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UNANED: {]fﬂwumwmﬂswﬂaﬂﬂmamﬂwuﬁmmﬂmaLﬂuiiﬂmawmwLﬂmmm%a Fusarium oxysporum f. sp. cubense
(Foc). LtJuIiﬂwmmmmLawwaﬁummamsﬂaﬂna’wmnwamiiﬂwm mmauaaiamiumlmmumw 15 9 \Woaunsa
wnsnszeludvaIuveenug Au wavih suqaswmmLaamaammmlmmwmm mmﬂmmaummﬂsvmmwa
nszdulsiAnnsidsusamdanlaay (Somaclones) Tuitugndrednaludte 1 wavuzases SogenlanTrauitinumy
ReLo Foc Race 1 tlelranunsadendlinananldlufiuiivinunisszuan Imaﬁiumﬂ miwmvLﬁymt,ﬁat,?iaLﬁmﬂumﬁuﬁ‘dmﬁa
1 hayuzdons 1ummi MS 21U TDZ Aududu 0.2 mg/| mnuumwmaaumaﬂmwemiﬂ (FA) Iumimmaaw
ﬂivna‘uma 9 33n1s7idAnudutusiet (0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35 uaz 0.4 mm) vimsnaaes 3 19 8% 30
Luawamm 1287 60 T WU1A" LDs, maﬂﬂawmmaﬂwa 1 uazazdged :umasnn 1.75 war 1.50 mM auds iede
LaﬁmmammmLmﬂmaﬂuammuamﬂmm Imammiwummwmaa FA 61 (0.05, 0.10 ka2 0.15 mM) ﬂvuamwmiiammm
aamaaamawuﬁ ﬂmwnmiwa 1 MLa&JauummiLmam MS fias FA AILTNTUES (0.35 - 0.40 mM) fiSnsn1ssons
way ﬂmamqmvaaawLamuummiammmﬂuuamwmssamLUuﬂua mﬂuumamawammmqummwavLaaﬂumms
MS iiauiinUsunes dnilmdudu wazsn mﬂuuuﬂﬂﬁam‘ua Foc Race 1 isolate DOA2415 AUANTY 10° conidia/mL
‘Lwawgwms Uﬁvmemmumumawaﬂakﬂm 30 awaamﬂﬂaﬂma asr9deUNsivatsveaianelsalaeyi
masmwwmmmLLammmimLLEmmJamms Tissue transplanting technique NaddeEnNsaAndenlglAaUYDINa Y
Y¥urases Agumulsauiunansdiuiy 1 anefuy way ﬂmammeﬂlﬁma 1 $1uu 2 aneduiidrumulsamenseannide
91 Foc Race 1 suumai‘u%maaaaumﬂamwmﬂmimwmLLaummmmaﬂ%m‘ﬂﬂaummLaaﬂlﬂ
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ABSTRACT: Banana production is severely threatened by Fusarium wilt caused by Fusarium oxysporum f. sp.
cubense (Foc). This soilborne pathogen persists for over 15 years, spreading through planting materials, soil, and
water, and causes substantial economic losses. This study aimed to induce somaclonal variation in 'Sukhothai 1'
and 'Mali Ong' bananas and select Foc Race 1-resistant somaclones for cultivation in affected areas. The research
began with the in vitro culture of shoot tips from 'Sukhothai 1' and 'Mali Ong' using MS medium supplemented
with 0.2 mg/L TDZ. The explants were then subjected to fusaric acid (FA) as a selective agent across nine
concentrations (0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, and 0.4 mM). Each treatment consisted of 30 shoot tips with
three replicates, cultured for 60 days. The LDs, values for 'Sukhothai 1' and 'Mali Ong' were 1.75 mM and 1.50 mM,
respectively Survival rates varied significantly depending on both cultivar and FA concentration, with higher
survival observed at lower FA concentrations (0.05-0.15 mM). In contrast, elevated FA concentrations (0.35-0.4
mM) resulted in low survival rates in 'Sukhothai 1' and complete mortality in 'Mali Ong' after 60 days of culture.
The surviving multiple bud clumps were transferred to MS medium for shoot multiplication and subsequent root
induction, after which the plantlets were inoculated with Fusarium oxysporum f. sp. cubense Race 1 (isolate
DOA2415) at a concentration of 10° conidia/mL under controlled laboratory conditions. Thirty days post-
inoculation, screening revealed one somaclonal line of 'Mali Ong' exhibiting moderate resistance to Fusarium wilt
and two somaclonal lines of 'Sukhothai 1' displaying resistance to Foc Race 1. Further evaluation will focus on the
agronomic performance and market potential of these selected somaclones.

