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Defense Signal Transmission between Alfalfa Plants through Underground
Mycorrhizal Network
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Abstract: In order to understand the function of common mycorrhizal networks (CMNSs) among plants, its role in
mechanical damage signal transduction of Medicago sativa was studied. The results showed that analyzed whether
the damage signal of donor plants could be transmitted to the neighboring recipient plants through CMNs. The
number and kinds of volatile compounds in leaves of recipient plants connected with CMNs were significantly
higher than those connected without CMNs. The activities of defense enzyme also increased significantly in
recipient plants connected with CMNs. Therefore, it was suggested that the defense signals induced by mechanical
damage could be transmitted to neighboring plants through CMNs, which activates the defense system of
neighboring plants, so that the nearby alfalfa plants without mechanical damage changed the volatile gas and the
defense enzyme activity, so as to repair the damage caused by the damage.
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TR, R AIEMRA B 5 T2 W YR )
% )W (volatile organic compounds, VOCs)H1, 4
FILH R B AR R, I P oE i RS2 52 A R R
PRI VOCs, $2m1 H & B Rl ik K =K,
BRI T AT LSBT AE DT A8, B2 S AR 55
HIE N BE 11 AW RM, 24540 2 (Ipomoea
batatas) e 5[] VOCs 1] LAY A I 15 AE AR B, A
T 0 AR P B A A DG B B S 2 A R 4. H AT
KT M IR SR R O R 2 RE,
RO TRE AR (BN 5050 B AEE 5 S AR IE 2D

R 1 22 X 2% (common mycorrhizal networks,
CMNSs) 2 [F]—#F BA [RIAE AR ], DA A R )
FERRIAITE B B 2247y, P A BROREL A TRIFE 1R B4 T4
JRAS R IEIE, BT THVE TR A A NG E =)
PIAGE, RG2S T MR A, ")
i AR AL WA E N R S 5 A% 6 4 SR
FRU-81, AT 7 31, CMNs 1] LA 527 (Lycopersicon
esculentum) F& Bk 6] Bt 3 HT LB #8145 5 1@ 1,
CMNs 45 [ 4B I AP 225 W 213X Fil B 4145 5,
A 32E 408 A0 A Bk 4 T A5 B AR v A T Jl AR SR X
CMNs /- SHIPT P A5 S AR IR SIS 7 — e it
J&, HICT B 22 W 4% 5e 75 75 15 75 (Medicago  sativa)
B A% S AHLIRAS 528 R WARTE

BRI N T fg AL A5 43 15 5 e 75 J8 i b B 22
W26 AL B AR T A AR, A SCEIT BR il B30 152
W, RAEICE B RN T2 M, @il ral
I 7 AR R R MR SRR O B AR A S M AR 4k
RIS 5244 7 T8 FEAK A8 75 18 1L CMINs S8 A0 B AU 1
TEMRAE I BT EME S, IF R ShPirEp RS, N
22 P 8B IEHLIRAR 015 5 BN e 2%

1 MBS

1.1 MRRAR R T

DU B 848 1 15 (Medicago sativa) A#1 £,
Pl el b R B IR AT SRt . REFP AT, K
TAE T0% Z B2 3 min, TLHEKMYE 2 min 5
AR ERERER 3 G, PR, KB —HE
FRRZFN 17 cm><17 cm>21 cm ({8 RZE T, 4275 8
RN, TRONIRE A 20°C ~25°C . HRHEE J(60+
10)%I(H R, HEEHH LR KE TR Bk
50 d JE M ANTE R A 2 AEPE SR 5, AU b 2R
RIRE REAS 23056 FH 0 W PR BB 4 B

REEM  AMF HE{EERFEHE (Glomus mono-
sporum) I KT~ rp ] M B AR B B i o TR o AR
BN R A LR A2 1 1), 120°CE &
FIBHCKTE 2h, DR IR EREA T, AR
BNBEER, 208314 %, WK, i 209
WAL W, KRBT rREY), H
% 1.5 cm I,

