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Wisuiguguuuveslusiululundiengu fnaees n3nanes WazlaNAsENasen Lilauad
] a A o ] a o | A a ¢y  aa
Auuanasedllsiuiiasanlunaisudazeiin lnodedlUsiuiinsennieds  shotgun
proteomics  WULUSAUTIINUATIUIU 42,510 THANILATIZYAI8 MaxQuant  proteomics

software lagilusAunnuinilauiuveslundislunaunases MSnasss wazsnnAsENaaes

)

upiinsuanseenveslusAunluvinduidatlud Ay neada False discovery rate (FDR) oy

191 0.05 wudwIw 30 ¥ia wenNUNFIWN 7 aneRusniAMuLAnA1aedudwiliny

yilpvaslusiululundendnnsuandsiuredunaelundaraeiusniiaToddgniead

o
1%

Youndn 0.05 Ao lundreiiln (AA) lundremil (BBlundrunn(AAA) Tundaenin3n(ABB) Tu
néreanuiou (AAB) Tundaefiu (BBB) wazlundlswnsa (ABBB) wulusiufluanioan
NI 6 LUsAW 11 WUshu 7 TUsAu 8 TusAu 14 1UsAu 9 TUsAu waz 8 1ushau
AIUAITU FaruuansvesdunaiinanensuanseenveslUsiiuwaznsiutfiuanan ety
yodlusiululundroudarvaeiug vonandlsfuiinanseansumizenailuimundy

molecular marker dmsunaelunsasanenugla



Abstract

Banana with different genomes have not been reported in the protein. This
study compared the protein profile of diploid banana leaves were performed for
identify differentially accumulated proteins to each type. Protein samples were
analyzed by shotgun proteomics. A total of 42,510 proteins were identified using
MaxQuant proteomics software. Thirty proteins were significantly obtained as the
same protein but showing different quantitative expressions from diploid, triploid and
tetraploid banana leaves (FDR< 0.05). Moreover, seven banana genotypes revealed
differential expression patterns of specific banana leaves proteins. This result
significantly demonstrated 6, 11, 7, 8, 14, 9 and 8 specific proteins in leaves of Kluai
Nam Thai (AA), Kluai Ta Nee (BB), Kluai Nak (AAA), Kluai Nam Wa (ABB), Kluai Sam
Doen (AAB), Kluai Hin (BBB) and Kluai Teparod (ABBB), respectively (FDR< 0.05). The
different gene expressions in each banana type may result in different expression and
functionalities of the proteins. Moreover, the specific protein may have interest in

developing molecular markers for each banana type.
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AasuledyanualuazArganlyluniside (List of Abbreviations)

[

AasUNedyanyal

foudnwad Foufiy
% Wosidun
AED
Mo ot
2D-PAGE Two-dimensional polyacrylamide gel electrophoresis
HPLC High-performance liquid chromatography
IEF Isoelectric focusing
kDa Kilo Dalton
KH Kluai Hin (nSeiiv)
KN Kluai Nak (nd2eu1n)
KNT Kluai Nam Thai (n&einln)
KNW Kluai Nam Wa (néaetih$)
KSD Kluai Sam Doen (n&7ea1uLhwu)
KT Kluai Teparod (naa8Lnnga)
KTN Kluai Ta Nee (naaemil)
LC liquid chromatography
ml Mililiter (aqans)
Mw Molecular weight
pl Isoelectric point
SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel
electrophoresis
Vhr Volt hours
ug Microgram (lulasnsu)

ul

Microliter (lulasans)
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1.1 LﬁwwaeﬁmﬁLﬂawgmmﬁﬁamﬁau

néhedunidufivenmsiidfguesusemelng wazussmadu q Mlanlugulsena
TuedengTusenidedld uensni uazesawsids tnsauvainuaisveindesilandaiy
fiuggnnanszwinadiploid vende 2 aUT Ae Musa acuminate (Flun A) waz Musa
balbisiana @lua B) Felusfududruihun@nuwiieafuanuainansvesdureandsely
uiaganoiug Aunumdrdglumihinisdanim dslusilefndununfnwianuunnsisves
WsAuidunamnanduiivainnanefifnasenisiasywaznisiauivesiy TnefinisAnuly
slefindannlundaesied

Tl 2012 Vanhove wazAn lnAnwIMiANunaINvaten1etIn nveinaIslungu
si199 Tunamuuds Fadundrefmzdedduiesfoinns S 5 nduitdanuuansagly
AUTDITLUL (AAAh, AAA, AAB, AABp liaz ABB) Qﬂﬁwmmaaﬂuama3ﬁﬁaaaim§ﬂﬁaa 0]
anUTuumslvith Tasanewus ABB wansnawdeniliiArannzeioatesiian wWethly
néeludnuilusaleindsneds 20- DIGE wuldsiudiidnwazidu 2600 90 Tnelusiu 120
0 wusnlufivifiannzieien uaslusiu 18 ganuinnlufivnguaiuauifiended dgma
adf  fusiu 26 wfeflannsoudyiavedusiuld Tnenuindulusiuiiieadostu
nszurumsmela waludduvesanseyyadasy (ROS) wazteulesl dehydrogenase il
wmwwﬁﬁﬁ’zﬂumimﬁmﬁﬂﬁlﬁmmwamamaa NAD/NADH (Vanhove et al, 2012)
wonanifmuineuuiudaduniduladeddaiiminnslinandnvendae Fdvuai
Lﬁuﬁlﬂiuﬁ’lumiLﬂ?ﬂlﬂuLLUa\iﬂJ@ﬂﬁﬂWWQﬁmﬂ’]ﬁ Tnendroduivfideudrdlisonnuuiuds
wiagalsAnunuin ndrefififlulnd (senotype) 7if3Tun B avfumiuaniziedenvesiiy
funananiizuindendlifidin wu duazgungl 1iAndndedddlulnd 773l A
Tneianizegadndefisiug “ABB” zdanuduniussruuiudaran1izesenn
anmezwndewdy 1 16FnindesTulnddy 4 (Ravi et al, 2013)

deunfinmsAnulusiledndanlundastn Musa acuminate Colla Faiiaseridaes
2D-PAGE  ¢ensld IPG-strip pH  3-10 wu1A 13 L9UASINAT LazdlAT1z9A018 Mass
spectrometry LLazizq%ﬁmaﬂUiauﬁ’w NCBInr, SwissProt, Way expressed sequence
tag (EST) database wu 41 Tsfuflanunsntsduinveslusiuld Tusiundniinuaglungui
Redesfumunuedduvemdssu flvargleluwosy soseunde nguitviminisuniidu
funaznisUesiumiies wasw/ lnalalada/ lnasendianluda /nglailleddda, wisaw/
NSFWATILIAWEAS, WATUDATY, PBNTLATUY SHNTY, LWnUeaTuveInsAsdly Wusy (Lu et
al., 2013)

wonanilgiinisfnwinisnevaupveIndIeiean 1z LUIILEY laeanIs

)}

wansoanvadlusiu tngldisnisiSeugunieinulusaleding lngunaunanveandieiug



Us1%a (Brazil) mnﬁmﬁqmmﬁ 5 a3 LHunan 24 $lus wdmnifufatalusiuimungin
Tundre wihluuenseds 2D-PAGE  wasUstvdavoslusiugag mass  spectrometry
anusavsdinveslushufiuanseantd 28 Wsiu Faudulustuiduiisntufuasiusiu
Tndiinouauesionnudy Safulusiuitestosiunszuiunisiaein Tlveasadlawn
n13¥1uDYYadaTy (antioxidation)  f1uldedelsn (antipathogen)  n1sduATIEYiLAS
(photosynthesis) Iﬂiauﬁ'ﬂaawqum%aiﬂsau?iu (chaperones) N15dLATIEALUTAY
(protein synthesis) A1sdanadeygIal (signal transduction) LUATUATNVDINGIIU (energy
metabolism) uazlusiufiviimiinfidu 9 (Feng et al., 2015)
sounfinisAnuwnfeafulusilefindveslusululundrefidanuunnsieiulunis
L'U?{wwdawmﬂwsﬁuLLﬂié’mﬁuqmﬁmamé"sa/\/lusa spp. Cultivar Prata Ana (AAB) ifl
WAUNG waziiflawslng §1e33 20-PAGE Tneld IPG strip pH 3-10 vu1a 18 Wwun3wns
wRndenlusAuifisuunnfiuandstusenindlundreanuuinUnfvazeunelng was
1A MALDI-TOF wagseyriinadlusiusienisly TUsunsy MASCOT wag NCBI
database Tnemulusfufiiisruausniunndnaiu 36 90 waglusiiu 21 qeannsavstuia
voslusiuld FudulusiuiiAertestussuuuniuedduvessin (root  metabolism)
NTEUIUNTAUATIZILES (photosynthesis) nsiUasiaueslushiu (protein translation) uag
nsmssmsuauiaslulasiau (carbon and nitrogen fixation) (Livramento et al., 2018)

