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3boLosmMgOL bBHMEF06MMO Tgn9gM35, 4395300 IO FJMHOLLY,
LMo HBemdol, Lolosdmgbm sHMIsEom. bagmao —dbgowo, 89d-
B90ME-3390EbOLYIOO BMOIOL, 35@9Ms DML HoprMdgegdyw-
@0 Bafmzs0500, obs — 150-170g6. 3560 — y30m9@0 BgOOL. dom-
JodorMo 95839690¢mgd0: 9553056Mmds — 5,4%, 30@sdobo ,,C” — 70
092%. R3mMT> MogbeErms sbslosmgdl odmbol LLBHo sOMIsEO.
0LoMMO©  Y3930¢mdL  FoololL  Fgbody 939000,  IFoFIOS
™gGHmIdHOL 300390 390530, ballosmgds FoeEr0 FmbogE0s-
Bmdom, H70mbEsGHMwos. BmETs FgsMqdom gsddergs doenlsgzmls
dodsto [31].

@0dmbol 376G ,,09amdOMd* Ne1124 - 300gd+y-¢0s o-
dmb JoMoneol mgliergdbg Jodow® 3Esagbol - 1,4 osbmss-
GodvEsbol 0,001%-0560 blbsol Bgdmddgwgdom. 8zgbstrg Lsz-
95 Fo0swos (3,0-3,59), Mgz, gmommeo — ddo 3969, Foc-
399 POV-gogLy®o (6X1810), LYLds ©s3do o, yobfio —
BOMOL 350939, 439300 — dubgowo (2,5-0,940), d9dMmbadmeo
33903bolgdmo BmE@AL, MgmMo. bsgmzo dsbgowo (105X6200),
Lodogoenem dsbs 25096. FogMdgergd o m3swmo gm®mdol. 3sbo —
94300090 3gMHob, LYLE© WodmbolngMo. Mgl GomEgbmds —
0-4 3owo. domgodonMo 95639690 gdo: B5s3056mds — 5,3%, 30-
o006 ,,C” — 6503%. @odmbol Lo sOMIsGHom. 1s39a9BSGOM
39600l baba®mdwogmds 219 g, 3mMds GgdmbEs@wos [31].

@o0dmb 39096M0L INBHBGHo Ne2128 - 53mygzsbowos @odmb
090960L mgbergdbg gods bboggdol 5000 GabEygbol Bgdmddg-
©9%0m. 3396569 Lsdwoem BMIoLss, 335G M. bsBabgdO Lo-
3995000 DAoL, BrNMEIO — 3993390 bOLYINYOO, LB o o300-
Mo, ©os 3§3569, ymbfio — Ls8msem HBmdol. yzs30¢o — doGo-
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MO NJNMO RGMHOL, 35MPOLRIOO BMEgdom. Boymao — ImIG-
233500 M35 YMH0, BMYXIO 3390ELOLYdMEMO, Lsdmowrm Bmdol,
Hmbs 75960, 3560 3 LBEOWEGdS HBOEIMBL. MHBOWMBO — 369-
dobgyzgMo, 95939, S3MEODOBOL 85935L 99339 ™Mds-5409%, 055300~
65d5-5,4%, gm®™ds AubIMosO®dL 0ffygdls 5 Herol sbs3zdo, dowogn-
0mb53e0560s. gogeowro 9ggl Fobslfa®o Lo3mb3mOLlm xodmys-
dm@go» [115, 116].

3oG®MLGdOL bbgoslbgs JodomMHo 3m@Esggbom memysbmgdbg
©99tmd390900L5 s 9333900 IBHZMOL 303MHOEOBHE0ST0O
2590yg9bg00L g5 5. Oslddodol JogM BoMgdyeo 0dbs IMo-
35¢00 899¢356G M0 gm®ds [38].

donosbs 390050l byggw-bogmegdgom  65339009-
0%bg gobvgeo Loy3960L 90-056 {ergddo Ms3dMYMOWo 04m (30¢)-
Gbgdol 218 s hsol 511 3MEHBEGHMO0 BmEs, Lsdfmbsdm,
1992-2000 fergddo 3o@GOMLGd0L Bs3EIwo 3MmegdEos momddols
3obs s [199, 200].

1.10. ggbmdymn (odbmaenmangon 300hmybmzebmo
bgeMadnodn

35L 9990099, M3 905305635 I0yM 3w GG d3gbatg-
900l 8m8gbg0s, Bomo bMWD 8vET035 0Ym J(3009WMdS, YoTMg-

MPosm @5 2599M5319d0bsm olgmo 0b030wYd0, MMIIOLSEG
99690m©sm Fsm30L LalyMzgero bodsb-mgolgdgdo. sd335M0 Bg-
9J300m smslHiegmergdol dsbdow By 9sdosbols Joge dsdmyzs-
bow 0dbs 3w EHMOHMEo x0dgdo, GMIEgdog goblbzszwgdmbgb
0500 39Mo §0bs3Mgdolash s 3Jmbom godmbo@ o bovw-
39909 6039b-030L9d9d0. dMBIdMO3Ts s by Mzb®mTs QosM-
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B350 0530l MMDBY MOEILBO Mo F9oliBrms IMIZ35TBYHM-
3960 Xx03900L Bsdmyserodgdol 3GmiqLdo, - 21-9 bowmzmbgdo Ug-
©qd3os dbmemE 2sdmemBg3s 56 5oL, oMM, 1YEgdEos
996bMds 3005036 FgonMmEgdL, Jogsd g39ems gl 3gommo IO M-
05939009 5 15305Mm© EOE EOHML INOoMbMZL.

Lgengd3ombymgdol 9Mm—9OHmo 303500 s0MEIBs Yymzgwm3zol
04m @5 6oL 93gbstgms Mbzdmlagerosbo s dowswo 33900000
©0Mgd0MeEgdol  ddmbg  x08900L  doEgds. ol Lo3mbgdo
93969Mgms bgengdEosdo Po®do@gdom As3m0ygbgdms 3006H0o-
Do3ool 8g0m©O, Mm9gd3s b 50060 dbML, HMI gl JgoMEO w)53-
653 LOMHEGLMSE sOOL 353806093 E0. 3gMHdm, 300MHOEO-
D300 OHML AobIBYMI03909E0s I(39D5M9d0 BodEobsty 039-
BowHo 39H0M©O, 535 §39EYOS MOYBODAMS TJMm3LGdELMDY,
3m09306H0Mmb0o, 393HgMMHBOYMEHIOMOS, 35MgbM35M305 ©s 5. 8.,
65(3 500EgdL BYErgd3ome 3OHME3gLYdL [292, 318].

LB M-L5IgMEBIM 3MWEHMBOMS s K0TJIOL Qs8My-
3960L b5gdgdo OO bbol 63530 MdsTo 5gBHOMMOE 459Mm0y9by-
M5 0603000 3969 D0, HmaMme3 gl bsdMMITos fot-
9960w o. 50bodbero dgmmEo gMm-96M0 439wsby 989IGMI
0bbGH®MABBHL HoMmdMoagbws 93mbmIngMMo Lotygdosbmdols
®35¢LsHOOLom  3MWEHMEmE d3gbsMgms LobsMYJIWM Bw@s-
(309%0L 30qd0L, IMBOZE0sBMBOL AsHBMEOLS s ¥0TdgdOL Yowa-
XM09L9gdoL Loddgdo. s0bodbmo dgommEol FoBsbo oym sboero,
3969303705 9933000 BMEOFYOOL (849EsbEGHId0L) d0rgds, M-
090md 259mygbgdom dglisdwgdgeo 2obs bbgsslbgs dods®omvy-
9000 360336903560 60Fs6-030L9d9d0L (BMLOZgE0s6Mds, Bogm-
gol boMolbo, 0536909w-993500909d0L s 4obzgdol dodsbron
259d@gmds) AsmAxmdabgds [357, 360, 361]. goBo3wWOO wEs-
3969%0U (3995 godmbboggd0m) dgmmom 0gbs dowgdmwo dsbs-
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®0bob 30d0M0wo (0gleEr0s60) ¥037d0sb ,,H0dmbo“ (Rishon),
»00B5¢0“ (Michal), ,d96s30“ (Merav), ,39090“ (Vered), Mo
(Ora), ,0m63mGH0“ (Murcott), 356«9“ (Shanu), ,,bsdgnm“ (King) bovwy-
39009L™, Mgl IMEBEHMOO x0dgdo: Kedem, Vardit, Irradiated
Merav, Irradiated Michal Or, Mor, Irradiated Shan, Irradiated king
[294, 313].

“Rishon” “Kedem”

8o A @030
“Michal” Irradiated “Michal” “Murcott”

E L e 20
“Merav” Irradiated “Merav” “Shani” Irradiated “Shani”

G0 O 0 0
“Vered” “Vardit” “King” » Irradiated “King”

»

LMoo 1. 300 3MmMo 3vEs3969bol oo domgdywo
05656 060L »ogliewm % 0dgdo.

00 3960030l 0630070 3B sa9bgbo 30dG0©O-
B305Lmsb YO 0g3d 3MM39L9dOL FoMgYMEOMdIL JOC-9O™
9399 9608369¢0m3z96 0bLEHMMINBE . LmMg 53 3B SMOL
000900 b3go0slbgs Labmywm bsdgwObgm 3w EHoms 2000-
by 9930 IMGHBGHWO0 BmOTs, Lossg 03390  QomIxXMd-
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1gdYos BMldgE0sbMds. X¥08gd0L dgBgmds EYOLMZOL -
B9M0w05 Legerol 3gm@bgmdsdo [300, 346].