REHEE K0 EWE )L 30 um
(1) J& 0 0 R 7K (] o, T8 4 7 2 AL A0 O AR R K
oyEEfi. FHOEHSFE bR fE AT WA . RIS E
4 NAEEE, T1: Behh AM B H B FEHUMGER A 0 £ 4k
FEFR(CMNW); T2: Befh AM B {HTCHUBR IR 140
ITREFR(CMN), T3: AREZR H A2 MR 1) 3 1k
FEFE(NCMNW), T4: A B2 TR A7 145 T AE AR
(NCMN). BEANMLL Y SeE0 3 B A 1 AU
PRRERE T 1 AN SR AE AR 2R HLBRAR 1% 42 FH K B
BN 0.5 em [T FLEs, 7687 A i 32 pkw
AT L, FEFERITIL 20 MO, ELGHii 6d, 4
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Fig. 1 Sketch of experiment equipment
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1.2 HIRREEKW E

K FH S A 00 g o BCE T 1 em KR B
VRN FAA [ i 2 12 h, & Ve 5 IEIAE
¥ 20% KOH, 7E 90°C F/K¥% 30 min, #RJ5
IKIPBE 5 IR, 1E S%UKESER IRV 5 min, F 5%/
R B K Hetty, 60°C/KIA 30 min, fEIE/KFIZIE 2h,
FH Sudan 4t 60°C/K¥S 60 min, JE7KHE 3 min,
70% ZJE i €4 5 min, SRS I A E M.

1.3 BE MR 2

FREL 0.1 g EAE M A, N 1 mL B3R HGR, 9K
WK, {E4°CF 21.43%g &0 10 min, FiERA
FH B -

ABEANP I ALEE(SOD) AR BRI SRR
FAIRE), 25°CHEEERE 30 min. KA A W66
FETHAEE K 450 nm N IUIROGAE RO, F)E 4 b =
[(A sersn —A ) = (Aeas —Aptnen) | 1 (A et —A ) X
100%, SOD (U/g)= [ & 7 bt /(1 -4 7 7> bL)/

FEATE]
PLIp M RIS E B (APX) BRI R

MARFIFE MRS, 25 CREERE 30 min. KA
FERETHEBEA 290 nm T 433l 30 A1 300 s I
FeAl, A AL AT A2, ARSI N
AA=A1-A2, APX (umol/g)=(AA ¥ filg i AR /]
SETRAARRR b )i 2)..

JEEAER(LOX) BRI R BT 78 5
B2), 25°CHEE 5 min. KA K
234 nm R Y6{E, LOX (U/g)=(10000/W Y AH /
m ).

FE ) 2 R E VR ER B BB (MK K L) 454K 1
EOMER(CPKLY)  FEL1g &M A, A 9mL
pH 4 7.2~7.4 ¥] PBS VKIS, 7£ 5.36>g FES.L»
20 min, WeBE BIEW. BEARAR B E AL Bl
ANIRE S S B AR ) ARdEFLAEE AL, RS FLIR
EIARE L, BRRIRA) HEREE R, T 37CiH
W30 min, IRAEVEGIR 21K 30 5HRE, AL
DGR, #E 30s JEF R, EH 4~5 kR
7 A FLAME LI B AR IR 7 50 mL; B IR FIBE
BB IR N B 855 A 50 mL A 7] B 50 mL, %%

BIRA], 37°CHEDEE M 10 min, MIAZ L 50 mL
ZAF RN . FEEEFRX 450 nm P K IR OB .

1.4 #RMYIFRK GC-MS 43#r

SR AE 7 F VRIS 40k K, HYX 100 mg
AR INE] 1.5 mL B0 NN 0.5 mL IE ke, &
% 30's, ARG HAEVK |- 10 min, J@iEES 2 kL F.
PR G, MUKHEUH B0, 1F 21.43xg N &
O I mine B 0.2 mL BIEHLUZ S IR LR E R
0.002% ) P BR4p