1.2 fuazauddny

néredndufiviasugiovianis ffnsmizdgnogiaunsvarslulszmaniou
Hagtudufiseusufuilanindedunalifiiiusslonidogunin dufundiedaduiidesns
vosnannInty dniuldusslenidugaamnssuewns Tasanzessdsludiuvoma
n&e wenanidmuininanasslfsiuausin 31NN15UINYAUYDAFENIIFIUNITNYATUN
ndualdlu Wunstsannisgydemeiuiamadildlsldusslond Tnonslinanaos|¢
Mnndoiu wWaen Tu ddu fu uazdonendilfiduemsuarildléifuormslagiin
Uszgnaldmeiuduazsa Tuwnaamudenius1nemisuanuassinensses nansud
d3uems ewnsUadnd Wulosssund wasluundsvesanseongyinistinini léain
555U AR eI (Padam et al, 2014) lag U INedeysnT Inenunaszing 3
Tasamsvhsusegsiildmusniugndae diploid (lastuleu 2 4n) triploid (taslalu 3 yn)
uay tetraploid (aslulwu 4 4p) wignlinisluiiuiivesisusess weduundadeus
TiduinEou uazdssrvwluluadminassum uazdminlndifeslsldussloviogis
seiilos usdeghslsAmudanadoyasuuuuunuveslusiuiieglundeiiviinsimizugn lne
ma@'ﬁ%’aau%ﬁﬂwﬂﬂiauiﬂuﬂé’aaLWiWSIUﬂé’aaﬁﬁﬁwﬁMé’ﬂ 9 ADNITATIIDINITAE
AsTUINMIduATIENas mamelanasmsmetlusasfisduiioniininesytu sy
nfinduuariivualnatu nsesyenduludesy Tuszisudnadlugas 6-8 ludeunisesn
fBn LLG]IL%IllﬁgﬁaﬂLLﬁ%%Q@L‘\]%QJfU@QIULﬁ’e)LL‘I/NﬁU"e)@E]ﬂ (W3UA) (Lugyanne Aadon) Tuszozil



oeziinsdeuudanedusiuintuld Tneluosuiinsnuilustunuinnlulundae i
Iﬂiﬁuﬁmmﬂﬁmﬂ’ﬂuﬁﬂ 12 Woswud (@dnimuieimsdnd) nsAnelusiledndussly
A&ty muimuL‘Uumiﬁﬂwﬂuimwaamim’]uLaamaaﬂusmwawgumms Imammm
vanvatevadanmvesndaelunguingg lunsuuds Ingvaaeulundaeiiviinisinig A
Turfeanaaes $1uau 5 nguiiiauunnesluduueadlus (AAA, AAA, AAB, AAB Lag ABB)
gniwnveaevluannziifesaludnios wulsiuiiAsadesiunszuiumamela wnlud
Fuvesanseyyadase (ROS) uawiewles] dehydrogenase Afunumddnlunsivilenils
Lﬁmamwamamm NAD/NADH (Vanhove et al., 2012) Lagn15ANEINITABUAUDIVDINAIY
AoanMzvasnNruTiy lnegnisuanseanvedlusiu Ingldisnisiuseuiisunsinulush
Tofind Tnethdundveandreiususn@a (Brazi) wdssiigamad 5 eam (unan 24 9l
winiufatalusiunomnainlundrs wdahluuendeds 2D-PAGE  wavUstaiinves
TUsiiudae mass spectrometry a@nansavsdadnvedusiufivancoonls 28 Tusiu Fadu
Tsuiduiidanfuduazlusiuilntfinevaussdoniudu Sadulusiudiisadesdu
nszuaunslaesiag luvensadléun n1sfiueyyadase (antioxidation) Fuiderielsa
(antipathogen) N"3&AATIERUAT (photosynthesis) TUsAuTinengstiomaelUsAudy
(chaperones)  N15dLAT1ERIUSAU (protein  synthesis) nsaanadnyayad (signal
transduction) A TUATUUEIWE 1Y (energy metabolism) wazlushufivmingisy o
(Feng et al, 2015) wenanniidaiinislusaledindarnlundretr Musa acuminate Colla 353
LAS1%A8A15193D 2D-PAGE A8n151d IPG-strip pH 3-10 YU1A 13 LWUASIUAT WagIASIEH
A8 Mass spectrometry LLaSizq%ﬁmaﬂUSauﬁw NCBInr, SwissProt, Wag expressed
sequence tag (EST) database mu 41 Wsiluitanansavstiviavoslusauld Tnelusiuman
finvazegnauiiieidosiumunuedtuvesmdsnu Aivaglelewesy sesawmnnde nguilvh
wihfishugiiduiunasnsdesiudaies ndanw/ Inalalada/ lnasendianloida /nglailedd
Fd, WAIU/NITAANATIZILAS, LUAIUOATY, ponTadu IANTY, WaUedTureInTnaziily
Judu (Lu et al, 2013) deunfidinisfnwiieniulusiledndvestusiululundrefifianny
uanaafulunsUasunlaseansiuuUsiuiusnssuueandae Musa spp. Cultivar Prata
Ana (AAB) Aifluwnund wasAiflvwislng f1e38 20-PAGE 1neld IPG strip pH 3-10 aun
18 wunsiuns udidndenlusfufidsuninnfiunnsadusenindundlsatnvunaunfuasy
YAbg watu1IATIENRIY MALDITOF  wazszyriavadlusaunienisly Wusunsy
MASCOT wag NCBI database Inowulusaufifldruiusnniiunndnaiu 36 9a waglusiu 21
annsnvsdeiavedlusiuld Fadulusiuilifeadostuszuuuauedfuressin (oot
metabolism)N 3z UIUN158UATIZILEAS (photosynthesis) n1slUasaveslUshu (protein
translation) uagn1snssAIsuouLazlulnsLau (carbon and nitrogen fixation) (Liviamento
et al, 2018) wsegrelsfnudelifinisussendldmadianislusiledindlunisfineinis
wanssenuaslusiutamuaiioglulundrefifinraunnsrsiulasiuleon n1svaassaiaids
ﬁﬂwﬂﬂiﬁumﬂiUﬂé’wﬁagiuiumju diploid triploid wa¥ tetraploid wW3suiiiaulusiudiny



Tulunanemeds shotgun proteomics 1ngasARININLAYINIANTIUNITLANIDDNUDILUUKNY
TWsAunavanunsassysiavediushunnulalulundisusazngy dhlugnmstdeyavesdusiiu
Nnlunamsuidenazinuisesenlunisidusslevdanlusiululundrendu by product

1.3 InQUIzaIALATYAUIANITIY
WaANwILUULKUNTHAARBNTaslUsAUImanvadlunalslungy diploid triploid
way tetraploid mewmailalusaleding

YOULUANITINEY

inlundrelunguuesyalasiuley diploid (2n), triploid (3n) wag teraploid (4n) A
m31971 1 anaialusiugaensld ysis buffer antunsindeunuuksuvastUsiudeduse
wmafla SDS-PAGE  slanniasigsinuuunuveslusiuainlunalennil (diploid) na2euIn
&8t ndefiu triploid wazndiewmsa  (teraploid) ¢ae3s 2D-PAGE lneld IPG strip
pH 3-10 wun 7 Wwussiuns wudkuuskuveslusiuseninlundlgluwsiaganeiuginig
uansoonvoslUsAuusd Loty wazlusfuusduiiunnsiisty wazdiuisqgelusaudil
annsausniugalsiufeldlutg pH 4-7 FauFauasuald IPG strip pH 4-7 ey
BowuflFusnlusiungrethi wudaunsouengelusiuainqaidereenidu 2 alusiuls
uwiogelsAnunuinisnisuendie20-PAGE  fidednfavatsedefiliatunsanenlusiu
vsaula 61’&1“?14’5&Lﬂ?iau%%m'ﬁLﬂi’]zﬂﬂﬁiaﬁﬂémﬂﬁaashﬂ*uné’a&f[,uﬂ&jm diploid triploid
ua teraploid #1838 shotgun proteomics titelianunsamlusaustanundinuldlulundae
uiazanewug inuldmileuduuniszfunisuansesnvesldsiuunnsireiuainlundaeluus
aneuglungy Tunqu diploid triploid wae teraploid wazefinvaslusiufinudulusiu
marker vaslundisurazaneiuslusi 3 galaslala

asneit 1 ndnedldluniside Iuuyalasiuloy diploid (2n), triploid (3n) wae teraploid
(4n)

uUYAlATIUlYY ngu Wug (Cultivars)
Diploid (2n) A | ndaeiiln (Kluai Nam Thai)
BB nanen il (Kluai Ta Nee)
Triploid (3n) AAA | naaeunn (Kluai Nak)

ABB | ndrerhin (Kluai Nam Wa)

AAB | n@wausiau (Kluai Sam Doen)
BBB | naae¥iu (Kluai Hin)

Tetraploid (4n) ABBB | néauwmnsa (Kluai Teparod)




1.4 Beudunsidelneagungud uwaz/mvse uwwamennuaniianldlunside

néredufivemseianisiifianuvarnatenisiudlulnduasilulng Tneau
varnvangvesndrevialandailuiiusgnuanszninadiploid  vesndas 2 add Ae Musa
acuminate (3lua A) uag Musa balbisiana (luy B) Falusududuiithundneiieaiu
mnuvanvangvesduvesndgluliazaneus Aunumddnlunthiinieiiniw Felusile
findihandnwenuuandrsveslusiuiidunaunandufivainnanefidnasenisiasywaznis
Wauvesfiv  Inedlunfilussdvsznevrendrefidudiuniafinasonisuanseanves
TUsfiunrudumusioan mndeniifnanneiugddauasiundn wsenulusiuiiioites
AUNTFAATIZIREAY NTEUIUNTUUAIUDATUNTIATVDINY TUTAUAIUNTNSEAUTANY
waznseueyyadase Wudu wieglsinuainnisdnulusiledindanlundiedslieed
mMsmemaiafumsinulusileindveslundielungu diploid triploid uay teraploid &
Hundreiidinsinnzdgnluussmelne A3lulndunnsinediu Tagld33 shotgun proteomics
Wensrusinvedusiutamuaiinuniioutu uiiinsuantoaniiuansieiu wassiaves
Tusiufiwuidulusiiu marker vadlundrsusiazanetuglusis 3 galaslulen elfidutoya
fuglunninluisesosenlufunisiagansaaeumeiusuendis uaznisihdeya
Wsfunnlundreanldusslonilugudy q doly

1.5 Usglevinandnazlasu 1a

[ I3 v v A a A A Y ' % ] o

1. Wussdmnuiinedusiiavedusiunnumileudusenindundigluusazaneiugly
mj'm diploid triploid e tetraploid
[ 3 v a v A a a g 1% i o !