06306930  3M@eygbgHol dgomm@ol GsGmm  Fglsd-
@3d@mdol 80HgO39, ©S39300MNOME0s FMOZ5¢ 250mf3g-
395L096, 3500 FmMOL LsBosbM 9B sE0gdoL LELAOMOL FsBMPLMIL.
06300900 3MEsagbgbol ML  3zgbs@ol  Lbgowolibgs
MmO0bmbY (glgro, 33060, Bsbizzo, 3E3MOL JsMEzseo s bbgo)
31393960l Hg0mddggdol dggasw dowswo LobdoMom FoGdmo-
436905 998mbgq30000 (330 gdgd0, HMIGMs MIMIZEgLedIL
F9L50¢qd9gE0s 3JMbEIL YoMYMmBomo Fogargbs [363, 368]. 3539
©OHML 393530930L  godmfzgzs, LELWEMZ9Wo F3WoEgdol ddmbg
™mO2560Hdol Q59mMHBY35 s B0 LB JgwMbgmMdsdo IbyMY-
35 (39BLo3mmMgd0m M35 eEMzsb  3MEEHJdTo) IOMTod)g-
35000 30M39L05 5 3MOMbMZL Lv3d5mE bobaMdwog MML. sdY-
6500, 893939690 0lY, HMYMEOE 300MH0OBHE0S, OHMTo Yofigero-
o, MHOMWO ©5 9§3mbmdowms §oggoosbo 3GmEglos. 0bv)-
(30609390 Fg0MPO” OHMME0s, SxMJmM3Y, 3gbmddo Fo®dmdobo-
@0 395300l MIse0DO300L ORIBSE s Fg0dEgds 0mg3sL,
60 37@ogbgBols s 300MH0oBsE00L T9gMEIdOL odmygby-
000 dbgeos dmzmg O™do LslvM3gwo 60Tsb-m30lgdols goma-
XMdqLYds. I3s 3MLYdMEo LoMmemgqdol dobgwsgzsw dEgbs-
6905 19YEgd30590 300MHOPOBIGOSE WS FFRYBYBoE 3608369M-
3960 39nM@gd0s 2Bl MPMBOm boymgzol bo@olbmsb s3s3d0-
9000 b0dsb-030l90900b (Bogmazols Bfogsmds, §3b0sbmds, Mdo-
@MOoLs s 3960l BgMo, bogmxzdo mglirols Momabmds, bagmaols
3990 5 bb3gs) 303x mdgldoL Mz5¢bsbGoLom [316, 352].

B90mm 50b0dbmwo LoMmmggdol dogbgwegs, 21-g Lovy-
3096990 3369(H030O-LIw9d30n® 33w939880 3G3I6gBOL Bodo6-
09000 Joefgmeds 89093900y 99Jdbs dgrogho 3eodBm®mds,
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Hmdgeo 0565d90M™39, 296m3MEMmo 39dbmermyogdols dodstomvy-
3000 BYIMoE goMmEIOMIb ghmo Tgladergdgaerls bools
©b3-0b 396308 g3eMdOL 9539dBHMIO 330G, LsdMEMME 30
00¢935 B gLodegdemdsls d3gbstgqddo LsdgmEmbgm o
00MEMa0H0 60Fsb-m30L909d0L FomdxMdYLGOOLS S LEWEIYM-
3ol 035bsBOOLOm. oo Ly3mbol dgmeg Bobggz™osb,
39693030, 8:e9329mOHO dBoMmEMYools s bbgs dmBoxbogg wo-
2900L 95630m5Mmgd0m 936096090l Fog3500 Fom Tglodergd-
@©@MdY, 396M3MGO 3H9gbmeEmy0gdoL 458myqbadoom Lagdgerosbs
999LF93@r0m  FmEng3e EMmbgbg 80dobsMg (330 gdgdO.
d9L50530b5, FglodEgdEo Fobs Lbgolibgs 30dsMmMMEIgdom
5MLYdIMYo FM935¢0 3BJOMH0Z0 BIMOIMHOL R5WIESHZS, F50) TG -
oL 396930300 Lol Fo®Bo@Hgdoom 350sEBs 9M50MbImgLogg
Lobgmdsms dmeol, Gog dobbo olsbsgl Lsdobby mMmsboBIgddo
LobiM39w0 608sb-m30l9d9gd0L AR MBYLGINL. (193003066 EH-
o0 ©b3-ob &gdbmemyool godmygbgdoo Ggliadwgdgros Lsdobby
9306909%B9 3063060 496930300 BgImddggds. S193g FoMds-
39000 ©s0b6gMs ©bd-Ls s FogJudMgloMmgdgwo 39JEH™MIdOL
39053960 LoLEHYYd0. GHEMsbLY9bgBOL gob30mMgdsd bgwro Tgwf-
gy bsdM9H39wm 3NWEGHOgddo LsbvIM3zgwwo 6odsb-m30lgdgdol
230999xdqLYdSL. F9MS 50bodbmemols, GHEMblyabgbo 9i3gbstrg-
9080 dgLsdegdg0s, 250Mmygbgd e 0dbsl bbgsabbgs dobbom,
0d3d  90bodbmemo dgmmol  9539dGHOMdsbg 860d3bgErmzs6
2930gbsl bgbl, MmymEE Lobgmdol gabm@EHodmdo 99dswaqb-
@Mdd, 515939 oMM 30HMBYOO.

®9bsdg0MHMm3g dom@Hgdbmmwmyom®o 990mmMmEo  meolbdmdl
™mO960Hdob 496930300 Tobogrol Fg33esl bgermgzgbyme (in-vitro)
3060mdgddo [295, 343], Lodw)oEgdsl 0deErg3s oo0bml Lbgs-
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©slbgs dsM0gMo (3969060030, BOHBOMEWMYOWGO, GJIOHMOYI-
3OO0 9B 93030065300 s UbgY).

®b5990M™3g dom@gdbmemyommo dgmmgdoo dglsdang-
090s, LElMZgwo BoBbom 249693H03MMs© FMEOBOEOMJIMO
™mO2060D3ol JoLowgds dgo®mBgl Bbgoslbgs dgmmo (3960l
30053000 0699305, 3030MbHoEs390000 dMTBSMEOMYDS, 3500M-
39660 J0zMMMEY60DIGO0l godmygbgds 39JGH™MmYds© ©s 5. .).
©OaoLbm30L M350 GHMBLYIDMMo B3gbsdgs dowgdymo, Gm-
AMOG 3MGHMOMEO, 0lg 39Mo Lobgmdgd0oEb, GHMIGEMSG
RBIOOM 250Mmygbgds 5930, BMAMGME Leagols dgembgmdsdo, olg
LolwEOLsmM IMHIHINEMdLS s bbgs sMaqddo. LmGmgw 3gbmMo
06506900l oo gobs dqlsdergdgero Labmgem bsdgy®mbgm
960369 qd0L LlvyMz39wo 60FsB-m30L9dgd0L dJmbyg To3b9dgw-
55350090900, 33530Ls s Yobgzol 30ds6M0d PEMSPO BHEMIBLYY-
Bmero x0d900l 9o8mygzsbs [316, 328, 339, 341, 343, 349, 353, 358, 363,
381].

3969600 0650690000 296300006905  ©s353d0MYdMs  g-
3M3d0656E M@0 gHmJLoMOdMb3egobol 955350 (©BI-ob) &9d-
Brerma0gdol sbgmazsls s LEMYMYMBLMSE. 3969303960 0b-
706960l 8035G00vgd0m 36086900m3560s 3MMyMglids s Jow-
£939005 455MS 396dMEOROE30MOMEO MERBOBIYGIOL Momg-
Bbmds s Fomo Imbdomgds. Lbgoolibgs dodsGomnemmgdoo dg;33-
oo 36-0008030MPYWO FNWAHNOIP0EH Y3gwsby Boo-
0ME 393MOEIYIME0s 39003000900l F0dsMm MH7BoLEIbEo
0503303560 3MWEHVMGO0, B JnOOL goblisgzmmegdom 3gGdo-
30© »,5963“ BHMEIMBEHMOo Lmom. LfimOg domEHgdbmanm-
200l 300939035 TgbodgdgEo gobos WsdMMIGMOO F0MHM-
09030 gH 0 LabgMdOL 960 4ooEB0O 0gbsL Lbgs, MMbsa sMo-
9mbsmgLogg Lobgmdado [358]. 296960 0bg0bgMooL Fgdmbggzsdo
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5058mbomglisgg Labgmdgdol Lsdobby 94gbgdols 3mddobsgools ©s
39693039960 dsLaerol 99330l 99039 d0MgdHge sbogn MmEmYs-
BoBIgdL, 29956605 Q98MOZgdoLY S FMNsTMTszeMdOL dIm3gdol
MbsM0, 0993 0ol 2obLsBPZM, 0¥y M5 Dosbols dm@Esbs dgwmd-
@050 3963MPORO0E0MGOMO MOYBODIGOOL dbgdsdo 93MET-
@q0sL, 50bodbvyen Lo30mbMb H39300M9d0mM SOLYdMEO 33¢g-
30l 9909900 OMOgMmsdMIMHoEbogos [382, 390]. g3od@Bos, MHma
396M3s  0b7g0bgM058  Lgwrgdsombg@gdls 360836 mgsbo  ob-
056905 2ofos 0bELEHMOMEo bemgerol dgwMbgmdol Jods®orvy-
@000 5MLYdIMEP0 3OMBEGIGOOL Q9o FMHOL boddgdo, HMmIgEMs-
39653 296L537MMYO00 3603369 Mz560 s LogMIYdMs Bmlssg-
@056mdLMB 5353006090 3MIMdEYTgd0. 969> 0bgoby-
6050 9mbogEr05bMdOL gobMol Jobboo Fgladergdgaro 4obos
bbgo Bomglowm®o© ©sdm™mgdmwo d3gbaMggdol dmbegeosbmdol
396353060 39390 296900l g55Ebs Lsdobby d3gbstgdo. dovmbg-
5350 3603369 m3560 3HMaMgLoLYs, 50bodbero Igmm©o YYBO™
993Ho©  MmM0gbGH0MGdIMwos  IMbMIIMEEGMMI0Dg.  FoMMOE0.,
39693039960 06750696000 3000w MOHR60HTYGOL 39bgdcMH03 9bs-
@Mymdb 9900509000 543L 893MI0 ¥Y30MSBHILMBdS, JoaMmsd oMgdmTo
(396906030 930LOLEHYBS) Bomo Fo3M39¢gdol dgdmbzgzsdo dgls-
dgd9w0s, LaggMmby 8gmddbsl sGBGOME dOMIMOZ¢RYMHM369-
05b. TS SEBSMMBSB, T M35 )Mo© (LSS J9ZOEFIWY-
005 SBgmMO MMY60BIGO0) 2odMgl 9690580 2530 (3gEgdIE0
5056930800656 Mwo gm®mdgdog [295, 349].

oMM 3960mEdo 063¢gblomEs 30050 ds 3vEoa9bgbols
3boo 30350 gds, HMAJWO3 9393800 M0s 0bMZS309M0
LGSR0 G953060900L dJmbg dmeg3mwmM-49693 0360 dgmmgd-
56, 50b0dbEo 3g0MEIdOL JOMNMBE030 #odmygbgdom Tglsd-
30905 I MmMQ60BIYddo EHI-0l MBI Y3MMBdOL LiMs-

137



30 G9LHogems, 5b5eoBo @I, GgLsdsBoLO, LELEMYOEIM (33C0g-
09%0L  BodbodoErm®o LOoBMLEGHO0® FJowgds. SLgmo 3MI3Egduimo
dopamds Jdbol 39@sagbgbols sbogn 60dsl Lolmaerm-lsdgmGmbgm
3N GO0l B0dsMm, Mg MBOHYbzgymals bsdmogwrm dggbs-
699030 JoEgdEo 993300 bodsb-mz30Lgdgdol (Losbarggdol)
09mb9 39 EHMGHHBOL Jogdsl s FoMmgdsdo abgMagsls [285, 308,
327, 400].