K SAH - T A . A S A
iR HP-5MS (224318 5910), #ERE IR N 230°C,
Rl A5 9 180°C o ATE A BS AU 1 mL inds
FEdh . BANES, WEAN 0.5 mUmin, FHERER:
WIEEAEIR N 50°C, 1££F 3min, ZRJ5LA5 C/min T+
% 200°C, LA 10°C/min FHZ 230°C, 4% 2 min.
JRRE A BBl BT REE 70eVs #EOR
J% 280°C; I{H 1005 4 /80 2.67; N
2% (SCAN), VT 40~450 aum. BEAFE ML
R 3 1K

1.5 FAEo 1T

X F Draw venn diagram 1 DPS X f 5 N £
HMEE, Rl SPSS 20 At s AT Si it 7 #r . AH
KRR HIELE Excel F1 58

2 R

21AM EHE €5

SEIRFRA, HER AL AN AN R AL B A B AR
FUR R Y ARAFAE B 25 22 5 (18 2), e Ab B ) it A He
PRS2 AAAE IR AR 2 A2 G373 3104 76.3%41 72.3%,
VL AM EUR S R R REE L RIFIIILAE G R
M 30T LAB R R AR IR &R h AM 1R 2248 7
giky, PHRTERR S 2R AER 2 ML 7 CMNSs, i
AN TR B e AR AR AN AR AR AR S 52 AR AR B
HIMR R A BA KPR 2212 5%, F AM HERGRL
TRZE(E 2). AM HIFEFET S CMNs HIZ L
AR T (1 il o

2.2 R YR W E
GC-MS 73 HT3BH , B 22 4% (CMN) [ 4R UL 45
15 52 A 5 RELR R TR 9 R 1B HLA (VO Cs) 5 4t
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Fig. 2 Infection rate of arbuscular mycorrhizal fungi in roots of alfalfa.

{244 Infection rate (%)

CMNW: Mild mechanical damage donor plants inoculated with AM; CMN:
Non mechanical damage adjacent plants inoculated with AM; NCMNW:
Mild mechanical damage donor plants unvaccinated with AM; NCMN: Non
mechanical damage adjacent plants unvaccinated with AM. The same is

following Tables and Figures.
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Fig. 3 Arbuscular mycorrhizal in roots of alfalfa stained with acetic acid ink

FE(NCMN) 1) 22 S B S, (AR S T8 1 7 AR S L
A% 6 d J5, AR SZAARE R 6 A1 100 min ) VOCs
Fh 2K Bt NCMN #8 i 2 f%, VOCs # & 4 7l kb
NCMN B4 7 31%F1 24% (& 4). IWF 1 Al I,
WREE RN J5 , 5 CMNS 32 (1) 4530 fid
AR EE RV SAR R E R AR R
T W 2 ER R XTIE, CMN 6 min A1 100 min 43
SRS H 92 A181 A, NCMN 6 min #1100 min 4
ARSI 83 Al 64 A (& 4). CMN Lk NCMN 4

T 2-CUREE. WIhER. 3,6- ~FIE-Zkt. Pkt T
MIRFERE . 2,4-Z T ERMy ., B M. Wihig .
IEHPUREsE N TR AHES MR 2.1
IR E

4 AN[RIREEIA] (K4 R 1

Fig. 4 Volatile compounds under different treatment

2.3 pitAEETE

M IETS BT L, A4 B B AE AR B LIRS £ (NCMN)
Jei s W SZ AR R () 8 A0 ) B AL i (SOD) Vi 14 o
RIULT = i 5 T 4 R A R Bk R AL 1
(CMN)J , IIfi 36 52 PR 4 P 1¥) SOD ¥& 1% & 3% Ft &,
100 min ) SOD &P EE 6 min B T4 13T 2 1% .
NCMN I3z SZ AR AR IR IR i 48 A0 W B (APX)
TE M AR S 5, T CMN I T 52 A4 W bk 1 D) 26 B0
H e T 5 Ja BRI AR L 34 . NCMIN I 52 AR FE ik
(AR S A B (LOX) v T A 52 520, T CMIN Il 3k
ZARRRR ) 2R T . NCMN AT CMN I3 32 4K
LR P54 8 1 B 19 8t (CPKLL) IR A 22 4 5T
1B B (MIKK L) 75 P Bl (8] 2K T34 0, 6 min
H1100 min (M2 R R .

