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Abstract

Objective

Epigenetics contains studying inheritable genetic variations that affect on gene expression
pattern, but these variations do not create because of changes in DNA sequence. In
addition, organisms are resistant to pathogens through some molecular and cellular
mechanisms. Thus, the purpose of this review was to overview interaction between
epigenetics and defense system of organisms and highlight recent findings in epigenetic
regulation of organism-microbe interaction with focusing on role of histone modifications
and DNA methylation of host genome in resistance to disease and defense priming.
Hence were discussed creating mechanisms of epigenetics regulations, role of DNA
methylation in plant-microbe interaction, role of RNA-mediated DNA methylation in
plant-microbe interaction, histone modifications, post-translational modifications of
histones in plant-microbe interaction, role of epigenetics and microRNAs in animal
health, epigenetic control of defense priming and transgenerational inheritance and

epigenetic regulation in plant pathogenes and effects on pathogenesis.

Results

It was demonstrated that epigenetic inheritance can provide animals and plants with long-
term and short-term mechanisms to adapt to specific environmental conditions.
Reviewing results of performed studies by different researchers have provided clear
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evidence for the involvement of epigenetic mechanisms in transgenerational defense

priming.

Conclusions

Moreover, more understanding of how epigenetic mechanisms contribute to animal and
plant defence and how pathogens may counteract this reaction can provide new
possibilities for novel production protection strategies.
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I DNA methylation

2 Nucleosome remodeling
3 Histone modification

4 RNA-mediated targeting
3> Modification

¢ Transcriptional regulation
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3 Intergenic regions
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3 Embryonic stem
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7 Passive
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2 CCCTC-binding factor

3 Post-translational modifications
4 Remodelers

5 Euchromatin

6 Heterochromatin

7 Histone variants

8 Non-coding RNAs

% Short interfering RNAs

10 pIWI-interacting RNAs
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Figure 1. The different outcomes of chromatin remodeling. () Remodelers (green) can
assist in chromatin assembly by moving already deposited histone octamers, generating
room for additional deposition. (b) Remodeler action on a nucleosome array results in
various products that can be classified in two categories. (c) site exposure, in which a site
(red) for a DNA-binding protein (DBP), initially occluded by the histone octamer, becomes
accessible by nucleosomal sliding (repositioning), or nucleosomal eviction (ejection), or

localized unwrapping, and altered composition, in which the nucleosome content is
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modified by dimer replacement [exchange of H2A-H2B dimer with an alternative dimer
containing a histone variant (blue)] or through dimer ejection.
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a8 sl RNA yeoyles 5 Cny 3 DICKET-LIKE 3 Ly asls! ;5 a5 35,5 o (oS RNA 190 423, ;> RNA

ss00 ()35, ARGONAUTE 4 (AGO4) (55, 4 bSIRNA 1yl j1 ass, <y 50 o)y (2SIRNA) S s8

SN it fncigs, & JoSo J5 Susb 5l SLaS ] 45 105 S5 RNA S, 1y gols oSlea 4 b

osols g DNA oMo el 5 03)S Colia dtwd jd Bub CusBge Cuow 4 [y DNA aidliio b 1S o oliul
cwss dag > RADM (Matzke and Mosher, 2014) 551 s o 51 1y o] 9 35,5 Gua 9l8 5l (o)lsp cusgiy,

