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Iycopersicum), fmf R HieF—5, MrWELETF
1%, KA 900%L) F. FHiili ABA BRFEIAL K
AT GA SR 2 AL A5 068 7 A9 5 A TR 5 I
PR R E Z Y ARG YRR
Tomato Genetics Resource Center (TGRC)F 1 %5
J% (http://tgrc.ucdavis.edu/) 3R 15 . not (notabilis)hy
ABA BRFAIEAR A, 9- M- PRI b & 30m
SRS NS , B DR IUNE N E ABA &
gk i T B G B, Micro-Tom (MT) Wy
HHFH: 7 s gib3 (gibberellin-deficient-3)A GA [
RARK, Moneymaker (MM) Ay H: B A= Y

FAPTIHEES , FEFIEIREA MS FEFRIER
HED P B IR AT IO i o K O B A B0 S
W & Rk Agrobacterium rhizogenes
ACCC10060ACCC 10060 (]~ <74 ol A= Py A R
H)iESBRME, BREEE .

AM H I RICARMPERE Rhizophagus irregularis
DAOM 197198 MIIEE A Premier Tech 23w 3K,
I BARAREERD AM B EXERFHMARY ST
B 5% 3 A A e T AR
1.2 MR ABA Xt AM HE RS MR B IR
BRI

K BARM S B HE DAOM 197198 a7 A %
F, RHAMEFEeLset, B LA A
AR MT Fil ABA SRFERASK not)Fl ABA Ab3E
(+ABA F1-ABA). ABA(Sigma, A1049)iti [k &
1107 mol/L, fHIERE 15 cm MIKFFRIN, fHA
MSR J5FREEN R I3 542 100 4>
¥, BT 25 ° CIEI B IRM PG R R 5 d, £Effl
TR RSEH 8 KA S cm B AR 2 58 5T
RAE WIS E T H SR R R 729 0.5 cm,
BEFR M3 R 1 58 25 °C fEiREEFRAE

MR, BEAAEEE 5 A ES, 4 DAEHEE 28 MR
FRll, 3557 8 Jil 5 MUk
1.3 AME ABA X AM EEATF ™R

BB S5 H#tk DAOM 197198 Ht4:)5, # 24
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ANBEFEIN AR 50 MU, BT 25 °C fEilE
FEFRAATRIE RS SR 5 d, TR IR R R4S 3 A KEy
3 oem (B EFRPIRAR I 51 B TR R LA, B
FAA 5 1.2 R B S AN, 2 bRt
14 NESRIL, 5555 12 RS 150,
1.4 FIFH GA BiE ABA Xt AM E R Y =T
A

TR 5k DAOM 197198 k5, R M
FoeabaALB T, BRI 0k 5 R R (B A= D MM
GA BrFGZRASK gib3)Fl GA AEI(+GA FI-GA)kb
P, GA Jti FHHEE S 107° mol/L. i FH A5 =1L
R RARBCE SR RS 1271
HAA], 1EF% 8 Jil 5 HUkE

WURERT, F 35575 AR R — A% 31 500 mL
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6.0 PIATIERR NV , SR 5 & T8 K LA 200 r/min
(% 4R % 30 min, KA R ) MSR $5 57 5LV
Mo PRI VERR R, TR AR5 T I D fif
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U0 gy i 14 MYCOCALC (http://www.
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XPEERIATIR, H 3 DS EARE AR R AR -
F% (M2 P A AR ) . M% (R 5 A A TR AR
YR a% (IRUMR R PRI FE). lH
F%F M% S 1 Bz Ye, 1 a% S e 7 MELE =
Je(BIAM ) o
1.6 ABEEMAETEE KR

BEALPEEL 20 2529 1 om KPR EAMRE:, 760
e T SR R R Yy, ST /B AL
i ERFFRMURHE 1 cmx1 cm BB MK, 7€
(TR € NP~ B2 A S ER e a RE AR R U '
i, OREITAT RRS RO i BRI AR A T
Bk .
L7 MHRERFXNER
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F1 TransScript One-Step gDNA Removal Kit and
cDNA Synthesis SuperMix (1t %t TransGen 4= ;
ARABRA IR RNA JF st 2 R ]

f) LightCycler 4801 #¢ J¢ % #&= PCR Y k17
RT-PCR. 10 uL W& & A : 5 uL iTaq™ Universal
SYBR" Green Supermix (2x), IEJZ [ 54145 0.5 pL
(10 yumol/L), cDNA #itl 1 pL FITGIH 285K
(RNase-free & DNase-free) 3 uL. R & H -
94°C30s; 94°C5s, 60°C30s, 39-42 PMEIH;
T2 A A 65 °C INERE 95 °C (4 6 s [AlFR L
7t 0.5 °C)o BEAHERL 2 AT, HAEAR 222
LB P bt 3t

HEAT A€ i RH OC L R FIAH 5C 51 90 14 e 41) D
1. A SIS i A T AR TR i) I
AT BRSBTS R i, PR I 2 BRG] 5
i o 28] e s o R S A
1.8 EdEaHr

FIEAT 45 5 Jg 4 Ras, 5 R A4,

IBM SPSS Statistics Version 21.0 Z/4:(SPSS Inc.,
Chicago, L)X} ¥k 95 #F 17 fif ] 2 5 It 4L (Tukey
HSD) . [ F 5 2253 143 BT (ANOVA) , i F Origin
8.5 il 4l .