2. Wuesranusingiueiinvedlusauidu marker vaslunaiglundaganeiuslungy
diploid triploid &g tetraploid

3. wansveaeafild anunsaluesdanuiliinideiniusiundu marker vaslundielu
wiazaneus dilUideuasiimunseyansoly



2.1 MeazBeaiieaiuisauiunside
1) sreeslundig
Tundefihundnvitilundefiauysaledlussesdeunseanudliud nédreth
e ndaeenil ndaeunn nédretii ndrwannitou ndefiu uagndrewwsa Jaumzugnlu
W1SuieE19 YosAuENAlULAENITINYAT UINENTEYTN TNeUIRATEUAT

2) msanalusauanlundae

Tundeflasinnatalusiufelundefidmnuyalasluley diploid (2n) kA
ndu AA Foiugnéaeiilve (Kuai Nam Thai) ndy B8 Aewugndrennd (Kluai Ta Nee) Tu
ndeifidnuauyalasialuy Triploid (3n) léuAngs AAA o Wugndnounn (Kual Nak) ngu
ABB Fottugndaetii1 (Kluai Nam Wa) ndu AAB Aewugndasanuiiiou (Kluai Sam Doen)
nax BBB Aesiugndnediu (Kluai Hin) lundredifidnuauyalasluley Tetraploid (@n)ldurngy
ABBB faugnalemnnsa (Kluai Teparod) 35n1safinlusiuanaglundeasld2 3Renisaria
f28 2.5 % SDS hazannnig lysis buffer (7 M urea, 2 M thiourea, 4 % (w/v) CHAPS, 2 %
(w/v) DTT) Teeduanihlundesnuslulnsauaiisl liquid nitrogen Tnethaauiiumduile
Renfuanazaiedieiianadnsnfe 2.5 % SDS wasatnfigedie lysis buffer aantutily
HURSTAT 12,000 rpm ﬁqmm:ﬁ 4 perwaldea Wunan 30 ud antaivaulaiiie
ApszRlushiuseld

3) MsvUSunadlusAumedsnisves Bradford
Ymansazane Bradford dry 31uau 1 dadans aslu microcentrifuge tube Way
148 blank @2 ntadwalusiuanlundrousazedn sgnas 1 ul maslidniu sl
Huna 15 uiit whaihluiadinisganduuasd 595 wiluiwns Mndusunamunalusi
s ansgIuUsnalusiulagld Bovine serum albumin Wulusfiuunsgu

4) SDS-PAGE
W3E 15% separating gel, 4% stacking polyacrylamide gel Mé’ﬂﬁﬂﬂﬁ?umam
frognalusiuusunu 15 lulasniu Ay 2x solubilizing solution udtluauUszae 2 uil
mniulnansetsadusiues udwhnsuonlusiulaeld Trs-slycine Wy electrod buffer
Mniuonsie coomassie brilliant blue R-250 auiuuaulusfiudmaau s destain
Uszana 1 $alus videlmaatilifuaulusivla



5) 2D-PAGE

thanlaveslusiufiatnge lysis buffer Usunas 100 pg wadauensesie 2D-
cleanup kit it wenu rehydration @il DTT fu IPG buffer pH 3-10 TolaUsung
125 pl anduilvansesnslusiiudananasuy strip holder fiseguweies Ettan®
IPGphor (Amersham Biosciences) w&ifeee 314 IPG strip wu1a 7 cm Iagaiivtiiaaas
wd7 rehydration tduan 12 Flus  ntumelusunsudmiu run IEF dhennsid
ﬂi‘“LLﬁiV\lﬂ’]aﬂnﬁ 9,250 Vhr MnthuThnIg equmbrate IPG strip 1m8n13 Incubate IPG strlp
fiu equilibration solution U3u®s 2.5 ml 918 DTT 0.025 ¢ Lﬂunm 15 Wit iy
Incubate IPG strip #ianae equilibration solution Usu1ss 2.5 ml i 1AA 0.0625 g WWunan
15 Wil yniuuendedie 15 % SDS-PAGE wiwihmsdieudie colloidal coomassie
brilliant blue G-250 uérdsddrmiusendaetndu mntuiiaandesudenisld wies
ImageQuant LAS 500 GE Healthcare Bio-Sciences AB, Sweden) LLazaLﬂi’lzﬁf\;@IUiau
pelusunTy Image Master 2D Platinum v. 5.0 software (Amersham Biosciences, USA)

6) MTATIERYHnvedlUIAUAIE LC-MS/MS
vhnsfmdengelusiuiithauls uieseimeiinvedlusiu Tnevhnsgosse
wulivsvdy  mnAessilulndusarasdindaessuu  nano-liquid  chromatography
system (EASY-nLC Il, Bruker) @jﬁu ion trap mass spectrometer (Amazon Speed ETD,
Bruker) fisiaffu ESI nano-sprayer 1ng ESI-TRAP az3ndn m/z lugaasewing 50-3000 tnen
paAFunsgu Ineldlusunsy HyStar v.3.2 Wudeuau ion trap filé anduihdeyaiied
lugUves Mascot generic files (mgf) invsdedinveslsiiusononisldiusunsy  MASCOT

MS/MS lon Search (www.matrixscience.com)

7) myesgiviinvedusiumemaiia shotgun proteomics
lusiunaialaanlundeluisazaneiug  wadalushudemeansasaty 1%
Triton-X100/ 50mM EDTA /50mM HEPES-KOH, pH 8.0 a1ntiusinnisanaznaulusiusmiesi

vhazane Acetone 1 Tudmsndan 1:2 (vAv) figaumgil -20°C Wuan 16 Sluadumised
AMU5I50U 10000g UU 10 wdl udavatgmgneulusiuly 0.1% RapidGest SF/20 mM
Ammonium bicarbonate AewiaAutudulUsAUMBwmAla Lowry (1951) 19 BSA Ju
Tsfunesgiu  waRauansazaevsuduiulusiu 5 lulasnsu mednsidn 1:20 (w/w)
uEhUafigaumail 37 ssrnwaldeauiy 12 Hilus deauenUlndse nanoACQUITY UPLC
system 1gAadNll PepSwift C18 Nano Column (100 pm x 15 cm, i.d.) wagiasiziud
lnAfae Mass Spectrometer U Q-Tof impact II™ (Bruker Daltonics GmbH, Germany)
LLé";LmﬁvﬁéﬁauaL%w%mméhsﬂﬂnmsmLLa‘vﬁvu%ﬁmaﬂﬂsauﬁwué’asﬂﬂiLmiu Maxquant
lngldgrudaya Musa species (retrieved 20Augl9) (Stefka et al., 2016) uannalusiley



Wu Heatmap melusunsy MultiExperiment Viewer (MEV) version 4.6.1 (Howe et al.,
2010)

2.2 #an135338 (Results)
1) nsuenlusfudie SDS-PAGE

MnnsanalusAuantunaienie lysis buffer 1Wisuisuiunsaname 0.25%
SDS wuinmsanalusiuainlunaleaie lysis buffer s uiuwauluueslusiuunnniInig
aftnsnenisTd 0.25% SDS (it 1) usegnslsfimunuitlulundrewindiatnge 0.25% SDS
T usauTusiuiilndideaiunisld Lysis buffer Famuinlusiulasanlnguedundieas
oglurastmiinlananaUszanm 5025 kDa WaiSeudieulusiululundreiinulunduvedly
néneifidruugelaslilay diploid (2n) Triploid (3n) wag Tetraploid (4n) WUiS1UIULAY
wuuveslusiulndiAesiu Tnondemnsadsiuuuauuuulsiundniosiian Ao 9 uwuu du
néefiudsnumauuuulsiuinniign Ae 13 wuu (3197 2)

. .

kDa M KNT

K KN KNW KSD _____ kDa

1

97.0 -
66.0 .

450

Al 1 SDS-PAGE aeslusiuannlundrefiaingae Lysis buffer (n) wag 0.25% SDS
(@). WsAuilmanyU3uas 10 pg/lane wenden1sld13.5 % polyacrylamide gel udadoudae
& Coomassie Brilliant Blue R-250 Lane 1: Marker; lane 2-3 diploid chromosome: KNT
(Kluai Nam Thai), KTN (Kluai Nam Thai); lane 4-7 Triploid chromosome: KN (Kluai Nak),
KNW (Kluai Nam Wa), KSD (Kluai Sam Doen), KH (Kluai Hin); lane 8 Tetraploid

chromosome: KT (Kluai Teparod)



AT 2 Iuruuaulusiunmuavaslundigludnnuyalasiuley diploid (2n) Triploid
(3n) way Tetraploid (4n) Nafnan lysis buffer

Aaag1elundie uuuaulUsiy SDS-PAGE

yalaslulay diploid (2n)

naw AA fiugndaetilng (KNT) 10
nau BB Wugnaiumil (KTN) 11
yalaslauley Triploid (3n)

Ny AMA fiugnadewn (KN) 10
new ABB Fugn&etini1 (KNW) 11
Ny AAB ugnaIuausian (KSD) 12
nau BBB sugnaeiu (KH) 13
yalasluley Tetraploid (4n)

nau ABBB Wugnaewmnsa (KT) 9

2) mauenlusiunie 2D-PAGE
MnmskenkuukulUsiuaniundrenil ndaeun ndaethi ndefiusasndae
wsadadusunuveslundeanyalasluley diploid triploid way tetraploid fewaia
2D-PAGE 399103ty IPG strip pH 3-10 wuilusiiulagdulng/lulundredta 5 yinazoy
Tugag pl Useanas 4-7  uwageglutsimiinluanaussana 55-25 kDa (amwdt 2) Taswud
wuuwslusiuanlungaelungy diploid Aelundremidsuiuesusiufifimdnluana
Uszanas 21-14 kDa Wesnilusiululundielungu triploid wag tetraploid



Diploid
AR (KTN)

ol pH10

97.0 -

66.0 W
450
30.0 e
2.1
144 gy ‘ L - .
-
Triploid
AWM (KN) e (KNW)
1
kDa pH3 2
= -
97.0 e
66.0 |
45.0 P
30.0 W=
20.1 |g
14.4 k

Tetraploid |

ndEmNsa (KT)

pHI10

10

ndefiu (KH)

kDa

97.0
66.0

45.0

30.0 —

20.1 -
144 ~

i 2 2D-PAGE TUsRuannlundaediadagae Lysis buffer vesndremil (diploid) ndrewn
NEEUNI nadeiu (Triploid) waznalewnsa (Tetraploid) Tushunluanyu3unad 100 pg lag
19 IPG strip pH 3-10 W9 7 WUASIUAT Lo IEF visvua 9,750 Vhr. SDS-PAGE faen1sly

15% polyacrylamide gel uaagpunaed colloidal coomassie brilliant blue G-250
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mﬂﬁ?uﬁ']a;msuaaiﬂiauiuﬂfjmaq diploid Aendemilua triploid Ae n&aetirin Tae
fadon alusiufimnanduvesuulusiunniiaalulundromiudiinsuanseanvesan
Tsfufifenuduvesuvutioslusundafenfuredundisirih wazgalusfufifianady
voswvulusiusnniigalulundrediuduaiinsuansoenvesyalusiuiifinrunduvesuuy
toslusiumiaieaiuvedlundis (1wl 3) Fswuingalusiuvaneiay 1 veslundremnil
donndesfulusAu Ribulose 1,5-bisphosphate carboxylase/oxygenase large subunit 0
TUsiumnaian 1 veslundrethih deandosiulusiu LOW QUALITY PROTEIN: oxygen-

evolving enhancer protein 1, chloroplastic-like (P57 3)

