http://www.cibj.com/
DOI: 10.19675/j.cnki.1006-687x.2021.04063

(Y R7 A SIS LESIR
H”V,{ :4PPL ENVIRON BIOL

YA, JH/ANER, XUPAE, T 38, AR AKEY) T N AR T I 7 R[] B SR B A 2% 3T, 2022, 28 (5): 1375-1383
Fan'Y, Tang XL, Liu QH, Yin CY. Advances in the study of endophytes in woody plant seeds [J]. Chin J App! Environ Biol, 2022, 28 (5): 1375-1383

A RENFT R R
i MR R FEE

"R ERRE R L A A RS S A R S AR S A SRR DU S P ERPE BRI T S 610041
srpEREE Y Jbat 100049

 E SMESRGTLTIA REDE SRR A, U2 EEE AR IEEERKRE. ITEK AN AR Y
A A R 1) EE B R T 52 B AN, (EEUE T 3 B RIEY L, SR FOARA A A P AR B O HOR BT A SR A
W, HFAR Tz, ARAED R 7N AR E L, w9 A4 (o U B JE Pseudomonas. % 1T 1 J& Bacillus
sp.~ B XK & Erwinia sp.2) « WA BT (ABEHS 11 )8 Alternaria sp.. Bt J& Cladosporium sp.. # J11# & Fusarium
sp.A%) MINAE U # (Uit 25 12 8 streptomyces A% £ K5 J& Nocardiopsis®) . S 8id i A iE i R b, 2518
- B 6 TR B DL S0 i B S B T AR AR R 00 85 A B8, A5 38 B FP 7 4 SRl 1 AR T, P9 AR TR AE 1 o 4 35 P
e A SRS B EYIERE RONAER, B A7 EERES TR KRR R T AR AT LB R
TRl (B R ANl B A ST, SR AT PR AR YR AR AR P A T R A S R A A i R A, (BB AT R P A TR X R B R N
WK AG EER. Ak, HEZEFAREARNGERE, 0755 TAKF LR R AR AT HARMNS., 2is
FERRIEA S b, RAAR AN A0 A B R A AR = WK 5 TR I 9L, o] ZEAE A0 ERFE B ¥ 5 T 7= A S b s AR
. (F1 &1 370

KR KA BN AT R ISR B EAR

Advances in the study of endophytes in woody plant seeds
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Abstract Almost all plants in forest ecosystems live in symbiosis with endophytes, and many plants cannot
grow normally without endophytes. In recent years, the importance of endophytes for plant growth and health
has gradually attracted attention. However, most current studies focused on crops, and studies on woody plant
endophytes, especially seed-related endophytes, are very rare. There are many species of endophytes in woody
plant seeds, which are divided into endophytic bacteria (e.g., Pseudomonas, Bacillus sp., and Erwinia spp.),
endophytic fungi (e.g., Alternaria sp., Cladosporium sp., and Fusarium sp.), and endophytic actinomycetes (e.g.,
Streptomyces and Nocardiopsis). Microorganisms in the environment colonize various organs of woody plants:
through the rhizosphere, caulosphere, phyllosphere, anthosphere, or carposphere, and are transmitted to the
seeds to form seed endophytes. Endophytes occupy niches such as endosperms, embryos, and endosperms
in seeds. Host plants can choose beneficial endophytes to transmit vertically to the next generation through
seeds. Woody plant seed endophytes can directly promote seed germination and seedling establishment and
produce secondary metabolites to prevent plant diseases and protect plant health. However, some woody plant
seed endophytes are harmful to seed germination and plant growth. With the development of metagenomics
technology, it will be possible to research seed endophyte species, colonization, and transmission methods at
the molecular level. In addition, studying the secondary metabolites of woody plant seed endophytes could have
practical applications in plant disease and pest control.
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Table 1 Endophyte species in woody plant seeds
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P4 # Endophyte

£}/J# Family/genus

¥ Plant

¥ )8 Pseudomonas

+r BUIKH & Rahnella
2 H & Pantoea

213k J& Rhodococcus
WUNFF 8 Exiguobacterium

H% Bk # | Staphylococcus sp.