*1 AXHBMEESIFT

Table 1. Primers used in this study
Gene Primer sequence (5'—3) Reference
EXO7041-like (LOC101253481) F: CCTCAGAGATTTTTGCTGGTG [19]
R: AAGGCCAAGCTCAAAGAAGAC
EXO70B1 (LOC101260888) F: CTCCAAAATCAGGAGGTGGAT
R: CAGCAAAGCAAACTGAACCAAC
EXO7041-like (LOC101261477) F: GTCTTTTTGAGTGCCTTCCAAC
R: AGGGATAAGAGCTGGTGGTGTAT
RAM?2 F: GATGGAACATTACTTCGAGGAC (4]
R: CTCCGAGACGAAGTAGTAAAGAAG
STR2 F: GGACATAGGGAAGCCGATAA
R: AGCCCACCCATTGACACTTT
Actin F: TTCCGTTGCCCAGAGGTCCT

R: GGGAGCCAAGGCAGTGATTTC
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G RARAZ Y RIS F BB AR . ILAh, A (P=0.000), T not ZRASKT F% (P=0.016)F1 a%
6) . EH LT RI(E 2, 3 2) AR AL

137+

JRERIN ABA $25 T RIMRIR AL, 1E not TRNAHIL

" £ V a Atk WIS L A
E 1. 7T[E ABA QIBRAGHEREER
Figure 1. Trypan blue staining images of roots treated with ABA or not.
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Figure 2. Effect of ABA on mycorrhizal colonization and the amount of arbuscules. F: mycorrhizal frequency in
root system; M: mycorrhizal intensity in root system; a%: arbuscule abundance in colonized roots. Different
lowercase letters indicate significant difference at P<<0.05.
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2. ABA X AM HEIRREIFANAIRE T ESTP )

Table 2. Two-way ANOVA of ABA effect on

mycorrhizal colonization (P value)

Treatment F% M% a% Number of
arbuscules

ABA 0.000 0.000  0.981 0.003

Genotype 0.016 0.080  0.016  0.000

ABAxGenotype  0.083 0402 0.735 0.122

G e R, WIMSME ABA YA AL Lb 3
8.9 MMem, WFEE T AU ABA fyHFAE R4
BH(4.0 1~/em), AU ABA B not 5878 R AL HE A
0.5 1>/em, BN ABA SEUMEGRHISINZ 2.4 4~/em,
Al WANE ABA (P=0.003)713& [ % (P=0.000) %+ A\
ROECRAR 7 A T WA (K 2, & 2). DLEgs
REWISNE ABA BESAEHE AM EFXR R
Yy, JUHAR A R

EXO70 &K gmpbAE ) h B i) — AL, M
BB RS EXO70 )3k P 5 i %t
EXO70 R FIRXW Ml LB, EXO7041-like
(LOC101261477)F1 EXO70B1 (LOC101260888)7E
WAL R Z [0 A B 2R, 2 EXO7041-

like (LOC10125348 1)L 7E not W EYFREZ 5 i
FAMHI (K 3), F W EXO7041-like (LOC101253481)
MR ERMRATSE AM HEE T A
(periarbuscular membrane, PAM)JE i1 32 223
MIEH FGRIKF FEAET ABA HZ REASHI i A
BIE h
2.2 ABA XtHgR
STR2 FREHIF
RAM?2 1 STR2 52 I Bi-& WU 1z 1) S B BE I
25 AM H 5P A b g 5 A os i
AM FLRH AR R B TR TS A PR AR BRI
WA SHAERER, WA, BF B8 0 E0E
BT, filF BB AR SRR IR AR . B,
RAM?2 1 STR2 Xt T+ 1 JE st 2 A S B Y
B MWEERPATLUE Y, SMEEIN ABA 2.3
T2 3ET RAM2 (P=0.006)F1 STR2 (P=0.014)X: 4 Y
FiB M not ZZ7ZE AN & Z 4] T RAM2 (P=0.007)
Ml STR2 (P=0.009)J&[H ) ik (R 4), EFF AR
Hr, SMEES D ABA $:30 RAM2 F1 STR2 W3Rk

EREmHARXER RAM2 F

% 3. ABA X EX070s EE X RIEE/EN

Table 3. Effects of ABA on the relative expression levels of EXO70s
Genotype EXO70A41-like (LOC101253481) EXO70A41-like (LOC101261477) EXO70B1 (LOC101260888)
not 0.20+0.03 1.10+0.07 0.89+0.15
MT 1.60+0.24** 1.01£0.11 0.94+0.11

All the data are presented as the meansSE (n=4). **: significant difference at P<0.005 between not and MT.

