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Abstract

This study was conducted to assess the genetic diversity and relationship of 19 Thai
Musa accessions of four (ABB, AAA, AA, and 8B) genomes based on Random Arnplified
Polymorphic DNA (RAPD) and Sequence Retated Amplified Polymorphism (SRAP) markers. The
results revealed that thirteen RAPD and eight SRAP markers generated a total of 129 alleles
(calculated from 1005 amplified fragments), with sizes ranging from 100 to 2100 bp lone.
Moreover, both markers provided high polymorphism with average PIC value of 0.75, which
indicated a high level of genetic diversity amone studied Musa accessions. The UPGMA
approach based grouping showed two distinct clusters, which were cluster-l comprised of ABB,
AA, and BB genomes and cluster-ll consisted of only the AAA genome. Additionally, its analysis
demonstrated high genetic relationship within the ABB genome, compared to other (AAA, AA,
and BB) genomes. This study also confirmed that both RAPD and SRAP markers were proficient
tools for rapidly accessing the genetic diversity within ABB genome and armong other genomes,
Furthermore, both markers also proved useful for the further development of specific
molecular markers such as sequence characterized amplified region (SCAR) markers and

marker-assisted selection (MAS) tool.
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1.1 AUNLaEAUE AN

o

o

Na18 (Musa ssp.) Lﬂuﬁﬂmgauﬁmﬁagﬂuwﬁ Musaceae Faufninauau Southeast
Asia Wag western Pacific (de L.anghe et al., 2009) ﬁauﬂgrw%lﬂiuﬁuﬁwm%’au wavfedau ndae
Fatuliraimumaassgialudunsiinaragauasnisudszy (Boonruangrod et al, 2009)
1y ndamn (dried banana) laaausznauseandmidlasunisgs i fiuinaninasn

3

TnauasTnuvadengs fnunmuardnuasdsingid fa fFdnaeundes samnu wasiiiety
(@a1due1w1s, 2556) naneausauvaniy 4 ndulvg) 1w Muso acuminata (A genome,
2n = 2x = 22), Musa balbisiana (B-genome, 2n = 2x = 22), Musa schizocarpa (S- genome,
2n = 2x = 22) way Australimusa spedies (T-genome, 2n = 2x = 20) ﬂé’?ﬂﬁﬂqmﬁaﬁiﬂﬂuamﬁa
msfndmIngindaeiiliiiinga (seedless) Lﬁaamn%’dl‘timmmﬁmmaﬂmaléﬁmalﬁﬁmsmam’i’ué
(parthenocarpic fruit) Inendaewaniliinannnswaninmsssui (3oanud) sewinandagiily
Neu M. acuminata way M. balbisiana species Taufiunsntdonlaguyed (McKey et al, 2010;
Perier et al, 2011) ndr8@5udsznauld neal allopolypleid triploids (AAA; AAB; 38 ABB;
2n = 3x = 33) (Perrier et al,, 2011) ualaluwanewiia Wiy ndovila AAB-genome (plantains Ae
néaegniliilelfonss i lalilsam dsailianingldnnufoutoy Jagvhlingrefsawfivarudy
U ndewingyn) Wasnaieviln AAA-genome (dessert banana 19y Cavendish) %iin AAB (plantains)
waz i ABB-genome (cooking bananas) lundiefiiuagnilifogeusannuy fuussmuanlilag
Lifowriuausay (weeane, 2551)

ndaeni ¢l ABB-genome (cooking bananas) Lﬂma”qaﬁﬁmmﬁﬁ@mqLﬂwgﬁﬁ]a&m
inlulssvelve agiuaansadgnldimnnie Inaamgdmianvalantednduumdalgandas
it iaaludseme rardndnlvgignihuinsyudundremn Taedamiaguou Jamiaun

| - ) a oo v od oo 2 Y o @
nansuazautngen aulududiszau OTOP Uszanvinsdufiaiedodos adaseld 1uausansa
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2557) ogalsfoundasthidivareeneiud iun ndediuzddes (Realan) ndaadvhden ndae
urien ndgtrimzunand adreiiuviiesgua ndasi i iy uasndietiniuindes (udu
2/ g 2r = = f Q s < = o & &
(Lugyse, 2551) Iﬂanafwuﬂmaaaaeum’mmmsaumanﬂmmuLmsg"d Wukda NN
P P = a o o o
Lipe9nilvuavang sawIanIty nduven uasddais Liadanadufain1suenatandlenin
fvaglanifiuiustnannuagsings dwalilsnundnndgmnussauilymad e nandetin
urBgaaiilitfeanadmiunszurumsadn sldlssnundandenindasdundioannvaluunea
A s £ 2 1 = c:é 1
wnzgn (Menadindevanganeiiug) lWgnsyuruntaudn Jewnslon1smunuANMATHLALLINASEIY
nsudandean saensulsdibiiBdmiumsSuunuasszyaeiuindrnirinusdsessenan
2 or g
nengaefugay
TuedsdunsduunaesiugndelaanisnsaseusssUsvnaumaiusnsmsiludlug A uas/
wie B eravilsmansis Laund 35n15f9sanaindnvayniadus uivendiuay 15 standard
morphological descriptors (Simmonds et al,, 1955; Atom et al, 2015), v38 9ngUTHu3agUnsT
= 2/ = o J
duavasndrailudu (Mohammed et al, 2013), JennTvdsuiiuILgaveslatiulaunugiu
(ploidy) wagdstudnuulaslulay chromosome counting (Shepherd, 1999), 38n15an9uSidiuain
PuArasAUMIL LU U (stomata size and density) ﬁai’mmmaaazaam% (pollen
. . i Ay s v oo [y r o o«
grain sizes) (Tenkouano et al, 1998) amﬂsﬁmmﬁmQHawqmqamuaqmﬂmeﬂmamuum LUB93N
anmwuwindeudinasonsuanagenueduanMuAs NN IRLENIIN nasnTumMInTIvaauld
nauu wazvilseindwiunisnsiadaylufiagiaduauan wagliannnnreaouaeiugndas
Alauudsuriumesiugnssuties (de Jesus et al,, 2013) siasnaiinisldinadia Flow cytometry
o g ad = 1 =f o @ a9 or or . ¥ et w [}
FaluwIsn1InTIaILasiszdninmgdmiunsisaeuseeu ploidy tesnaandvfinuazduiu
1 Qs [Y) = = g i .
veegauasdlunuansniy Inensinuiinaesdibusluilua (Pillay et al,, 2006; de Jesus et al.,
2013) uawiauasl 2009-2016 dnsldiasasmnsiiluana Seflamgndeauiud asmanuazsin
vl | 2 [V = = i 9 ° o o
lagansnsanrageuldnausseziundt Fuasommnetiluanafiusvaumud§admivsiuunany
Wugndae Ldun (1) Random amplified polymorphic DNA (RAPD) marker (Kiran et al., 2015;
Shelke et al,, 2015; Resmi et al., 2015) (2) simple sequence repeats (SSR) marker (de Jesus et