Keywords: Banana (Musa spp.); Banana tissue culture; Somaclonal variation; Fusarium wilt resistance
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”ﬂ@ﬂmmqw,ljasiaqmmﬂimﬂé’wﬂ"ﬂaﬂ (Ploetz, 2015; Alakonya et al., 2018; Santos et al., 2019; Zakaria, 2023)
13AnN8NTIY sﬁaﬁmm&;mm%am Fusarium oxysporum f. sp. cubense (Foc) \undslulsafiadrsaudons
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1% -d'

< & - o 9 a & 4 v o 1% 1% d ' <
Juwesiondvegludunazarunsanuldluiuivgnndenilan lngauisoaidlasaisiumuniseniieanluleales

(chlamydospores) ¥ibianusaegsentuaulauiuni 10 U (Ploetz, 2015) o371 Foc WNGRUHIUNINTINMALUNINTEAY
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Tgsieandeah dwaliineinisilleBensuasivasududihaaluvedndeswesaduiion antugnawludeiuly
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Togluszozusn auluwnduuenazliddandes neuiluasdsududinnavaziniuniely 1-2 et Wekasuiiiey
wionululnanuszauindiu sznuinguvedndedidivasuduiinia waes wieuns (@see, 2555)
& X ° &, v & o a ' ~ o
o1 Fusarium oxysporum f. sp. cubense (Foc) gnauunganity 3 agiugnan lagfia1suanyiwesiivende
(host range) figauue wasnskuwunguANdiuldvendulssn (Vegetative hyphae Compatibility) @9aan5a97uun
leunde 24 nqu (Mostert et al., 2017) @efiuguaniiiinananaielaun Race 1, Race 2 Wag Race 4 lng Race 1: finane

& v

NUGNAIEoUNBY (Gros Michel, AAA group), naawly (Lady Finger, AA group) wazndretindn (Pisang Awak, ABB group)
(Fourie et al., 2011) Race 2: finasiewugnaiedeaiuiu Race 1 saudiviududning (Bluggoe, ABB group) uazRace 4: tUu
aeviugfiinuguLsniign dwansznuseiudndrediulngsinieiug anude Saduiugndieldsunisugnedis
wnsviae (Buddenhagen et al., 2009; Ploetz, 2015)
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Ainenaiited wazane nsAadeniugiainumusie FA e1aduisnddnenmlunisiannisifianuiuniuiedies Foc
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nsdmdenituslunasannaemiemamizidsaiadefioadlaulaaunatsiug (somaclonal variation) luwmafiafid
Uszandamlunisifiuanudiuniuselsalufia (Svabova and Lebeda, 2005; Pillay, 2002; Naserian Khiabani et al.,
2018; Wu et al,, 2010) nsnaaeslunasannassitsaniiuiinisdanseduulamanswaz Judsidanuusiudilung
Usgiliuanwauznuniuaelsa (Chen et al, 2013; Ghag et al., 2014)

nsAmidenisadnaneus (mutants) Amumusieansity FA levieaufiRnng frnudulsgsiiassililfiaiinum

folsAieIMAnINWETIANA Fusarium (Matsumoto et al. 2010) wuamsiiifeitasiunsianisiudeuwdasmeiugnssy
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3oMABNLALUANG (epigenetic variation) floraintuannszuiumsinzieddunasamnass (Penna et al, 2019; Anil et
al., 2018) 4 Bacon et al. (1996) wuq1 L%aimqa Fusarium nan@1siy FA Audnsaiidaauaenisidimaia
somaclonal variations Tumsufudssiugnéaelsmumu Foc TR 4 idadululdniulngldug ‘Giant Cavendish' (Hwango
and KO, 2004) n3@nwidnnsdiniadeldiduuileleundniifulflunianizdoaidododuszoznaruudioats
somaclones MNtuSsMAdEUANNFIUMLFIEFIY Foc race 1 WuT1 somaclones w83ndan 4 910 26 aeiiug Rasthall i
ATWFILNIL Foc 1N uenaIni MsAT129 CONA-RAPD SsseyBufiinnsuanseanunndistusgnatiosvistu (lald
sondLawa) lulvunlaaumant (Ghag et al., 2014) Matsumoto et al. (2010) ladndonndrsaneiugauniusalsnniy
wiefiAnnnifon Foc lasisududaidonndaenatewus (mutant) finumudeidios Foc R 1 (ngu race 1) Mnnsdniden
dodendrelunguanufiviideduommsiinauasiiv FA aviadudu 0.05 -1.6 mM udnisnoyuialulsadeulgn ua
dothludgnlundasugnnde wuindeuaeduiidnvuziidiuniuselsamensie wag Morpurgo et al. (2010) Anw
nsfaueniaidendrniseuns wazdumudeidie Foc ndu race 1 uax race 4 lnsmsidsadaideluomnsnauansiiv FA
warlugnmsfinauasataveuniosanglan (fungal crude filtrates) Tavpdnuazanuduiuvemginssuiaido
n&eiasyluewnsity wasvusdudundreiiugnidomanvnlsnadi wuhnsdmdenaisfundeainnindsdue g
wauasfiy FA ifensidesluomsfinauasataneuinnideainglsn Tanuneiatuliunnd1efu Rebou Cas et al.
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\Weldaluownsiil FA Mszduanududy 0.1-0.4 mM udthanugnnegeululsasaulgnits nageuaumMUnNIUseLies
Foc TR 4 (Ngal race 4) nuiaunsadadonanesiuiiiaudumusielts Foc TR 4 laatuszaulsaiou