3 ALt ig

BRI 22 2505 2 S5 R R B2 U5 A0 1 4 e s
WEENEM. AU7RM, CMNs &K4EA R
WXt 7500 B 5 SR FR B SR AT /3 Bl ZEARRLR (8] X7
AR, [FIF, CMNs & a] AX 7K 23 BsiAn
AR Jo ROV AT AR, DT T 1 A R ) 5
17, BEINEEE A4S RGN R e MR 2 ke,

TEPUR HFAG T AEIE T, 22 M4 [RIRE T
HEREME . GUFRA AT RSO R R
BT PR 5 B4R I8 o TN S5 OV 2 5 2 (2O
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Table 1 Increase volatile compounds between CMN and NCMN

A LR EH I [ o REETRHL REBTRHL iz
a=gy| L CAS 5 0 o o .
Compound Retention time CAS No % Retention index  Retention index Nucleo plasmic
P (RY) : (Rla) (RIb) relation (m/z)
2-CVfili (E)-2-Hexenal 5.068 505-57-7 30.10 851 847 41.00
TZiHER Sulfurous acid 9.167 - 1.19 - 758 57.03
3,6- —HIFEZpE 3,6-Dimethyl-decane 10.312 112-40-3 6.95 1121 1123 57.14
Bk Bicyclo heptane 12.770 4863-59-6 1.87 807 - 41.68
FHE#E Precocene | 15.216 17598-02-6 0.21 1466 1463 175.13
T HREFiBE Heptane, 2,4-dimethyl- 15.481 54105-67-8 0.94 786 757 85.10
— )% Heneicosane 18.942 629-94-7 2.26 2100 2110 57.10
WP Bs Sulfurous acid, hexyl octyl ester 19.829 54697 0.55 - - 85.06
2,4-— "] 7Ky 2,4-Di-tert-butylphenol 20.826 96-76-4 54.40 1519 1540 191.02
AR/ \VE Mk 3-Bromo-2-oxo-octahydroazocine, 24.281 32566-61-3 0.27 - - 99.10
VYR Tetradecanoic acid 25.498 544-63-8 27.80 1768 1770 73.11
B — % Neophytadiene 26.887 504-96-1 47.10 1837 1840 68.03
WARER IE+ V0 ki3E Sulfurous acid, butyl tetradecyl 28.208 25466 0.58 - - 57.13
1IE+75H. N-Hexadecanoic acid 28.897 1957/10/3 65.30 1968 1966 57.00
+75R 2.5 Hexadecanoic acid, ethyl ester 29.475 629-97-9 81.20 1995 1994 88.03
TEIHER 2.l Linoleic acid ethyl ester 32.239 544-35-4 8.90 2162 2160 67.03
%)% Squalene 37.231 111-02-4 11.20 2832 2835 69.10
2.0 1500
C = = 1000
o] 5 =]
— =] =
a 310 %
2 S 2 500
< 0.5

(=]
(=]

100 0 6
] Time (min)

0 6 100 0 o6
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=
Z 04
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“ 02
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fiif 1) Time (min)

B 5 EiEH A SOD. APX. LOX. CPK11 #il MKKL 3

Fig. 5 SOD, APX, LOX, CPK11 and MKK1 activities in alfalfa leaves

& M ATE &L (Nicotiana tabacum) L4445 ¥ £ 52 31
JRB R 445 , CMNSs Al JHa (S T AL 4 SZ AR K,
BTG SRR AR BT I . FIAER, Song SETAN
Babikova ZE1SIIE | 2 A fllZ E.(Vicia faba) CMNs
RETE A ST HUE T LI

IR LA BIRIE T CMNSs A SAE A US4
SORIET, AR iR, i sk

100 0 6
A [H] Time (min)

100

6

A H] Time (min)

0.8~
4 a
& 0.6 | b
S bob
— T
Z 04l
v
= 02+
0
0 6 100 0 6 100
fisf 1) Time (min)