al.,, 2013; Mahanti et al,, 2015) (3) sequence-related amplified polymorphism (SRAP) markers



(Zhao et al,, 2009; Dong et al., 2010) (4) internal transcribed spacers (ITS) marker {Liu et al,
2010; Hapsari et al., 2015) (5) satellite DNA marker (Cizkova et al., 2013) waz (6) 5'ETS- single
nucleotide polymorphism (SNP) (Boonruangrod et al., 2009)
ﬁ'ﬁ%mwmamﬂ%&ﬁﬁgmjmmaLﬁaﬁﬂmmmﬁmwmElmaﬁ’uqnﬁuuasnﬁizqmaﬁué
vasndmivh Tnelfiatomnediluanailvsnyay safudnusasmeduguine foradu

Usslasdadhanniuneasnsgugnndis Tssnus@andiemn aasnauannsetluldusslomiluns

Ysuuseiugiel lusun

1.2 Foguszend
WefnwavaInvatenaiugnsngesEiugnalstiTwas nateaeiusindides uas
w & W H a P [T | - a
syyangRugndeitiuydses (fivalan) lnaldinTasmuedaluans 9ia RAPD-, way SRAP-
o
markers (Uv 1)
1.3 YaulIn¥adlasinisifg
@ g w Y ow o 2o o & dar o oa Y =
1) usmngviugnansihinazanaiugndldssiugnluinadoiafivalan udigniiudas
Audduaiuuasianie@nnianens (Fugiivmnede) » 31900 a.adled 2. fvallan
2) Anwnanuaienadaugiuiveveandedrnazaeiuilnalie
3) Anwnanuvanviatemaiugnssuvesefiuindietrit Taelfissosunstlaena vin

RAPD-, iag SRAP-markers

1.4 vigud] auyfigu wasnsauuuiaudnvaslaninisise
v v od a s w ¥ o w ¢ ' AT
naeluiugnareiulsenuld asnasuauiudsevwinndasUwila AA-genome
o8 Vv W oo or or o o g et & 4
Way BB-genome yhlvindreiiauduudimeiugnssy anuasnsalunmsdfusiliiulalumadiug
vasusevAlve dwmiungindieri1 (ABB genome) Allarusennvansmeiugnasy namdeiivans
g lown ndedniwgdses naneiindden ndei i ndeiimzundd adedriwwies
I ¥ v o [ o & o 5 a a
gua wazndaenirvidu Wudu lneamuduudsiuenaiefuemsssued feraisainminas

g wienamiuinelusiadieiy Weamadwrla wanfinnnansdadenineuyud vinlhaandoe
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uiwangvangaeiug sgnlsinundisiiuaefuiidrvusmamgnumansindidesiuann
linsessdeudnyusndugnineufissodfarsnlidisaedansssyaneiug de
= 41 6w 1 P 3y ] ol ] U es r 14 g ¥ =i ]

anydgurihdvuudludnlilddudwiudmuasiaiugnaslungundieiieniianuusnsag
ar = @ a8 @F o & =1 ar

fu ilsannnifiadien aaraNiug wavnsnanawug daiilunsnyamuvaneranenaiugnssy
wazansduunaeiugndrslunqundreithamnsedldlaeldiniemnediluana RAPD-, SSR,
Way SRAP-markers 91991Uaddsauuandvasdsuvalufibueslungundsdand 1 uagenavh

9 @ & g g kY = 1 34 =q I -3 e
Weunsassymesiugnaeiniurideariilgnlunnamiansuan wanhdeysildluldluns

fussriufuasuulioiuglusuan
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2.1 fhwasneiugingivesndoy

ndne (Musa ssp.) Wuitrluidsafeftaglunsd Musaceae fausiiinannuny Southeast
Asia Way the western Pacific (de Langhe et al,, 2009) ﬁﬂuﬂgﬂﬁ;’ﬂiﬂuﬁuﬁmm%u wazhsdou Tne
Fatulikadinnumassegiadiunsuilaaraaauasnisussy Boonruangrod et al., 2009) ndae
hilirendugnuwelvg Tnedidrdiu vieddiuiien fwunandnasaniuanadyiulnmiefiuiv
drdfudsgnavdag Ay (petiole) uazwduly (lamina) grudwlutsasmiuniu nuflsausai

I 1o & Y o = T Y o 1 . 2 a
aghamnuiuihliiinaiuivisy dvihayinulu ngdlifivansagadnedull lussavusnvaaady

a6

[’
=5

vauvasuIzIIAiuAdevie eillusaaulnaflanasddu oy veunuitesatusiuiazuen
ananfiu (Simmonds et al, 1995) ANugavandneiianufunysunusgfuiugugnuas
ANMWIRABY LYY NauNAIEvasLATy (Dwarf Cavendish)iazgalszana 3-5 wns uazs ngundae
WeUNDY )Gros Michel) gz 7 was auiavadlunsn 9198711108 2.7 was waznina
60 Wuiiums wiuluilowialug Jangluam suluvevvunu Taulu S879n Tudnualddeanay

iliunadaesgadaluiidy sanduszsuusindes wdluvediuairannndmiauafedn

(ayasne Aandee, 2551; faendl ginda uazams ,2557)