695006 OMI0 3R (30¢0dgMsDS X9FFMOO M9og30s) 8g-
0MEOL IBgMHY359 FgLodergdge0 Fobss LalvMzgE MMYboHIdo
LsdoBbY 249bol 9Ju3Gmglol TgJoboBdol Tgufogers, bemenm Ubgs
0900m@gdol (NGS, MutMap, Mut ChromSeq) g50mygbgdom, godmg-
@06 3F530900. 396MmINH MbyBg BodEobsty 33¢r0gdgdoL
L5g3AgE056Ts 2odm3zeg3s9 30 TgLadegdgEro gobo@s gOHHMM-
WMo M350 9ol s6d0dg3MmdOL Tglfogars. 4gbmdme
$995My090%9 ©sx8MdbIdo IgMOMEMRO0L BsdLSIdOm
99L5dgd90s MBMIWgl EOMTo b53egdo sbsbstxgdom do-
Do 0dbsb LolmGzgero 9w9a0. oM S0b0dbmEols, d9dwds-
3909905 296030l HgodGH0MmgdoL mebwmglo LobLEgdgdo, GMI-
gd03 §om3moagbab 4960 0bgobgMool dg@o 9BIIGHMIO ©s
MLoROObM 0bLEGHOXIIBAL. 296mTol MYEsgEHOMmgdoL LolEgdgdo
(TALEN s CRISPR/Cas) 563539000 00m0949bgds dMsgseo do-
05O gdom, dosm dmMob 399EbE MO s GGMbLygbmMo ;390s-
9900l JoLs®gds. 50b0dbmwo LoliEgdgdom dqladwrgdgwros bgs-
Qslb3s 53500900l 95dmaf3930 dsmmygbol dmegegdols 994dbsg
[282, 289, 291, 362, 399].

2011 gl 899998539099¢00 0dbs 396900 MgsdEHotmgdol TA-
LEN bobi@gds, Hmdgeroi 0539380609008 dod@gdogdol (Xantho-
monas §3500) dgbFogersbmeb s FoMImoybl Lbgoalibgs Lo-
bmgem-s9gObgm 379G MO9doL (foffszs, 0G0bx0, 3mdom™mo)
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55350090900 353mfj393 3500M9bgdL. 33193900l BJIYIP -
396005, G 5060860 d5gGHIM0gdo  d3gbsmgmwo  MXGY-
©900L  30GHM3WsHTSd0 odmympl 30EgdlL, GMIgdOE e30L
adbemog 9mgddgndgb xMgdos 3Gm39L90HY s HBOEOD Yx6g-
ol FgMdbmMdYMdsL 3o0maqbols dodston [385]. ©BI-s0s393-
domgdgeo TALE ©mdgbgdol s 0bsd@ogzotmqdmwo bm3ergsbols
Cas9 Logmdzgwby 99ddboro Jodgmvyemo 3owgdol 4s8mygbgdom
99L5dgdgos 296900l  GHEMbLIMO3300L  MYYMWSEO0L, 9309~
B009gd0Ls s MXMIME 303¢0d0 JOHMIMLMIOL LbgsEalibgs m-
30Lgool Logdgerosbo Ggbfagars. 9BIJHMOVWo Fowgdo )30-
3806905 ©b3-b LsdoBby 29bgxdL s Fglsdsdobo®, 33P0l oo
9gu3Mgbost [282, 330, 332].

CRISPR/Cas (3a0sb3Hg6v)ero  69m@s®v)eo  9m3wrg 35¢00-
B®mIMwo 35689mEM90900) LobGHIds FoMmBmoaqbl ggbmadols Gg-

©5JGH0M7d0b 439w sHY 058 s 9BIIGHE LobEGHYIL, GMIgeog Fot-
058900 5800Yygbgds Lb3solb3s 3MmEbocy mMAs60Bddo s Jom
JmMol  939696ggdd0.  3M0L3gOHOL  M3IMLbO 30039  SMBM-
Bgbowo 0dbs dogd@g@os-Escherichia coli-do [317, 325].

360L3gMo (CRISPR) — gl sG0b dog@g@oreo ggbmdol sbv
©63-0b ghHm-gHmo BB, HMIGEoi3 F9gds Msdgbody 3gbols-
2396 2968gmM9gdso, dmzwg — 23-50 Loga®mdol, b3wgm@oEmemo
5630800 g30M09d0Lb. 50bodbEo LobiEYIoL 9egdnb@gdos sMo-
0530009090 MBI s 3owgdo (Cas).

CRISPR/Cas bolb@gdsdo TALEN Lob@gdol Jodgemvyeo 30eg-
00L9b goblibzsggdom, HI-ol M6A0TEYZMMdS 5TMOEEMdS SEI5Ts-
3M©0M9d90 M®B3-0b LsdoBby BEYdMLB. Fgddbocros 3gEoswy-
60 39693039960 35603 omgdol bobEgdgdol (CRISPR/ Cas/9;
CRISPR/Cpfl; CRISPR/Cas9) #9dbmemaom®mo 3ws@am®ds, Mm-
09 mogob yz9ws®y bdoMow odmoygbgds CRISPR/Cas/9 (M-
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MO IMMGOME  3oobmMmdme 4963gmMgdol  Jamols-
G900 @30 IO 30ws 9). gl ML dodGHIMoYo ©bI-ol
9m3eg 36309630, GMIgELss 89w9dwos, 25§930@ ™ML ©bT-ols b 3-
WIMAGHOEMOO X9F30 S 9335w mb 0s6d0dg3mds [325, 329,
364]. 50b0dbv)0 IgMEO FoOOME 2odmM0ygbgds, MMM 839-
Bodrgms BmEaergdol, 21939 93mbmdomms 96093b9cmgsb 33g-
Botrgms Lobgmdgddo LolwyMzgaro 49boll M3oLgdol TglokaLrges@
©5 LobryMgzggeo  608sb-030L900L  goliowmdx mdgligders. (33w0-
@qdg00L  JgLodsToLOE, SAOWO 993l LabyM3gero FYEOEOMO
1399BH®ol dJmbg B3gbsdgmwo bsHgdol dowmqgdsl [327, 328, 362,
399].

00mB9dbmemyools, bmxywol IgmGBymdoLs ©s LsdsHobim
3393900l 30356009 gd000 ©R93)300 JoLAESOMMo dB0dgbg-
@©@d0L 3O:M9JGHJOOL AoBbMME09wgd5d0 FotBo@qdoo 350moygbgds
39630l M9odBH0M9ds, HMIgwos ©sxvdbgdwos ©b3-sl d9b-
Lob@3B BsdoBby wm3MLdo MmOToa0 X9F30L  JoLHY39¢S©
1393083039600 635Dl 2odmygbgdolimsb [398]. 990ay S®-
6503610 @Mm3Lgdo 50O MO FHDOM: 5M3MIMEMYMOO -
0mmgools d99mmgdoo (NHE]) s 3mdmemyon®ol smwygbom
(HDR).

L5893b0gMHM LsBMYsMYdsToi FoOmm OLIMBoss CRISPR-
b9 ©s53mdbgdMEo 3B 0b50bgM00L 3tmE9bE0sww b s35380-
900m. G9dbmemaomMo 3Hob3gH LolEgds Lydwoegdsls 0dEg3s,
2956bm®m309eal ©H3-0b MsBT0dEYzMMdso LElWM39Wo (33¢0-
@qdol doegds. 39Mdm, LsFoBbg gabols s8MEgds 6 LabmMzgwo
396900l Bsm3zs [328]. 5060360 BHgdbmanmaool gsdmygbgdoom
d9L50EqdE0s, 93MIM3Y, F3gbsMgms s 3bBMzgms 49bmBgddo
JO@IMLMIoL bLsFoBbY M3MLoL 96 FNE0s60 JHMIMBMIOL Fodars
[282, 398, 399, 400]. CRISPR Lol®gdgdo xgsGom@ sdmoygbgds
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396Ls3mmMgdom 93mbmdogMMo m3zswlsBGmobom 36033690 m3z56
93069mgms LobgMdYdTo LadoBby 39630 (33EP0GdGIOL Foblisbm-
(309090¢5. 999mddo 4olsdMms3eqdes© dg0mBg3zs ol d3gbs-
900 bsbgdo, HMIwgddsi 3@ 3oboogl ggbgdol gotomm
13994BH®d0. 50B0EMEO FH9IbmEmao0m FglsdErgdgeos gHMEEOHM-
M5 3535000 LobyMH3ge0 b0Tsb-m30LgdoL gomdx mdglgds, Bom
JmMol,  BOHE-295630maMgool,  doMEBHIOO @S BOMGHNMMO
3JBHMOGBom  250mf3gMmo  bGHMILOLYYD  sT(33gMdOTO
wbstobs [327, 328, 362, 397] s bbgo.