v
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n53Re i muneieRawaeiusnaeu I Inunudelsanens1eaINWeT Foc tngldaneniug 'naieurin

gluvie 1 Faduiudfifidnuasmiaasugiaf (nsudsnisinuns, 2565) uaz 'nareiniwuzdses Fnsmsiauasiug

Susuanmsinsidsailotoluaniniidians FA Tuanudutusng 9 Weasan1suususiumeiugnssy mnuuAndentesn

Taaunddnanmlunismumusielsaiayszdiuanuaunuluszauiesuiinis lsedou wasluwlamnaossialy

3Bnsfne
mitﬁymLﬁaL?iawaqné”aaﬁﬁmummsé’aLﬂsﬂzﬁa%ﬁqwaétﬁaL?iam'%zy (multiple bud clumps)
thwdeseuvesndretnianeiusiivssdudnuarnsuenudrinduaeiuinuniu uasiduaeiusseuus an
uvasUgneing 4 vestsza fe thingludiy 1 uazugdses sharwazeindetnavenn lifiadalufisuaziondiuseuuenaen
Toinun wdeuddnluiiion (corm) uazdrusen Siduiugudnarsssan 3 su. ddwdiliwonsndefoarsazais
Arasand Wty 15% way 10% wiu 20 way 15 WA Muddu Eedeindunendnite 3 ad vdhigedode fadwd
duitatuaaonsendeansivua asnniulusenaumdetatssen Tudiuazdauin Useaia 1.5 ausy. FALUmsnais
pomdu 4 diuving My ﬁﬂ%uua'aumawL?:ijummsqm MS Fifisl TDZ Anaduduves 0.2 mg/t Sremmmzdoiode

Tulivuduneielurieaisalleleniigumiiuseana 25 °C AMuLduLas 2000 Lux U1 16 93./3u nd11nmieides
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Uszuna 3-0 §UansiaziBuiinngunn (multiple bud) fnuuenguni LLazﬁw"LUL?iymuummﬂmiqmiLam WioifiuUsana
adventitious bud dwsuiluliluduneusely
nMsfnideoniwadidafeniguuems Ms finau FA anadudusing

ieadidoidaiiyendsihhalus 1 (@) uazndeihhuedses (b) wumzidssuuomsgns MS fiiu FA
ANULTNTUFY 9| §ail To= MS ilaiiia FA (Control), T1= MS+FA 0.05 mM, T2= MS+FA 0.10 miM, T3= MS+FA 0.20
mM, Td= MS+FA 0.25 mM, T5= MS+FA 0.35 mM, T6= MS+FA 0.35 mM lag T7= MS+FA 0.40 mM 31399A81%13
wnzdsadedeliuutunameluieadeadeBodiioumaiuszam 25 °C aruduuasszanm 2000 Lux w1 16 ./
psranamaTigyuesdaBondmnmzdsd 60 Yu tufinduiunduieadidedeiyrendsivifiseans udminiss
UuoMsLagas MS iy FA imndudiusing 4 Ing 1MaUHUNSMARBILUY 2 x 9 Factorial in CRD wisnsvnassesniiu
18 nguneaes q ay 3 1 8182 30 L"ﬁEJL?jEJLﬁ]%ﬁUU Yinsevianadowuu DMRT fisgfuanudesiu 99% ﬁmﬁamﬁaﬁ'amﬁzﬁé’n
%30 uazufaussluwinazninifidssuuomisgasifsluniamizides eifnsiuaungualiifsme anduisdrea
81M13gAT MS s BA + vhuzwdn 2 ads Lﬁ@iﬁﬂ’@umLﬂ%igmﬂ“uLLas'3’1ﬂﬁauyiaiw%'amxﬁ'ﬂ,ﬂﬂizLﬁummwumuiﬁﬂiu
nsneaesEaso by
NIATEI LD,, vaaaditlaifiorsny ndaethigluiie 1 uasndaetiniuzises

thfoyamsaiaiauendetnialevio 1 wasnrdses wineilagldszuulnstn (Probit) Felusunsy R uasi
foyaildBoudunsi Tnefmualviunu X Ao aududuves FA 650 uazunu Y Ao mamegveasadidodoniey way
WERIAT LDs,
mim'%ﬂm%a Fusarium oxysporum f. sp. cubense (Race 1) isolate DOAC2415