! Promoter-regions
2 Super family
3 Partial demethylation
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~adlge 3 (o AGOA 1S oo ol T slow Jale Mes 4 ol (1Sly wlais )3 1y gote 25 "]jals RUDM pns (sla
» ) DNA fgdlito | (gladly (alS golaw « 8004 ugginl)] sloadl gz 5 Col RUIDM e (suil8” slo
o Sl ol Liol33l daasl igs ool L) DNA )15 sl g LTE )3 ales jl g5 pgi cilisen (slacusdge
NRPEL sy cloadl e ooy aimde ol 1) (S8 28 2bySl (555 B olS len bl &
J9> sloail gz 5 (POIV 5 POLIV (455 1o (clyy )3 001y 105 oegd) NRPD2 5 (POIV usly 5 00 55)5)
5 Ceoglio i3l wilesls caws 1) 365 POIV 5 855 il  Ken o5 NRPEL 4 (POl IV ssly 5 o 55,5) NRPD1
3o Ui (g g5 QLS b dusliie 3 1) (558 425 (LSl (535 JB (LS ilew Jele I (3L sjlow 2l
Ui &S By (Lopez et al. 2011) wloolss lis 1y (aiiSly ks 4565 zua NIPAL 3jh00 &8l igs olalS a5 Jls
el s> drmldrm2 4 rdr2 «drdl ago4 .nrpel nrpd2 arpdl s 5| RADM juwe ciliso Jolye )3 nassly
«us,5 1,5 Plectosphaerella cucumerina 4 Botrytis cinerea «Siég 59,5 (slicsilow 2,8 Loyme 53 9 ol
Bicsslon Jole & s (sl ool G381 0000 U5 355 511y (lon plp 52 (sl G133 NIPAL ooy (S
ssalie wa NIPAL slaadl i » & Ll @Q04 4 Nrpel laasl i > |, Fusarium oxysporum .,
(2B 9 byl clalic low ol sl iSly ooy » POL TV 55 claias b pas (Le et al. 2014) wlos )8
s 4 08 Lgpdn POLIV dlge 5l ol o bl il azdls sg2g sl 9 35)b ©gp8 ol (ol (sl bo)ss6
Jesd 51 POl IV Jiwe slacuss, ) RADM suuS Wl cbSIRNA & wisl bl oy slg o opl Jleisl g ogill
&8l i 50 oad odnlin (clacuigd dwslio (LOPEZ et al. 2011) wlosel cuvdas sloss sboul POV Lawgs oS sl
AGO4 & s> L wlys . P.syringae pv.tomato DC3000 « :Sly 3 POl V' j3 e lyls lals 4 ago4
sloasl ies cuwglio IS 8l (ol ogMe (LOpeZ et al. 2011) wib asly RADM S48 pue | 2,5 Slsal
Goyon hisilow oo 4 Cuws DNA fousdlie 3 sab b sboaidl igs plo 9 POI Vi 4yl
Sidg 9,50 )8 4 cans POIV ais (ol claadl ios cpd el Ll b awlio ,> P.Syringae pv.tomato
Bl 4l Sy g S5 9 Sibgyige lics o Jole 1) 1 sSne (15 RADM sl 8 3o gokas Iy Jlaisl (ol
<wl L3> Agrobacterium tumefaciens plp ,5 olS cuwglie > POl IV & cul ol LS p3) anlgs
Do o LS i g 395,55 oleily g 28 Lials el &S cul oL SL Lle Agrobacterium tumefaciens
Jol ol 5 3500 48,5 )54 QLS (S5 (9555 13 0,508 (IS5 4y o cusl oy S (481, S, Tumefaciens

Agrobacterium = 1S .cwl e oS pei; » (T- DNA) 345 jlauily DNA 3,5 s)ls cas o] Uly
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3 m) POl IV a5 cl)ls ) Gusagdol)] &L ias oS 3 lul IS5 i 9 (565,55 G iuls3l > Tumefaciens
&S ol ond oy L ol poogMe b o il plp YO U ing g9 LS L awlie ool (NRPD1
= ol (Bilichak et al. 2014) 55 Jols lg> olalS 9 Jbs ,» Agrobacterium T- DNA | ki NRPD1
<l s> Agrobacterium T-DNA 5, blio ;5 olS pgij 5l cblis ;5 Letius PO TV &8 conl ol (Lo
Sl GBS )3 250 Slest ply 3 oS Cuoglio I Cely gigmily sl slodiy i 5 DNA (grdizes
ZNhU et ) caul 5] 84S gy 5 5931 DNA (olajMiios 83lgils ;I DNA jM ;5SS 4 cawl Jlud DNA g0 Miod
el L & (Silencing 1 5544 glo Jole) ROS1 (DEMETER) DME (¢l & DNA ;Mo ks .(al. 2016
M 568I8 cpl blonss olwlids uawgiul)] olS )3 DML3 s DML2 o4 o ai3lus o» (DME-1 4us) DML1
" o5 = b el S sk 3l ea ] elite i st S b ol el 9 Cujsties Jiied g5 el DNA
Ol sl 48 548,y oole TeubgialS (55 pe Joke 53 Cunss dlag 3 DME &85, 0 oS (Zhu et al. 2016) x4
» oxdie (Bauer and Fischer 2011) ol p3Y pyosl g (63550 Jsko 13 g ple P jaises 305 ()15 L glasys
Lol il oo Seslogr gl 13 48,5 Gygo Mios i oo st gl 1505 jMiied dw o5 cusl ()]
by 3905 5 592 4o 5l S ROST 0250 s (] e 51 ol 0t blitzaol 9 S (255 & jgian bl Sojglgn (slan S8
Zhu €t ) 59550 (w559) 3133505 Slos) 9 L) (il 3 (smishs) (D90l (255 o sl & sl 0 00> L g 038
-0 Posyringae (55,8 4565 iyl Jole 4 cams (sl ol il38l el TOST oS s ols L5 (@l 2016
S35 U6 alS olew Jele a4 cuglie Lilj8l witun omeMiie el (gl a5 dAC g Metl claadl, igs 9
s metl nrpd2 4 dde Jub 5l sleadl i 5 (Dowen et al. 2012) wl ool lis 1) (K5,8 4565 b St
399 $lislow Jole 0 cns 1y (i Conglie losds cowl 4l CHG L CG (jgewMiie bis 9 RADM jone (g9
Sl 4 s ol Canglio 3 1y e (i DNA gewdiiad &5 amd o ol ol 5 (YU et al. 2013) siledls L
Slew il Jole 0 (3STy ) 9 il (e ol ) (slody8 Sopagytin (60 gmoMiiogen 42 5108 oo 1]
oS Wl 5 Gl 5 olS (£ (6lag 51 ook ol Ll il o stalie (S8 428 Wb sSL (55 JB (LS
s (Dowen et al. 2012) ol oas o3y (Lis (31,58] ygmoMiie SHI 599 (65SL 5 b Cogae Jus & Lol )
w5 53 e 5 oo Seye 3 pglre s 9 BTE (uugls) dsel 1> DNA fgdie o5 wlodly (lis
LB aw &8l ysas a5 osd coli (Zhu et al. 2016) cusl pagew 0l ()38 i Tordis ppes) (slogys Sy (Swelud