2.2 3ulunvenaiy

néapannsauualu 4 nqulug) Wi Musa acuminata (A-genome, 2n = 2x = 22), Musa
balbisiana (B-genome, 2n =2x=22), Musa schizocarpa (S~ senome, 2n = 2x = 22)
waz Australimusa species (T-genome, 2n = 2x = 20) %éxiﬂéJ’JEJﬁﬁQﬂLﬁIE]U%IﬂﬂLLﬁSﬂQﬂL‘fJLlﬂTinf’l

&

daulngindrafildfiindn (seedless) iisarnisldausafuunlunaldlaelaifinisnaniug
(parthenocarpic fruit) Insndsmaininannsuaidumusisiyd (elaguyed) sznirndae
Ulungu M. acuminata wag M. balbisiana species ufumIfndenlaguyud (McKey et al,,

2010) shilmAanrmmansvaiglugiauasdruagndlug Tnsansodwundu 6 nau Idud s,



AAA, AB, AAB, ABB Uag ABBB (Simmonds et al,, 1955) nd1efisutszyuld (edible cultivars) d1u
dlml_jagﬂlumjm allopolyploid triploids (AAA; AAB; %38 ABB; 2n = 3x = 33) (Perrier et at., 2011) 1wy
néaengu AAB (plantains #ia ndegn Milailonssdne lfisawamu Sakasilianlaeldmmuou
Ao favvihlindreiisauiivutu Wy ndaevngn) Lagnid8ngu AAA (dessert banana L1
Cavendish) agu AAB (plantains) ua¥ ngu ABB (cooking bananas) %ﬁuﬂuné’wﬁﬁmaqﬂ iledousa

v Sulsznuaaldleglifeswinuaniou (ueyaine, 2551)

o ar & &/ P ar ar =
2.3 NFILUNATIWUINAIY Iﬂﬂi‘lfﬁﬂﬁmﬁ%‘iﬁﬁm‘;ﬁ"}u?ﬂﬂﬂ

£ b

nmsdaduundefugnaglasfiarsnnaindnvuzvnadagiuinga (morphological

3

characterization) 'a'mﬁ'un’ls?uﬂi"azﬁaaaLﬁaﬂim‘]umﬂwmawma'ﬁsijawﬁuﬁ: (Bhargava et
al. 2007) Tnadnwaryniadagiuineiididniidiuou 38 dnwas 18ud Leaf habit, Pseudostern
height (m), Pseudostem aspect, Predominant underlying colour of pseudostem, Blotches at
petiole base, Blotches colour, , Petiole canal leaf Ill, Petiole margins, Petiole margin colour,
Leaf blade length (cm), Colour of leaf upper surface, Colour of leaf lower surface, Shape of
teaf blade base, Colour of mid-ib dorsal surface, Colour of mid-rib ventral surface, Peduncle
length {cm), Peduncle colour, Peduncle hairiness, Bunch position , Bunch shape, Bunch
appearance, Rachis position, Male bud shape, Bract apex shape, Bract imbrications, Colour of
bract external face, Male bract shape, Wax on the bract, Presence of erooves on the bract,
Compound tepal basic colour, Free tepal colour, Free tepal shape, Free tepal appearance,
Free tepal apex development, Free tepal apex shape, Pollen sac colour, Dominant colour of
male flower, Fruit position, Wag Fruit length {cm) (Simmonds et al., 1995; Atom et al., 2015;
Singh et al., 2015)

fegnly dnvartesensnniie nuhdanuwandniuluidazarsfugndre dauandy

gﬂm 2.1



{ ar t 2 @ 1 ~ ar  § o2
JUR 2.1 dnvazansdononniteaediugineg Mlgnluniassiusuiugiiies Yucatan Uszing

Mexico. A; Musa coccinea, B: M. velutina, C: M. laterita, D: M. beccarii, E: M. textiles, F: M,
acuminata, G: M. balbisiana, H: dessert banana (AAA), |- plantain (AAB), J: tetraploid hybrid

(AAAB) and K: cooking banana (ABB) with two inflorescences. (Valdez-Ojeda et al., 2014)

I3 Y ¥
2.4 pnsdwmunaiviugnaay lngldintamusluana
<4 a o s v o o 2
mslfieSamsnediduaiednwarmeanaiemeaiugnssuasdaduunyiaveinds i
2 s P 1 o . . T 2 ! 5 1
mefumanewmailaildsamiu Polymerase Chain Reaction (PCR) wuiigadetusiugn uiuouuas
& v & ' Y v = o o o XA
T dlagausonTndeuladumsresdundt TnamTamuefdueitould Téun
1) tnaila internal transcribed spacer (TTS)-PCR internal transcribed spacers (ITS)
4 ¢ oi.’l 1 i [} -
marker 3adunisennuuulnsiwesfdusening ONA (3U 2.2) 19w sanuuulwswesonuw
IT51-5.85-T52 nntuinsdingudiu PCR product sgdilifiaduweaila Rsal sl Wugnssu

YBINEY A genome (Musa acuminate; AA), B genome (M. balbisiana: BB) wagnd181151 (ABB



genome) Lngsl¥ restriction enzyme-PCR product 9u1a 530bp #13U A genome %39 350 uay
180bp dm3U B genome (de Jesus et al., 2013)

uananil Hapsari et al (2015) :1897unslinaia TS dm3u PCR-RFLP Tnoldlwsies
ITSL (5-TCG TAA CAA GGT AGG CGT TTC TG-3 ) uay ITS4 (5-TCC TCC GCT TAT TGATAT GC-3)
Fanaiiuniziu 265 rONA 9 ntuhnsdadusin PCR product dedulesifnsimizeia Asal

18 fdwevun 530 uaz120bp dw3U A genome 138 350 Way 120bp 15U B genome

FDNA Lk

U 2.2 Tassa$ravialuaas ribosornal DNA unit @9usenaudaedanues 185, 5.85 and 265 rRNA
subunits Tnaildauuas interal transcribed spacers (ITS) wila (TS 459714 185 AU 5.85 DNA
uaw ITS2 Susewing 5.85 fu 285 DNA Lay intergenic spacer (IGS) us¥ning 285 fu 185 DNA Tu
895153m (Nwakanma et al., 2003)