W3B31T Foc race 1 isolate DOAC2415 lda1nn1sdsianissiusia (eAsed uasame, 2562) Litelddmsuns
UgniFie Tasthidefiansluaims potato dextrose agar (PDA) Ulugimeifofiguvind 25 °C Tuas 12 wa1/%u svoziam
5 $u niiu duavauufimthemsietiiunisientouds tarmiulurngusay widseienugnniu
100 rpm w20 wiiileld aved nsvanseenaniulagasiiaue sty Anansaraty 20 ml USuanududulagnistu
aUes Inelt counting chamber TsiiAaidady 10° conidia/mL (Wu et al., 2010)
msUszdiuanuduniuseds Fusarium oxysporum f. sp. cubense (Race 1) lusiasufjiAns

Tnefnulasan Kahiabani (2022) Tasi Spore suspension fikm3ealiuusuaududulsls 10° conidia/mL

Aoy '

wasanuuldidudneiga Spore suspension Usuns 10 ml Uanidielae dnldlugananafinuuemsifidusounes nde

1%

W1igladie 1 (fisenTIna1nnisle FA Anududu 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, LAz 0.40 MM) WAy NA7Y

UzAg0e (M59nT3M21NN"59F FA Amnadiudiu 0.05, 0.10, 0.15, 0.20, 0.25, Way 0.30 mM) $1uu 8 Auson 311U 3 1 (usl
azdUszneude 4 03 i 32 Fusiedn) laenduauauisuliioy fe ndrealuvie 1 uasuedoes AllFsy FA Wunda
AruAungl (ntemal control) wagld nédreaaudy: Alalldsu FA T duiugfuniuinnssu (Resistant check) ua %n
muAuRendanilliugnideudlésu FA (Negative control) (lsithioyauiinsigvinanaadin) arntumzidsdug Growth
Chamber figamgil 25 + 2 °C Wiuasaing 12 v, Ainvuiduuas 50 pmol m? s wnzdsaduin 30 fu Sufinseduay
JUL39 (Disease severity) vadlsalasuuinislimziuudu 0 -6 AzuwY (Wu et al, 2010) (Table 1) MNTUAIMYEANS
wimlsA (Disease index; % DI) (8, 2546) wardnLUITLAUAIINATUNIGLSA TnganLkUasain Sinha et al. (1988) (Table 2)
MIUHUNNTNARBILUY CRD AiAszsidnladonuy DMRT fiszduanudoiu 99% tnsthazuuunisiinlsaudagszdu an

muandusinisiielan (Disease index; % DI) Ingldgnadisil
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% DI =¥ (Ni x Vi) X100
N XV
) Ni = S1UIUAUNLEAINSAALSARNeNI 18 luLAas SEAU

Vi = sgaunsiialsa (1, 2, 3, 4, 5 138 6)

FIUIUAY

N
V = sgiveinislsngegn

Table 1 Disease severity-rating scale used to record symptoms caused by Foc Race 1 in banana plants

Disease severity Disease symptoms
0 Corm completely clean, no vascular discoloration
1 Smaller leaves at the base of pseudostem wilted, no discoloration of the pseudostem
2 < 1/2 the height of the pseudostem discolored
3 > 1/2 the height of the pseudostem discolored and (or) there was discoloration of

the leaf stalk

4 <50% of the leaves wilted or yellowed
5 > 50% of the leaves wilted or yellowed
6 The whole plantlet wilted

Table 2 Criteria for grading resistance against Fusarium oxysporum f. sp. cubense

Disease index (%) Level of resistance to Fusarium wilt
0% Highly resistant (HR)

1-20% Resistant (R)

21-40% Moderately resistant (MR)

41-60% Moderately susceptible (MS)
61-80% Susceptible (S)