Col-0 ;LS 4 cuus F. OXysSporum (e lew Jole plyp 5 06 jlew sy opmin (Sl (rdd) DNA jMaes

! Arabidopsis
2 Gametophyte
3 Imprinted
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4 Cul ‘_'j b o g Llosd by g g5 b dunlie jo g rdd ,s SR8l Cygas )5 YFA goommo ;0 ) ¢ vy £
@ 9 DNA (o dies busg b)) cnl cute weai b ol bl g (oyisl Jsime 0 wad (sl DNA (gl Mo
a5 WS o dlpiin ol ol oS, (Le et al. 2014) siib o (sygpe F. OXYSPOrUM ply )3 cuoglio sl jglaie

il e ygegp TE o Jlg (68 ban b oyl & ol slays oo mekas lalS )3 DNA glajMes &gl 5 Slos

(P Ol 25
S om e 4 0B (g5 50 lagius dad o JSWS ) (leg)S (ol i (Jlail 9 (55550 Sl giun
“ADP 5 7 ogslidg i CosmVamels Fosmlinsag {ogmdgand Tosedlie & ogdliinl Jold ez 3
WL (gind gedite 1535 o U et sl n 9 DNAL Jlail 5 (1S 000 595 2 45 0352 " ym Do)
398 npY Osedie b bdpe () Ol b (Bgels ol Cusl (See & Cunl olyen (0¥ 4 e slaog)S (0
owmen g H3-K4 3 H3-K27 ;5 oM i3l PGCS 039 cawgas 5 (Mohammadabadi et al. 2016)
b Oyt (ol ygind LS oo pastiie |y 0f Ol GlagSl g (ileg)S Lo &S ccund H3-KO o 5idlize ials
Ol shl> 008 Al lacamggl Al 3599l )3 Slmsss (ol (ise Ggtans gl 5 @39 oo sl F5g5le peu]
b HL fgias ool )5 il oo fge Comggl 903 9 035 (b ) ol 2 Yleis] S 035 (05 (el s
Gilw 03,38 13 e i &S 0l (eSS ogaste HI odlgls ) HIFOO (gl wglite fygiuun 4 1y 565
3 O by g0 (b g (68T Sgtuan @l yuss (Mohammadabadi et al. 2016) sl o5 oyl o8 jw g wilog,S
ogs gl cop a 6)h 0legyS 1 5290 Ml pralin el 5l am oy Bl o BT 5 gt i RS WY
e slaygiad o 3l cpl 5l dn s dlie K27 1 (K9 H3K4 bl )5 a8 wily s aliwl sl ygiud 4
D 03 Fy GBS flie > 5,8 edaline g e (S & 1) K27 3 KO H3K4 (ol 51 (S s ol
Mohammadabadi et ) .S o Jo> 393 b Sbgy 905 Jobo ples 3 1) alize H3 glaygiand g pole (pilog,S <5 i