bbgs d0m@gdbmemaom® Lol dgdmsb gMms 360d3bgwom-
3560 8mb53m356Mm05 33965609 b0l HgEsgEH0MgdOL Imbsiggdms
05%ob (PGED-UL) 9g9dbs, mdgemog 9608369@mgsb 0bgm®mdsiosls
3390300l CRISPR/Cas9  ¢ggbmarmaool gsdmygbgdoo 8d9ddboen
G®BLYgbMwo s INEBGHM@mo  3gbsggdol  93mbmdozmdo
035bsBOOLom 3609369003560 s LoYMBOOIIM M30LYdJdOL
99LHo3olim30L. 530LM30L LsFoMMs s0MBIL 3Mb3MYE IO Labgm-
05, QOMZ0YMJIME0 S 9MHBYME MBS 0d65L oL 9bgdo, Loss
MBS 49BbMOE0gMEaL 3MES3E0s. Bmboggdme dsHsdo Tgbodeng-
0905, 53Mgm3g, dm0dgobml 13930803 MMO Fabol 0wIbEH 0G0~
3536900, HMIY03 090935 9BsdwgdEMdsl Im30d0Mmo bolivy®-
390 0bgMmMI5309, MMM LsToBbg Lobgmdgdol, sugzg CRISPR-
ol dgomom d994bowo 3MGBGMHO BMMIGdol dglobgd. dmbs-
399ms 05D FoMTMAgboos I39bsMgms bbgasalbgs Lobgmdol
396900L  Los, MMIgems dgdmbggzsdos  2oBbMmME0gWgdEos
CRISPR/Cas-ols 89009300 H9sgd@Go®mgds. 5d@gbs@, d5Bol bo-
d795gd0m dgbodemgdgeos bbgaslbgs Lobgmdol digbstols Ls-
d0Bbg 249bgdol 8mdgdbs 3mb3MgEHIo a960L id, s6 gRNA-s L3g-
3OB03NMH0  MBT0dEY3MHMOYOOL  250mygbgdom. 935050 T(39bs-
0905 396m3ol MgsJBHOMIOOL dmbsgdms d5Bs (PGED) s9000s-
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B9oL 0bxzMEs305L 3B0EIMOL, dOObKOL, FoMfyzol @s Lbgs Lols-
g bs3gYObgm JMEEMYdOL FMEBEMOHO HsBYdOL Tglobgd.
313 9b@ 900l olorgds AoBbMEME0gwgdEos 150 bsdoBby 9bbHg
©90mddggds. 8993 96EGMM babgdl Lbgaalibgs 3sommygbols dodstron
dgog®o 03960E G0 o930 [300, 349].

Ubgoslibgs Labgmdol 3ggbatgos ggbmdols dgliffogarad sboco-
ym, @I 396mdol HgEsGomgdol Ggdbmwmmyos GsGmm dglsd-
9019l 0Y35 ©9935©JOYOOLEEI0 HBOLEIBEHIO X 0dg-
00L FoLoEYdS, Mbs3gOMHM3ZY 9B93BY 3gbmIol 33¢930LM30L S7-
G0 30005MEJdS OGN0 FJOMEYd0, HMIWYd0E ©HI Fsbodvy-
@0M9d0l, 39bms 9gbdMmgLooL 30D OBHEOOL s Folio JMBEGMM-
@0l 9994ob0Baol LodwysEgdsl 0derg3s. MM 50335M0 JgmMEYdO
393 gUHos© 96 35LbMdL §g39dEHWIOMBOL, MULsBROMLMGdOLS
9936096900L Bodom {6H9ggd0Lbmz0L dobs)zmImdol 3G0EHIMm0V)-
990U. 396m30L M9JEH0MYOOL BHgdbmemyools odmygbgdoom Ggliad-
90905 bsdobby ggbol Fgaaws b6 gabmdol Mgwsd@oMgds Lo-
00Bby 39bsb Q9bwsygdmo g9bol/ggbgdol (33c0wgdgdol o-
93d9. LoLOLYYOZgo 60dsb-030Lgd0L Jmbg 306560l Qodmygzsbs
56 BoFoMmmgdl  dgx35690sL, BgLodsdoLsE, 3MHOMMOGHIGHTIE0S
QOHMOL BogBHMOOL M35¢LsBOOLOMSE. 39bmIol bgermgbydmo Gg-
©3JH0MY0> Hgb03NMI® YMZIWEROYMIE 0b3Yfgds 580l Loy
39009 LGOS “3G0L3gHooL* BHgdbmems, MMl Lfjm-
650 24590yqb9d0L d98mbg93590 Lozdom OO OO LHMYYIM-
0oL 3m@9bE0so. 8mdsgswdo dglsdwgdgeos, 3gbgdozdo ob-
5069605 Lsdgsmmdo sOLYdMo LoamEberol gmMIgdol ggmenvy-
300UL 9M0-9M 0 BEBIOEGHWWO 3BoE 30 FobEL. Legzeols g6 -
Bgmdol 30m©J3ool dmEmErmdols s badolbol (Lsgzgzgdo o-
6909900l 5 LEdsBEOM MZ0LYdYOOL) 5T5MGOOL 59930 MDS

L5YM390MOMELs 3bMmdowo, MmMIiEs gb bs ebbmGE0gw Il
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930bmdozmms  dobopgdo bgmbgdom @s goMmgdmby bgdmd-
0900900 2om35¢olfiobgdoom.

00m39dbmEmyos a39bdoMmgds Lalmgem-Lsdgm@bgm  3oen-
&9O700L FmMbsg3e0sbMdOL s ba®olbol gsmdxmdgligdolmzol bo-
Jotem 3900m©gdolL 899985300530, MMIols 459mygbgdomsg gLisd-
@090, 303000000 3306050 WOMHJdIYo JodoyHo Labvydgdols 56
39GH0E0YdOL d99(33x9gd0. brngrols dgmE@bymdsdo dom@gdbm-
@myo00L 36093693560 8mbs3m356M05 M193md30656FH o ©bd-ols
5 3OMGMIWILEJOOL 99mygbgdoom I3gbstrgms Bodsb-mgoligdg-
00b 9933w QS SMLYOEO X0FJOOL QoBxMdILGds. 50599500 Lods-
MHm390wmdog 90dEobsdgmdl bgoalibgs 808sMHmMgdom dom-
399bmemyo0l Igommgdols 3s0mygbgds.

bbgosbbgs domEgdbmeomaon®o dgomm@gdos ds0mygbgdvy-
@0 30GHOMLMZ56ms Lywrgd309803. OGOMLYdO B0 SO bs3-
3900 0067 gdoLS s 3093 bbls 86s35c0 oMlgdol dsdm fo-
69539696 mBwomdo gMc-9M00 360d369wm356 Lolimggwm-
bodgmE@bgm 3MEGMEL, Gglodsdobs®, 8s0 3MHMEYJEH0IMd-
056 0539300609090 Bogz0mMbgdo, FoblsMmMMId0m Foserdmbsg-
0560 X03dgd0L F0gdol M35eLsBOHOLOm L3TomE SgE¥YsEY)-
605. 3609369003560 30GHOMLMZBMS 0lYMO X 0TJOOL Qo8MY3z56s,
OHdwgdog aodmoMBgzs 35369090-5935090gd0Ls s SEsbgen-
LogM9gwo Bogd@mMmgdolsdo dodsmo Jorswo MgHBobEGHIbGmg-
00m. ML sOBYdMEO 450Mm393900Ls s BH9bIbEEYdOL Fomgzs-
@obfiobgdom, 3gbmdmmo Egdbmemaogdol LHMegds 3GHmyMglids
d9L59¢qdYE0 Fobos sboro FgmmEgdol FoMds@gdom abgMags
EOAOMLM36  3MEGMHJdToE. 3IbmING mbgby 2obbmeM09-
0o 33e93900, 8603d69¢m396 0683mMTs300L 0dwg3s 30G-
MHmgobms  sbog x¥0dgdmb s BMOIJOMD  ©393006M7dO.
5MLYdMO 330093900 3bsYMRL, MM FoGHOMLMZbgdTdo (390 M0
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©d 3MNGHOHMEo) 96033690 mgbsss dgazerowo  BmaogMmo
3960bL 94u3eglos [307, 384, 373]. 580965 3 EGHMGOWE X0d9d30
90@30@IO  ©EMbYBY  FobbMOEg IR 3Zwgzgdom, oo
dmeol  g9bgdol gdudeglbools Fglfogwrom dglsdargdgeo  gobs
LOLwOZ390 BOTsb-mz30LgdGOOL {oBNMOIGOS s LEMEIYMR..
©OGIM5GIOME0 dmbs39d9000 LEH™MMEYDdS, MMT G0EHMY)-
bmgoboms bogmgo bsliosmgds sbGHoLodlogbmy®mo s s6E0sbmg-
00m0 8mJdngdom, s930MgAL  FMELOLBEAIOMIMS  OS39Y-
09%0b, MLEHIM3MOHMBOL, Tod@0sbo EOsdYEGHOLS s Lbgs FMo35¢0
Q99350090900 25630m5M9gd0L GHoLZL [9, 350, 363]. 30GHMMLMZBMms
Bogmaxzo 8osMos 3s30m s d03Mmgmqdgb@gdom, sbEHomdbo-
©3BBHI00m s b3, 999sb 250mIEobsmy, dom-lsdgoiEobm do-
05009000 J500©30 06EIMHLO gobld 3OO0 Fo@o0s. 5O-
650360l 2om35¢olHobgdom  30EGHOMLMZbMs  TosEbsOl-
bosbo s Fs0o3HMEIGowo bowol (omdmgds Lbzswslbgs
600356-030Lgd0L (bogmgzols Bmds, Mogbenmds, Fogd@osbmdols s
0553096000l 35655350 Mds, boymB0sb 3960l 4s8mlogerosbmds,
90000500 56 0mJloIbEHMMO 89050AgbeMmds, Lb3sslbgs sd0Mm-
GO0 ©5 B0MmEGHNIO0 BogBHMOMol JodoMm JEYMOE™ds ©s 5.9.)
3°m35oljobgdom  FomBmoybl aMdgm3s0sb 3OMEgLL s
0535330605090 3608369 m356 MHglm®Lgdmb. G0GHMMLMZsBm
bgengdE0sdo, JoMH0MOEIE, 9dm0Ygbgdmes: 308M0E0BHE0s, 3v)-
393969%0 @ JmbmMo Lgwrgdisos, 0mdgs Lglmd®mogo 4e0-
6530905 Lbgoslibgs J0BgHol (gmmogligdermds, bGgMowyMHm-
05, 30¢00930M0Mb0s © 5. 8.) 2odM 4m3z9wmM30L 5 0derg3s LolivyM-
39 99009aL [283, 288, 296, 363]. LoobEgMgbm s 9RIJGHWIOO s©-
dmbbs BmOmmberols (Citrus sinensis osb.) ®mgberem x0d9d0L
JolLoegdo  s8s Lbboggdol  Bgdmddggdom  0bwoMgdrwo
93530900L 250mf393s [313, 373, 384]. dombgszs 0dols, md
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Dg0mom  BIMMZEOWwo  GHMEOoE0Eo dgom©Ydo  89sMgdom
Q050 9BIJGHOMIOM  BILOIMPIIMS  (30GHOMLIIOL  sbagro
Xx08900L5 s MO0l 58mlboyzsbs Lozdome 9b0dzbgemzsb
Ml SbOegds [294, 306, 313, 320, 322, 333, 344, 357, 396].
L 30GOMLMZBMS sOLYGdMWO K¥0IJOOL AomdXMOILIOOLS O
sbogno  x0dgdool 3ogdol Loddgdo GHMOOEOME FJNMEIOIMB
JOMO© FoMdsGHd0m 450m0ygbgds mobsdgtmmazg dom@gddbmenm-
3060 dgommegdo [302, 337, 363, 367, 372, 373, 391].