81-100% Highly susceptible (HS)

nan1sANwILazIATal
nsvagsuN R yULINITaiiafalRiyuuaINs MS finauas FA avsndudiusing 1

d1m3u Somaclones flad1stuluuidotl nuinisegsenvesnguisadidoifoniyanaaionududuses FA
dinBudwmsuiug alovie 1 uay uzddes (Figure 1) denndosiu Singh et al. (2017) TevuiAnududuros FA Ui
Urunana (50-100 pM) nseduliiAn apoptosis (M3nevewadnulusunsy) luvasi ansduduves FA EHGBIGE
(>200 uM) nszduliAndadents fedu Weld FA luarandudus FA asanunsanssduufisetostulufivld osan
FA aznseuliiAnnisairseyyasendlauiifiufisen (ROS) dsensedulusiufinauaunismeveasadniulusunsuuay
asfUsEneuMsmavanesaruliudug Tufty (Samadi and Behboodi, 2006)

a

nandesailodorsgyluemsnidy FA Aszauanududuaie Wunat 60 Tu Wewsuiisunisasgivln

v '
a

Fudrullololasgyszninndeinrialuie 1 wazsuzdsss wuindadoniyiwiydulaluomisuleidiy FA anududu
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0.05, 0.10, 0.20, k@ 0.30 mM lainuauuanAsiuneadd egnslsAnunuanuLana1aiuniena (p<0.05) Tuensuds
A FA Wudu 0.15, 0.35 uar 0.40 mM wazuaneafiumeadna (p<0.01) Asefuanududy 0.25 mM Wefin1sannis
sontinveiioifenialuomsudeiiiiu FA mnududussause 4 wmhmi'iam%immadﬁgaﬂé"gmf'r’i'leﬂsuﬁa 1 Laruzdons
fuwnlmesnisseatinlulumadoatu Tnsluomsudeges Ms Aliidiu FA (Control) iifeifarnsaasiidnunsund AT

uazdlvunlugau (Figure 2) uag (Figure 3)

Table 3 Number of surviving multiple bud clumps after culturing on MS solid medium supplemented with different

concentrations of FA for 60 days (initial fragment number = 30 fragments)

Treatments Number of Surviving multiple bud clumps (pieces) F-test
Sukhothai 1 Mali Ong
Sterile water 30.0aA 30.0aA ns
FA 0.05 mM 30.0a A 30.0a A ns
FA 0.10 mM 217b A 270b A ns
FA 0.15 mM 220c8B 183 cA o
FA 0.20 mM 9.0dA 9.0dA ns
FA 0.25 mM 47eB 33eA *
FA 0.30 mM 33fA 30eA ns
FA 0.35 mM 33fB 00fA x>
FA 0.40 mM 23fB 00fA **
F-test * *
CV. (%) 51

Mean in the same row and column followed by the difference letters are significantly by DMRT (P< 0.01, **), (P<0.05, *)
ns = not significant difference (P> 0.01), (P>0.05)

'
A

diefiansannissendinveuileBoisyluomsudeidin FA anududussausi 9 wuivisndleinigloe 1
warugdoes Juwnlduveanissentinlulumadesiu Ingluemsudegns MS AlkidY FA (Control) iiailalaayasiianuoe
Unf dadLlen wazdlvunalngu (Figure 2) way (Figure 3) d@iutiioioniaiglue1nis MS itin FA wuinemsndanudy

993 FA 61 0.05, 0.10 4@z 0.15 mM 9ziidnsimssennegs lnedl ndrethingluie 1 Mdesuuermsudegns MS Miiu FA

Y

AMULANTR0.05 Tin1ssenTinliiunnd1en9adfiuisnisriuan daunanududy 0.35 wag 0.40 mM daundesonni

v ad

WANEIN1NEDA (p<0.05) AUABMsAILAN warndretiwzddesiidissunuesudegns MS Min FA Aadudu0.05 3013

v ada !

J9nTInlikANA 1IN EBATUIBNSAIUAN duiinnuduty 0.35 wag 0.40 mM Lififumiasen uanAenieads (p<0.05)

v aa

AUABN1IAIVANMAUALIUIU 60 U (Table 3)
a ¢ ¢ & A a % 3 v o v 3 v a
N15AATIZY LD, Vauwasniialgansey naleurdnglavie 1 uazndleuritusdsas
NM5ATIENAT LDs, wudindsinInaledie 1 wag naiuu1uedsas A1 LDs, winfu 1.75 wag 1.50 mM
ANEIAU (Figure 1) @96 LDs, vodnaieuinugdions uasnmeurigludie 1 lunisnaassiifidilndldssiunisnaasves
Matsumoto et al. (2010) wuin FA fieududu 0.1 mM wiganalunistninlvindisaneiug Maca iAnnisnanenugly
anmuasadedanuiumulsanenseiinandies Foc race 1 Fnnulufivseivluseduaes FA innnududugs

UudlngyihliAnnisaeveasad Weewn FA ienududugaiuaglusunumsdansesiuamesivlaense (Hussain et
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al., 2021) (Figure 2) uag (Figure 3) @slunzilawa n13l4 Fusarium oxysporum f. sp. lycopersici twziagslngassuulu
wanglidiuln FA fduvliidnensiienasiinannlunisviliwedansluilaideiilaainnisseidneendaduiiinain

NIWaR ROS 0819537157 (Singh et al., 2017)

Logistic Regression Curve for LD50 Calculation
"

02
Dose (mM)

Figure 1 Dose-response curves showing LDs, values of fusaric acid (FA) on callus cells of banana cultivars
Sukhothai 1 (blue line) and Mali-Ong (red line). The comparative dose-response analysis demonstrates

differential sensitivity between the two cultivars to FA treatment.

