
transduction histidine kinase; COG0745: DNA-binding response regulator, OmpR family, contains REC and
winged-helix (WHTH) domain; COG1595: DNA-directed RNA polymerase specialized sigma subunit,
sigma24 family; COG2814: Predicted arabinose efflux permease, MFS family; COG0596: Pimeloyl-ACP
methyl ester carboxylesterase; COG1309: DNA-binding transcriptional regulator, AcrR family; COG0451:
Nucleoside-diphosphate-sugar epimerase; COG0583: DNA-binding transcriptional regulator, LysR family;
COG1012: Acyl-CoA reductase or other NAD-dependent aldehyde dehydrogenase; COG1131: ABC-type
multidrug transport system, ATPase component; COG1960: Acyl-CoA dehydrogenase related to the
alkylation response protein AidB; COGO0845: Multidrug efflux pump subunit AcrA (membrane-fusion
protein); COG1846: DNA-binding transcriptional regulator, MarR family; COG1538: Outer membrane
protein TolC; COGO0463: Glycosyltransferase involved in cell wall bisynthesis; COG2197: DNA-binding
response regulator, NarL/FixJ family, contains REC and HTH domains; COG2207: AraC-type DNA-binding
domain and AraC-containing proteins; COGO0491: Glyoxylase or a related metal-dependent hydrolase,
beta-lactamase superfamily II; COG1132: ABC-type multidrug transport system, ATPase and permease

component; COG0673: Predicted dehydrogenase; COG1136: ABC-type lipoprotein export system, ATPase
component; COGO0841: Multidrug efflux pump subunit AcrB; COG4974: Site-specific recombinase XerD.
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Figure 8 Spearman correlation analysis. SL: Stem length; SD: Stem diameter; Chlorophyll: Chlorophyll;
NC: Nitrogen content; Pol: Polysaccharide; RA: Root activity.
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