AT (KTN) AL (KNW)
I I
3 b > 10 kDa 3 s 5> 10
D — ———
97.0 97.0 Ve
66.0 - r = 66.0 juw
45.0 < 45.0 :
- - - ‘1~'
’ -
30.0 3.0 t
20.1 '
20.1
14.4 h
14.4 ~
-
. e

A 3 uanagalusiunnlundeni @) warlundelrdr (@) Mhlviesegiredme
LC-MS/MS



A15199 3 LARIHANTIEYTTEaveslUsAumeY LC-MS/MS

12

Spot Match Proteinname  Score  Theory Calculated Sequence Peptide sequences
No. to coverage
(%)
Mw. Mw.
pl (kDa) pl (kDa)
Kluai Ta Nee
1 YP_008 Ribulose 1,5- 522 6.23 5468 591 57 17% KDTDILAAFRV,

854433.  bisphosphate RFLFCA EAIFKA,

1 carboxylase/oxy REMTLGFVDLLD,R
genase large EMTLGFVDLLRD,
subunit  [Musa KDDE NVNSQ
textilis] PFMRW, KTFQGP

PHGIQVERD, KD
DENVNSQPFMRW,
KWSPELAAA
CEVWKE, KGHY
LNATAGTCEEMM
KR

Kluai Nam Wa

1 XP_009 LOW 508 6.77 36.23 543 31 22% KRLTYDEIQSKT,K

412420. QUALITY RLTY DEIQSKT,

1 PROTEIN: KRLTYDEIQ SKT,
oxygen- KRLTYDEIQSKT,
evolving RLTYDEIQSKT,
enhancer KDGIDYAAVTV
protein 1, QLPGGERV, KD

chloroplastic-
like [Musa
acuminata
subsp.

malaccensis]

GIDYAAVTVQLPG
GERV, KDGIDY
AAVTVQLPG GE
RV, RVPFLFTIKQ,
RGGSTGYDNAVAL
PAGGRG, RGD
EEELSKENI KN,
KIQGVWYAQLEQ
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(%

wenandfanunlusiundny vedlundwegluyas pH 4-7 Suddsunld PG strip
oH 4-7 \ieflazannsauenlusiulaiu ngldfetsmnlundredrd Semanmsveassuiy
plushulasdlmylifamuuandistusnin  Taonuigeiinasdunsedundaeiring
wenee IPG strip pH 3-10 wuillusau 1 Qmﬁﬁmmﬁmauwumﬂﬁqﬂ uiluvassfinisuen
fensuensg IPG strip pH 4-7 wuillusiu 2 gaifimnudimeauusnniian (@aaenaud
uag) (i 4)

BN (KNW) AN (KNW)
pl pl
kDa pH3 > pHI0 kDa 4
97.0 . 97.0
66.0 . 66.0
450 jw ; 45.0
o b
ool 30.0 -
20.1 .
20.1
144 |y
14‘4‘; ‘v
S
- -

Adl 4 mslSeuiisusuuwilusiuvedundrethinfiuendae IPG pH 3-10 ()
PG pH 4-7 (w37) 2w 7 wusswas WsAuilnanauSunes 100 pe tneld IPG strip pH 3-10
IUIA 7 WUASLAS wen IEF savum 9,750 Vhr. SDS-PAGE #ensld 15% polyacrylamide
gel Laqfonsmed colloidal coomassie brilliant blue G-250

3) NM5ATI1ERLUSAUA87T shotgun proteomics

nnsAnwlusiuantundielungy diploid triploid wag tetraploid wulUsiu
fanmunsuu 42510 via deilsuiieuszrindundiei 7 aeiugilusiuiinumiouty
wifin1suanseenveslusAuilimiafusiuiu 30 in Tneflafeddynieadd  False
discovery rate (FDR) #ounin 0.05 lnedlushiu 12 vfia fifinnsuanseenveslusiulnediu
Tngjegludiessentay 7.5-54  laun TUsAu PREDICTED:  ribulose  bisphosphate
carboxylase/oxygenase activase, chloroplastic-like, PREDICTED: chromoplast-specific
carotenoid-associated protein C1, chromoplastic-like, PREDICTED: 2-Cys peroxiredoxin
BAS1, chloroplastic, PREDICTED: 2-Cys peroxiredoxin BAS1, chloroplastic, PREDICTED:
glycine cleavage system H protein, mitochondrial-like, PREDICTED: phosphoglycerate
kinase, chloroplastic, PREDICTED: peroxiredoxin-2E-2, chloroplastic-like, PREDICTED:
ribulose bisphosphate carboxylase/oxygenase activase 2, chloroplastic, PREDICTED:
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uncharacterized protein LOC103988823, PREDICTED: LOW QUALITY PROTEIN: oxygen-
evolving enhancer protein 1, chloroplastic-like, PREDICTED: 2-methylene-furan-3-one
reductase, PREDICTED: ruBisCO large subunit-binding protein subunit alpha uag
PREDICTED: slyceraldehyde-3-phosphate dehydrogenase A, chloroplastic ﬁ]’lﬂiﬂiauﬁh
12 wllanudlusAulinsuanteanvasUSunalusiuwand1eiuuinsenitenaguves diploid
triploid 1y tetraploid A® PREDICTED: chromoplast-specific carotenoid-associated
protein C1, chromoplastic-like Fnunsuanseantuunnlugisszann 7.5 6.6 laefinig
uansooninigarelundendiemil wazndgun dwlundromwsa nunsuanseantes
flgnfoUsvann 5.5 waglusiudn 18 wilafiinisuansoonveslusiulnedrulvgeglutag
Uszana 6.9-5.4 JenuiiinsuanseendiesdiowSsudisutulusiu 12 siadneiufinudiy
Tnaflulundaenis 7 anewiug (nnil 5 91l )

uaﬂmm‘fﬁﬂwuiﬂmﬁ’;siuwiazmaﬁuﬁﬁumjm diploid triploid tag tetraploid

wurdavaslusAuisumzuansiiaiu lnedarduddynisadntosndn 0.05 dauan
T3t 5 Taglundreninln wuswau 6 TUsiu léud PREDICTED: probable thimet
oligopeptidase isoform X2, PREDICTED: nodulin-related protein 1-like, PREDICTED: heat
shock cognate 70 kDa protein 2, PREDICTED: dirigent protein 1-like, PREDICTED: light-
regulated protein, Wa¥ PREDICTED: nucleoside diphosphate kinase 1

Tundead wudawaw 11 TUseu laun PREDICTED: chlorophyll a-b  binding
protein 151, chloroplastic, PREDICTED: photosystem | reaction center subunit N,
chloroplastic-like, partial, PREDICTED: nuclear transcription factor Y subunit A-7-like
isoform X1, PREDICTED: heat shock 22 kDa protein, mitochondrial isoform X2,
PREDICTED: slutathione transferase GST 23-like, PREDICTED: V-type proton ATPase
subunit B 2-like isoform X2, PREDICTED: glycine cleavage system H protein,
mitochondrial-like, PREDICTED: protein GOS9-like, PREDICTED: uncharacterized protein
At1¢32220, chloroplastic, PREDICTED: phosphoribulokinase, chloroplastic-like, &g
PREDICTED: 20 kDa chaperonin, chloroplastic-like,

lundasunnudiuau 7 TUsAulawn PREDICTED:  uncharacterized  protein
LOC103985361, PREDICTED: ribulose bisphosphate carboxylase small chain,
chloroplastic, PREDICTED: stellacyanin-like, PREDICTED: protein ECERIFERUM 3-like,
PREDICTED: WAT1-related protein At5¢07050-like, PREDICTED: ACT domain-containing
protein DS12, chloroplastic-like isoform X4 wag PREDICTED: endochitinase EP3-like

Tundrerini wuswau 8 TUsiu léud PREDICTED:  uncharacterized  protein
LOC103999928, PREDICTED: cysteine synthase, PREDICTED: pyruvate dehydrogenase
E1 component subunit alpha-1, mitochondrial-like, PREDICTED: putative leucine-rich
repeat receptor-like protein kinase At2¢19210, PREDICTED: agamous-like MADS-box
protein  AGL9 homolog, PREDICTED: cyclin-SDS-like, PREDICTED: flavonoid 3,5-
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hydroxylase  1-like, &g PREDICTED: probable 1-deoxy-D-xylulose-5-phosphate
synthase 2, chloroplastic

Tundwauiou wudruau 14 1Usiu laun PREDICTED: uncharacterized protein
LOC103990605, PREDICTED: elongation factor 1-alpha-like, PREDICTED:
uncharacterized protein  LOC103993528, PREDICTED: uncharacterized protein
Atd4g28440-like, PREDICTED: protein GOS9-like isoform X2, PREDICTED: protein GOS9-
like isoform X1, PREDICTED: molybdopterin synthase sulfur carrier subunit isoform X2,
PREDICTED: 60S acidic ribosomal protein P2A-like, PREDICTED: putative BPI/LBP family
protein At1¢04970, PREDICTED: uncharacterized protein LOC103991959, PREDICTED:
heme-binding protein 2, PREDICTED: soluble inorganic pyrophosphatase isoform X3,
PREDICTED: chlorophyll a-b binding protein of LHCIl type 1-like, lLa¢ PREDICTED: 65-
kDa microtubule-associated protein 1