2) 1¥aTesnunsiiduianiia Simple sequence repeat (SSR or microsatellite) marker
id Ma GSS8 (F: GAC AAA GCC GGC AAA AGT lay AG: R: CGG TAG GCA ACT CGT TCA AT) smuun

L4 o s

#@eiUSNaI8TINIL 50 cenotypes HANTIVAADINUTY N628 AA genome LLaUNEn Aueifidens
MR 733 bp, d3U BB genome THunundndusifidensuutn 652 bp dwdu (Mahanti et al, 2015)

3) Wedeamnefidoria Random amplified potymorphic DNA (RAPD) marker Uag Inter
Simple Sequence Repeats (ISSR) marker \Juip3asflofifiiusza@nsadrauindniunisinu
AnuduusaiugnIsueesndasganas (Musa acuminata x M. balbisiana) ¥im plantain (AAB
subgroups) a8 cooking bananas (ABB subgroups) mam‘smaaawudmgﬁ RAPD-maker 9l OPA-
18 (AGGTGACCGT) uay ISSR-marker ¥iln UBC-834 (AG)YT) @1u13049 M UAAMULANATIITE1I1

naaelungs AAB- uay ABB-subgroups 16 Tmelsk RAPD- wag ISSR-PCR product aunausvanaifies

750bp W30 950 Tundat AAB- %38 ABB-genome mudRU (Poerba et al,, 2010)



uanNil Resmi et al (2016) esuiensldiadamuneg RAPD iWosuunvainuatems
#ugnssuvasndlunguiluy diploid (AA, BB, uaz AB) waz triploid (AAA, AAB ay ABB) Tuwias
TUSWHUGNTINvRINAld UssineBuies nanaaaeswudn lwsweduila S-13 (TTCCCCCGCT) T
Lau RAPD-PCR product yuadszana 400bp Tundiedlun AA, AB, AAA uaz AAB (usildusingly
naae3lia BB uaw ABB genome) kagliiau RAPD-PCR product mnatszanal 320bp wag 1000bp
Tundnedluy BB uaz ABB genome (wiltiusnglundieTlun AA, AB, A uas AAB) uae Tnawesy
ia S-14 (TCCGCTCTGE) 1 uny RAPD-PCR product au1nvUss3u1as RAPD-PCR product 9116
Uszua 7000p Tundas3lun BB waz ABB genome (ualiiusinglundladlu AA, AB, AMA uas
AAB)

a) MheSeavsnefidiauiln banana repetitive DNA (159 DNA satellites) fugduiuadis
avoyindluustarsinvesdadldin Geaunsmhanliinwamamanvaisnsfugnssvesnded
aganglunazssninenguuadiluy A and B eenomes LU set of primers specific for CL18 and
CL33 satellites (Cizkova et al., 2013)

5) WiaTesmnaiifuasia Inter-Retrotransposon Amplified Polyrnorphism (IRAP) Ly
copia-IRAP primers wUd1l3 the B specific band single band w119 420 bp (AAB and ABB) wilsl
wuluy the AA and AAA cultivars (Nair et al, 2005) 1ilasin PCR product 119aNY Alul Wuaalw
wiafusiAiButasu e svana 200 bp Fuiuiy lundaengu ASB genomes unndrlundaends
AAB genomes (Pachuau et al, 2014)

uenanil Shelke et al (2015) B0 IRAP marker ¥l 1 3LTR aanseld

A799deU B-genome Tulmelviaufiduening 180 bp lundiedlu BB wazgnmes ABB (iud
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This chapter outlines how the study was carried out from DNA isolation,
quantification and standardization, RAPD- and SRAP PCR analysis, DNA of interest identification
and recovery from the agarose gel, cloning, sequencing, SCAR primer development and SCAR
primer fidelity testing. All these research experiments were conducted in the Naresuan
University, Centre of Agricultural Biotechnology (CAB) laboratory and the faculty of Agriculture,
Natural Resources and Environment, department of Agriculture (Lab-room AG2307). The plant

materials were collected from Agriculture Extension and Development Center in Phitsanulok,

3.1 Plant material and Sample preparation

Banana leaf samples were collected from 19 cultivars {Table 3.1) from ex-situ
germplasm collection in Agriculture Extension and Development Center, Phitsanulok (Figure
3.1) Fresh banana cigar leaf (200g) were cut, placed in ice box, and transported to the
laboratories in Naresuan University and placed in -20°C freezer for further application.

The leaf samples were washed with water, grounded using mortar in liquid Nitrogen

(N2 and put in 1.5ml microcentrifuge tubes and stored in -80°C.
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Figure 3.1 Banana (Musa spp) leaves sampling for genomic DNA extraction
Note: All samples were collected from Agriculture Extension and Development Center,
Phitsanulok, Thailand.