LEFAT i J® Bacillus sp.

i 2E AT Bacillus altitudinis

W AT B Bacillus simplex

Tz 4 AT B Bacillus thuringiensis

fRGER 2 14T 7 Paenibacillus amylolyticus
LA & BRI Paenibacillus amylolyticus

WA z:42 Picea abies'™

MM Quercus palustris Miinchh. ')
2 [H##, Pinus ponderosa'
FaRifEmE Coffea Arabica'™
W =42 Picea abies"
Fi R Fraxinus spp. ™

£ [H S Pinyon edulis"™
Filhi{fnEE Coffea Arabica™
&R Fraxinus spp. >
FE B Fraxinus spp. >

Hig i Fraxinus spp.

S£[H % Pinyon edulis™

F &M Fraxinus spp.

¥ W Eucalyptus'™

£[E H S Pinus ponderosa™
£ [H R Pinyon edulis"™
FiRifeunEE Coffea Arabica'™
#i% Vitis vinifera L."

#i%i Vitis vinifera L."

W% Vitis vinifera L."

#i%] Vitis vinifera L."

#i% Vitis vinifera L.®

Egn%ifglﬁjtic bacteria T it % AT B Curtobacterium sp. R B 4FEE Coffea Arabica ™
B K2 84T 8 Bacillus megaterium Fi# Eucalyptus ™
WIRAT & Propionibacterium %M Quercus palustris Miinchh. *"!
INEHJuEF Delftia M Quercus palustris Miinchh. !
i £l Enterobacteriaceae %M Quercus palustris Miinchh. ")
AT i )@ Enterobacter spp. S [HEH Pinyon edulis'™
V-2 4T Gammaproteobacteria sp. £ [H#EFS Pinyon edulis"™
o T o M Quercus palustris Miinchh. "
BRSL /A Erwinia sp. SR Pinyon edulis™
5 B Sphingomonas sp. £[H#EFS Pinyon edulis"™
WP & Paenibacillus sp. Feb Eucalyptus ™
JEVEFTE R Paenibacillus humicus ¥ Eucalyptus™
H W ER# & Enterococcus mundtii ¥ B Eucalyptus ™
FHILFT1# B Methylobacterium sp. ¥eW Eucalyptus ™
[ AS LA JE M. variabile ¥eh Eucalyptus™
WA IRATH 8 Lysinibacillus sp. £ [EH## Pinus ponderosa'
WA FFE Psychrobacillus sp. FE# S Pinus ponderosa™
&) )48 7% J& Diaporthe sp. %38 494)& Cinchona ledgeriana™
{5 FE /RH8 TR Burkholderia K hiAf1nEE Coffea Arabica™
I IRHS/RARIKH Yersinia frederiksenii R HzAfuni Coffea Arabica™
IR Micrococcus sp. BT HiAfuiniEE Coffea Arabica ™
FAMUE Stenotrophomonas sp. Wil fEunEE Coffea Arabica'™
M Quercus palustris Miinchh. !
ks Alternaria sp. F 48 Acer ginnala Maxim )
2 [H ¥ Lodgepole pine™
¥h Eucalyptus'™
18R [CB% BL)# Debaryomyces M Quercus palustris Miinchh. ")
JE3 A% % Apiognomonia M Quercus palustris Miinchh. !
B 5 Rl Valsaceae %M Quercus palustris Miinchh. ")
T3 Ascomycota M Quercus palustris Miinchh. "
BRI 1 JE Mycosphaerella ¥ Quercus palustris Miinchh. *"
OFi 414 J& Malassezia M Quercus palustris Miinchh. "
41714 )& Aureobasidium %M Quercus palustris Miinchh. ")
[SE-N: | M EREE )& Epicoccum sp. L%W Quercus palustris M.“”Sf]‘ h. =
Endophytic fungi A %Mk Acer ginnala Maxim