Tunareiu wudnuau 9 TUshu 1un PREDICTED: 65-kDa microtubule-associated
protein 1, PREDICTED: transmembrane 9 superfamily member 9, PREDICTED: flavonol
synthase/flavanone 3-hydroxylase, PREDICTED: pathogenesis-related protein 1-like,
PREDICTED: heat shock 22 kDa protein, mitochondrial isoform X1, PREDICTED: sugar
transport protein 14-like, PREDICTED: 2-Cys peroxiredoxin BAS1, chloroplastic-like,
PREDICTED: non-specific lipid-transfer protein 2-like isoform X3 ag PREDICTED: non-
specific lipid-transfer protein 1-like isoform X2

waglundensa wuduau 8 TUshu laun PREDICTED: chlorophyll a-b binding
protein 151, chloroplastic, PREDICTED: slyceraldehyde-3-phosphate dehydrogenase 2,
cytosolic, PREDICTED: 28 kDa ribonucleoprotein, chloroplastic, PREDICTED: probable
receptor-like serine/threonine-protein kinase Atd4g34500, PREDICTED: uncharacterized
protein LOC103981684, PREDICTED: ATP synthase delta chain, chloroplastic-like,
PREDICTED: ATP synthase delta chain, chloroplastic-like, &g PREDICTED: ribulose

bisphosphate carboxylase small chain, chloroplastic-like



7.017

6.481

5.845

KTN

KNW

KNT

KSD
KT
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XP_009388609
XP_ 009392110
XP_009413408
XP_009395148
XP 009397212
XP_009421123
XP_ 009384868
XP_009405744
XP_ 009412420
XP_009395684
XP_ 009384573
XP_009420999
XP_ 009412177
XP_009413542
XP_009380439
XP_ 009401920
XP_009402493
XP_009404263
XP_009418696
XP_ 009397428
XP_009408003
XP_ 018679260
XP_009395134
XP_009409911
XP_ 009384600
XP_009390874
XP_ 009404913
XP_009418590
XP_ 009402843
XP_009389036

i 5 Wsiuinululundiens 7 enesiugusiinisuanseeniiuansdieiu uandugliuy
heat map Inglaainnisuanseonunnuansluduntiu taznisudnsesntssuansluding
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M990 4 uanseiavnsvihuneninvedishunnlusiurmululundiens 7 aneiuguwed

ASLARNIDBNTLANFAINU

Mg ULlUIAUY

(Protein number)

%a (Name)

ANSYNUIYNTNAUTAUY

(Protein function prediction)

XP_ 009388609

PREDICTED: ribulose
bisphosphate
carboxylase/oxygenase activase,
chloroplastic-like [Musa

acuminata subsp. malaccensis]

Energy/photosynthesis
(Lu et al., 2013)

XP_ 009392110

PREDICTED: chromoplast-specific
carotenoid-associated protein
C1, chromoplastic-like [Musa

acuminata subsp. malaccensis]

Carotenoids accumulate in
chromoplasts (Barsan et al.,
2010)

XP 009413408

PREDICTED: 2-Cys peroxiredoxin
BAS1, chloroplastic [Musa

acuminata subsp. malaccensis]

antioxidant (Baier and
Dietz, 1997)

XP 009395148

PREDICTED: glycine cleavage
system H protein, mitochondrial-
like [Musa acuminata subsp.

malaccensis]

Protein metabolism (Kikuchi
et al.,, 2008)

XP 009397212

PREDICTED: phosphoslycerate
kinase, chloroplastic [Musa

acuminata subsp. malaccensis]

glycolysis, gluconeogenesis
(Kopke-Secundo et al.,
1990)

XP 009421123

PREDICTED: peroxiredoxin-2E-2,
chloroplastic-like [Musa

acuminata subsp. malaccensis]

Antioxidant (Rhee et al.,
2012)

XP 009384868

PREDICTED: ribulose
bisphosphate
carboxylase/oxygenase activase
2, chloroplastic [Musa acuminata

subsp. malaccensis]

Energy/photosynthesis
(Lu et al., 2013)

XP 009405744

PREDICTED: uncharacterized
protein LOC103988823 [Musa

acuminata subsp. malaccensis]

Unknown
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M990 4 uanseiavnsviuneninvediusiuantusiurnululundiens 7 aneiuguwed
N1SHARIRBNTILANAINAY (5iD)

nugLavlusAu %o (Name) msvwenthillsiiu

(Protein number) (Protein function
prediction)

XP_ 009412420 PREDICTED: LOW QUALITY Energy/photosynthesis

PROTEIN: oxygen-evolving
enhancer protein 1, chloroplastic-
like [Musa acuminata subsp.

malaccensis]

(Lu et al., 2013)

XP 009395684

PREDICTED: 2-methylene-furan-3-
one reductase [Musa acuminata

subsp. malaccensis]

Volatile against pathogens
(Collu et al., 2017)

XP 009384573

PREDICTED: ruBisCO large subunit-
binding protein subunit alpha
[Musa acuminata subsp.

malaccensis]

Energy/photosynthesis
(Lu et al., 2013)

XP 009420999

PREDICTED: glyceraldehyde-3-
phosphate dehydrogenase A,
chloroplastic [Musa acuminata

subsp. malaccensis]

Energy/glycolysis/glyoxylat
e cycle/gluconeogenesis
(Lu et al., 2013)

XP 009412177

PREDICTED: peptide methionine
sulfoxide reductase B5-like [Musa

acuminata subsp. malaccensis]

Antioxidant (Rey
and Tarrago, 2018)

XP 009413542

PREDICTED:fructose-bisphosphate
aldolase, chloroplastic-like [Musa

acuminata subsp. malaccensis]

Energy/photosynthesis (Lu
et al,, 2013; Livramento et
al., 2018)

XP_009380439

PREDICTED: 17.3 kDa class Il heat
shock protein-like [Musa

acuminata subsp. malaccensis]

Immunity and defence (Lu
et al,, 2013)

XP_009401920

PREDICTED: enolase-like [Musa

acuminata subsp. malaccensis]

Glycolysis (Van der
Straeten et al., 1991)

XP 009402493

PREDICTED: peptidyl-prolyl cis-
trans isomerase CYP38,
chloroplastic [Musa acuminata

subsp. malaccensis]

Photosynthesis
(Vasudevan et al., 2012)
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M990 4 uanseiavnsvihuneninvediusiuanlusiurnululundiens 7 aneiugued
NSKANIDBNTRANAINAY (f0)

Mg ULlUIAUY

(Protein number)

%a (Name)

ANSYNUIYNTNAUTAUY

(Protein function prediction)

XP 009404263

PREDICTED: stromal 70 kDa heat
shock-related protein,
chloroplastic-like [Musa

acuminata subsp. malaccensis]

Immunity and defence (Lu
et al,, 2013)

XP 009418696

PREDICTED: triosephosphate
isomerase, chloroplastic-like
[Musa acuminata subsp.

malaccensis]

Redox regulation  (Lopez-
Castillo et al., 2016)

XP 009397428

PREDICTED: methyl-CpG-binding
domain-containing protein 11-like
[Musa acuminata subsp.

malaccensis]

plant development
(Berg et al., 2003)

XP 009408003

PREDICTED: probable plastid-lipid-
associated protein 2, chloroplastic
[Musa acuminata subsp.

malaccensis]

Secondary metabolism
(Tamburino et al., 2017)

XP 018679260

PREDICTED:  glycine-rich  RNA-
binding protein  10-like [Musa

acuminata subsp. malaccensis]

abiotic stress (Lu et al,,
2019)

XP_ 009395134

PREDICTED: chloroplast stem-loop
binding protein of 41 kDa a,
chloroplastic  [Musa acuminata

subsp. malaccensis]

Protein synthesis
(Tamburino et al., 2017)

XP_009409911

PREDICTED: calphotin-like isoform
X2 [Musa acuminata subsp.

malaccensis]

unknown

XP_009384600

PREDICTED: glyceraldehyde-3-
phosphate  dehydrogenase B,
chloroplastic isoform X2 [Musa

acuminata subsp. malaccensis]

Energy/slycolysis/glyoxylate
cycle/gluconeogenesis
(Lu et al, 2013)




20

M990 4 uanseiavnsvihuneninvediusiuantusiurmululundiens 7 aneiuguwed

ASLARNIDBNTNLANANAY (AB)

Mg ULlUIAUY

(Protein number)

%a (Name)

ANSYNUIYNTNAUTAUY
(Protein function

prediction)

XP 009390874

PREDICTED: 20 kDa
chaperonin, chloroplastic
[Musa acuminata subsp.

malaccensis]

Photosynthesis (Zhao
and Liu,2018 )

XP 009404913

PREDICTED: 2-Cys

antioxidant (Baier and

peroxiredoxin BAS1, Dietz, 1997)
chloroplastic-like [Musa
acuminata subsp.
malaccensis]
XP 009418590 PREDICTED: ruBisCO large Energy/photosynthesis

subunit-binding protein
subunit beta, chloroplastic
[Musa acuminata subsp.

malaccensis]

(Lu et al., 2013)

XP 009402843

PREDICTED:
phosphoglycerate kinase,
chloroplastic [Musa
acuminata subsp.

malaccensis]

glycolysis,
gluconeogenesis
(Kopke-Secundo et al.,
1990)

XP 009389036

PREDICTED: small heat shock
protein, chloroplastic [Musa
acuminata subsp.

malaccensis]

Immunity and defence
(Lu et al., 2013)
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M19199 5 uansviiavedusiululunmennudnmglulundisusazaneiuguesngy diploid
triploid Way tetraploid (FDR < 0.05) hagnsvituieuinynveslusiulsazvila

sinlunane/ TUshu

] v t:l' =
ANSYIUIENTNNVBIIUSAY

nqu diploid

lUsAumuanzlusiogengy KNT 91w 6
Uiy

XP_018685910.1 PREDICTED: probable
thimet oligopeptidase isoform X2 [Musa

acuminata subsp. malaccensis]

innate immunity (Wang et al., 2014)

XP_009395631.1 PREDICTED: nodulin-
related protein 1-like [Musa acuminata

subsp. malaccensis]

transport of nutrients, solutes, amino
acids or hormones (Denance et al.,,
2013)

XP_009409520.1 PREDICTED: heat shock
cognate 70 kDa protein 2 [Musa acuminata

subsp. malaccensis]

Immunity and defence (Lu et al., 2013)

XP_018674708.1 PREDICTED: dirigent protein

1-like [Musa acuminata subsp. Malaccensis]

Cell wall modification (Gutsch et al,,
2018)

XP_009406426.1 PREDICTED: light-regulated
protein [Musa acuminata subsp.

malaccensis]

Photosynthesis (Giuliano et al., 1988;
Kami et al., 2010)

XP_009401984.1 PREDICTED: nucleoside
diphosphate kinase 1 [Musa acuminata

subsp. malaccensis]

- energy metabolism and stress
response (Dorion et al., 2006)

energy for ethylene biosynthesis (Zhang
et al,, 2012)