Only newly emersed, clean and disease-free cigar leaves were selected for sample

collection,



Table 3.1 Lists of Musa accessions used in this study

12

No. | English { local name) Thai name Genome | Cultivar

1 Kluai Nam Wa Tha Yang ﬂé’?&}ﬁﬁ’}ﬁ’]mﬂ ABB Musa x paradisiaca ]

2 Kluai Nam Wa Kab Khiao n&aetivhinuen | Ase Musa x paradisiaca

3 Kluai Nam Wa Mali-Ong ﬂﬁ”mﬁﬁms?{dm ABB Musa x paradisiaca

4 Kluai Hak Muk Thong naevingndvies | ABB Musa x paradisiaca

5 Kluai Hak Muk Nuan néedinynuia | ABB Musa x paradisiaca

6 Kiuai Nam Wa Dam AdaEhe ABB Musa x paradisiaca .

=

7 Kluai Nam Wa Neern ﬂé”;ﬂﬁﬁ’lﬁu ABB Musa x paradisiaca §

8 Kluai Nam Wa Nuan fan ﬂﬁ?ﬂﬁ'}*’fﬂu’aaﬁ’u ABB Musa x paradisiaca § :

9 Kluai Nam Wa Khiao néaeihiiden | ABB Musa x paradisiaca

10 Kluai Nam Wa U-bon ﬂé”mﬁﬁﬁqua ABB Musa x paradisiaca

i1 Kluai Nam Wa Phrarachthan ndaeii ABB Musa x paradisiaca
WITNUNTU

12 Kluai Nom i AEIEUN] ABB Musa x paradisiaca

13 | Kluai Hin naevy ABB Musa x paradisiaca

14 Kluai Nam Wa Pak Chong 50 ﬂé’?ﬂﬁ’l”f’tmnﬂad ABB Musa x paradisiaca

15 Kluai Hom Thong NAIIVBUNDI AAA Musa x paradisiaca

16 | Kluai Homn Khiao nangaLITe AAA Musa x paradisiaca g

17 | Kluai Nam Thai &gy AA Musa acuminata 1

18 | Kluai Tani Dam naen s BB Musa balbisiana

19 Kluai Tani nénenil BB Musa balbisiana

Note: Musa x paradisiaca indicates hybrid cultivars used for cooking and dessert bananas.
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3.2 Research instruments

Mortar and pestles, pipette, PCR reaction tubes, water bathe, vortex, micro-centrifuge,
microwave, thermal cycler T100, gel documentation system (gel tank, casting tray, UV trans-
illuminator and viewing monitor), spectrophotometer (Synergy H1), static incubator and

shaking incubator.

3.3 Genomic DNA isolation

Genomic DNA was isolated by using the Protocol according to innuPREP PLANT DNA
Kit (Analytik Jena AG, Germany). In brief, leaf samples were removed from the freezer and
400pl OPT Lysis buffer was immediately added to it and the mixture was vortexed and
incubated at 65°C for 30 minutes (vortexed after every 10 minutes interval). Precipitation
Buffer P (100ul) was added and mixed for 5 seconds by vortexing, and incubated at Room
Temperature (RT) for 5 minutes. The mixture was centrifuged at 12000rpm for 5 minutes and
the supernatant was then added into a Prefilter column, placed on a receiving tube,
centrifuged at 12000rpm for 1 minute. The flow-through solution was transferred into a 1.5ml
microcentrifuge tube and 4pl of RNase A was added, vortexed, and then incubated at Room
Temperature (RT) for 5 minutes, then SBS (DNA Binding) buffer (200ul) was added to the
mixture in the microcentrifuge tube, and then vortexed. The solution was added into Spin
Filter column, placed on the receiver tube and centrifuged at 12000rpm for 2 minutes and
MS (Washing DNA) buffer (650ul) was added into the Spin Fitter and centrifuged at 12000 rpm
for 1 minute. The flow-through solution was discarded and the process was repeated once
again. The filtrated was then discarded and centrifuged at maximum speed for 2 minutes to
remove ethanol residues and the Spin Filter was placed to an elution tube (1.5ml
microcentrifuge tube) and 30ul of elution buffer wés added in the middle of the filter,
incubated for 1 minute at room temperature and centrifuged at 8000rpm for 1 minute. The

flow-through solution (genomic DNA) was stored in -20°C for further uses.
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3.4 Genomic DNA qualification and quantification

1) Gel electrophoresis

Agarose (1%) was dissolved in 1 X TAE and heated to clear tiquid using microwave, and
then cooled to 60°C then 0.5ng/ul Ethidium bromide (EtBr) (Life Science Research, USA) was
added into the mixture in a Biohazard hood, then the mixture was poured into a balanced
casting tray fitted with combs and left to solidify for 40 minutes. The comb was removed and
gel tray was transferred fo gel tank, containing 1 X TAE buffer. the ¢DNA (1ut) was mixed with
4l 6x loading dye, 1pl RNase-Free water, and the mixture was loaded into the gel and aul
1kb DNA ladder RTU (GeneDireX, USA) was loaded in the first lane of the gel as a DNA marker.
The gel was run at 100 V for 30 minutes. The DNA bands was visualized under Uv

transilluminator (Vilber Lourmat, England) and then documented.

2) DNA quantification using microplate reader (Synergy H1)

The gDNA was quantified and qualified by a UvV-spectrophotometer at ODzgo and ODasg
nm (Microplate reader, Synergy H1 BioTek, USA) used in accordance to the manufacturer’s
manual. The microplates (loading plates) were cleaned with 70% ethanol and blanked using
the elution buffer applied for the DNA extraction as standard calibration for taking the readings.
DNA measuring parameters were set and DNA samples were loaded into the microplate reader
plates in duplicates. The double stranded (ds) DNA parameter was selected and the dsDNA
was quantified at the absorbance ratio of 260/280nm using the UV spectrophotometry. The
standard purity ratio for dsDNA lies between 1.6 - 1.8 (Table 4) according to the Gen5 Sample

Protocols, 20086.
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3) DNA normalization
Each sample of gDNA was diluted to working concentration of 25ng/ul prior to PCR
process in appropriate volume of RNase-Free Hy0, calculated using the concentration formula

CiVh = GV, on excel spread sheet,

3.5 Genetic diversity based on RAPD- and SRAP-PCR techniques

Initially sixty three RAPD were applied for amplification of 30 banana cultivars (Musa
spp.} but due to poor reproducibility of the primers and tack of consistent gene amplification
of some cultivars, only 13 RAPD markers and 19 banana cultivars were finally selected for this
study. Twenty four SRAP markers combinations were initially applied for this study but eight
were finally used for profiling the 19 banana cultivars. The two markers were both applied in
the PCR assay to maximize reliability and reproducibility on the profiling process.

