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Screening and identification of AMF genes in Eucalyptus
grandis during the infection course of Ralstonia solanacearum

HUANG Di, MAO Jianhui, WANG Zhengmu, ZHANG Jianlang, HUO Chunyu,
XIE Xian’an, CHEN Zujing’

Guangdong Key Laboratory for Innovative Development and Utilization of Forest Plant Germplasm, College of
Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China

Abstract: [Background] Bacterial wilt is a serious disease attacking Eucalyptus. Arbuscular
mycorrhizal fungi (AMF) affect the resistance of Eucalyptus to bacterial wilt, the mechanism of
which remains unclear. [Objective] To explore the responding mechanism of AMF of
Eucalyptus grandis during the infection course of Ralstonia solanacearum. [Methods] In this
study, the non-mycorrhizal root tissue and the Rhizophagus irregularis-colonized root tissue of
E. grandis were sampled at the time points of 0, 24, 48, and 96 hour post inoculation (hpi) of
R. solanacearum. The genes involved in the response of R. irregularis in E. grandis roots to
R. solanacearum infection were screened and identified by transcriptome sequencing. [Results]
Compared with the non-mycorrhizal root tissue, R. irregularis showed 3 382-5 989 differentially
expressed genes at different time points of E. grandis infection by R. solanacearum. The
number of specifically differentially expressed genes of R. irregularis in response to
R. solanacearum infection gradually increased over the infection time. R. irregularis
significantly enriched the genes involved in AMF symbiont growth, sporulation, and apoptosis
signaling pathways and siderophores at 24 hpi. At 48 hpi, R. irregularis mainly improved the
transmembrane transport and promoted the absorption and exchange of nutrients such as
potassium and nitrogen. At 96 hpi, R. irregularis mainly regulated the redox reaction and the
synthesis of antibacterial substances such as flavonoids. [Conclusion] The AMF of E. grandis
mainly regulate the plant growth, enhance the niche and nutrient (such as nitrogen, potassium,
and iron) competition, secrete antimicrobial substances, and activate the defense response to
R. solanacearum infection. The identified genes provide resources and references for further
deciphering the mechanism of AMF-Eucalyptus-R. solanacearum interaction.

Keywords: FEucalyptus grandis, arbuscular mycorrhizal fungi; Ralstonia solanacearum,
RNA-Seq
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Table 1 Experimental design and treatments
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Figure 1

Rhizophagus irregularis colonized in roots of Eucalyptus grandis seedlings. The white arrow

refers to the mycorrhizal symbiosis structure. a: Arbuscule; v: Vesicle. A: Root of E. grandis not inoculation
with R. irregularis. B: R. irregularis formed arbuscular in the roots of E. grandis. C: R. irregularis fovesicles

in the roots of E. grandis.
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Figure 2 Number of genes expressed in AMF response to Rhizophagus solanacearum infection in
Eucalyptus grandis roots. N_N: Non-mycorrhizal E. grandis seedlings infection with R. solanacearum at
0 hpi; M_N: Mycorrhizal E. grandis seedlings infection with R. solanacearum at 0 hpi; M_R 24:

Mycorrhizal E. grandis seedlings infection with R. solanacearum at 24 hpi; M_R_48: Mycorrhizal E. grandis
seedlings infection with R. solanacearum at 48 hpi; M_R_96: Mycorrhizal E. grandis seedlings infection

with Rhizophagus solanacearum at 96 hpi.
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Figure 3 GO analysis of AMF genes responded to the Rhizophagus solanacearum infection at 24, 48 and 96 hpi
in Eucalyptus grandis roots. M_N: Mycorrhizal Eucalyptus grandis seedlings infection with Rhizophagus
solanacearum at 0 hpi; M_R 24: Mycorrhizal Eucalyptus grandis seedlings infection with Rhizophagus
solanacearum at 24 hpi; M_R_48: Mycorrhizal Eucalyptus grandis seedlings infection with Rhizophagus
solanacearum at 48 hpi; M_R_96: Mycorrhizal Eucalyptus grandis seedlings infection with Rhizophagus
solanacearum at 96 hpi.
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Figure 4 KEGG pathway of AMF responded to Rhizophagus solanacearum infection at 24, 48 and 96 hpi in
mycorrhizal Eucalyptus grandis seedlings. M_N: Mycorrhizal Eucalyptus grandis seedlings infection with
Rhizophagus solanacearum at 0 hpi; M_R 24: Mycorrhizal Eucalyptus grandis seedlings infection with