#F 4. ABA X STR2 1 RAM2 EF M RIZEHE M
Table 4. Effect of ABA on the relative expression levels of STR2 and RAM?2

Genotype ABA treatment RAM?2 STR2

MT —ABA 1.00+0.00 b 1.00+£0.00 b
+ABA 2.48+0.56 a 14.70+4.83 a

ot —ABA 0.3840.13 b 0.20+0.06 b
+ABA 1.01£0.26 b 0.39+£0.13 b

Two-way ANOAV (P value)

ABA 0.006 0.014

Genotype 0.007 0.009

ABAXxGenotype 0.021 0.016

All the data are presented as the means+SE (n=4). Different lowercase letters indicate significant difference at P<0.05 in each column.

actamicro@im.ac.cn
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Sy AR 2.48 1 14.70 % 1 not AR, Ab
PRV ABA 30 RAM2 1 STR2 363K B4
5 2.66 F1 1.95 f5(5& 4). B, SN ABA fE
A1 32 7 i A R v TR AR R S A B S Y G B )
AM E 1z i

2.3 ABA X AM EBE =AM

TEBF A BIBERN bR DAOM 197198 fykA:{&
i, SMERIN ABA B EMRIE T MR A, B
I 12 J8 J5 S A PR A 77550 2 S AN TR Ak 34t
THORR 4.5 %, i85 822.3 A4M/IL(FE 5).

2.4 FF GA Xt ABA BB HIHHIE
H T W SN ABA X AM ELF (2 LA

a
ab
I b

MM-GA MM+GA gb3-GA g:b3+GA

ili

MM-GA MM+GA g:b3-GA g:b3+GA

70
60
50
401

F/%

30
20+
10}

0

80

a%

FEIAYEE IR, FRATEH ABA BUFEPIMEAEYIINE
GA Je HBFH AR gib3 PEATERIE, G5 pa]
DIEH, AMNEASI GA BRI T B A BUFN gib3 R7AE
P ERZYY, F% (P=0.006). M% (P=0.006)
il a% (P=0.006)¥) i E LA 3, % 6), itxt
TR G R, AMEEIN GA BT

750 (P=0.000), 1] gib3 57544 i &1 i 1 71

= 5. ABA XETH=RIZ

Table 5. Effect of ABA on the number of spores
ABA treatment The number of spores (/plate)
+ABA 822.3+441.1*

—-ABA 183.8+91.9

All the data are presented as the means+SE (n=4). *: significant
difference at P<<0.05 between +ABA and —~ABA.

ab
bc '

MM-GA MM+GA g:b3-GA g:b3+GA

50 ¢

40 |

30 -

M/%

20 r

10 +

Number of spores/plate

als

MM-GA MM+GA g:b3-GA g:b3+GA

3. GA X AM ERERZRM =182

Figure 3.

Effect of GA on mycorrhizal colonization and sporulation. F: mycorrhizal frequency in root system; M:

mycorrhizal intensity in root system; a%: arbuscule abundance in colonized roots. Different lowercase letters

indicate significant difference at P<<0.05.
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F6. GAXI AM EERIMIZWHINEFHESH
(P1B)

Table 6. Two-way ANOVA of GA effect on
mycorrhizal colonization (P value)

Number of
Treatment F% M% a% umbero
spores
GA 0.000 0.000 0.000 0.003
Genotype 0.112 0.121 0.122 0.006

GAxGenotype 0.474 0.675 0.467 0.006

FHE(P=0.006); TEARTMINE GA [ gib3 537F
AR RS, BFEE VA RE 6769 A/
(F 3, % 6). IR, 1EN ABA WSS HIERIYIN
AR GA WIVEF S AME ABA M1, REGS MG EAR
YL T T B