1) RAPD - PCR technique

Standard PCR with OnePCR (Pre-mixed Taq.DNA polymerase, Buffer, dNTPs and loading
dye) (GeneDireX, USA) was applied to fingerprint 19 Banana cultivars (Musa spp.) {Table 3.1)
using thermal cycler BIORAD T100™, BIORAD, USA). The PCR amplifications were performed
using RAPD universal primers (Table 3.2) with total reaction volume of 25ul. The master mix
per reaction was as follows; 11.0pl OnePCR buffer, 11.0ul RNase Free-H,0, 1.0l RAPD primer
and 2.0pl template DNA. The PCR protocol was carried out with initial denaturation cycle at
95°C for 5 minutes and then 35 cycles of 95°C for 30 seconds, 25°C for 30 seconds, and 72°C

for 1 minute, the final extension was at 72°C for 5 minutes.
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Table 3.2 Thirteen RAPD universal primers, sequences

No. | Primer Sequences (5-3")

1 OPAO1 CAGGCCCTTC

2 OPAQ2 TGCCGAGCTG

3 OPAOS AGGGGTCTTG

4 OPDO7 TTGGCACGGG

5 OPDO8 GTGTGCCCCA

6 OPEO1 CCCAAGGTCC

7 OPE16 GGTGACTGIG

8 OPKO1 CATTCGAGCC

9 OPKO4 CCGCCCAAAC

10 OPKO7 AGCGAGCAAG

11 OPKO08 GAACACTGGG

12 OPK11 AATGCCCCAG

13 OPK12 TGGCCCTCAC

Note: Primers designated for RAPD-PCR were optimized to uniform annealing temperature.

2) SRAP - PCR technigue

Sequences-related amplified polymorphism (SRAP) primers (Table 3.3) were used to
amplify the 19 banana cultivars (Table 1) using Standard QuickTag master mix (Anatytik Jena,
AG Germany). The PCR reaction was performed by using eight SRAP primer pairs (Table 3) and
2.0l template DNA. The PCR condition was set with the initial denaturation at 94°C for
Iminute, and 5 cycles at 94°C for 1 minute, 35°C for 1 minute and 72 °C for iminute and
another 35 cycles at 94°C for 1 minute, 50°C for 1 minute, 72°C for 1minute and final extension

72°C for 5 minutes.
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Both PCR products were separated by electrophoresis on 1.5% agarose dissolved in 1

X TAE buffer, stained with EtBr.

Table 3.3 Eight SRAP primer sequences

No. Primer

Sequences (5-3")

Forward primer

Note: SRAP

research.

1 Me 1 TGAGTCCAAACCGGATA
2 Me 2 TGAGTCCAAACCGGAGC
3 Me 3 TGAGTCCAAACCGGAAT
4 Me 4 TGAGTCCAAACCGGACC
Reverse primer

1 Em1l GACTGCGTACGAATTAAT
2 Em2 GACTGCGTACGAATTTGC
3 Emd GACTGCGTACGAATTTGA
4 Emb GACTGCGTACGAATTAAC
5 Emé GACTGCGTACGAATTGCA
6 Em& GACTGCGTACGAATTCIG

markers designated for PCR amplification were combination from previous
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3.6 Data analysis

The PCR-amplicons generated by both RAPD and SRAP markers were considered as
independent putative alleles. Distinct and clear bands were selected and scored for presence
(1) or absence (0) of DNA fragments. A dendrogram based on hierarchical clusters was analyzed
by the UPGMA (Unweight Pair Group Method with Arithmetic mean) approach using FreeTree
and TreeView program version 1.6.6.

The generated data were calculated for Polymorphic Information Content (PIC) value
by using the formula, PIC = 1 - 2pi®. Where pi is the frequency of the i allele for individual
p applied on excel spread sheet as provided by CIMMYT Applied Biotechnology for genetic

diversity research (Warburton and Crossa, 2002).
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Nineteen out of thirty Musa accession initially collected were applied for the
genomic DNA extraction, quantified on gel electrophoresis and microplate reader (Synergy H1).
These ¢DNA were applied for RAPD and SRAP assay to access the genetic diversity for
specimens (14 ABB genome) and outliers (2 AAA, AA, and 2 BB genomic groups. Polymorphic
RAPD amplicons desienated for SCAR markers were identified, extracted, cloned and
sequenced. SCAR primers were synthesized and SCAR primers were screened for

authentication and fidelity.

4.1 Genomic DNA qualification

Genomic DNA was guantified for integrity on 1.0% gel in & X TAF buffer, stained with
EtBr. The gel electrophoresis was set at 100V for 1 hour then visualized on gel documentation
system. As shown in Figure 4.1, DNA bands corresponding to the ¢DNA (more than 10 kb) were
highly enriched, sharp, and without a smear. This indicated that the ¢gDNA in the samples were
of high quality and purity with no apparent DNA degradation. A band that was smaller than
3000 base pairs was faintly visible and there was no evidence of a band between the well,

indicating there was no detectable protein and polysaccharide contamination.
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Figure 4.1 Nineteen Musa accession showing DNA integrity

Note: the presence of some bright bands indicates high yield gDNA. M is a 1kb DNA ladder

RTU (GeneDireX, Inc., USA).

The spectrophotometer (Synergy H1) results also revealed high vield of the DNA, a
high concentration of 150.3ng/ul was cbserved in lane 11 and lowest was 26.2ng/ul at lane 4.
The results showed that the ODuge/ODwg ratios were within the slandard for dsDNA which
ranged between 1.6-1.8.nm (Table 4.1). The results indicated that the DNA vield and quality
were high and applicable for conventional PCR process as report in Quantitation and Purity of
Nucleic Acids (2008) The DNA was normalized to 25ng/ul by adding RNase-Free H,O calculated
using the formula C;Vi= CyV,, The working concentration of 20 - 25ng/ul was deemed suitable

for RAPD and SRAP PCR assay (Mukwa et al., 2016; Phothipan et al., 2005).