L 4
0.2 mM

Contr : '0.05 © 0.15mM

(9) (h) (i)

Figure 2 Effect of fusaric acid (FA) doses on plant survival and regeneration using multiple bud clumps of
Sukhothai 1 (a— i) cultivars grown in a medium containing different concentrations of FA treatment.
Control (0.0 mM); Treatment 1 (0.05 mM FA); Treatment 2 (0.1 mM); Treatment 3 (0.2 mM); Treatment 4
(0.25 mM); Treatment 5 (0.3 mM); Treatment 6 (0.35 mM); Treatment 7 (0.4 mM).
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Figure 3 Effect of fusaric acid (FA) doses on plant survival and regeneration using multiple bud clumps of Mali-Ong
(a—i) cultivars grown in a medium containing different concentrations of FA treatment. Control (0.0 mM);
Treatment 1 (0.05 mM FA); Treatment 2 (0.1 mM); Treatment 3 (0.2 mM); Treatment 4 (0.25 mM), Treatment 5
(0.3 mM), Treatment 6 (0.35 mM), Treatment 7 (0.4 mM).

nsnaassuandlyifiuinnsegsendinues multiple bud clumps unnstsiusznineiug qlavio 1 uas uzdoos
Wunanaudusalunisaste Somaclonal variation filsiaudunuselsanenseiiinanios Foc uagdslunii
tu msfnwdauansifiuiufinuasiviviliduduiivne durzuansatuluay Sulnd wasareiusvonderolsn
(Saraswathi et al., 2016) wgwaidululdfivazdumu FA lunasavaasseraifisadesfuanududuiismes FA nsedu
Tifasunudedelunduues Foc Insduasunisnouausanisileafumasiis Uiao et al, 2013; Kuanar et al, 2014;
Ramirez-Mosqueda et al., 2019; Samadi and Behboodi, 2006) N13@N¥IUNATALULLEII FA mmvﬁu%’uﬁwsﬂszﬁu
nMsmovaussnstesiusie luwadinlnglifinaduie warilunuwlunsdedyaralunsifnoussminadelsaiudadidin
\§111u (Bouizgame et al,, 2006; Singh et al,, 2017) n1s@nwnlufivana Arabidopsis Avwutuyes FA Afoilidudiy
fusndt 10 M lunstiadsaduuuueiuaey SonlimAnnmsmisrihnsduarzililnedndy waznsnevaues

pg1aTIASTINgITRsiUNNTENeNendma WU ASWER ROS (Bouizgare et al., 2006)
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(@) (b) ) (d) (e)

Figure 4 Characteristics of the multiple bud clumps of Sukhothai 1 grown on MS solid medium added BA 2 mg/l
and 15% coconut water to restore the buds and become young plants. a: After re-germinated, b: After
the second subculture, c: After the third subculture, d: After the fourth subculture, e: After the fifth

subculture.

y-37

(@) (b) (@ (d) (e)

Figure 5 Characteristics of the multiple bud clumps of Mali Ong grown on MS solid medium added BA 2mg/l and
15% coconut water to restore the buds and become young plants. a: after re-germinated, b: After
the second subculture, c: After the third subculture, d: After the fourth subculture, e: After the fifth

subculture.

dleldngueadideiBoininyfisenmeannindssuemauegns Ms liifiu FA wasfifiu FA (Table 3) §gld
WAosuuonmsudegns MS Aiu BA 2 my/l wasinusnin 15% Tneidsuoims 3-5 ada tielinguanduduundudugon
(Figure 4) waz (Figure 5) antuiidugeudiliuvsasgmanainiivaonitegeay 8 du wieuistniiliAasin dwiy
nogeum sy ftRnslutuneusdtely
nsdnidanndrenaeiugidunulsamensieiiiaingainids Foc race 1 Tukasuftdnis

KAMINARDIMUT NMwziABsiundieluamns MS a3ude FA aududusig q anunsonsedunisiuniusie
e Foc race 1 isolate DOAC2415 ¢ 99nN33A312% DMRT wutianansadnidensomaclonefiuymulsalddiuau 2 ae
itug 1éun Somaclone wasndaeiinih "glaste 1* WlFarnnismilenidae FA 0.25 mM wag 040 mM Fefidnadesuilsn