O@amO3 M339 9036036900 d0MEJIbMEMao0l 2630mMdS
500y 2oLEo Lo 3w960L 90-0560 §ergd0b s 9BHI3MIGOZ5
30056005, LHimeMg 53 39MH0mEL v)353d06M©Ids dom@gdbmem-
30960 dgmMmEId0m sboeno x0dgdol asdmyzsbs [309, 384]. wqb
LeREol JgObyMmdsdo 49BLsgMMMmIIOM 959G MHO 3OrMBGTSS
3603008 M5m©YbMdoLs s boMolbol Aswdxmdgligds. 9-
630l 3gdbmemaogdols 3o630056M9d5d, LBsdoBby g9gbols Msbdod-
©9360Md0L dglFogesd s 9BseoBds 0liy, MMz b3s dMszse
LOLMGEM-L5FGYOEYM 39 EHWOSTo s Foo JMEOOL FoGHOMLYO-
doi, 99L03EgdgO Aoboss I39bsgms 60Bsb-m30LgdgdOL golss-
©)0x 3990 GHMOIPOEOYIE? FJNMPYOMNID GO ©I06gHRML
3900569000 5e@gMbsGH0Mo, 9839dGwIO0 90mEYdo. 59 JodsM-
0)goom §ob 20sadmwo bsdoxos dmegimeyo ds6M3g-
6900L  009bEG0KB035305.  BHEMBLYIBIBOL  gobgomatrgdsd  Fglsd-
@090 35H5S LBl JgOHEIMOST0 BOMEHMMO S SOOMGH™MMO
354 BHMMJd0LOT0 3sdderg 3mIgH oo x0dgdol dowgds [301,
334, 363]. 53 9005601109000 356L3MNMYPB00 [oMToBEgoWo SO-
9dmPbs ,,Agrobacterium tumefaciens“-ols 0639d300L s 3meogmo-
@abyozmeol (PEG) g99mygbgds.

d39bsgms  Lgergdgosdo  3b0dgzbgermgsbo  g@s30s  sbogro
(NPBT) 996mema0900L: 0490008 00000900L 64930095%Bsb ¢9dbem-
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M0,  M0dMmbm3gmE0Egdol  dodstmmo  IMEeagbgbo
(ODM), 30obaqbg®o, 06@®msg9bgbo, ®b3-bg og3rydbgdwyemo bad-sb
09005305, 39693H0311M5© IMEOR0E0MJOME bodoMmggdby 4o-
©969MA39, 93MMOBROWGHMS305, LobmgbMMo 4gbmdozs s Lbgs
239630m069ds [308, 317, 343]. LMy gl IGOMPIIO 0EG3S S¢-
390bsGH0e JgLodegdErMmdgdL MbzdmMLager0sbo, bsy390mgbm 339-
000 VO0MYOWMgdoL 8Jmbg, doMEHIMHO S SVOMEGNMMO BIIGHMO]-
00Lodo MHYHOLEHYOE WO, 8536909 -935000JO0BEA0 Q5IEY
x08900L domgdol Laddgdo [286, 289, 330]. 5939 3oLsmZ50oLT0bYdY-
@05 0bog, M3 NPBT ¢99bmeomaogdol 95399@wMow §o®3s0mrozs
@5 babmeggeo B08sb-mg0lgdqd0l 2969303900  3mbEHGMEOL
Ho6BsBHgd0m 49BbbMEME0gwgds Bmombmgal 3603369wm3sb 3mbab.
000 0bmdsdo 49bmINMo 3H9gbmEmyogdol dens@@m®mdols dgdvy-
3539050 35653060HMds 530MEJJBMEMY0HO FgOMEIOOL Yodx M-
09905, MMI35 50b0TBEYo FodsMMNIEgdom FMTomdolols I60d3-
Bgarmgsb0s  396mbEYdMmdom gom3swolijobgdwo bm@dgdol
Q3339

GOGOHMLMZbMs LyErgdiosdo sbowo 39ML3GIE0Eo K 0d]-
00l JoLoYdsE Hgdmm 50b0dbMw F9gdbmermyogdl dmemol 360d3-
Bgarm3zsbo s 39ML39dEH0Eos 3gbmaols HgEagd@ocmgds s (30Lyg-
690 [289]. 496m3ol Ggsd@oMgdoom Ggladwgdgeros obgmo dm@s-
(30900L 800ads, LYIE 9 bMABMMo BT, Motymgzomo gi39dEoL
390909 046905 5 9MLLYMHZgo  (33¢00gdgd0 80b0d)058¢0Y
076905 syzs600. }08g80L gomdxmdglgdol Loddgdo, suggg Hoo-
0539000 258Mm09g4gbgds 30LygbgHo, MMIGwoE mMeEolbdmdl g9-
6900l 250539bsl X 350190BE™MI3L9d5O LobgMdgdOLb.

3BOGHONMLM3BmMs Lgargdosdo boyMMsE®Idm s 360367 m-
39605 GENIUS 36Hmgd@o, Hmdeol dobggomsg sbsgro x0dgdol
2090yg3560L5L  Jglodangdgeos 49bmdol Mgosd@omgds olg, MHmd
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39LGH0E0IOOL godmygbgds LsFoMmm gobgl d306Mg MoMm©abmdom
5 300M5000 04mb 36003530l 330 gdolado. 360dgbgwmgzsbos
BIOTECH 36Hmgd@0, HmIol o®mmbsg 396maol Ggoad@otgds ©s
30LYbg O obsbMmM309wgl Boymaols ;mzoLMmdMmO30 Tobslinscgd-
@gd0L 2oL IX MIGJLIIS, 3500 FMMOL BOME MO s SOOMEH™EMO
LEHOILOLEAO FoddegMdOL AIBsBOEIWs [385].

35MdOos, ®MI 30GHMMLOL 335080 dg0s35¢ Lsbgmdsms wma-
653gbmds HoMmImImdowos mmbo dzgmglio bobgmdosb [299,
392], gbgbos go@®mbo (Citrus medica), 390gcom (Citrus maxima),
056stmobo (Citrus reticulata) s 003096¢)s (Citrus micrantha). 306-
39000 5 350D FoMdmBmdogro Lsbgmdgdol 3mdghEovico
3oGHOMLYdOL MBgBHILMdS FoBMmIMdO0s BsgMmm [obsdMmoloysb
LEAoG OO FMES30gO0L RMM3gd0L Dom, OHMIGEOE EOHMMS
2960530mdsd0 Fomdmodgzs bgoolbgs gamyMogome aoMgdmdo
293603909090 Lobgmdgd0b [299]. 36mdowo saMgm3g, obog,
6md 30GHMMLYddo 9ddMom L3gE3on03MMo D3 49bo 3GMIMGMMO
d9glodanms, 9393006090090 0gml VvMybAl 2960l dmddgwogdsl-
56, 50b0dbmo 2960 30EHOMLYd0 FMbsFoErgMdal 0MgdL 9dd-
6om 1393080399600 9gbol 9JudMgldo. Lo®fdMbms, GMd D3 36Mm-
I0@GMOO  3OMGHM3WIBEGHMO0  GHOBLBMOTs300L  Bsdrsmgdom
d9L59qdYE0s Fo6Bs3HG000 0465l 498mynbadmeo GMbLYgbmMo
9396569900L dobomgds [307]. 331093900l dJobg3z0m, (30GHOY)-
bmgabms gddMmoMygbgHdo dmbsfoerg 49bgdol gdudMglos 860dzbg-
36505 9933000 39 EH0306090w0o X 03900l G9dmbggzsdo,
053 0535330609005 M35 BOJEHMMMSE [373, 384].

30GMMLM3zbms Lgwgdaosdo 396mdol MgsdE0MmgdoL BHad-
Bmema 0980l Mmeo 3608360 mgz5605 3035000 0T gdom.
3963 mmMgdom  36033bgermgsbos CRISPR  LolL@gdol  &gdbm-
@m0, Hmdgwois 93mdbgds 8gmdghd Casd s 094gbgdl MBI dm-
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9329l b3 396308 g3MMmdol $3MboEbmdsw ggbols 89damdo
2900033005 96 ©HT-To LabyMH3zgeo Mb0TEI3MMBOL BILIOLMZOU.
50608690 FH9dbmema0gdol s9mygbgdom dglsdwgdguo begds
EOGO®MLOL 2356030 G0535¢00 3663500 LabgMdOL 49bmdol gsdoxya-
9, bbgsolb3gs 099350gd0L 4968530MMdYBE0 3960l 0IbE0GO-
39309 @5 LyFoMmMgdoL gdmbg935d0 Fom0 T9(33¢0s. GOGOMLMZBMS
05369090-59350090900L  80dsMm 58d¢mg X0dgd0L  Fologdo
9839JHI05 5 FoMds@gdom godmoygbgds Ggdbmemmyongdo — g969-
03O0 BHMBLGEMO 5305, 96mT0L MHYEJEHOMIdS ©s Lbgs [339].
090353700 2969303900 GOBLZMEOToE00L FgIA0s OG-
L3560 396mddo gobbmmEogwgdwmo 3gbg@ozdo dsbodmes-
(30900, HMIMgdo3 5830609096 093960 H BIBIL, LGHMgLOLSWIO
24599@gmdsL s sbg G909 [283, 326]. MMIgerodg Lsdobbg 94969
©99tmd390900L BoBbom sMEowgdgos FoGH®MLOL 4gbmdmdol
05600000930 d0L (3020060.