K HAI 4N Taphrina carpini
4k f % Cladosporium delicatulum
BB Epicoccum nigrum

TS AT Curvibasidium cygneicollum
WIE & Colletotrichum

ek fflJE Septoria

21 BEJE Rhodotorula

%7 )% Didymella

B Cystobasidium
Kabatina

EIfti- 714 Parastaganospora
FHELEHE & Muriphaeosphaeria

JCHETERE Quercus petraea™”
TeHETERE Quercus petraea'™
JHiTERR Quercus petraea™
JCHETERE Quercus petraea™

X% )T Acer palmatum Thunb. '

X9 JTiE Acer palmatum Thunb. '
Y4 Larix gmelinii (Rupr.) Kuzen. '
¥k Larix gmelinii (Rupr.) Kuzen. '
¥ Larix gmelinii (Rupr.) Kuzen. ™
¥ J& Pinus™

K XJ& Fagus"™

K75 & Fagus™

13]
13]
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£53%1 Table 1 (continued)

W2 ETH Endophyte F/J& Family/genus

%) Plant

BREA:JE Strobilurus
Hormonema

(i Beauveria

FiftiJ® Cladosporium sp.

Hh #2 53 J% Geomyces

R 1 # J§ Sarcinomyces

% {45 % ¥ Sydowia polyspora
125 SR Phomopsis sp.

Jik 7t ¥ Neurospora sp.
2 A% ® Phoma sp.

HEWIE Penicillium sp.

Z=i%)& Picea™

SR Pinus monticola'
¥ Eucalyptus ™
ZHFA Pinus monticola
S Pinus monticola'
454 Acer ginnala Maxim !
S [E M4 Lodgepole pine™
¥ Eucalyptus

% Toona sinensis Roem ™"
kA Pinus monticola™
iR Pinus monticola™
# A Pinus ponderosa'”’

£ [H ¥ Lodgepole pine™
¥AJ@ Pinus™’

44 H Acer ginnala Maxim
A4 Acer ginnala Maxim )
44 Acer ginnala Maxim %%
54 Acer ginnala Maxim **
£ [H % Lodgepole pine™

14]

[14]

14]
24, 30]

24, 30]

WAERH . A4 Acer ginnala Maxim %%
Endophytic fungi Y718 Fusarium sp. [ M A Lodgepole pine™
¥el Eucalyptus ™
J& J 4% )1 Fusarium solani S8k Tabernaemontana heyneana Wall. "
K2 T Fusarium subglutinans 5SS Pinus radiata™
K#J& Trichoderma sp. k%M Acer ginnala Maxim
SURMIE-fiJE Pleosporales Incertae Sedis Zk 4 Acer ginnala Maxim **
KRR Rhizosphaera kalkhoffii SR Pinyon edulis"™
% @ Aspergillus ¥el Eucalyptus ™
¥ {8 Nigrospora ¥eh Eucalyptus ™
W% B JF Pestalotiopsis ¥eh Eucalyptus '™
4 —fi# Lasiodiplodia theobromae ¥AJE Pinus™"
)Xt Diplodia intermedia )& Pinus®
Hh 9B 25 %5 Curvularia trifolii JeAThk Tabernaemontana heyneana Wall. “”
Y% )& Exophiala sp. JeAs Bk Tabernaemontana heyneana Wall. *
K175 J& Wardomyces sp. JeAs Bk Tabernaemontana heyneana Wall. *
Diplodia sapinea FAJ& Pinus®, #1#ZEks Corsican pine "
Caloscypha fulgens PuinzA2 Sitka spruce ™
Incertae sedis sp. A4 Acer ginnala Maxim °
A 7] Bt~ Lasiodiplodia theobromae AL pinus elliottii""™"®, ¥AJ& Pinus spp.
A e %% 4 Streptomyces # W Camptotheca acuminata Decne. *”

LR IKH B Nocardiopsis

Endophytic actinomycetes
Py y 7% 50 IR 1# Bl Frankiaceae

# Camptotheca acuminata Decne.””
¥eb Eucalyptus '™

RBRIE A SR T 4 AR 7 B R 4.
The Latin name without Chinese is Chinese name not found.
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Fig. 1 Vertical transmission and colonization of endophytes in woody plants seeds. The dotted line represents the colonization pathway,
and the solid line represents the vertical transmission. Drawing modified from Ref [8, 47].
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