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Study on Mechanism of Endophytic Fungus Piriformospora indica Enhancing
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Abstract: Tobacco is a warm-loving crop that is sensitive to low temperatures. During the floating seedling stage,
it is vulnerable to adverse effects from cold spells such as “late spring cold” and low light. To address the issues of
slow growth and reduced survival rate of tobacco seedlings caused by such cold spells, this study explored the
colonization effect of the endophytic fungus Piriformospora indica in tobacco roots and its mechanism for
enhancing tobacco cold resistance without altering the current floating seedling cultivation method. The results
showed that the colonization of P. indica in the roots of tobacco seedlings significantly increased the activity of
the antioxidant enzyme system, including SOD, CAT, POD, and APX, in tobacco, effectively curbing the
excessive accumulation of reactive oxygen species (ROS). Additionally, P. indica promoted the accumulation of
osmotic adjustment substances in tobacco, including soluble sugars, proline, and soluble proteins. Moreover,
Piriformospora indica could further stimulate the expression of cold response genes and enhance the

photosynthetic capacity of tobacco by promoting chlorophyll synthesis and the efficiency of photosystem II (PSII).
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This study clarified the multi-pathway mechanism by which P. indica enhances tobacco cold resistance and

provided an effective strategy for promoting the growth of tobacco seedlings under low temperature.

Key words: Piriformospora indica; Tobacco; Cold resistance; Reactive oxygen; Osmolytes; Photosynthesis

T FEE A2 52 R L) AR K R R B A ) B
ARE TN, ISR R AR T A A K T R R
FEWS, TR ISR, FEUEY A A TE A
(reactive oxygen species, ROS)FJidt &A1&, Hbx)
JERR BB AR AN H A K 4 i 2373 A A
Pt AR B IR 2 22 PR AR N S R 1 &
&, HISSHEYIXT Co A AETT, AL A AP
AN, ARG EIE 2 P EEI MK . R BN T AR
Fnf NSRS ALY, Ik, IRARAHEDE
ICIR B8 T A 2R e AL, SRR A B SE I
IR T-Be 5770, o TARBEARO A A8 E 1 5
AIRFEEE K R AR HE R EMME S & .

UTAER, LA AR s AR AR A AR A P b
Re )77 e IR ) BRI g, 51 TR AR
12 RE . MR B 1 (arbuscular mycorrhizae)id i
WS EH ShiEiae ), RERE T
K(Zea mays). KFE(Oryza sativa)EVEYIHIPLIE
PEEO), Han S0V T B, ML B AR 2 1R e % 0
A% H M (Populus cathayana)VR N 14-3-3 K G &
FI LRI R ARG s T R B8 . A, MR
IR NG T R =L /PR EN ) S ELRE AN G A s
~, EREREA(Piriformospora indica)lFN—FMH
N AR, AT B AR R R E TR
KA EE EPUSE R Y R, O S A
WA B S YA o BAE R #GR U, 52 SR IR R A
ittt B B AL R 0% 3G N AR bk v S T
L R A K . Ghorbani ZEMIFHFFLFEH, &
Jiti(Lycopersicon esculentum)¥F e R AT 15 5
FEART Eh R FI BT . Rai SIS 78 2 B B R AL
A RE S B 35 4 T 2 Mg S M 7 ZE AR TR T g &
2, Murphy &SI R 5T IR S, B B AL e fig
3 5s K3 (Hordeum vulgare)I9T3ERE 1. TEPLF
Jiihl, ENFERUE AL AT DLERE = B e N B (Ulmus
pumila) KRS S HOD G R 2, Wi Hpt 2
ReJ07), 2RSS S R B, HRPEN FEALE Y
RERE R ITE T P0 A G RE R A B, #him 2 i
T PUFRE S XUl R 3t A B R ) A
Ko SGARAEYIN AR AV IE BT A — AT A AL
) SRS o

M % (Nicotiana tabacum) & —Ff 25 T 38 P11
mHZFEY), EiRATCE . £ T E R T X,
TF B RSB E E I F R T R, R
B B ) T B AR I NI 5 H A RR
AR U i S PR AR IR P 458 2 5 i O o 1
Ky BRI RZFI A ZE K, BE5FRE BRI
IR 2 F O v R ARG, P o R I AR T
WARRI Himm R SRERE. i85S
RIS AR S B ARSS, BRI, Wl fE A ek
AR E O IR N, B i A SE R
JIFEAR i AR I EE T AR, SRR DR M () 5
JREA B B EER .