Rhizophagus solanacearum at 24 hpi; M_R _48: Mycorrhizal Eucalyptus grandis seedlings infection with
Rhizophagus solanacearum at 48 hpi; M_R _96: Mycorrhizal Eucalyptus grandis seedlings infection with

Rhizophagus solanacearum at 96 hpi.
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IRAFAEY A, DA R R FR R ARG
25 ERUWERRAMNGRERKRER
F AMF Ry X5 E F K& HRIAFHE
251 ERWERRRARSB AMF MgLanRHE R
RERMERKEXER

AL ERAR Zrh AMF w7 i B /R G
Wi QR B WA 16 F 5 FEMRAERA

KAOCHERE R GO 5., 3t 53 K5 AMF
HTFRE. WELKE . BLnREmt, g
IRTEZF FAE KA G FHEREAROC(T 1) . TR 2221
FRLBE (7 )R TG A B LA AR (6 4 ) 2 1A
Ui B T R AR AT e e S T AR R 5 A 1 AR K
(£ 2). BMEARE, FIERMBEE RN
STHERTRE . MAKE . MREELE . B4
UGN B AR LR, Db
BT 22 1 A A USSR B 2R TR A AR
252 BHRWUWERRREF AMF Mg AnELE R
REREEFHEXER

PRARAL R AR 2R v S5 TR AR A0 5 5 ) 107 75
Y F 5 RS WA DG (R 3). H
o, ARG RS e 0 A YL . A
AL 3% 22 S 08, BAE A RIERIR

F2 WIRKERIRAZAP AMF IEHMERREREEKEXER
Table 2 AMF growth-related genes in mycorrhizal Eucalyptus grandis root in responded to Rhizophagus

solanacearum infection

GO _ID GO % H FF B P
GO_Term Genes number value
GO: 0070793 4rA:fiF & F BII¥E Regulation of conidiophore development 1 0.03
GO: 0044117 AR T 92E K Growth of symbiont in host 1 0.03
GO: 0035371  f#& %G Microtubule plus-end 2 0.01
GO: 0030476  FHEREHII Ascospore wall assembly 7 0.01
GO: 0030446  T§ 2241 ffi B Hyphal cell wall 7 0.01
GO: 0030042  JLBh#E 12 %2 Actin filament depolymerization 2 0.02
GO: 0043936  JotEfFIE R 4i M8 T Asexual sporulation resulting in formation of a cellular spore 6 0.03
GO: 0007076 A3 #243%4 YL A {R¥%EE Mitotic chromosome condensation 3 0.03
GO: 0007064 A3 224 440 Ik Y (5, B IR %E 2R Mitotic sister chromatid cohesion 3 0.03
GO: 0000079 2 ifd Jil 393 2 1 AR A 25 11 22 IR/ 7 I G P Py 81 1 3 0.03
Regulation of cyclin-dependent protein serine/Threonine kinase activity
GO: 0010971 A7 2243 24240 M A 1) G2/M e 4 (14 1E I 452 3 0.03
Positive regulation of G2/M transition of mitotic cell cycle
GO: 0008574 ATP (i PEE 12206 3l ,  1E 35 1) 2 0.04
ATP-dependent microtubule motor activity, plus-end-directed
GO: 0010569 il 1o [ 5 7 2 a5 XU W 24 52 2 0.04
Regulation of double-strand break repair via homologous recombination
GO: 0051567  ZH & 11 H3-K9 H #4b Histone H3-K9 methylation 2 0.04
GO: 0043581 [ #2{A K & Mycelium development 0.05
GO0: 2001235  JAT-{F 5 B B9 1E 7] 745 Positive regulation of apoptotic signaling pathway 1 0.03
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#3 ERLEZERRZED AMF REHEERRERAAMBEFEXER