000068MM5@H030L IgmMmEgdol 3sdmygbgdom dglsdwrgdgwo
239bs 30GHOMLMZBMS 2gbmdol dmboggdoms d5%olL gJdbsi [401],
bosi  bgardobshzomdos 3o@G®MLm3sbms  dMsgsco  babgmdols
OO 396mIols M6d0dY3MMdYdO. 59Yb5, 30EHMgdTo dom-
3995m@my0m©Ho 39gmmYdol 4s8myghgdsd, LOmo 4gbmdol mo-
6308g3MMdgd0L  2sd0x3Md, 9b003bgem3bo  gosAxMdILS
BOGOMLM36ms IM35¢0 sbaewro 39MHL3gdE 0o x0dgdol dowmg-
00l 9gLsdeEgdEMdgdo [308, 372]. LabvMzguro 608sb-mzgolgdgdols
053mbEHMEgdgwo 396900l Laggmdzwosbo dglfageroom 3o dglad-
90905 35000 356390905 2odmygbgds [299]. dsgomoms, Tgu-
Pogaroeos Ruby gqbo, GmIgerog 3slvbolidggdgaros 3030996¢3)0-
300L 3mb@OMEBY [287], CsLOB1 s CsWRKY?22 996900 sbimgo®-
905 GMOMMboedo 30GHOMMLOL dod@gMoveo 3odmbswdo (CBC)
93M3IbMdYerMBLb [383]. 33109390000 OILEWIMHGINIE0S, BIMI
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o 2063 37,4+24 | 70,6 | 2,1+0,1 | 1,2+0,1 | 22,3+0,8
S [ 5018 54,6+3,1 | 75,2 | 2,3+0,0 | 1,4+0,1 | 22,8+1,0
5428 45,4+3,4 | 70,4 | 2,5+0,1 | 1,5+0,1 | 27,6+0,8
5440 58,4+2,6 | 70,8 | 2,1+0,1 | 1,5+0,0 | 27,3+0,8
1752 | 44,8434 | 71,2 | 2,0+0,0 | 1,3+0,1 | 24,5+1,0
° 1755 | 43,8+3,3 | 68,3 | 2,8+0,4 | 1,2+0,0 | 21,8+1,0
S | 2065 | 457428 | 747 | 2,2:0,1 | 1,3:0,0 | 21,8+08
5412 | 46,2+3,3 | 72,1 | 2,8+0,1 | 1,440,0 | 23,9+0,6
5425 | 39,4+3,2 | 70,4 | 3,0:0,1 | 1,3+0,1 | 18,4+0,9
- 1730 | 47,7+1,9 | 71,7 | 3,0+0,1 | 1,3+0,0 | 21,5+1,0
S [ 1691 | 39,5£1,6 | 69,8 | 2,8+0,1 | 1,4+0,0 | 25,4+10
5442 | 43,5+2,2 | 71,1 | 3,0+0,0 | 1,320,0 | 19,5+1,0
Uogmb@®. I | 41,6+2,8 | 72,2 | 3,0:0,1 | 1,2+0,0 | 23,5+1,0
bo3mb®®. IT | 46,3+1,7 | 72,8 | 2,3+0,1 | 1,2+0,0 | 24,8:0,9
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L53MbEOMEM 939650990L5 S 3BHBEGHWE bomgls®ms xdMs-
3@qbmdOL Bogmaol 39600 gmgMBgm™mzsbo X033 gdol Loldy
®0mgdol gmHmbsoMm0s, gs9mbs3wobls HoMmdmoagbos BRMmMIdO:
NeNe5423, 2029, 5428 s 5440. bygger 939650900 bagmaols 356%g
909HBgmM3560 X06MH3IZ3gd0L MomEbmds 1132-bg IgMYgMdS
20,7+0,9-05b 27,6+0,8-8¢0g, bemagom Lozmb@EMmanm di39bs6ggddo —
3,5+1,0 —qosb 24,8+0,9 -3¢0y.

9mbs398ms 565¢0Bol BoggdzganBg GglsdeErgdganos, 4939m-
9L s133bs: oMbz 0doLY, MM B sagb 6598-5L ImJdggds
of393L 3BHBGHMOO b50glamdol boymaol Ggdbozmdo dsB3g-
69000l (3350905 MdL, FEHeagbols blbstol 3mbigb@Maisos
3MOJ530530 56 M0l 5B bW (3300 gdgdMb.
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4.9 3yhoaab b9d-ob gozmabo dobomnb nbdoyl
bomgbomagonl boymanl dnmdndoyt 3mddmbabhnody

3bmdowos, HMI 30GHOMMLMZbMms bsgmazo IOEIM0s MMYS-
Bmero 959399%0m, 3035306900m, BabmermGmo bsgMmgdom, gans-
395600930, ©s 9BEGH0MJLoIbEHIOV0m, MMIgdoE MmM60BId0
5030609096  aembolberdsmmgms, bggmmemyom@mo, bbgsslbgs
JOMbo3Mmo s IR bgHE0I0 9350090900l 49B30mMgdOL
MHoL3L s byl MdE0sh 303ML YYRMIEOIOOL 3OMAMILOMGOL.
53egbgb 56EH0MJLoBEHME, BEGH030MMLmE ©s s6EH0BdOMEH03MO
9cgd9905L s byl M0 ©sdgMdOL 3Grm39LL [286, 314, 315,
345, 350, 386].

Bogmagzol domdodon®o d90sgbermdols dgbfogerowsb BsBU,
6md bogmado 9dMswo Bogmoghgdols d90(339wmds BmMIgddo 3o-
606M90L - 8,3-10,0%-0b GBoMrgddo (3b6.17) s 860d369mm3bsco
o6 296Lbb30309ds 333900MH0 FMORMELWMYOMMO (33e0gdol Idmby
0@ 96@ Nel1464 356396900l sb. ddMoco bogmoghgds y3zgwsby
OO M5m©YbMdom  ©sGoJuoM©s 2 3EGHBEBHMO  BmOIsdo:
Ne11987(10%), Ne5018(10,0%), Loss godmygbgdwyero ogm bbgss-
bbgs 3m6396GH®s300L 3Es9bo (0,2% s 0,08%), 439wsByg sds-
o 30m396¢0 sx0dloMEs BmMIs N°5423-do (8,1%) dwEsagbo-
0,1%.~

HMamO3 3300930L 990092390056 BsbL, 3mEsbEMO bsoglstrons
w3653 gbmdsdo 303sd0b ,,C*-b 9339 ™ds  MBOM  FoOWO
50dmPbs, 300069 LE3MBEHMMEM 3560056EJdT0. BsbEs®0b mbTo-
b bogmagzdo sli3mMHdIObOL T5935L MoMmEabmMdsd goaobs 33,993%,
bowm 6Egee®mwo bsmgls®ol bogmezdo (II Logzmb@®mmerm) —
3603%.
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gb®ogro 17
393596 B93-9b 93965 8566106 MBIomL
65009L5M9d0L Bogmazols domgodow® 8s83969d¢gdbY

3960l $39690 domgodoremo . gj

o 290053~ 85B39690¢9d0 s | 3

8 € @036mds (1008 ERES
6’:3 cg ) S ' g g
& 5 9 S | >S50 g| &
2 0€ | ¥ %8 |4 |5 ¥l3|%
= 3 S %‘ & o E % P 2| %
RS R SR - I -
= 3 ¥ 5| & |8 S | €% | 3
€| 5| | | 2|33 8

8 o | © &

11987 | 67,8 | 57,2 | 10,0 | 1,55 | 39,8 | 7,3 | 4,7 | 69,7

4 5435 66,1 | 46,6 9,8 1,21 | 40,7 | 7,3 | 6,0 | 67,8
1961 613 | 44,1 8,8 0,77 | 36,4 | 6,6 | 8,6 |79,8
1965 58,5 | 48,7 9,1 0,72 | 37,7 | 69 | 9,6 | 73,0

= 2027 68,6 | 50,7 9,6 0,73 | 33,8 | 6,1 | 8,3 82,3
2029 67,1 | 484 9,8 0,75 | 339 |68 |91 77,8
5423 67,6 | 47,5 8,1 0,75 | 349 | 64 | 85 |75,9
1717 63,1 | 448 88 | 086 | 353 | 62| 7,2 |76,2

. 2063 70,4 | 41,3 8,5 081 | 320 | 63| 7,7 | 70,7
co>“ 5018 65,1 | 504 | 10,0 | 0,84 | 354 | 7,4 | 8,8 | 84,1
5428 68,1 | 474 8,5 0,75 | 33,3 | 6,5 | 8,6 |79,8
5440 60,8 | 43,7 8,3 091 | 344 | 63 | 69 |83,7
1752 70,5 | 51,9 9,0 0,80 | 31,8 | 7,0 | 8,7 | 78,6

© 1755 71,5 | 50,7 8,9 0,88 | 349 | 65| 83 |78,3
g 2065 65,2 | 449 9,1 0,82 | 379 | 6,3 | 7,6 | 805
5412 66,8 | 45,4 9,1 0,89 | 380 | 69 | 7,7 | 76,4
5425 80,0 | 44,3 82 | 0,78 | 40,5 | 6,6 | 8,4 | 82,9

- 1730 69,2 | 51,5 93 | 087 | 355 | 69 | 8,0 |825
g. 1691 67,2 | 47,8 8,8 0,99 | 363 | 6,4 | 6,4 |73,4
5442 69,4 | 48,9 9,5 084 | 347 | 74 | 88 | 78,7
b53mbEH®. I 63,5 | 46,4 9,0 | 091 | 339 | 65|71 |775
bogmb®®. II | 63,2 | 46,5 9,5 0,74 | 36,0 | 7,1 | 9,6 | 82,4
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31@BGHMOH0 bsomgbstol bogmagdo sp0bodbrmemo dshgz9bgdgeo
09yggmdl  31,803%-qsb 40,709%-0009, o3 Ls3dom  TomsEro
056396909 0s. 349 sbEHWM bomgla@gdl mmob ,,C* 3o@Esdobols y39-
sy domogo 3583969090  sxgodloMms 0933000600 BmOFBM-
@MA0MMO (33000l Jmbg bs0glatadol 2 gm®mdsdo: Ne5435
(40,703%), Ne11987 (39,809/%), M@Iwgdog 800gdwmos 439w sby
o050 3mb3gb@®mogool (0,2%) dw@ogqbols bubstoom sd8s39-
d0LsL. BMMIGRL TmGOL 43b3Yds LgMgdog (Ne5425), Lssg ,,C*
303590b0L 999(33900Mds o305 Fomowros (40,533%), ydEs SO-
6036mwo gm®m3s JomgdEos Vo 3mbigbdmagool (0,06%)
9139396000 ©53853900L5L. BFMEOFGOL FaMol Jgsmgdom d30Mg
om©9bmdom ,,C* 303006l Ggoiegl 3m™dgdo: (N21752 (31,803%),
Ne2063 (32,009%), H@Igdo domgdeos ©adswo 3mbEgbdms-
300U (0,06% s 0,08%) 3+9o96000 ©5399353930Lsb.