' Acetylation

" Methylation

¥ phosphorylation

¥ ubiquitination

° sumoylation

* citrullination

¥ ADP-ribosylation

* protamines
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S e

950 = oS o 51 53 do 3 51 g (g )y
585 Ol G (nde 5 998 (55 (i o & pgi) (poped (Rl el Sl Gileg S (IS sba
Oyt by giuan el (Probst and Mittelsten Scheid 2015) sl o walyd 1y ayys 5l ool peadsy,
£ 6 gt L st el a5 b 3 sl L3 3 55 msiny il Jbb b (HAT) lojlauil 5 izl
92 2 b g (st (o ditdsSon b Gomedlie cblinl & diy Dgdi 0 S5 gy B 4 e (HDA) Loyl
L (H3KAMES) ¥ gt 13 ¥ (3 (omodito 55 o (sl digd (55 (mmsiy) g b (giloo Jub el il oo
a9y ig5 b sblie (HIK2TME3) YV () ¥ (gt ogemdlite 8 S J1 3 )3 L3yl (55 (ugig) b Sl
o Lol (Liu et al. 2010) ol oads @l 095 45 0LS dawgi g 0y )3 Sgtaud gl g yuis <8 Lo 4 )51 .l G5

Ot (ygamMislod 9 (ygamMite
» BHMT Sl Jie ol 2950 plxl (HMT) Loyl Jite (st bwgi g ogeodite glagS)
Alvarez-Venegas et ) cu! (SDG27 L ATX1) V wSlyg5 (55 ummsginl)] (695 » ) 4 bgyyo olS coul 28]
s sl a5 sl il Usto st collib g uSTs8 5 oalgils 5l SET 859 (s o ATX1 (al. 2007
L &5 ol ol gl b ldye glagyy 5l ook s ATXT &8, ig olS )0 e by 3l s3bj dlass iy
Jed I WRKY' pwsgigy Jole sloj s NBS-LRR (gilos ply > coglie slaj 5l (oolass ala 1wt o L3
LS 6163 (sl L 390 SA CnigSlil 5 (JA) Saigansls dual (o yano sl )3 (528518 a5 S, & WRKY70
slojlindly Jito i) o5 b 5 SNCLOI(MOSO) (63,518 848 Mol 355 syl (ol 5> wiloe
Bl e oblS b e mals RPP4 5 SNCL glaossy i > H3KAME3 zohow s o ;58 ATXRY7
el H. arabidopsidis 4 cauws 5 155,650 RPP4 9 SNC1 (c93 jo lp 6508 55 ol gaw ;) ATXRY

o b 5l el O Lid 1 lew Jole 4 cns olS glas ;> ATXRT &S sad o olis ol g 5,15 (opidin o

' epigenome
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kol Shawly e 65 g > (Xia et al. 2013) H3K4 jgeodie buwg RPP4 3 SNCL (clay; olo ol
&9 P.syringae pv.tomato DC3000 Ly )3 olS glis (¢lp 13 SDG8 im ¢ purwnginl)] oS 15 H3K36
oS wlools lis (ChIP) ysleg S sosl woguy sl 5 55 ol .(Palma et al. 2010) cul sas odl> yaysis
H3K36me3 s b jl ol &5 conl ;¥ (LAZS jlassl 4) LAZARUS 5 sba (R) coglis o ol sl SDG8
@ o olS 65 13 SDG8 &S ol o 03y (L ] o Camndds 55 o 59y Jlb el bas (gly LAZS 5keg S
JA o jo (593 2 b o (950 1oy 5l slaegasme 5 (siloled oyl 1wl 2,5 (i85 oo (28 (slislon Jolge
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il 033 g lon Jolge clon ply )3 Coglia ialS sl SDGB-L &l g oS 55 joShe 3,557 oob
Li ) cool oas 0l ChIP JIg5 s 5 o3kl b pgis IS )0 gt e Mol 3JUT gy HIK36me3 Lo > SDG8
Wloss gil & ol gad Juid 5 ¢ ol (Sujolam sloais]y 1y SDG8 lawgs ods (55 ban slapyj (€t al. 2015
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polie ials cel a8 w5l 1) IMIT05 o 5l i olo olime @y (Su55 du)lp oS g 0 IMITO05 Ly
Jed 3 i lon b e B3 JUSw (slop)j 9 JA siisge (oialus] (25 b biye oo (S0 2 H3K27Me3
Alosls Lis 33 51 (g H555) S U g slimslow Jole plp 3 1y (i Canglin LS ol g ool o0 PR10 4 PR5
Li et al. ) wloals s 1) Besslos Jolo ol 42 o s ppdy ol Sal38) JMIT05 &8 i o ol (s
ol Gy 5l ]y dbgiye (o185 slagj g 05 Jlb 5)lo Jilie )3 gle )3 IMITO5 &8 > o L5 mlis (01 /(2013