Table 3 AMF genes relation with nitrogen and potassium nutrition in responded to Rhizophagus solanacearum

infection in Eucalyptus grandis roots

By GO_ID GO %4 H FEPEL P
Type GO _Term Genes number value
FAFELH ) GO: 0006995 ML & WLk Response to nitrogen starvation 2 0.03
Kik GO: 0051171 &AL WAL A A T 45 1 0.08
Expression of Regulation of nitrogen compound metabolic process
nitrogen related GO: 0019740 & F] A Nitrogen utilization 1 0.13
genes GO: 0006807 A ALE WL Nitrogen compound metabolic process 1 0.24
GO: 0015079 # & T B [ iz 3 (i 1k 2 0.01
Potassium ion transmembrane transporter activity
GO: 0071805  #1& 75 IFi%% 12 Potassium ion transmembrane transport 2 0.01
GO: 1901379 e 5 [ e 1 1) 4] 0.03
Regulation of potassium ion transmembrane transport
A 3 R GO: 0034705 ﬁ%ﬁgé%‘gotassi}lm chafmilhcomplex 1 0.03
ik GO: 1901016 #1555 iz 2 106 MY I 7 1 0.03
Expression of Regulation of potassium ion transmembrane transporter activity
: GO: 0005391 #4586 ATP i P 1 0.08
nitrogen related . . . ..
Sodium:potassium-exchanging ATPase activity
genes GO: 0010107  #ESF¥#4iz Potassium ion import 1 0.11
GO: 0015459 3 38 #1757 75 M Potassium channel regulator activity 1 0.11
GO: 0030007  4HAEHH 2 1524 Cellular potassium ion homeostasis 1 0.15
GO: 0005249  HLJE[T#580 8 18 15 Voltage-gated potassium channel activity 1 0.15
GO: 0015386 ' JiT iU ] §% 15 1A% Pk Potassium: proton antiporter activity 1 0.32
GO: 0005251 FEIR A5 408 18 157 Delayed rectifier potassium channel activity 1 0.41

RIFHBIHTEE S, TTRERIUARMRER AT
RAHREEN 5EHM W AR AP EE . W
Al A PHL S VAR 720 5 ) 17 a6 Bk R UK G B R L O
WE 12 KSHE T RS . TSRS
GOfrE, H s XBELRELREEI). BF
25 5t FRFE N TP B T A2 R
Fizf, TRES AR A0 w L A B SR
BTz, (edk A &R0 RS ARHE R R
PR e 8 2R IR 40 I

S T 0 0 5 ), 5 T R G PR A G B
BET 15 Z5YETHIXHY GO fFEGE 4),
FHEEBRETFES . RBASERE . FFEM
TV TS MG, Hoh A 13 A 54k
B A GG, PRSP AR AR R Xk B 1Y
W, iz SR, ZEMEREE, SIER

761 3 25 AT REIE A PR BR B A G RIS, &
G B R AR AR K T S T AR 7 R AN B | Ak
B, — 7 E AT R SRR Y A AR IR BE T
T 20 Fe' bl Fe*', MHMHlisRegk s+,
WA RN s 5 — 7T, SRR R ]
AEIE L SRR R IREEFRMRICER, DA
HRRER 2R BB 10 4= e RN 5
253 EHRWUWERRRET AMF MRz AR E R
KREREREREXER

HHARYE, SFIEARATERS 7] RER A
WRRG S (GeEsidE ), WOE % E B SN
P AR AL B A AR 2R v S5 T A 7 % 2 ) 1, 75 A 1 £
YL I R F2A JLT A 3 (chitinin
synthase 3, RiCHS3), JL T JE& K 2 (RiCHS2) .,
IR 1z B 1 (RiTnalp) . A RL T 2R & 1
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Table 4 AMF in mycorrhizal Eucalyptus grandis roots related to iron-related genes responded to

Rhizophagus solanacearum infection

GO_ID GO 4 H H % P value
GO _Term Genes number
GO: 0005506  #k# F 454 Iron ion binding 13 0.00
GO: 0018283 4k A4 JBMifZ Iron incorporation into metallo-sulfur cluster 1 0.03
GO: 0006827 3 Fl )14k B T B5 I % 12 High-affinity iron ion transmembrane transport 1 0.05
GO: 0033573 @M 1B % K A% High-affinity iron permease complex 1 0.08
GO: 0010106 4fi g X £k 25 FULIk % 5 i Cellular response to iron ion starvation 1 0.08
GO: 0033215 il i 38 JE A1z #i [§] 4k 42k Tron assimilation by reduction and transport 1 0.08
GO: 0006826 )% T %%z Iron ion transport 1 0.08
GO: 0015093 WPk 85 I #% 12 25 16 M Ferrous iron transmembrane transporter activity 1 0.11
GO: 0008198  Wik%5 4 Ferrous iron binding 1 0.13
GO: 0051537 24k, 2 ik 4h & 2 iron, 2 sulfur cluster binding 1 0.18
GO: 0005381 #k i F 5 IR 4% 12 8 (G 7 Iron ion transmembrane transporter activity 1 0.22
GO: 0006879  #fi g4k & T4 Cellular iron ion homeostasis 1 0.24
GO: 0051536 kiR 45 A Iron-sulfur cluster binding 1 0.29
GO: 0016226 kAL FRLZE Tron-sulfur cluster assembly 1 0.34
GO: 0051539 4 4k, 4 Hifk4E & 4 iron, 4 sulfur cluster binding 1 0.43