3 itib

TEARIFEH, AME ABA ACPEAEHE T AM ELIH
gy, WERI T AEEGE; GA 5 ABA TEHEY)
W BAHEHUEN , @ HAME GA 2 FEEL GA
BRBG ZARARS AM S 2 T AM FLE IR L |
KGR, XS gE LR A ABA RRIZAEIE AM
FL P 1 G KL TE B  Herrera-Medina S5 7E 315
th g 2 JEIBETE 20 mL 50 umol/L 1) ABA ¥k REf%
PR TR P AM BB P42 Y K B M 3=
B2, HUIHA$E 1 ABA TRE T AM HIE M ATE
JEFITRE™ s ABA (5B 28 A5 (A AR 42 G AN AR
T2 3 7 T RO WA ABA REAEE
3R 52 5 70 A v ) TR RS T R AR R B A
RE AL IREN(ABA A A7) 2 B & M AM
Y AR TE B X SEtiF 58 R BHAME ABA Xt
AM HIFRPHNECR B A IEHER, 10 ABA 6t
BRI SR ABA G U R R AM HLIH R
RAMETE R, RTS8 —2
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EF. AM EH 57 By AR, fFER R
FTY L 2, T AR P A KT R N T 22 R
SRIGTE WUAME B 22 i+ . TEX Al fip, M
HATZ O AR, M e, (k) 7.5-8.5 7,
T ARG R ES M 4L AR, & & RS
PRI e PASE 19 52 2 5 R i mT e 0 A 45 7 FLAE TN Y
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BRI AR 3 B 5 R R R DA oY e
I S A R A PEBE™ ;s Feng S ISR 3 AL
(18 e 0 P i ) B R 2 TR 25 11 . Kobae 255 5
S A A AR — 2 % ) vk A B S DR P R
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AR (R SE T ) o X S 25 R I E AM SRR 3T
R, MAEAE 3 2 i Tt Je L b 1 B mT REBIK %
AR YRR, ] AM EEBTF P iE7
FRATTHED , SIS ABA fEiETE AR R T AM ELF 4y
SPERRZER A R AM B IS, TR
PNGESIR VN TS N LN L L S el
N2, SRR L P a6 AR R i it
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JEIE R PERR . MR N T 227 BARSMN R 22, I
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ABA JEAE Y32 B FREE I8 S5 8 SN 7 A
(i 0 RE TR b aE AR YR ABA, I
AIRBE RS AM FLIA , 155 AM FLR A HA K,
MR HE =36, FEACIRIG , FRATBAT X AR ik
ZitmEFEE G, Fit AM ERE AR R EK A
HHARZm, (HEINE ABA I G/ a5 S
ST REREIE AM BLIAAE A e By, 30T 22
MR, B 5 1 A 0 A SRR 4 i 2
e, (e AR TE S =1

ARWFFLETREN, ABA FERS{EHE AM HIH
PRI AR, BEMT R A TR . AR A
AR, L AM H R G B & 16
FAEP TGS, A ] RE R A AR A
FIF R BeAh, HSMNE ABA FlR 5 R Bk 2845
PRI TR, RERE R EIIN AM FIR B 1Y
PRI, BTz MR R
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The regulatory effect of abscisic acid on colonization and
sporulation of arbuscular mycorrhizal fungus
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Abstract: [Objective] To reveal the effects of abscisic acid (ABA) on the colonization and sporulation of
arbuscular mycorrhiza (AM) fungi, and to establish a highly efficient propagation methods by promoting spore
production with exogenous ABA. [Methods] We established the dual culture system with tomato hairy roots and
AM fungus Rhizophagus irregularis DAOM 197198, and the exogenous ABA and gibberellin (GA) were applied,
or the deficient mutants of ABA and GA were employed. The mycorrhizal colonization was observed after staining,
the expression of genes involved in the development of arbuscules and the synthesis and transfer of lipids were
measured with qRCR, and the numbers of arbuscules and spores were counted, in order to reveal the effects of ABA
on the colonization and sporulation of AM fungus. [Results] In the ABA-deficient mutant not, F% (mycorrhizal
frequency), a% (arbuscular abundance), number of arbuscules, and the expression of arbuscule
development-specific gene EXO70A1-like (LOC101253481) and the lipid synthesis and transfer related genes
RAM?2 and STR2 were significantly lower than those in the wild-type MT. Exogenous application of ABA
significantly promoted F%, M% (mycorrhizal intensity), number of arbuscules, spore production, and the
expression of RAM?2 and STR2. The spore production applied with exogenous ABA was approximately 4.5 times of
that without application. Exogenous GA significantly inhibited all parameters of mycorrhizal colonization and
spore production. The spore production of GA-deficient mutant gib3 was significantly higher than that of the
wild-type MM, although there was no significant difference in mycorrhizal colonization between gib3 and MM.
[Conclusion] By promoting the lipid synthesis and transfer, ABA increases the colonization and arbuscular
formation of AM fungi, and further enhances AM fungal sporulation.

Keywords: abscisic acid, arbuscular mycorrhizal fungi, arbuscular formation, spore production, gibberellin
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