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Research advances in vertically transmitted endophytes in plants
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Abstract: Due to the unique spatial and functional relationship with the host, plant endophytes are
known as the second genome of plants and have become a research hotspot of plant sciences and
microbiology. According to the origins, plant endophytes can be classified into horizontally
transmitted endophytes (HTE) and vertically transmitted endophytes (VTE). Among them, VTES
have the potential to be further transmitted into later-generation plants through propagules (both
sexual and asexual propagules) to produce host effects. The behaviors and functions of VTE along
host generations are likely to be an acquired “heritable” trait of the host that can be applied in
agricultural practices for plant trait improvement. Therefore, in-depth understanding and research
on plant VTEs are of great theoretical and practical importance. We reviewed the research advances
in the diversity, transmission, and physiological and ecological functions of plant VTEs and
provide perspectives for future research and application of VTE resources.

Keywords: vertically transmitted endophytes (VTE); diversity; seed endophytes; host effects;
asexual propagules
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Figure 1 The dynamic sources and transmission of VTE in plants.
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FETES
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¥ TR A A e BB % (Vitis vinifera-V. labrusca)
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EIRARAS R EBOL AT, o BUAESE AW &R
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3.1 #EYVIEmMDBELE

HeT, EF0Hy VTE e, 8K
AR YR R Y37 F 81 (amplicon
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FEAURIBR T AT IE SR AN AR IS, X VTE ik VTE
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RGALEBINRE ST, A AT REUE AE Y AP al
M BEFEAR, Ik — 20 DB FE R B B A AT
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JE, MWHE—TE F & e n) VTE Wbk, 78
73 —18 E R RO AL S R, &
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MY L BNAERMEE L, KL
5N AE TR ) Z R EA — 3, BLFE TR EAL I 20
NIV E T
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(Eucalyptus sp.) " % %] (Vitis vinifera)®, 7k f5
(Oryza sativa) !, £ >k (Zea mays)®Y. i ki %
(Panicum virgatum) X454 g 1) Fib 1 Bz To Pk
PRy BI Y T 2R B AR AT . RIRT,
WF5E N\ 51 7E % 1 5 (Achnatherum inebrians) )
% ¥ (Lolium multiflorum) 8 B ¢ % (Hordeum
brevisubulatum)®) | #% # (Roegneria kamoji) "
ERARBHEY) T, W53 25453 1 ] 1 B AL Y
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FEJE KT L, R AR N A A T
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AT e (Bacillus) 5%, APy o B A% 388 1 A A=
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SRS oy IR REE T AR RE RS S B AR
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*1 EYEEEREANEERELIEE

Table 1 List of the genera and functions of plant vertically transmitted endophytes

(Streptomyces). 2534 < [C J& (Nocardioides) . %
P [ 8 (Pseudonocardia) 45 (3 1).

WA TR VTEJ& i FAEY EETIN il
Endophyte VTE genus Plant Carrier Functions
N AR AN 1214 )% Pantoea /K Oryza satival®! Fi¥-Seed  JHTHIYIEZ Regulate plant hormones!®®4*!
Endophytic %k Zea mayst?¥ Ffi7-Seed  [# %4 ] Nitrogen fixationt!]
bacteria et Eucalyptus sp.l! FhiFSeed 44 Produce siderophorest®-3941
IR A YT Enhance plant disease
resistancel*?
JR A7 AE K Promote plant growth!1623:38-4043]
BRI JK#5 0. satival®! FhF-Seed [ %(/EH Nitrogen fixation!?34!
Xanthomonas Z5FE 5K Sedum alfrediil?  FF4fiA P Ek#4/ Produce siderophores*4
Cutting FEFERE A= K Promote plant growth(!
JkT v I /K5 O. satival*”! Fhf-Seed Y5 HIHILZ Regulate plant hormones*045-4¢!
Enterobacter VW RE 11 Phosphorus solubilizing ability!*”)
FEFERL A= K Promote plant growth(2440]
PR R S K5 O. satival*® Fi7-Seed 4 AEYI % Regulate plant hormones!*!
Pseudomonas [ /£ Nitrogen fixation!®*52
PRk #E R Produce siderophoresl/49:53-54]
Vi BE J1 Phosphorus solubilizing ability™ %8
BESRAT BT PE Enhance plant disease
resistance!®®
WEEEAEE KA O. satival® Fhf-Seed -
Sphingomonas #7459 Vitis viniferal®! 2472 Shoots
WS EANATEIE A% V. vinifera® 2£/)3Shoots -
Novosphingobium
(DR K5 O. satival®! FhiF-Seed -
Microbacterium  HIA#E Panicum b+ Seed
virgatum!*™
HZF TR Fiehtt Eucalyptus sp.1*® FhF-Seed  fEHEAIYHE K Promote plant growth!66H
Paenibacillus F K Z. mayst?4 FiFSeed  M4SRIEYPLIIE Enhance plant disease
resistancel?8:6%:6%
JEREFREEEAIFT i Eucalyptus sp.it8 flFSeed -
& Paenibacillus
humicus
SR MERE Fie#tf Eucalyptus sp.! 8 flFSeed -
Enterococcus
mundtii
FH AT T Fiehf Eucalyptus sp.l® Fi¥-Seed  fiHEAEA/ K Promote plant growth(® 7]
Methylobacterium 4 1= #1142 JB i 52 Enhance heavy metal
tolerance!®”)
F2 & Clostridium % >k Z. mays(®! flT-Seed -
rh A AR I F1Hl4E Sophora davidii®!  FfF-Seed  H4HRAEAIPLIME Enhance plant stress