100

0

6

100

APTIS B P R 253 Sl I PR ) RIA T D, IEIL
WA 15 S B SR LLE I CMNSs AL 545 BITHE), M
TS o L RREAEL P B I A B A A 25 o (RS 3K A
FIBIF 5 R 2 W SRR A AR A 22 DA
Lo BAERRTR A LA AR AR R A LS AT AR R
HTABTTURY, B, My, S5 o Resy
PIIEVER7/IOE N S O ARl s EG O = A P NI S
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R, XHEIEEE AR T UM 5, BifEE 5
Y5 AT i IS CMNs # B AEI4E 5 PUs (145 1 45 4RI ok
BB 5 R A o

F4h, A CMNs B2 S IE E & ¥ SOD.
LOX vtk &2 Tk, 1M APX 3G M o SRl TR JE
B X MELGIA HIAEA MR 1512 JE CMNs i
PSR EKACE 7 T 1 CPK11. MKKL 7EAN A Ak
FRIA) ) 22 T A B2 . SOD MR N EE A
LB ANEEEIERR A, 2 5 YR85 1 S FE
wh o XA A S U R AT T 3 I AL A 47 i )
Tn, A E (Artemisia frigida) fE Ak 19T A AL BEGE PEIE
iR, S AR (LOX) &2 B U&7 S i b
TSN, HH R S B . LRI S A b IR LS AL
PTG B R A L TR AR YL R B SR LOX
FER ) F kR, F] T (Phaseolus lunatus) 52 2] i
(Tetranychus urticae) B £ /& 3 =, LOX MIH:At 5 F By
THEP ) mRNA ik RN, M LOX i 4
I 4 s HCE AR BT = 2R AL S A B R 2 17 28
R B G iy, [RIFERERG N LOX i P J L [
1) mMRNA K231, AR5, 44 CMNs HEE )52
L 5 1) SOD. LOX W& B T, Uil
22 AR IS T I 1E S B AR, SR P
RIS PRI T . APX FEAFAET B, JCH 2SR
Hal4Al, AT HoO2 ¥4k H2O o AHIF 5T H APX i
PSSR e N, NSRS 5 AR 2 i 15
7 J& 100 min "] AL T 1B I Bl

22 45 A0 B 0 (mitogen activated protein
kinase, MAPK)ZR i 121 i B B (A5 5 5 508
12, BeN 2 MR IR I 52 A B (145 5 a8 0 R AL
ML BERRAAE FZE R TBOR I AL S BN N, B8R
76 PRI A P (1 A I g e i DR S N B
H, PR E R B Rk, AR gE e . 421
AE N AN AR B ) AR B A AR, T
T2 AN S AR 00 45 P 250 A B 1 AR A
Y ik ST 2 1) — R AR 77 AR B I, 4
A TR R — e J5T A= A= g 1260, ] DL s %45 1 i
HURASE M SR, ERFAEE S5 R, R AAR
U AR R AT TR, T BRI A LIRS 4 )
B, IREHEMPUREFRE S AR X A
7E NCMN 4b 2 r [ 55 EURE IS B] A2 Ak 5 oK R AR e g
1M CMN AbFE A, 7 b i i 2 o 5 BT [1A) S KC 228 7
H, RAIE 5L B MR R AR AR, BB e
22 X 2 ] LAA ARG 515 5 CEAE AR (8] R A s o

AW TCHEER T EE IR R WY B Y
FISEIR, G5 SRR W1 A 22 74 1Y) 32 M B 7 R PR ) B
10 S S fge iR, ER T CMINs f /i3 g R A ) Bl
AR 5 5 B . e AL, FE R AR AL
CMNs J&, AftREIEE fE Y2 2N UM s,
AR R 5 5 il CMNs A& 3845 3244, 0
SZRTERR B B, CMNs 7EA 7S R G e S 2LE
HY, CMNs ] VE oA i R b (B UGS 13 15 53 1)
MWIE, FE 7 RATEYE L CMNs BEAT LT (55
AL HIINTN, X ARG W 7 IR FEARIAR A A 77 5
AR HAT R
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