3bmdowos, MMI bogmyol Loggdmabm m3z30Lgdgdo 860d3z6g-
@m3bs 960l ©FM30YdM0 FogMols s 535l 06RO~
Q©MB5BY (85450359356 06qJL0). s0b0TbwEo 5B3960d9w0 Logmb-
AOMEM 3560563 0L (I) bagmeydo 895096l — 7,1%, bmewm buyggams-
e 65009LsMoL (II bosgmbGHOMeM) bogmado — 9,6%. 3MEGBGMEM
13639090 50bodbro 356396909e0 153050 BoIM Os35DMb-
do (4,7-7,4%) 0gtygmdl. 3M@BEGHMOH Bm®IGOL dmMol smoeno
0553006m0000 25dm0MmBg3s 933000MH0 FMOHRMMMAOMMO (33¢0Eg-
00b 9gmbg 849396l (N°1464) 3929G)5G0O0 Momdol (Ne11987 o
Ne5435) bogmgo (0,2%). s0b0dbme 13m@Mdgdodo 3555306m0s 1%-bg
3owoos (1,55% o 1,21%). bbgs sbs®bgb 0v9@sb@«® gm®mdgdls
5 B53MBEGHMMEM 3560563 gddo 8:553056MmdoL Fob39b9dgwo Fgos-
H9O0mM OB,

GOGO®MLMZbms boymedo 4sbLszmmMgdom 860dgbgermgzsbos
456900l 899339 ™ds, MHMIGEMS MoMmEIbMds M I0EIOEI0s

223



965350 R3JGHMOBY. 3EHbGHMEM RMmMIYddo 8ogMm0sbmdol Gglfog-
@o» 350 49bs, HMI s50bodbrwo dsB39b9d9wo IMEBEHWG
3xm®dg0do sOE oby Jowsos s (339¢9dsMBL 6,1%-sb 7,4%-
0009. 9565606 Mbdorml Booglotol (II Logmb@mmanm) bsgmgzo
3905609000 35050 FodM0sbmdom (7,1%) gsdmombgzs, 30MY
0300 356@Mm0b ©b6donls (I LogmbEGmMEM) bsgmao. dombgsgzs
090U, H™A 3MEBEGHMO BnOIsms MIMI3¢glmdsdo FodeMmgdols Mom-
©96Mds 89056090000 Fo©0s, FogMH0ols s 359358 00RO MBOL
06gdbo 5056 dsE0s (5-6%), F580b ML II Lo3MbE-
OO 35005630 (bs0gla®o) 50bodbrmeo 35B396909w0 8gsc0-
396L 9,5%-L. 3MEBEGHMOH FmEOTsms MBMsggbmdsdo (NeN2029,
1961, 1965, 5018, 5442) 35d60bs @ 8:5535L 09bsg35M@MdS (0bgdlo)
B30 (I Logmb@EH®mMEM) G9EoMmId0M Fo@o0s.

056056060L bsgmaol boggdmzbm m30L9dgd0, JoMOMSWI,
5803000907905 Bogmaudo dgdszswo Jodoryeo 3033mbyb@Egdols
05658MEMBLS @5 Fom  3oMmFmbomer Jgmobsfigmdsby. smbo-
360 0065x85MEMBOL oygbs Tglodargdgeos IRMLESEO0L
L5FMoEGB0m. FEHBGHMEO FMMTGOTo bogmzol gaLiGsEooL d9-
QIR 398M3ww0bs, HMI 3sbst0b MBIoml Buysguwst o bo-
09L5M0L bogmao (II Logmb@®mmm) gxslis MBROM Jo®swo do-
oo (82,4 d5¢0), 3000MHY 1300 obs@obo »bdow (77,5 dseo).
AL s3L0 O BMYX IO M3gmaLo FgEIA0 PodM3w0bgl Bmyog® s
0@ BGMOs gm®Ts0: N5018 (84,1+2,3 doqro), Ne5440 (83,7+3,4
0oo0), Ne2027 (82,3+2,5 doero), Ne5425 (82,9+3,0 doero), Ne1730
(82,5+2,6 d5q0). ©65MBI6 TMEHbGHWO BMOIGPI0 ©IMLEE00L
39093990 Loa®dbMdWs® B0 5dMPBES. 439w sHY dSWO
05b39bgdgo (67,8+3,2; 69,7+2,9 doeno) ©oxgodboms dM@EBE
Ne1464-0b Boymezdo, Mog 99-2 Lb3MbEMMEM 3500560l boymeg-
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0L YaMLGHSEo0L F9gaol d5B396909w By osbermgdoom 12-13
35¢00 QOIVIWOS.

50235650, Jodonmo dm@Eeaqbol Bgdmddgwpgds 9sbsmobols
by 0fi393L Bogmxzol Bmaogmomo Bodbols 4ow9dxmdgligdsls, Bm-
2309MHM0L 30 — A5aMglgdsls. gMmo 6odbol (Fod@ol 0339w MdOL)
230990x mdqLYdsL Fmy3zgds Igmeg BodBOL (LoTzo30L) ForsMgligds,
653 Laghomm xs98o of)393L Lodmogm bsgMom 0bpgdlol govgs-
MH9LgdL.

9990056 459mI©0baty, Jg0degds, egz5L33bsm, HMI domjodo-
M6 50300gMYOsms FJToPIBEMDS SEZ0® 93939 IMGHO0MGdOL
393gbol 9390 s “9dgGHgl 99dmbggzsdo sl EEIdIOMO TR0
593U.

4 .10. 9yhoaab bgd-ob gogemgbo dobofnb yodnyb
dHodbHnm bomgboMmmo boymanl dgbobznbinbofmnobmdndsy

056056060L Bogmazgdols boby®mdwogs dgbsbgol »bsto Lo-
3979690 »35LsBOOLOm FoMBmoygbl 9MHm-900 360d36g9wm-
396 3oB396909el. IM935¢00 3B ™Mol dogM [15, 66, 80, 157, 158, 165,
166, 207, 223, 225, 268, 272] 500996005, ®mI 30GHOL™Z56m0
Bogmazols 9gbobgzaby 293egbsls sbgbls IMsg5¢0 FodEHmMo, MHmAg-
@S Mol s0sbodbs305: 39BHIMOMEMY0HO 30MHMDYd0, 5806-
0 36983509 ©s 3MIBROL 3960MmETo, 309B0L IgMPO, SxM™mBGH9d-
6037960 ©mbolidogdgdo, 3MgxroL SEY0W0Esd Tgbsbzol sA0sa-
©9 BMBL3MOEHOMIOOL 30MMDdYd0 s bbgs. dJobgsgs© s0bod-
Bmeo god@megdols, 3608369 m3zs60 s 383560 Bogd@MmEMmos @s-
D05bg00L B0dsMm 29693039900 goAdEgMds, M3 omzsemolifoby-
0o MBS 0ymb Lgwgdom®o Fobagrols Ggxoligdols s godm-
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B9g30L EOML. ol BmOIgd0, OMIWGd0E A0MoMAg3056 Foswo
3965b30LBsM0BMdOM, MBS 04bsls godm®mBgMo, bmerm s-
05¢0 99bsbgols Mbstols dJmbg BmEBqdo — Lgwrgdomby®ol doge
Mbs 0gdbsl sfbgd o,

9656530090 3608369035605 Fsbm0bol Bogmgzol dmbdstg-
00L 396MH0MmEOL 39bsbayMde0390s3, GMIgEoE GgLsdwgdgE0s, 9i-
0 dbM03 dgbsb30l 30MHMBYOOL OE30m, begrm dgmeg dbGog —
§o63mgdsdo sbowo 39ML3gdEH0Mwo BmMTGdoLs s X0dgOOL do-
9tyg3565/00569M300.

B396 o9 349EBEHMMO 6500glsMgdol bagmgol dqbsbgolivbs-
05600 IgHogaoe 0dbs B3g300eM LofymdTo, LooE IEIO
0ym  3H9839MsGcoLs  (+5°C, +7°C) s GH9bosbmdols (80-85%)
$9:080. 00mMMJMYo LgegdzoHo GneMmTob 0bsbgdmes 200
3500 b5gmx0. s0M0Eb3s BHoM©gdm®s ymzgwr 10 orydo, baerm
3946039900 ©s d0omdodo®mo sbsgroBo  BoMEgdms Boymaol
9965b359¢0g s dgbsbzol 999¢gQ.

33930l 89939005 3BoYm, MM 3sbst0b Mmbdomls bogmao
(Logmb@mMm I) godmomBgms 35630 d9bsbgzolvybsmosbmdom,
300069 639060 Bsmglo®mol bogmgo (bogmb@mmeom II). 49-
ABGHNEO  Boogbodms  Fglfogrow gm®IGRL JmGOL  Y39wsby
Q5050 Jgbobgolivbstrnsbmds sB396s 339060 dmMHBMEMmYoMEO
(3309dol dJmbg (N°1464) 39Esb@ds. Booglo®ms dmeol (349-
&96GHWO) L939009LM F9bsb3LYBIMOIBMDS Q5TMOZEObIYL dIEO
@5 bsdmsenm  3:mb396EMsE00lL  FM@Eeygbom T dsggdyends
RMOI9dds: NeNe5428 (0,08%); 5440 (0,08%); 1752 (0,06%) s 1691
(0,1%).
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gb®ogro 18

393596 B93-9b 93965 8566106 MBIomL

B500gl5M9d0L Bogmaol 9gbsbgzolirbs®0sbmdsBY

) ©5B05690mmo Bsgmao, %
2| 8¢
€ & £ ¢ £
2 28| & & & &
3 8 5 ) Q £ 2
o) 83 &= € ©= §)
~ - ~
~ | 11987 | 70,5:33 | 67,5133 | 86,0:25 | 74,6:3,1
S | 5435 | 62,5:3,4 | 78,0+29 | 845:25 | 74,7+29
1961 | 56,0+35 | 63,0:3,4 | 71,0+3,3 | 63,3:34
~ | 2029 | 550+35 | 57,0:35 | 60,0+3,5 | 57,3:35
S | 2027 | 645+34 - 73,0:3,2 | 68,7+3,3
5423 | 58,035 | 53,0+35 | 62,0:34 | 57,6:3,4
5018 | 63,0:34 | 67,0:34 | 71,5:33 | 67,2:3.4
[~}
S | 5428 - 51,0635 | 55,035 | 33,0+3,5
5440 - 40,0+35 | 44,0:35 | 42,0+35
° 1752 - 53,5:3,5 | 56,0+35 | 54,7+35
S | 175 - 59,0135 | 635+3.4 | 61,3:34
5412 | 66,0:35 | 61,0434 | 64,0:3,4 | 63,7+3,4
" 1730 | 685+3,5 | 61,5:3,4 | 70,0+33 | 66,7+34
S | 1691 - 42,0+35 | 47,0:35 | 44,5135
5442 | 63,0634 | 59535 | 68,5:3,4 | 63,7+3,4
Usgmbd®. I | 52,0429 | 57,5+2,9 | 61,528 | 57,0429
LogmbA®. IT | 625+34 | 66,5:3,4 | 725+3,2 | 67,2+3,3
d9bodzbs:

G390 302650056 GgbiPsgcroan o4bs 200 sero bsymgo;
50®03b35 HsHOIBM@s Ya39¢» 10 9o - 1 09390860056

30 3s63¢hs909;

HCPos I=92;: HCPos Il =5,3; HCP o5 IIl = 6,8; HCP 05 IV = 3,4;

HCPosV=5,4.
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Features of mutation and formation of citrus fruits

Abstract

Currently, citrus fruits distributed for industrial purposes in the
world are characterized by great diversity, the main reason for which
is their high polymorphism. Fruit plants, especially citrus fruits, are
characterized with a high ability to give completely differently modi-
fied variants of buds, which make it possible to obtain many forms that
differ sharply from each other in morphological, biological and eco-
nomic characteristics. Most of the widely recognized citrus varieties
(80%) were isolated from asimilar diversity. Therefore, the possibilities
of selective activity for citrus crops are unlimited. It can be vividly
confirmed with many new varieties and forms of citrus trees bred by
Georgian scientists over many decades, which laid the ground for
development of the citrus industry in Georgia and the creation of a rich
gene pool. The given paperpresents the traditional classical methods of
selection and the invaluable contribution of Georgian breeders who
have worked for almost a century and created a rich genetic material
(gene pool) of citrus fruits, most of which, unfortunately, has been
destroyed.

It is known that mutation increases the frequency, spectrum, and
volume of variability and provides the source material for selection in
many directions. Mutations in natural conditions are quite rare, and
the induced mutation process makes it possible to cause changes with
a greater frequency and in a wider range while such changes cannot be
obtained by hybridization. Mutations that occur during induced
mutagenesis lead to a change in the genotype which can be expressed
in changes in the morphological, physiological, biochemical, and other

characteristics of the organism.
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The scientific work is based on the results of 30 years of research
conducted by the authors, that widely discusses and analyzes the re-
sults of many years of research on the effects of chemical mutagens on
seeds and cuttings of the citrus Unshiu. Based on the results obtained
and the analysis of literary sources, the opinions are presented about
the strong tendency of citrus fruits to mutations.

The work includes and analyzes all literary materials based on
many years of scientific research on citrus and other agricultural crops
conducted by Georgian and foreign scientists. Mutations, their
classification and the processes of their formation are widely and
comprehensively discussed, which will be of great help to students of
biology and agriculture. It is known that there is no common opinion
on the classification of mutations and it is always vague and contra-
dictory. The classification varies depending on the criteria. Therefore,
a detailed discussion of this issue in the article will be of great help to
students in studying the essence and classification of mutations.

The work contains all the unique materials and a rich gene pool
developed by natural and induced mutation as a result of many years
of work by Georgian scientists. The morphological features of varieties,
forms (clones) and mutants of citrus fruits bred by mutation are
described, which is confirmed by literary sources. It is a pity that the
specified gene pool (with the exception) was destroyed survived is also
not perfect and it is difficult to find and collect them on collection sites.

It has been established that the impact of the mutagen on unshiu
citrus seeds leads to a significant increase in the frequency and spect-
rum of mutational variability compared to the natural one. The range
of variability changes with the dose of the mutagen, exposure condi-
tions, exposure, changes in its physiological state, etc. The impact of

the mutagen is especially manifested by sharp changes in morpholo-
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gical traits belonging to the category of intraspecific changes and
manifest themselves with a particularly high frequency during 24-hour
exposure. The conclusions are made on the basis of data obtained as a
result of the impact of various mutagens on seeds and cuttings of unshiu
citrus.

Morphological analysis of forms obtained as a result of induced
mutagenesis reveals that Unshiu citrus has not only the ability to create
spontaneous mutations (under the influence of mutagenic
environmental factors), but also mutations in the species (mandarin)
can be caused by artificial mutagenic factors. In case of induced muta-
tions, the diversity of mutant traits is much higher, although most of
the mutants are negative and are not essential for practical selection. It
should be noted that along with negative mutations, interesting
(positive) beneficial mutations arise both from a practical and selective
point of view where the most significant part of the traits falls on the
ability to form sprouts, biochemical indicators, growth intensity
morphological variability of the plant and other economic indicators.

Studies have confirmed that the use of chemical mutagens to
citrus fruits is characterized by a number of features, some of which
are of both selective and practical importance. Treatment of Unshiu
citrus seeds and cuttings with a chemical mutagen is a powerful factor
in the artificial regulation of formation processes. Chemical mutage-
nesis along with other breeding methods can be considered as one of
the important methods for obtaining new citrus varieties.

By exposion of the mutagen ethylnitrosourea (ENU) onto Unshio
citrus seeds it was confirmed that small mutations were detected at all
concentrations and effects of the mutagen, however, relatively intere-
sting early-ripening forms with a high sugar content were obtained
when exposed to 0.1% and 0.08% solutions (No. 1691, 2027, 5018). As
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a result of the research, it was found that under the action of 0.08%
and 0.05% ENU solution forms were obtained that differed in storage
capacity (N°Ne5440 qos 1691) and frost-resistant forms were identified
with a 24-hour exposure of 0.06% and 0.05% solution (No. 5440 and
1691). When exposed to seeds of Unshiu citrus of various concentra-
tions of the solution of mutagen ENU under various conditions of
exposure, it was found that the mutagenic effect manifests itself in the
M generation during treatment. Changes in the morphological
features of seedlings depend on the concentration and exposure of the
solution. 24-hour exposure to a 0.2% solution causes dramatic changes
in morphological mutations, and weaker concentrations of 0.1%;
0.08%; 0.06%; 0.05% causes micro mutations with a low frequency that
are very difficult to detect and fix in subsequent generations;

The paper describes important studies on the effect of pollinators
on the yield and seeds of Unshiu citrus. The study found that the pollen
of Citrus Ichangensis and Spherical Pompelmoes greatly contributes to
the favorable planting of Unshiu citrus and increases growth from 8%
to 11% and also promotes seed formation in the fruit. The optimal
pollination period for the formation of seeds in citrus unshiu is
considered the period from the beginning of the opening of the buds
to the beginning of the withering of the crown petals. Seedlings
obtained from Unshiu citrus treated with a chemical mutagen are
characterized by the stimulation of a number of quantitative and
qualitative (physiological) traits. In the case of using almost all
concentrations, early-fruiting mutant forms(NeNe2027, 5018, 5412,
1965) with a large amount of sugar (NeNe1752, 5018, 5442) and rich in
vitamin C (NeNe5435, 1965, 5412, 5425, 5440, 1730) were detected.
Exposure of mandarin seeds to 0.06% and 0.05% ENU mutagen

solutions stimulated the growth of frost-resistant seedlings.
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Mutant N°1464 was obtained by treating citrus seeds with a highly
concentrated (0.2%) solution of the ENU mutagen, which is cha-
racterized by a sharp morphological changes. During vegetative
propagation of mutant Ne1464, there were no cases of returning to the
original form which indicates the development of resistant mutants
under the influence of mutagenic factors on Unshiu seeds;

In the M1 generation of seedlings obtained from Unshiu citrus
buds treated with various mutagens, changes in plant morphology and
growth and development were detected. Mutants are most often
presented as chimeras that "return" to their original form as they grow.
The primary mutagenic effect in the M1 generation obtained with the
treatment of Unshiu citrus cuttings with mutagenic ENU solution is
higher (17.3%), than in the case of treatment with 1,4 DAB (15.3%).
Among the mutant forms, a tangerine-like form of the Wase group
(N457) was identified, which turned out to be interesting for further
breeding work.

The largest number of modified forms of unshiu citrus was
obtained with a 36-hour exposure of 1% and 0.5% ENU Mutagen
solutions on cuttings of citrus Unshiu. It has been established that the
closer the buds are to the mutagenic solution, the higher the mutagenic
effect and vice versa. When treated with a 1% ENU solution, the yield
of mutations from the 3rd bud is 5 times higher than from the 5th.

As a result of many years of research activity under the influence
of various chemical mutagens on seeds and cuttings of Unshiu citrus
fruits, about 300 mutant forms were obtained 20 forms (mutants) of
which were isolated and studied. The forms obtained as a result of the
research were planted at the experimental collection site of the
Research Institute of Subtropical Crops and Tea Industry (Tsverma-

gala). Unfortunately, along with other collections, this collection was
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in danger. Most of the mutants were propagated by us vegetatively on
the experimental-collection plot of the Institute of Phytopathology and
Biodiversity of the Batumi Shota Rustaveli State University.

The paper presents a description of the mutants obtained as a
result of experimental studies most of which have both theoretical and
practical significance. Forms (mutants) are characterized by a wide
range of economically useful changes: frost resistance, storage capacity,
high content of biochemical substances, etc. Some of the mutants are
superior in terms of their three-dimensional and biological benefits to
Unshiu citrus, which is currently being produced and can be put into
production after appropriate procedures. Even more urgent is the need
to introduce them into production or use them as starting material in
breeding. The role of induced mutagenesis in citrus crops is important
not only in the creation of the initial breeding material (gene pool), but
also in the process of control and regulation of morphogenesis
processes.

An important part of the paper is modern genomic technologies
which are an excellent tool in the study of various agricultural crops
including citrus fruits. Genetic engineering has provided significant
assistance to farmers in solving the problems of industrial farming,
among which productivity is especially important and deserves
attention. There is a lot of information about CRISPR/Cas technologies
that have great potential for obtaining non-transgenic plants, so this
direction is relatively promising.

The paper as a reference tool is intended for students of the
agrarian direction. The work will also be useful to biology students, all

interested persons and Farmers employed in the field of citrus.
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