AHIFFEAEA U 2 Hi M i 7 SRR T
KMNERBEREAS R RTMES S, Rtk
TR 1 B AL TR A0 7 A o R 50 110 S T 0T A e
PRI SEIE, B UM 1B EE AR A R O A
. B AERE I 2E T BT B DL AR
JO S R Rk AR, e B B B AT A I 2 ik
PRI R H R VR AL, ST A R0 AR AR
T 2N B AR A 2R

1 BRI %

1.1 RIS FARE R E

AT 2023 AR A ZRAE 5L A4 M B R S
FEBE I AN HFRZ) 1100 m, 106°36'42.0624" E, 26°
39'1.39284" NYiEAT. % Li PR 7 ik Ml Bk
ATED AL A e .l B0 (7 770xg) IS A
TE LR B E N NIRRT 8 7R 4 d MEERYE
T 224k, ARG FH ddHLO St B 24 4Rt AT E A, I
W L Uk =R ODgoo 1EN 0.1 B J5 K B
WORLE TR FEAN B R, (EHZE kiR it
AN 87 1. AN EHARAN 1 kg B HiE
R FEN 300 mL EIFERLE AR, DAEE NS
FA ddH,O [FESR i, B8 3 MEYIEEE.
MR Li S 7 VAR BN R R A 5 0 R ) S AR ok
RHATRE, M 0.05% 5 Wi i Gyt #6705 26 49
RIS AR SR HEAT Je e A B, HAE S BB 10
FEVDEE N, 0 5 O AR 4 £ ) JE 3 - SR



74 HAH W AR 27

34 %

FEFLAER R M 65 d JERENLIE AL TGRS T
(SERTIRFE 4 )R AT AR BAE TR R a1
RZH. G5 SEINE . RNA HEEUR 3R
FIE AN 234, FEECH L BB AE 75 CHLAE
M ERETE. BMNEFE mAREIUR 3 M
HEAT BARFR IR, BRI TE bR 3L 13k 4T
9 WEM¥ES . 1M 70d J5, Guit W A
B, AR (Yo)=(H T B FE v H)/ I £0<100%
1.2 A3 A A Fa R B Al

R R SRS E DR ARA IR AT, J )
MERE ) 00 (cat#: SA-1-G). Hy0; (cat#: H202-
1-Y). N & E(catt: MDA-1-Y). HE XS E
(cat#: CPL-1-G). AIVAPEE 7 & (catt: KMSP-1-
W) B IR S B (cattt: KT-1-Y) I R & & (catt:
PRO-1-Y). MM B ARGV (catt: SOD-1-Y).
i AL S B T (cat#: CAT-1-W). FUIR IR %Ak
VIl P (catt: APX-1-W) Rt S A0 P B 14 (cat#:
POD-1-Y), BARDESIAEH U1, FHGXH
F%4X DDS-307 (_E#gAX BB A AR A A R 2 7],
Hh DI E AR SR . S ] Lichtenthaler™ 7715,
e e BRI E i 3R o
1.3 SAERMAE TSR E

A L1-6400 #4500 G 1EH R4 (LI-COR 2

# 1 qRT-PCR 314

Tablel Primers used for qRT-PCR

A, KEHNEFARRDEE S5 WErsAEH T
PRI a5 G A IR (Pn) AL T (Gs) iR —
AT B (Ci) AN 78 15 T 6 (Tr) o R Bff DR DN £ 14K 1
PE, TEIEIERT, RARSZNEROGE, ek
A1 000 gmol/(m>s)HI e H N TFIBREERE, R
F FHEAT 30 min TR ST ALEE o DU IS 37K
HSHAAFEE RS I )5 R E: RZ (Fv/Fm) .
JERGE N bRl 2 1 2 (OPSID. & L F
£ Z (ETR) e 20 K R £ (qP) MRk 2
K ZF(NPQ). NIKREAERIIE & RS, Fr
R T E 0 Y T AR SRS A R 5 40 min, DL
BA DR I 70 43 T IV AR, DT £ e 0 2 5 SR 1 T
FEES
1.4 RNA HJ3REU qRT-PCR 4347

f# § RNAprep Pure Plant Plus Kit (TIANGEN
BIOTECH (BEIJING) CO., LTD)#2£ B4 RNA. fifi
J&» A8 1 ug RNA 31T cDNA )4 il (PrimeScript™
RT reagent Kit with gDNA Eraser, TaKaRa). &&= 5L
N} 5% 45 Wil % 2SN (QRT-PCR) 2 [ Li 5221 5 1%,
i F ¢ Y6 72 B PCR i) £(TB Green® Premix Ex
Taq™ II, Bulk)7E Applied Biosystems ViiA™ 7 SZH
REMEE A EREAT, DUE KIERF Nedctin AN
ZHH . qRT-PCR 5 WE 1.