Mesorhizobium

resistancel®®
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WA TR VTEJ& 15 FHEY) LI ke
Endophyte VTE genus Plant Carrier Functions
TR R %5 V. viniferal® 2%/)3Shoots  —
Cupriavidus
IR ICHE #i%45 V. viniferal® 2£43Shoots  —
Ralstonia
KR KRR O. satival® FiT-Seed KT AE4)i#F Regulate plant hormones!™ ™
Bacillus Hefit Eucalyptus sp.l®! Fhi¥Seed  [#%Uf1H Nitrogen fixation!>*"
kR P. virgatum!™ FhFSeed  F=Hk#{A Produce siderophores ™
il A% Opuntia strictal®  Fp7-Seed iR RE F7 535657
Z: i Solanum FhFSeed  HESRAHAIPIFHE Enhance plant disease
lycopersicum!®! resistancel3%6976-791
I3 5 Oxalis FhF-Seed  fEHEAIHHE K Promote plant growth!®®7280)
corniculatel™!
W% V. viniferal812 FhF Seed,
FFfAL
Cutting
WA H L SN Wi T~ FLOY: Senecio Fh¥-Seed  fEHbHIYI/E K Promote plant growth(®
Endophytic  Alternaria vulgaris®!
fungi K7 Rij Plantago T Seed
lanceolatal®*!
i Rumex acetosal®”! il Seed
E2LP% >4 Ageratina T Seed
adenophora!®!!
%5 V. viniferal® 2472 Shoots
Epichloe AAF} Poaceae!™ Fh7-Seed  fEHEAIHE K Promote plant growtht 848
(Neotyphodium) &K 2 Elymus fi+Seed  HEEMHPILAVEH Improve plant
canadensis®! photosynthesis!*5*!
it L 25 Achnatherum fliF-Seed  MEHRAHYPII M Enhance plant stress
inebriant*®’ resistance!®¢7]
Y K5 Hordeum FhFSeed  Azym Iz FAmdANME kA H5% Produce ergot
brevisubulatum®®! alkaloids and quinoline alkaloids®!
T °FF Festuca A7 Seed
arundinaceal*™
HAZETT Lolium ¥~ Seed
multiflorum(®!
Poa lanuginosa poir*®! Fh 7 Seed
Poe bonariensist! FhF Seed
PR S FE5HFA Pinus radiatal® fhT-Seed -
Beauveria
14y & Erysiphe  #i%35 V. viniferal® 2273 Shoots  —
HIRI TR R E K S. alfrediil” FHk: [ %L/ F Nitrogen fixation!s%0-9
Rhizosphaera Cutting Vi Wi 11 Phosphorus solubilizing ability!” %
#i7 V. viniferal® 2543 Shoots  W4HRAE YT Enhance plant stress

resistancel®> "

(firsk)
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(Bi#1)
AT VTEJ& VEESELY) EEAEN it
Endophyte VTE genus Plant Carrier Functions
Davidiella #i% V. viniferal® 2£70xShoots -
FeEk e fm HH% 2 A adenophora BY FpFSeed -
Cryptococcu
N %74} Centaurea Ffi7-Seed 2 #EAE L K Promote plant growth(®!
Cladosporiu Cyanus®! Fi A AL fE 1 Antioxidant capacity!®®
M5 Papaver rhoeas!™’! ¥ Seed
A 4244 Centaurea Fh¥ Seed
nigrat®4
2% A adenophoral®  FiF Seed
%5 V. viniferal® 2£7)2 Shoots
AR R RS A KK S. alfrediil” kL fEFERL YL K Promote plant growthl”?
Endophytic  Streptomyces Cutting TR AR YIHTIY 4 Enhance plant stress
actinomycetes resistancel”’
Fin RINR REFKS. alfrediil” FFARL -
Nocardiopsis Cutting
{87 AN KK S. alfrediil” ERRLIL> -
Pseudonocardia Cutting

- FRAEEMINE
— indicates that this item does not exist.