Sl o Jlad a3 ol > H3K27me3 ,slis

Oghud (210500m] 9 (ygamedlinn]
S9y 2 o3 gy gmedial (i 5455 s LHDA § BHAT (o2 cillsw) uwsSTol slacullad
HDA S Iy ‘J.;.Sbu,o Jld 30 d)b).g Cuigigy slagy; 5l el laica I u}“")’t-‘-“" ] O sladllss
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wilgs o WHDA &5 cul )] (6bsS anles .ol ol 4 pasie HD2 (ol opl )3 5,5 a4 SIR2, HD2
lde (L3 05 9 mptal)l obS )0 > (5508 5 3yn Sl |y (2US Slisilen Jelss pl 3 (s8> oSy
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1 5 i ol (ZN0U €t al. 2005) ol o3l ¢, 3 s (HDAL4 5 HDA9 HDAS HDAS . Jio sl.)
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i SA (Wu et al. 2008) cuws cusd )3 iloas jalls (J1y8l & pp0ar o (wyp )90 Gpf Ggsd st
S35 JB DS ol Jole Jed 5l Sdgpign lijlon Jelos ply 53 ol Caoglio cuts 3 ) oo (23 JUiSw 35
JrS ot izren SA yruo S 0 ] (SAR) plaiS] Satiuus Canglio (g3l Jlub 1 305 5 (5,8 4265 LSk
J35 o2 gty olS 55 SA cblug cov ey clajiiSly cidgr s HDALY il o gt Sl g &l yuis
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;JU1.(Choi et al. 2012) 5,5 . P.syringae pv.tomato DC3000 « L3 cuglie yiul3bl cacl aoes )3 5 39 o0
O s SA sssy el hls &5 NAALY oy pupmnginl)] 8L ez 5 oty g9 0 PR2 5 PRI (clagj ol
5 05los)S e b ol (B o) ol Sl gy o B ol (ile g Lailpd cow DHALY o ans
Dsdie isler Jole Ao (b 53 a1 i S8 g eo B 0 Gl ) liabl (gl Lol By el 4y ol 0y
e S0 b o9pe b il Jlb 5l 6 Sty )3 9 0352 olS 18> )3 (slSBanS las dddge S HDALY (ol
o WSS )3 Ylaas! djlen Jole dos Jod 4 (Choi et al. 2012) a8 o S8 el LiSly Gyse 295 >
e (i BALS oAl A BT )3 g 395 (gt il (63 clleb )b | Wl 0 HDALY « ity wix oglite
el JyuS 8 )lie (ly sy aalsd 295 oS )3 dal sl iiSly (il JUb & jote g AL andly Spd (oo
sdaltie (gl (Jgl o) F1 slodyyom )3 (lsion | (slom ply o Cunglio Gal38l 4 13 9 SA jus )3 Sgtaun
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ELP3 (Yang et al. 2015) wlos 3" sanlito clly (oS L duglio )3 1) (S5 g8 2L ySk (555 J6 (alS glow
2 Ottt | (58 S5 a5l S5 € slol 0 HAT (ol Gl g el 5 3V5b (uShiaS (699501 a0y 05 S
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Loy ausly i oS gloy > oa ELP2 ELP3 Wl (De Fraia et al. 2013) wlooly lis (55 av5 oL ySL
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b gtand gl Lials cpl (Wang et al. 2013) coul sais osnlie PRL 5,50 53 alie (clossdy 45 iz o ol
2o b aglio > a2 g ) ELP2 &3l Jias olS )5 (sl slagy Wl (2al8 b (3l 136 & Sl o (g390>
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do 5l e oo J(Liu et al. 2012) ses 55 oud Colin g ure Cuxbae 5 )3 opileg,Sgpn (il (Bgels 45 b b
Slicssles Jolo pln 5> Gyl (al38l g HABC jolie (2alS &y i (S35 il 3) i) |5 @ > HDT701
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Figure 2. Epigenetics and miRNAs. miRNAs are targets and regulators of epigenetic
mechasnims. miRNA transcription is controlled by the CpG methylation status and
chromatin architectures near the TSS. DNA methyltransferases and histone deacetylases
are targets of miRNAs. The DNA demethylation or HDAC inhibitors revert the abnormal

MiRNA and mRNA expression patterns in vitro.
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