Tshunnuamgluiiogangs KTN 91w 11
lUshiu

XP_009397219.1 PREDICTED: chlorophyll a-
b binding protein 151, chloroplastic [Musa

acuminata subsp. malaccensis]

Photosynthesis (Lu et al., 2013)

XP_009385444.1 PREDICTED: photosystem |
reaction center subunit N, chloroplastic-like,

partial [Musa acuminata subsp. malaccensis]

Photosynthesis (Caffarri et al., 2014)

XP_018677234.1 PREDICTED: nuclear
transcription factor Y subunit A-7-like
isoform X1 [Musa acuminata subsp.

malaccensis]

plant growth, development, stress
responses (Yu et al,, 2013; Zhao et
al.,2017)
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M19197 5 wansyinvedlushvlulundennuimglulundiswdasanesiugveangu diploid
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XP_009381499.1 PREDICTED: heat shock 22
kDa protein, mitochondrial isoform X2

[Musa acuminata subsp. malaccensis]

Immunity and defence

XP_009419844.2 PREDICTED: glutathione
transferase GST 23-like [Musa acuminata

subsp. malaccensis]

- oxidative stress
-detoxification of herbicides
(Dixon et al., 2002)

XP_009388566.1 PREDICTED: V-type proton
ATPase subunit B 2-like isoform X2 [Musa

acuminata subsp. malaccensis

- salt stress tolerance in plants (Zhang
et al.,2014)

XP_009387258.1 PREDICTED: glycine
cleavage system H protein, mitochondrial-

like [Musa acuminata subsp. malaccensis]

Protein metabolism (Kikuchi et al.,
2008)

XP_009413935.2 PREDICTED: protein GOS9-

like [Musa acuminata subsp. malaccensis]

disease resistance (Niu et al.,2018)

XP_009396199.1 PREDICTED:
uncharacterized protein At1g32220,
chloroplastic [Musa acuminata subsp.

malaccensis]

Unknown

XP_009399432.1 PREDICTED:
phosphoribulokinase, chloroplastic-like

[Musa acuminata subsp. malaccensis]

Photosynthesis (Calvin cycle)
(Rumphoa et al.,2009)

XP_009379927.1 PREDICTED: 20 kDa
chaperonin, chloroplastic-like [Musa

acuminata subsp. Malaccensis]

Photosynthesis (Zhao and Liu, 2018)

Tshunnuanizluiogangy KN 91w 7
LAy

XP_018681331.1 PREDICTED:
uncharacterized protein LOC103985361

[Musa acuminata subsp. Malaccensis]

Unknown

XP_009390221.1 PREDICTED:
ribulose bisphosphate carboxylase small
chain, chloroplastic [Musa acuminata subsp.

malaccensis]

-Photosynthesis (Lu et al.,
2013)
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XP_018675332.1 PREDICTED: stellacyanin-

like [Musa acuminata subsp. malaccensis]

- redox reactions (of copper protein)
occurring during primary defense
responses in plants (Nersissian et al.,
1998)

XP_009390985.1 PREDICTED: protein
ECERIFERUM 3-like [Musa acuminata subsp.

malaccensis]

-biotic and abiotic stresses (cuticle
membrane and cuticular waxes)
(Bourdenx et al., 2011)

XP 009382149.1 PREDICTED: WAT1-related
protein At5¢07050-like [Musa acuminata

subsp. malaccensis]

- auxin transport (fibre differentiation)
(Ranocha et al., 2013)

XP009396233.1 PREDICTED: ACT domain-
containing protein DS12, chloroplastic-like
isoform X4 [Musa acuminata subsp.

Malaccensis]

- regulatory or sensor proteins (Hsieh
and Goodman, 2002)

XP_009416020.1 PREDICTED: endochitinase
EP3-like [Musa acuminata subsp.

malaccensis]

Immunity and defence (Lu et al., 2013)

TUsiunmuamzluiiagnangy KNW d1uiu 8
LUshu

XP_009420106.1 PREDICTED:
uncharacterized protein LOC103999928

[Musa acuminata subsp. malaccensis]

Unknown

XP_009401140.1 PREDICTED: cysteine
synthase [Musa acuminata subsp.

malaccensis]

cysteine biosynthesis (Lu et al., 2013)

XP_009381402.1 PREDICTED: pyruvate
dehydrogenase E1 component subunit
alpha-1, mitochondrial-like [Musa acuminata

subsp. malaccensis]

Carbohydrate and energy metabolism
(Mostek et al., 2015)

XP_009408906.1 PREDICTED: putative
leucine-rich repeat receptor-like protein
kinase At2¢19210 [Musa acuminata subsp.

malaccensis]

Stress Response (Alam et al.,2010)
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XP_018682855.1 PREDICTED: agamous-like
MADS-box protein AGL9 homolog [Musa

acuminata subsp. malaccensis]

ovule development (Favaro et al,,
2002)

XP_009413751.2 PREDICTED: cyclin-SDS-like

[Musa acuminata subsp. malaccensis]

Meiosis (Bulankova et al., 2013)

XP_009383876.1 PREDICTED: flavonoid 3,5-
hydroxylase 1-like [Musa acuminata subsp.

malaccensis]

- Flavonoid biosynthesis

- against biotic and abiotic stress

- regulation of developmental processe
(colouration of flowers and fruit) (Seitz
et al,, 2015)

XP_009400868.1 PREDICTED: probable 1-
deoxy-D-xylulose-5-phosphate synthase 2,
chloroplastic [Musa acuminata subsp.

malaccensis]

Flavonoid biosynthesis (Lois et al., 2000;
Wanke et al., 2001)

LsAunmuamzluiiagengy KSD 91w 14
Uiy

XP_009408083.1 PREDICTED:
uncharacterized protein LOC103990605

[Musa acuminata subsp. malaccensis]

Unknown

XP_009381509.1 PREDICTED: elongation
factor 1-alpha-like [Musa acuminata subsp.

Malaccensis]

protein synthesis (Pokalsky et al., 1989;
Sasikumar et al., 2012)

XP_009411896.1 PREDICTED: Unknown
uncharacterized protein LOC103993528

[Musa acuminata subsp. malaccensis]

XP_009404422.1 PREDICTED: Unknown

uncharacterized protein At4g28440-like

[Musa acuminata subsp. malaccensis]
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XP_018673706.1 PREDICTED: protein GOS9-
like isoform X2 [Musa acuminata subsp.

malaccensis];

disease resistance (Niu et al.,2018)

XP_018673705.1 PREDICTED: protein GOS9-
like isoform X1 [Musa acuminata subsp.

malaccensis]

disease resistance (Niu et al.,2018)

XP_018686453.1 PREDICTED: molybdopterin
synthase sulfur carrier subunit isoform X2

[Musa acuminata subsp. malaccensis]

Molybdenum synthesis
(metalloenzymes) (Mendel and Kruse,
2012)

XP_009394805.1 PREDICTED: 60S acidic
ribosomal protein P2A-like [Musa acuminata

subsp. malaccensis]

Protein synthesis (Bailey-Serres et al.,
1997)

XP_009418197.1 PREDICTED: putative BPI/LBP
family protein At1¢04970 [Musa acuminata

subsp. malaccensis]

Immune response (lizasa et al., 2016)

XP_009409781.1 PREDICTED: uncharacterized
protein LOC103991959 [Musa acuminata

subsp. malaccensis]

Unknown

XP_009389988.1 PREDICTED: heme-binding
protein 2 [Musa acuminata subsp.

malaccensis]

Abiotic stresses (Vanhee et al., 2011;
Lee et al., 2012)

XP_018681974.1 PREDICTED: soluble
inorganic pyrophosphatase isoform X3 [Musa

acuminata subsp. malaccensis]

Energy metabolism (Segami et al.,
2018)

XP_009395692.1 PREDICTED: chlorophyll a-b
binding protein of LHCII type 1-like [Musa

acuminata subsp. malaccensis]

Photosynthesis (Cinque et al., 2000)

XP_009392160.1 PREDICTED: 65-kDa
microtubule-associated protein 1 [Musa

acuminata subsp. malaccensis]

plant morphology and physiology
(Jana Krtkova et al.,, 2016)
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XP_009396776.1 PREDICTED:
transmembrane 9 superfamily member 9

[Musa acuminata subsp. malaccensis]

Transport (Geisler, 2018)

XP_009380921.2 PREDICTED: flavonol
synthase/flavanone 3-hydroxylase [Musa

acuminata subsp. malaccensis]

Flavonoid biosynthesis

XP_009417750.1 PREDICTED: pathogenesis-
related protein 1-like [Musa acuminata

subsp. malaccensis]

Immunity and defence
(Lu et al., 2013)

XP_018674853.1 PRECTED: heat shock 22
kDa protein, mitochondrial isoform X1

[Musa acuminata subsp. malaccensis]

Immunity and defence
(Lu et al., 2013)

XP_009405730.1 PREDICTED: sugar transport
protein 14-like [Musa acuminata subsp.

malaccensis]

- provide energy

- signal molecule components (carbon)
- metabolic intermediates for plant
growth and development

-abiotic and biotic stresses responses
(Miao et al.,, 2017)

XP 018678676.1 PREDICTED: 2-Cys
peroxiredoxin BAS1, chloroplastic-like [Musa

acuminata subsp. malaccensis]

Antioxidant (Baler and Dietz, 1997 )

XP_018680689.1 PREDICTED: non-specific
lipid-transfer protein 2-like isoform X3

[Musa acuminata subsp. malaccensis];

- abiotic and biotic stress

- antimicrobial activity

- plant immune system

- allergenic

(Scheurer and Schulke, 2018)

XP_009396874.1 PREDICTED: non-specific
lipid-transfer protein 1-like isoform X2

[Musa acuminata subsp. malaccensis]

- abiotic and biotic stress

- antimicrobial activity

- plant immune system

- allergenic

(Scheurer and Schulke, 2018)
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Nqu tetraploid
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XP_009397219.1 PREDICTED: chlorophyll a-
b binding protein 151, chloroplastic [Musa

acuminata subsp. malaccensis]

Photosynthesis (Lu et al., 2013)

XP_009402724.1 PREDICTED:
glyceraldehyde-3-phosphate
dehydrogenase 2, cytosolic [Musa

acuminata subsp. malaccensis]