3.3 1EY VTE BIINEESHEM

VTE J& TP N AR AR RERE, %28
RENAE R BR T Fh LR ZRErESN, ThRE Bd A
AZHMEGER 1),

FE W) N A= T TE D 3R e FE A A 4K D T 9 T
EHEIMO, JE, NAEWREIERE EEY
X OCHEE SRR ANA . BEFIERA IR ICRE 1, M
1M A P o B 35 00 S . K, AR
A REP TR KT, k2 HAZR A Y AR K
5 —FEme, WARABSS M —MEZH
KHAYIMRARE ), Wi ERE . AR
RMAREE RS, XEHER A A KR
B AEE B REENEM, HHh, ik
T N A TR G 7 A - R R N e 1- AR R It 2
fitf (1-aminoeyclopropane-1-earboxylate-deaminase,
ACC i iF, fRiFR ACCD H)AAMHIAEYI (1) 295
K-, AR A A K 3 R A

< actamicro@im.ac.cn, 7 010-64807516

B, 77| £ R (indole-3-acetic acid, 1AA) .
ek . A B (hydrocyanic acid, HCN) 45 5 =
PEERE A K, 2 R R AR A R A K A R
Al P TR R ZF LA PR 5 1S EAE Y RGP
MITCE 2T, I, 3X 2 T8 Al e 2
W U B R T A P A TR R E 2
R, X 2 AR AR R A Y B
,I»i[39,59-60,76-77] 5%}&*5%9;&[39,72,80]%@2[:@%@
FROR . WA, DOKFERDFrh o3 B A 2R 2R 4
FRGE . IZ B TROFT IR . S B TR 5 i 1 P AR 2
W HEAPEE G, SHEY N ETE VTE T
GERIN, RERGT KA W7 A A R RO Y N A 4
PR LA T BLAG R R PE X RO T AL 3K B Y
1 E-VTE B £

AR PN AR TR AR A8 52 e AR 0 i T L TR Y A
K, sEmE A Y F N A SR . NAER
Epichloé Refg ™ £ BA Ht MG PR & M 25
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W5 e G IS . PR ARG AIE HEaxX 4 R A P
X A BT Wi FL 30 ) TR AR B R S T
PR 4N, AR ELIE Epichloé (Neotyphodium)
BCH: 5 HAF 8 A e A (A0t 22 o I 5L T Y
AR ELAT WS R R, R A
1) Epichloé J& N A= H. I AR #E 4& TH 15 EAHY)
PP, dRefE Ui R AK, MY
SRAE FAE H ARV T sES T,

TSR TR SR 7 A B AR 3R R At AR W T 1 )
e Z2 B RO D R R T 40 S B
%% 14 J& (Streptomyces) N AE R TR, BEAS 0 il 37,
i 22 %% T (Rhizoctonia solani Kithn) & 4% AU 1L,
I [) s o0 ) At — S o) A AT O A PR R Y
BN R I A Bk e o P A R
HEAEEGHRMEES, BIERM SR KA
PR 5 TR R PN A T LA T A AL

e % 388 10 N AR TR AN A AT A GE 2ok 98 5 A )
WM. AR AR K,
AiB 0% 2 A8 A 32 X AR )RR A= ik 38 1Y g
(£ 1) XIE—LHRE T AL N A AL
A A A
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Figure 2  Spatial distribution of VVTEs in grapevine clones®. A: Bacterial VTE; B: Fungal VTE. CS: The
grapevine variety Cabernet Sauvignon; RH: The grapevine variety Rose Honey. C4L, C4S, and C4R separately
indicated the leaf, stem, and root tissues of the variety CS; C4uL, C4IL, C4uS and C4IS separately indicated the
upper leaf, the lower leaf, the upper stem, and the lower stem of the variety CS; R4L, R4S, and R4R separately
indicated the leaf, stem, and root tissues of the Variety RH.
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