FEVEE M 1 (RiCamlp-2) . 4+t H KIS &1k 1 e
(RiUre2p). 4MifaE b5 (RiCybSp). Hi%E ik &
WAk W 38 RS (RiTRRI) . 40 i {6 2% b2
(RiCyb2p) . GDL X J¥ K AH ¢ B H 2 Al 24 g
(RiGdllp). $5JH#E 1 1 (RiCamlp-1). WBEALY)
B AL B 1 (RISODI) . fiil & i& & 1 TRXI
(RiTrxlp). %1 HINA B (RIERGT) . WMk H
P RHIR I EUBF(RIGND )L, 1T HL 75 A 1 47
YL I [B] A 1S 0 K- Rk BT AR (B 5). Bl
F AR R QT AR B 3, ARk s /R IR
12 e X AR 1k M AR 2R 114 S5 T AR 60 40 2 S B Ik
N R ¥ iz 8 F (RiDit2p) . Tk 28 FE R ¥ 15
YK(RiVbasp). WLWEEE 4-JI S B (RiPLR 1) % 5%
KR FREXE 5). U AMF 7E R
IRIRRR DL, A 8w P A A TS PR AR DG L ]
FIh, AT REIE A T RO AR B0 92 9 A s
P2 i FLB AR A B R R IR TR A AE T

3 WwE5E&#

FHPIAR 2 S Gl A W A v B S s ) 10 7
TR AR, LS AR TR 2 AL A D) A A
FHOGZR P22, TR A L B AR AR 0 1 AR A A -
HRERBUE SR . K> M S AR S P, B
PEHE MRS RN ERET . ATtsh,
XA AR AL BRAR L, 2 5 A R Gy T
HRALFERIAL R AMF i 4 S e PR i ey
I, 52 E AR Y 96 hpi B R 4 3 DR R
Z, UM AMF 5 R AR 52 7 A T 9 5
Wi, T ZIAFTEA AR RSN IR BRI
PRV 7 Al R B B A, LR -
PR 22 (1) PR ELATE FE 552 W) 240 BT O B0 g
FIRp A2 S5 Al T T2 2 AR R 0 11
UK A MR A R TR AR AR B JZ 240 i T it R 4 ]
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Camlp-1 13
Camlp-2 1.0
CHS2 0.5
CHS3

Cyb2p
Cyb5p -0.5

thZp -1.0
Gdilp

GND2
PLRI
ERGI
ERGI1I
SOD1
TRR1
Trxlp
Ure2p
Vbasp
Tnalp

0.0

Ysp3p
Aytlp

M N M R 24

M R 48 M R 96

B 5 HRUERIRAR AMF BEMEERRERPERMMEHEXERMNRZIE M N: FRAEMS
5 M_R_24: WHRACE A 2 F R E 25 24 hpi; M_R_48: WARMLE M H 52 T AT =2 4 48 hpi;
M_R_96: WAL E #4532 F M E 12 5% 96 hpi

Figure 5 Expression of resistance related genes of AMF in mycorrhizal Fucalyptus grandis roots in
responded to Rhizophagus solanacearum infection process. M_N: Mycorrhizal Fucalyptus grandis seedlings
infection with Rhizophagus solanacearum at 0 hpi; M_R 24: Mycorrhizal Eucalyptus grandis seedlings
infection with Rhizophagus solanacearum at 24 hpi; M_R_48: Mycorrhizal Eucalyptus grandis seedlings

infection with Rhizophagus solanacearum at 48 hpi; M_R_96: Mycorrhizal Fucalyptus grandis seedlings
infection with Rhizophagus solanacearum at 96 hpi.
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