Energy/glycolysis/glyoxylate

cycle/gluconeogenesis

XP_009387705.1 PREDICTED: 28 kDa
ribonucleoprotein, chloroplastic [Musa

acuminata subsp. malaccensis]

location in the chloroplast (Lisitsky et
al., 1995)

XP_009405967.1 PREDICTED: probable
receptor-like serine/threonine-protein
kinase At4g34500 [Musa acuminata subsp.

malaccensis]

plant disease resistance ( Dang et al.,
2019)

XP_009396701.2 PREDICTED:
uncharacterized protein LOC103981684

[Musa acuminata subsp. malaccensis]

Unknown

XP_009417431.1 PREDICTED: ATP synthase
delta chain, chloroplastic-like [Musa

acuminata subsp. malaccensis];

Photosynthesis (Yamori et al., 2011)

XP_018673556.1 PREDICTED: ATP synthase
delta chain, chloroplastic-like [Musa

acuminata subsp. malaccensis]

Photosynthesis (Yamori et al., 2011)

XP_009403968.1 PREDICTED: ribulose
bisphosphate carboxylase small chain,
chloroplastic-like [Musa acuminata subsp.

malaccensis]

-Photosynthesis (Lu et al., 2013)
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Comparative Study Proteome Pattern of Kluai Ta Nee
and Kluai Nam Wa Leaves Proteins

Bung-on Prajanban'’, Wichuda Jankangram? and Nisachon J angpromma® *

IFaculty of Agricultural Technology, Burapha University, Sakaeo Campus, Sakaeo 27160
Thailand
2Faculty of Science and Social Sciences, Burapha University, Sakaeo Campus,
Sakaeo 27160 Thailand
3Protein and Proteomics Research Center for Commercial and Industrial Purposes
(ProCClI), Faculty of Science, Khon Kaen University, Khon Kaen 40002 Thailand
4 Department of Integrated Science, Forensic Science Program, Faculty of Science, Khon
Kaen University, Khon Kaen, 40002 Thailand.

*Corresponding author’s e-mail: bungon.pr@buu.ac.th

ABSTRACT:

This study compared the protein profiles in leaves of diploid and triploid banana
to identify the differentially accumulated proteins unique to each type of banana.
Protein samples were analyzed by 2D-PAGE using IPG strip pH3-10. Fifty and
44 protein spots were detected in leaves of Musa acumimata (BB group) “Kluai
Ta Nee” and Musa Xparadisiaca.(ABB group) “Kluai Nam Wa”, respectively.
Many spots of leaf proteins were corresponding to leaf proteins of Musa
acuminate Colla (banana) reported previously such as ribulose-1,5-bisphosphate
carboxylase, oxygen-evolving enhancer protein and superoxide dismutase.
Ribulose-1,5-bisphosphate carboxylase, oxygen-evolving enhancer protein and
superoxide dismutase in Kluai Ta Nee leaves had pls and number of isoforms
different from those in Kluai Nam Wa leaves. Three isoforms of endochitinase
were found in Kluai Ta Nee leaves only. The major protein found in Kluai Ta
Nee leaves, which had higher intensity than that in Kluai Nam Wa leaves, was
identified as ribulose 1,5-bisphosphate carboxylase/oxygenase large subunit. A
low quality protein: oxygen-evolving enhancer protein 1, chloroplastic-like,
found in Kluai Nam Wa leaves had higher intensity than that in Kluai Ta Nee
leaves. The polymorphism of these proteins observed between leaves of Kluai Ta
Nee and Kluai Nam Wa would be possibly due to different gene expressions in
each banana type and may result in different functionalities of the proteins.

Keywords: 2D-PAGE, Kluai Ta Nee, Kluai Nam Wa and Banana leaves
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Comparative study proteome pattern of Kluai Ta Nee
and Kluai Nam Wa leaves proteins

Bung-on Prajanban", Wichuda Jankangram” and Nisachon Jangpromma®*
IFaculty of Agricultural Technology, Burapha University, Sakaeo Campus, Sakaeo
27160, Thailand
2Faculty of Science and Social Sciences, Burapha University, Sakaeco Campus,
Sakaeo 27160, Thailand
*Protein and Proteomics Research Center for Commercial and Industrial Purposes
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Abstract:

This study compared the protein profiles in leaves of diploid and triploid banana to identify the
differentially accumulated proteins unique to each type of banana. Protein samples were analyzed by 2D-
PAGE using IPG strip pH3-10. Fifty and 44 protein spots were detected in leaves of Musa acumimata
(BB group) “Kluai Ta Nee” and Musa Xparadisiaca (ABB group) “Kluai Nam Wa”, respectively. Many
spots of leaf proteins were corresponding to leaf proteins of Musa acuminate Colla (banana) reported
previously such as ribulose-1,5-bisphosphate carboxylase, oxygen-evolving enhancer protein and
superoxide dismutase. Ribulose-1,5-bisphosphaté carboxylase, oxygen-evolving enhancer protein and
superoxide dismutase in Kluai Ta Nee leaves had pls and number of isoforms different from those in
Kluai Nam Wa leaves. Three isoforms of endochitinase were found in Kluai Ta Nee leaves only. The
major protein found in Kluai Ta Nee leaves, which had higher intensity than that in Kluai Nam Wa
leaves, was identified as ribulose 1,5-bisphosphate carboxylase/oxygenase large subunit. A low quality
protein: oxygen-evolving enhancer protein 1, chloroplastic-like, found in Kluai Nam Wa leaves had
higher intensity than that in Kluai Ta Nee leaves. The polymorphism of these proteins observed between
leaves of Kluai Ta Nee and Kluai Nam Wa would be possibly due to different gene expressions in each
banana type and may result in different functionalities of the proteins.
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Introduction

Banana is one of the most important food crop of Musaceae family distributes in South East Asia,
Africa and Australia [1]. Banana varieties grown in most parts of the world are hybrids derived from
natural inter- and intraspecific crosses between two diploid wide species, Musa acuminate (genome A)
and Musa balbisiana (genome B) [2]. Protein patterns can be used to study genetic diversity in banana.
Proteins play a central role in biological processes, and proteomics differential assay can be used to
determine the proteins that are affected by genetic variation during plant growth and development [3].
The majority of the identified leaf proteins from Musa acuminate Colla (AA) were found to be involved
in energy metabolism. Moreover, the minority of leaf proteins identified by 2D-PAGE and MALDI-TOF
MS were found to be involved in immunity and defense mechanisms [4]. In the case of leaves from
normal banana and giant banana cultivar Prata Ana (AAB) with different genome from Musa acuminate
Colla (AA) that were analyzed by 2D-PAGE and MALDI-TOF/TOF, the abundant proteins from the
leaves of both normal banana and giant banana cultivar Prata Ana (AAB) were identified as being related
to root metabolism, photosynthesis, protein translation carbon assimilation and nitrogen fixation [3].

In contrast, M. acumimata (BB group) “Kluai-Tanee” and M. Xparadisiaca (ABB group) “Kluai
Nam Wa” with different genomes from Musa acuminate Colla (AA) and banana cultivar Prata Ana
(AAB) have not been reported in the protein reference map. In Thailand, M. acumimata BB (Kluai-
Tanee) and M. Xparadisiaca ABB group (Kluai Nam Wa) are important types for leaf and fruit
production. The analysis of protein compositions in banana leaves can increase the potential applications
of these types of banana for both production efficiency and further improvement of banana through
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breeding. The aims of this study were to analyze and compare leaf proteins from different genomes of
BB (Kluai-Tanee) and ABB (Kluai Nam Wa) by 2D-PAGE using known Musa acuminate Colla (banana)
leaf proteins that were previously reported for comparison. The proteins from leaves of both banana types
were compared, and two protein spots with different intensity between two banana types were selected for
identification of each type by using LC-ESI-MS/MS method [5].

Materials and methods

Plant materials and field experiment

The banana varieties of both types used in this study were planted at the experimental farm of the
Faculty of Agricultural Technology, Burapha University, Sakaeo Campus, Sakaeo, Thailand.
Protein extraction from leaves

Leaf samples were extracted by the method described previously [6] with some modifications. The
leaf samples were ground into powder in a mortar with liquid nitrogen. The ground samples were
suspended in lysis buffer (7 M urea, 2 M thiourea, 4 % (w/v) CHAPS, 2 % (w/v) DTT). After
centrifugation at 12, 0000 rpm for 30 min at 4°C, the supernatant for each sample was collected and
cleaned with the 2D-clean up kit to remove contaminants such as carbohydrate, lipids and others.
(Amersham Bioscience, Sweden). The protein pellets were suspended in rehydration buffer (7 M urea, 2
M thiourea, 2 % (w/v) CHAPS, 2 mM DTT, 0.8 % (w/v) IPG buffer and 0.2 % bromophenol blue). The
protein concentration was determined using the Bradford assay with bovine serum albumin (Amersham
Biosciences, USA) as the standard.
2D-PAGE electrophoresis

Proteins were analyzed by 2D-PAGE as described by O'Farrel [7] and some modified method on
linear (3-10) pH gradient. Protein samples of 100 pg each were solubilized in a focusing solution
containing 7 M urea, 2 M thiourea, 0.3% DTT, 2% CHAPS and 2% IPG buffer corresponding to the pH
gradient used. Isoelectric focusing (IEF) was conducted with a Ettan IPG phor 3 (Amersham Bioscience,
USA) on 7 cm IPG strips using a gradient mode yiglding 9,750 Vhr. After focalization, the gel strips were
equilibrated for 15 min in buffer containing 50 mM Tris-HCI, pH 8.8, 6 M urea, 30% glycerol, 1% SDS
and 25 mM DTT. A second 15 min equilibration step in the same solution containing 250 mM
iodoacetamide instead of DTT was then performed. Proteins were then subjected to SDS-PAGE. IPG
strip was placed on second dimension 15% SDS polyacrylamide gels. The gel was then stained with
colloidal coomassie brilliant blue G250 solution. These gels were then washed with double distilled water
until the background was clear. The gel images were captured using ImageQuant LAS 500 (GE
Healthcare Bio-Sciences AB, Sweden) and protein spots were then analyzed by Image Master 2D
Platinum v. 5.0 software (Amersham Biosciences, USA).
Protein Identification by LC-ESI-MS/MS

The protein spots with differential expressions were excised with trypsin using sequencing grade
reagent (Promega, USA) according to the manufacturer’s specifications. Each tryptic peptides were
analyzed with a nano-liquid chromatography system (EASY-nLC II, Bruker) coupled to an ion trap mass
spectrometer (Amazon Speed ETD, Bruker) equipped with an ESI nano-sprayer. The ESI-TRAP
instrument was calibrated in the m/z range of 50-3000 using an internal calibration standard (Tune mix
solution), which was supplied from Agilent. Bruker Daltonics software package, HyStar v.3.2, was used
to control the ion trap device. LC-MS/MS spectra were analyzed using Compass Data Analysis v.4.0.
Compound lists were exported as Mascot generic files (mgf) for further identification of proteins, which
was performed by searching against the protein database from NCBIprot (Other green plants) using
MASCOT MS/MS Ion Search program (www.matrixscience.com).