Table 4.1 Genomic DNA qualification and normalization of Musa accessions
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No. | DNA purity DNA Initial DNA Vol. of DNA (WC). Final DNA
OD260/ODqgg | Conc.(ng/pl) Vol. (ub) H,O () (ng/pb) Vol. (ul)
1 1.7 78.0 32.0 68.0 25 100
2 1.8 77.6 358 64.2 25 100
3 1.8 80.7 29.2 70.8 25 100
4 1.5 26.2 95.3 4.7 25 100
5 1.7 758 36.0 64.0 25 100
6 1.6 32.7 79.5 20.5 25 100
7 1.7 80.2 29.0 71.0 25 100
8 1.8 103 225 7.5 25 100
9 1.7 56.7 44.1 e \o2 25 100
10 1.8 120.7 22.0 78.0 25 100
11 1.8 150.3 16.6 83.4 25 100
12 1.7 88.3 24.0 76.0 25 100
13 1.8 129.0 20.0 80.0 25 100
14 1.7 76.8 34.0 66.0 25 100
15 1.6 149.0 16.8 83.2 25 100
16 1.8 78.5 36.0 64.0 25 100
17 1.7 80.1 31.0 69.0 25 100
18 1.6 78.2 33.0 67 25 100
19 1.8 80.0 325 67.5 25 100

Note: the DNA normalization was done by the standard concentration formula;

WC = working concentration
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4.2 PCR amplification

Sixty-three RAPD and eight SRAP markers were initially used to screen 19 Musa
accessions (Table 3.1). Only 13 out of the 63 RAPD (approximately 21%) and 8 SRAP markers
generated good guality PCR amplicons, and reproducible DNA-fingerprinting profites with high
consistency. Two randomly representatives of the RAPD markers (OPAQ7 and OPKO1) (Figure
4.2) and two randomty representatives of SRAP markers (Mel-Emé6 and Mel-Em8) (Figure 4.3)
were the best informative markers with clear and distinct bands. A total of 129 alleles
(calculated from total 1005 amplified fragments) were generated by the RAPD and SRAP
markers, out of which 79 alleles (532 bands) were generated by RAPD markers and 50 alleles
(473 bands) by SRAP markers with average number of bands of 40.92 and 59.13 as generated
by RAPD and SRAP, respectively (Table 4.2). Of these markers, OPDO7 and OPK08 generated
the highest number of alleles (9 alleles), and OPADS genecrated the lowest number of alleles
(2 alleles). All the alleles gonerated 100% polymorphic fragments. Moreover, these PCR-
amplicans sizes were ranged from 250 to 2100 bp as senerated by RAPD markers (Table 4.2)
and 100 to 1700 bp generated by SRAP markers (Table 4.2). The RAPD and SRAP-marker
amplified with a range from 2 to 9 alleles (an average 6.08 alleles per marker), and from 4 to
7 alleles (an average of 6.25 alleles per marker), respectively. These results indicated that
both markers were able to generate an almost similar average number of alleles per marker,
which agreed with a report from Simsek et al (2016), who found that the DNA extracted from
Cyclamen were successfully amplified by using RAPD and SRAP markers, with a simitar average

number of alleles per marker.
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Figure 4.2 RAPD-PCR amplicons profiles of 19 Musa accessions using OPACO7 (A), OPk01

(B) markers

Note: lane M indicates 1kl DNA RTU Ladder (GeneDireX, USA) and lane 1-19 refers to the lists

of Musa accessions in Table 3.1.
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Figure 4.3 SRAP-PCR amplicons profiles of 19 Musa accessions using Mel-Emé (A) and

Me1-Em8 (B) markers

Note: Lane M indicates 1kb DNA ladder RTU (GeneDireX, USA), and lane 1-19 refers to the lists

of Musa accessions in Table 3.1.
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4.3 Polymorphic Information Content (PIC) assessments

The PIC value was calculated between 19 Musa accessions using scored data from
both molecular markers. The highest PIC value was 0.87 as observed in the OPKO7 marker,
while the lowest was 0.44 as observed in the OPAQGS marker. Although the RAPD showed the
highest and lowest PIC value, in this study, the SRAP markers exhibited moderately high PIC
value across the cultivars which ranged from 0.84 as observed in the Me1-Em4 markers to 0.63
as observed in the Me2-Em1 markers. The average PIC value for both molecular markers was
0.75 (Table 4.2). In agreement with many reports, RAPD markers especially had been used
extensively with informative and reliable results in Musa (Kiran et al., 2015; Peng et al., 2008;
Jain et al.,, 2007). Moreover, SRAP markers also generated highly sienificant PIC values in this
study, which similarly reported in earlier studies and applied of SRAP markers for assessing the
genetic diversity in many other crops especially Musa (El-Shahed et al,, 2017; Li et al,, 2013;

Esposito et al., 2007; Bhat and Jarret, 1995).
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Table 4.2 Features of RAPD- and SRAP- PCR amplicons used for assessing genetic diversi

of the 19 Musa accessions. on

No. NM Sequences (5-3) NA NB PIC PPA (%6) AS
1 OPAOD1 CAGGCCCTTC 4 69 0.79 100 900-2000
2 OPAD2 TGCCGAGCTG 7 53 0.80 1600 400-1800
3 OPAC5 AGGGGTCTTG 2 63 0.87 100 850-1000
il OPDOY TTGGCACGGG g 54 0.83 100 500-1400
5 OPDO8 GTGTGCCCCA 8 32 0.75 100 350-1400
6 OPEO1 CCCAAGGTCC 6 33 0.55 100 600-2000
7 OPE16 GGTGACTGTG 5 54 0.83 100 600-1400
8 QPKO1 CAFTCGAGCC 5 56 0.82 100 1200-2100
9 OPKO4 CCGCCCAAAC 6 29 0.72 100 250-1500
10 OPKG7 AGCGAGCAAG 8 20 0.68 100 300-1300
it OPKD8 GAACACTGGG 9 27 074 100 300-1200
12 OPK11 AATGCCCCAG 6 30 0.85 100 520-1800
13 OPK12 TGGCCCTCAC 4 12 0.44 100 750-900
Total £9.00 532 - - -
Average 6.08 40.92 0.74 - -
1 Mel TGAGTCCAAACCGGATA 7 74 0.84 100 250-1400
Em4 GACTGCGTACGAATTTGA
2 Mel TGAGTCCAAACCGRATA 6 a7 0.74 100 250-1000
Emé GACTGCGTACGAATTGCA
3 Mel TGAGTCCAAACCGGATA 7 18 0.73 100 150-1000
Em8 GACTGCGTACGAATTCTG
4 Me2 TGAGTCCAAACCGGAGL & 39 0.63 100 250-500
Emt GACTGUGTACGAATTAAT
5 Me2 TGAGTCCAAMCCGGAGC 6 67 0.78 100 200-1000
Em> GACTGCGTACGAATTAAC
6 Med TGAGTCCAAACCGGACK 7 6d 0.78 100 250-1500
Em2 GACTGCGTACGAATTTGC
7 Mel TGAGTCCAAACCGGAAT 6 52 0.74 100 100-1400
Em1 GACTGCGTACGAATTAAT
8 Me3 TGAGTCCAAACCGGACC 7 80 0.83 100 150-1700
Em8 GACTGCGTACGAATTCTG
Total 50.00 473 - - -
Average 6.25 59.13 0.76 - -
Grand total 129.00 1005 - - -
Cumulative average - - 0.75 - -