(Disease Index, %DI) AaATl 13.12% Wag 15.62% Auddiu uansnsainnguauauneluegisiifuddy (p<0.01) (Table
4)
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Disease Index (%)

Figure 6 Disease index (%) of somaclone banana plants (cv. 'Sukhothai 1' and 'Mali-Ong') induced with different
concentrations of ferulic acid (FA) after inoculation with Fusarium oxysporum f. sp. cubense race 1 (isolate
DOAC2415). Resistant check (Cavendish) and wild-type controls (non-induced 'Sukhothai 1' and 'Mali-Ong')
are included for comparison. Bars represent mean values; dotted lines indicate trend patterns across

treatments. FA concentrations significantly affected disease resistance levels as analyzed by DMRT at P <
0.01.

21NM1T1ATIEI Heat-Map Analysis Ingdnngusuruiulundssduanudumunuindl Somaclone #liinana
913 (resistant somaclones) (Figure 7) fldnnutios donndesiusenuves Hwang and Ko (2004) Aiszyinnisinileath
nsnangiuslundraiauiv S1uau 20,000 dululdviu wudlulndiduniuiies 0.01% wazannsadaidenatoiug
Fuvu 1y GCTCV-218, GCTCV-53 wag GCTCV-119 wlemsimzUgnidandled

Heatmap
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Figure 7 Heat map of the presence (red, gold and green) and absence (deepskyblue) of Fusarium wilt symptoms
in Sukhothai 1 and Mali-Ong banana somaclonal variants evaluated in In Vitro after Fusarium oxysporum f.
sp. cubense race 1 resistance induction with plant regulators. The tree on the left shows the hierarchical
grouping of treatments. T1: STI-1 MS+FA (0.05 mM ), T2: STI-1 MS+FA (0.1mM), T3 : STI-1 MS+FA (0.15mM),
T4 : STI-1 MS+FA (0.2mM), T5 : STI-1 MS+FA (0.25mM), T6 : STI-1 MS+FA (0.3mM), T7: STI-1 MS+FA(0.35mM),
T8: STI-1 MS+FA (0.4mM), T9 : Mali-Ong (0.05 mM), T10 : Mali-Ong (0.1 mM), T11 : Mali-Ong (0.15 mM), T12 :
Mali-Ong (0.2 mM), T13 : Mali-Ong (0.25 mM), T14 : Mali-Ong (0.3 mM)
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nsnmvaeudeiioduanmvagouiiaesiu 30 Yundsgnienuduleves Foc Tu Somaclones #ifi % DI g9 wu
STI-1-T2 uag Mali-Ong-T14 iudu iaifieufuiinisaauay (liiugnide) (Figure 8) way (Figure 9) Wilavhdunuvosiud
Fruvu Iud STF-TS Tusnienuduloves Foc wasiilerhddusanin linusessesnisitviane (Figure 10) Faiu
nsBudunanisnaaeuiiasiudiniu Somaclones & Msfnwinandiifiuidinmadsunlameiugnsuintuds
wadanamgidsaiodefiv v lieadivaunsndsuiugnssuldlaefanisaieauduutsmaiusnssu wie
Somaclonal Variation Tu@n1mn1swigiaes (Brar and Jain, 1998) wazn1snavausin1slesiugnnszduly Somaclones

STI-1-T5 way STI-1-T8 Y991A8EINAVINNLIVDINUNITUNTNTUVDNTBLSAADAARBINUII189IUVBY Ferreira et al. (2020)

¥
=

nldn1susniioves Foc CNPMF 218A wiafAnidenuasUssiiiu Somaclone Tunaigduniuiug Prata-Ana’ (Musa AAB

= v a

Group) Fajidsufinnsuninislifiassaheadelsaludodenniutovsdindelsaliausounsnduidobomdnills
41159 199970 Somaclone fifumueaaisdsinvnmnen LAz VomManiifielntunisunsnBuveaderelsn
Slot1du Somaclones fidaidenldundneugnadlugunizd wasUsziiunissendinvosndetinianeiiug ST-1-
T5 (MS+FA 0.25 mM) uag STI-1-T8 (MS+FA 0.40 mM) Wu11 41.37% uag 25% m1uaisu (Figure 11) Fansuuidauves
e Foc lusugeusnuifisatoatulassainewes Foc flegluioidevosiy faudfarliuanonnis usforaianisinido vhlvd

nsveRtinnadeUgnuans1aniy

Table 4 Screening of banana cultivars for resistance to Fusarium wilt under in vitro conditions