Results and discussion

In ours preliminary study, we separated Kluai Ta Nee and Kluai Nam Wa leaves proteins by
2D-PAGE using linear IPG strip (pH3-10) size 7 cm. Figure 1 showed the protein patterns of Kluai
Ta Nee (Figure 1A) and Kluai Nam Wa (Figure 1B) leaves. The results demonstrated that approximately
50 and 44 protein spots were reproducibly detected for Kluai Ta Nee and Kluai Nam Wa leaves,
respectively. The overall protein patterns of Kluai Ta Nee leaves were different from those of Kluai Nam
Wa leaves. However, the molecular weights of major leaf proteins common to both Kluai Ta Nee and
Kluai Nam Wa ranged from approximately 25 kDa to 70.0 kDa and pI (isoelectric point) range was
between 4 and 7. The ranges of protein molecular weights and pl in previous study were wider than in our
study. According to Lu et al.[4], the protein molecular weights of M. acuminate Colla (banana) leaves
ranged from approximately 10 kDa to 100 kDa and the range of pI was from 3 to 10. However, the
major leaf proteins from both normal and giant plants of Musa spp. cultivar Prata Ana (AAB)
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had molecular weights ranging from 14.0 kDa to 50.0 kDa and pl range was between 3 and 10
[3].

The protein patterns of two banana genomes were compared and analyzed. Some protein spots from
each genome were separated and identified by Image Master 2D Trial. Table 1 summarized leaf proteins
identified by pI and molecular weight on two referent gels compared with M. acuminate Colla (banana)
leaf proteins reported previously [4]. The well-separated protein spots are known banana leaf proteins
such as ribulose-1,5-bisphosphate carboxylase, oxygen-evolving enhancer protein and superoxide
dismutase.

Table 2 summarized proteins identified by LC-ESI-MS/MS. Ribulose-1,5-bisphosphate carboxylase
is an important primary enzyme in photosynthesis with a carboxylase that catalyzes the assimilation of
carbon dioxide into organic compounds. Therefore, it is not surprising that we found ribulose-1,5-
bisphosphate carboxylase in both Kluai Ta Nee and Kluai Nam Wa leaves, and these enzymes were also
found in M. acuminate Colla leaf and Musa spp. cultivar Prata Ana (AAB) leaves [3, 4].

However, Kluai Nam Wa leaves had higher number of ribulose-1,5-bisphosphate carboxylase spots
than Kluai Ta Nee leaves. In addition, ribulose 1,5-bisphosphate carboxylase/oxygenase large subunit
found in Kluai Ta Nee leaves had higher intensity than in Kluai Nam Wa leaves. Moreover, oxygen-
evolving enhancer protein is one of protein complex of photosystem II found in thylakoid membranes
[8]. We found that oxygen evolving enhancer protein from Kluai Nam Wa leaves had higher number of
multiple spots than M. acuminate Colla leaves. Moreover, the authors found that a low quality protein:
oxygen-evolving enhancer protein 1, chloroplastic-like, in Kluai Nam Wa leaves had higher intensity of
protein bands than in Kluai Ta Nee leaves.

Interestingly, we found that superoxide dismutase from Kluai Ta Nee and Kluai Nam Wa leaves
had multiple spots similar to that found in M. acuminate Colla leaves [4]. Superoxide dismutase acts as
the first line of defense against ROS. It is induced by cold stress in plantain (Musa paradisiaca L.; ABB
group) [2]. As the leaves of Kluai Ta Nee and Kluai Nam Wa were collected on 1** December, 2018,
superoxide dismutase found in this study may respond to low temperature in the winter season. In
addition, endochitinase was found in Kluai Ta Neg leaves, which was in agreement with that found in M.
acuminate Colla (banana) leaves [4]. The general function of endochitinase is believed to be the
hydrolysis of chitin in the cell walls of fungi and bacteria. Most of plant endochitinases are inducible
with wounding, cold, pathogen infections, or hormones, like ethylene, methyl jasmonate and gibberellins
[9]. In this study, four proteins (ribulose-1,5-bisphosphate carboxylase, oxygen-evolving enhancer protein
superoxide dismutase and endochitinase) in Kluai Ta Nee and Kluai Nam Wa leaves had multiple spots.
The differentiations of pI and/or molecular weight of these proteins are the results of post-translational
modification [4].
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Fig.1 2D-PAGE of Kluai Ta Nee (A) and Kluai Nam Wa (B) leaf proteins.
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Table 1. Summary of proteins identified by pI and molecular weight.

Banana leaves protein pl Molecular weight (kDa)
Experimental Theory Experimental Theory
Kluai Ta Nee
- Ribulose-1,5- 5.09 6.40 [4] 43 44.778 [4]
bisphosphate 6.71 44
carboxylase 5.40 40
5.90 40
'6.54 40
6.90 40
- Oxygen-evolving 5.26 8.26 [4] 28 27.775 [4]
enhance protein 6.63 28
- Superoxide dismutase  5.12 7.1[4] 25 25.823 [4]
5.41 25
5.85 25
- Endochitinase 6.94 6.07 [4] 15 14.295 [4]
7.60 14
7.94 14
Kluai Nam Wa -
- Ribulose-1,5- 5.82 6.40 [4] 44 44.778 [4]
bisphosphate 5.12 43
carboxylase 5.48 40
5.67 39
5.85 40
6.13 40
6.47 40
6.72 40
- Oxygen-evolving 5.14 8.26 [4] 28 27.775 [4]
enhance protein 5.45 28
5.70 28
6.06 27
6.38 27
- Superoxide dismutase  5.48 7.1[4] 25 25.823 [4]
571 25
595 25
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Table 2. Identification of the selected proteins from leaves of Kluai Ta Nee and Kluai Nam Wa identified
by LC-ESI-MS/MS.

Spot Match Protein name Score  Theory Calculated Sequence Peptide sequences
No. to coverage
(%)
Mw. Mw.
pl _ (kDa) pI (kDa)
Kluai Ta Nee
13 YP 008 Ribulose . 1,5- 522 6.23 5468 591 57 17% KDTDILAAFRYV,
854433.  bisphosphate RFLFCA EAIFKA,
1 ' carboxylase/oxyg REMTLGFVDLLD
enase large JREMTLGFVDLLR
subunit [Musa D, KDDE NVNSQ
textilis] PFMRW, KTFQGP
PHGIQVERD, KD
DENVNSQPFMR
W, KWSPELAAA
CEVWKE, KGHY
LNATAGTCEEM
- MKR
Kluai Nam Wa
18 XP_009 LOW QUALITY 508 677 3623 543 31 22% KRLTYDEIQSKT,
412420. PROTEIN: KRLTY DEIQSKT,
1 oxygen-evolving KRLTYDEIQ SKT,
enhancer protein KRLTYDEIQSKT,
1, chloroplastic- RLTYDEIQSKT,
like [Musa KDGIDYAAVTV
acuminata subsp. QLPGGERYV, KD
malaccensis] GIDYAAVTVQLP
GGERV, KDGIDY
AAVTVQLPG GE
RV, RVPFLFTIKQ,
RGGSTGYDNAV
ALPAGGRG, RGD
EEELSKENI KN,
KIQGVWYAQLE
Q

Conclusions (Optional)

The 2D-PAGE patterns of Kluai Ta Nee leaves revealed ribulose-1,5-bisphosphate carboxylase,
oxygen-evolving enhancer protein and superoxide dismutase with different pl and number of isoforms
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compared with the 2D-PAGE patterns of Kluai Nam Wa leaves. Moreover, 3 isoforms of endochitinase
were found in Kluai Ta Nee leaves only. The major protein, ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit found in Kluai Ta Nee leaves had higher intensity than in Kluai
Nam Wa leaves. However, a low quality protein: oxygen-evolving enhancer protein 1, chloroplastic-like
found in Kluai Nam Wa leaves had higher intensity than in Kluai Ta Nee leaves. The polymorphism of
these proteins found in Kluai Ta Nee leaves and Kluai Nam Wa leaves might be responsible for different
biological functions in each type. The further investigations are required to use other techniques for
identification, characterization and better understanding on functional properties of the proteins.
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Abstract:

This study compared the protein profiles in leaves of diploid and triploid banana to identify the differentially accumulated proteins
unique to each type of banana. Protein samples were analyzed by 2D-PAGE using IPG strip pH3-10. Fifty and 44 protein spots were
detected in leaves of Musa acumimata (BB group) “Kluai Ta Nee” and Musa Xparadisiaca (ABB group) “Kluai Nam Wa”, respectively.
Many spots of leaf proteins were corresponding to leaf proteins of Musa acuminate Colla (banana) reported previously such as ribulose-
1,5-bisphosphate carboxylase, oxygen-evolving enhancer protein and superoxide dismutase. Ribulose-1,5-bisphosphate carboxylase,
oxygen-evolving enhancer protein and superoxide dismutase in Kluai Ta Nee leaves had pls and number of isoforms different from those
in Kluai Nam Wa leaves. Three isoforms of endochitinase were found in Kluai Ta Nee leaves only. The major protein found in Kluai Ta
Nee leaves, which had higher intensity than that in Kluai Nam Wa leaves, was identified as ribulose 1,5-bisphosphate
carboxylase/oxygenase large subunit. A low quality protein: oxygen-evolving enhancer protein 1, chloroplastic-like, found in Kluai Nam
Wa leaves had higher intensity than that in Kluai Ta Nee leaves. The polymorphism of these proteins observed between leaves of Kluai
Ta Nee and Kluai Nam Wa would be possibly due to different gene expressions in each banana type and may result in different
functionalities of the proteins.
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