Note: No. = Serial number, NM = Name of marker, NA = Number of alleles, NB = Number of
bands, PIC = Polymorphic Information Content, PPA = Percentage of polymorphic altele, AS =
Amplicons size (bp)
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4.4 Dendrogram analysis

The phylogenetic tree analysis among 19 Musa accessions was calculated by the
‘UPGMA approach, resulting into two major clusters (I and Il) (Figure 4.4). Cluster | comprised
of alt ABB, AA, and BB genomes while cluster Il comprised of only AAA genotype. Additionally,
it demonstrated that there was relatively high genetic relationship within the ABB genotypes,
compared to AA, AA and BB genotypes. In cluster |, the result was able to clearly separate
two sub-clusters, cluster l-a and cluster I-b. The cluster |-a contained only Musa ABB genome
(Kluai Hin, Nam Wa Ngern, Nam Wa Kab Khao, Mali Ong, Nam Wa dam, Nam Wa Nuan Jan,
Nam Wa Phrarachthan, Nam Wa Tha Yane, Nam Wa Khiao, Nam Wa U-bon, Pak Chong 50, Hak
Muk Thong, Hak Muk Nuan and Norm Mi). The sub-cluster I-b comprised of AA (Kluai Nam Thai)
and BB (Kluai Tani & Kluai Tani Dam). Cluster || comprised of AAA (Hom Khiao & Hom Thong)
only. Several publications have reported that the RAPD markers had high potential to provide
polymorphic and were capable to be applied in characterization of senetic variation of banana
cultivars (Peng et al., 2008; Jain ef al., 2007; Phothipan, 2005). The SRAP markers have been
also reported to generate hich polymorphic and could be applied in identification among

banana cultivars (Phothipan et al., 2005).
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Figure 4.4 Dendrogram depicting genetic diversity among 19 Musa accessions based on
RAPD- and SRAP-markers, using UPGMA cluster analysis approach from the FreeTree and
TreeView software version 1.6.6.

Note: All cultivars names start with Kluai, all specimens clustered in |-a and the outliers in b

and Il (Table 3.1).

These selected RAPD markers (OPA7 and OPKO1) and SRAP markers {Mel-Emé and
Mel-Em8) produced maximum number of strong, distinct polymorphic and reproducible
fragments (Figure 4.2 and 4.3) and were highly capable to be applied in genetic analysis of
other banana cultivars. Furthermaore, these studies demonstrated that RAPD and SRAP markers
were useful for classifying genetic relationship among the banana cultivars and feasible to be
used for further specific moiecutar-markers such as development of sequence-related
amplified regions (SCAR) markers and marker assisted selection (MAS) tool as supported by
former researches or for more specifying application among banana cultivars. (Bhatt et al,,

2017; Balazova et al,, 2016; Semsang et al., 2013; Sheidai et al., 2008; Phothipan et al., 2005).
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5.1 Conclusions

This study demonstrated that RAPD and SRAP markers were useful for classifying
genetic relationship among the banana cultivars. These two sets of markers distinctively
grouped the ABB genome separately from the AA and BB in the same cluster indication
of closed genetic ancestry while AAA genome was clustered separately indicating that
it was genetically of different parentage. It was also observed that selected RAPD
markers (OPKOL and OPDO7) (Figure 4.1) and SRAP markers (Mei/Emé and Mel/Em8)
(Figure 4.2) produced a maximum number of bright, distinct polymorphic and
reproducible fragments. These markers were feasible to be used for the further specific
molecular application such as the development of sequence-characterized amplified
regions (SCAR) markers.

Therefore this study concludes that;

1) The RAPD and SRAP markers were useful for assessing genetic relationship
among the banana cultivars as these two sets of markers were cbserved to
distinctively grouped the ABB genome and the AAA, AA and BB in to separate clusters

2) The distinct polymorphic bands generated by RAPD markers can be applied

for designing of SCAR primers for authentication of Musa accessions.
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5.2 Recommendations

These selected RAPD markers (OPAO7 and OPKO1) and SRAP markers (Mel-Fmé and
Me1-Em8) produced maximum number of strong, distinct polymorphic and reproducible
fragments (Figure 5.1 and 5.2) and were highly capable to be applied in genetic analysis of
other banana culiivars, Furthermore, these studies demonstrated that RAPD and SRAP markers
were useful for classifying genetic relationship among the banana cultivars and feasible to be
used for further specific molecular markers such as development of sequence-related
amplified regions (SCAR) markers and marker assisted selection (MAS) tool as supported by
former researches or for more specifying application among banana cultivars. (Bhatt et al,,

2017; Balazova et al,, 2016; Semsang et al., 2013; Sheidal et al,, 2008; Phothipan et al., 2005).

Figure 5.1 PCR amplification pattern showing the OPK07gs, fragment pointed by blue
arrow

Note: M is the 1kb DNA ladder RTU. Polymorphic fragment indicated with arrow in (Figure 9,
lane 3) is aligning with fragments in lane18 and 19 (BB genomes).
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Figure 5.2 PCR amplification patterns showing the OPDO08;sy fragment pointed by blue

arrow
Note: M is the 1kb DNA ladder RTU. Polymorphic fragment indicated with arrow in (Figure 10,

lane 14) is aligning with fragments in lane 15, 16 and 17 (AAA and AA genomes).

Both polymorphic fragments indicated that OPKO7 and OPDO8 had the ability to
amplify polymorphic fragments which carries the frasment of interest in Mali Ong and Pak
Chong 50 with ABB genome respectively. The results also indicated that the polymorphic
fragments would te cloned and sequenced to design SCAR primer as reported in similar study

by Pillay (2017), Yuan et al (2015), and Williams et al (1990).
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