No Cultivar Disease index (%)  Level of resistance to Fusarium wilt (In vitro Bio-assay)
1 STI (MS+FA 0.05 mM) 49.375 bcdef MS
2 STI (MS+FA 0.1 mM) 96.250 a HS
3 STI (MS+FA 0.15 mM) 31.875 cdef MR
4 STl (MS+FA 0.2 mM) 35.625 cdef MR
5 STI (MS+FA 0.25 mM) 13.125 f R
6 STI (MS+FA 0.3 mM) 94.375 a HS
7 STI (MS+FA 0.35 mM) 30.000 cdef MR
8 STI (MS+FA 0.4 mM) 15.625  ef R
9 Mali-Ong (MS+FA 0.05 mM) 56.250 abcde MS
10 Mali-Ong (MS+FA 0.1 mM) 34.375 cdef MR
11 Mali-Ong (MS+FA 0.15 mM) 37.500 cdef MR
12 Mali-Ong (MS+FA 0.2 mM) 84.375 ab HS
13 Mali-Ong (MS+FA 0.25 mM) 28.750  def MR
14 Mali-Ong (MS+FA 0.3 mM) 60.625 abcd MS
Resistant Control: Cavendish
15 11.205 f R
subgroup
16 Wild type Suseptable: Mali-ong 68.12 abcd S
17 Wild type Suseptable: Sukhothai 1 71.875  abc 5
F-test x>
CV. (%) 52.66

Mean in the same column followed by the difference letters are significantly by DMRT (P< 0.01, **)

ns = not significant difference (P> 0.01)
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Fanalngansiumuuisegiifintundinnisiadeiliowenelsazidigdiliee wildawnsaasraduleduie

Wvhangldiosnfismevaussonisiumuldiziniinisifiulavestdes (U et al, 2015) msUsingiuvesasiiviivaos
kg LA v @ & v o1 o o < & a | a A o X oA ~ ° Y a

panunnes luilatlawmifdululaauny Weeann Foc Wuesniuassansiuiiavinateieidaveaiis vinliinnsg
wles (Ploetz, 2015) @1sRwaInNenanu1sd@uitaniag Foc awn nsaNe3nLazluIaITu (Portl et al., 2018) fatiu
NaINN1SANYIT kandlmiiuinnsigwmada Somaclonal Variations #18 FA A203949U 0.25 mM wag 0.4 mM vl
Somaclones YBINAENAIUNIULSARNIBNIIWTAAAAINLTDT1 Foc Race 1 Anun1sseutnuintulsemalnafaiunaann
A5@Ened wanaldiuinnisldmaiia Somaclonal Variations 78 FA @119y 0.25 mM wag 0.4 mM vileiia

Somaclones Y8INABNIUNIULTANENTIBTNNANEBS) Foc Race 1 Anunsseuinannlulseinalne

Figure 8 Characteristics of somaclonal variant of banana cultivar 'Sukhothai 1' under treatment 2 (MS + FA 0.10 mM) after
30 Days of Inoculation. (a) Somaclonal variant cultured in a bag inoculated with sterile water (Control) for 30 days; (b)
Characteristics of the control somaclonal variant; (c) Fungal growth from somaclonal tissue cultured on PDA medium; (d)
Somaclonal variant cultured in a plastic bag inoculated with Fusarium oxysporum isolate DOAC2415 for 30 days; (e)

Characteristics of the infected somaclonal  variant; (f) Fungal growth from somaclonal tissue cultured on PDA medium.
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Figure 9 Characteristics of somaclonal variant of banana cultivar 'Mali-Ong' under treatment 14 (MS + FA 0.30 mM)
after 30 Days of Inoculation. (a) Somaclonal variant cultured in aplastic bag inoculated with sterile water
(Control) for 30 days; (b) Characteristics of the control somaclonal variant; (c) Fungal growth from
somaclonal tissue cultured on PDA medium; (d) Somaclonal variant cultured in a plastic bag inoculated
with Fusarium oxysporum isolate DOAC2415 for 30 days; (e) Characteristics of the infected somaclonal

variant; (f) Fungal growth from somaclonal tissue cultured on PDA medium.
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Figure 10 Characteristics of somaclonal variant of banana cultivar 'Sukhothai 1’under treatment 5 (MS + FA 0.25
mM) after 30 Days of Inoculation. (a) Somaclonal variant cultured in a bag inoculated with sterile water
(Control) for 30 days; (b) Characteristics of the control somaclonal variant; (C) Longitudinal section; (d)
Fungal growth from somaclonal tissue cultured on PDA medium; (e) Somaclonal variant cultured in a
plastic bag inoculated with Fusarium oxysporum isolate DOAC2415 for 30 days; (f) Characteristics of the
infected somaclonal variant ; (G) Longitudinal section of the resistance somaclone; (h) Fungal growth

from somaclonal tissue cultured on PDA medium.

Figure 11 Image of selected Somaclones plants after transplanting in a greenhouse.
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