5% Primer IEM 741 Forward sequence (5'~3") J 1A 751 Reverse sequence (5'~3")
NtActin TCACAGAAGCTCCTCCTAATCCA GAGGGAAAGAACAGCCTGAATG
NtCBF1 GGATGAGGAGACGCTATTCTG TGTGAACACTGAGGTGGAGG
NtCBF3 TATTCAGAAGGCGACCGT CCTCCTCGTCCATAAACAA
NtDREB2B CGGCCGCCCATCTGAGTC AGGTGGAGGCAGCATTAGTC
NtERDI10B GGCCTTGCAGACGGACGAATAC TGTTCCGGTGGTTCCATAGTCTCC
NtERD10C CGGGTGAGGACACGGCTGTA AGGCGCCACTTCCTCTGTCTTC
NtICE] TGATAGGCTTTACATGCTGAGATC AGCTGTTGCAGTTGGCGTTA
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Fig. 1 Effect of Piriformospora indica on tobacco growth under cold stress. A: Growth phenotypes of tobacco under cold stress; B: Changes in temperature

during tobacco seedling cultivation; C: Colonization of P, indica in tobacco roots after sowing 49 days; D: Dry weight of aboveground of tobacco seedlings

after sowing 70 days from; E: Survival rate of tobacco seedlings after sowing 70 days; CK: Control; PI: Inoculated with P, indica. *: P<0.05. The same below
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Fig. 2 Effect of Piriformospora indica on indicators related to oxidative

damage in tobacco leaves under cold stress. *: P<0.05; **: P<0.01. The

same below
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Fig. 3 Effects of Piriformospora indica on activities of antioxidant enzymes
in tobacco leaves under cold stress. SOD: Superoxide dismutase; POD: Per-

oxidase; CAT: Catalase; APX: Ascorbate peroxidase.

PR = Poy Gs A Tr, 10 Ci WA BTBEA% .
BB IE TR A RS, R
Fv/Fm. ®PSII. ETR. qP Il NPQ. H1[& 6 nJ W, %
il B R AL TR A O AR FE 1Y) Fv/Fm. ®PSII. ETR. qP
FINPQ EHO0T BB 43 380 T 23.5%+52.1%-38.7%-
45.0%H1 24.5%. [KIth, E0RERLTE AR R &2 1T
R B OGRS T (PSIDE, HEmgss
THEL ()6 A1E FH e
2.5 BB AL i T H0E B AR I v SR AH 5% R BRI R A I
=2
ICE (inducer of CBF expression)-CBF (C-repeat

binding transcription factor/dehydrate responsive ele-

300 - § 250 10 "
— * = T E
z 200 Y .
o pibet == £
i @ 200 o g & E
pelics - Z 21s0f o5 or
&3 fﬁH 15 = §
= 3 100t £2 o
S 2 50 22t
& 5 E
= S
0 CK PI o CK PI ” 0 CK PI
Ab P Treatment AbHE Treatment A Treatment

Bl 4 EI1BE AR AR R IR PR 85 MR B 05 R T 0 5 PR

Fig. 4 Effects of Piriformospora indica on osmolyte contents in tobacco leaves under cold stress
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Fig. 5 Effects of Piriformospora indica on photosynthesis in tobacco leaves under cold stress. Chl a: Chlorophyll a content; Chl b: Chlorophyll b content;

Pn: Net photosynthetic rate; Gs: Stomatal conductance; Ci: Intercellular CO, concentration; Tr: Transpiration rate.
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Fig. 6 Effects of Piriformospora indica on fluorescence parameters in tobacco leaves under cold stress. Fv/Fm: Maximum photochemical efficiency of
photosystem II; ®PSII: Actual photochemical quantum efficiency of photosystem II; ETR: Photosynthetic electron transport rate; qP: Photochemical quenching

coefficient; NPQ: Non-photochemical quenching coefficient.
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Fig. 7 Effects of Piriformospora indica on expression of genes related to low-temperature response of tobacco
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