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Abstract

Banana genetic resource in Thailand is highly diverse. This project was aimed to
survey, collect, and classify banana samples in order to assess genetic diversity and conserve
this invaluable resource. More than four hundred accessions of the bananas in Thailand
were collected and, during the course of this project, systematically investigated based on
morphology and molecular biology—i.e. Amplified Fragment Length Polymorphisms (AFLPs)
and DNA sequences (/TS and TrnL-F). The result unveiled 13 native and exotic species in
three genera including Musa, Ensete, and Musella. Among these, a species new-to-science,
Musa serpentina Swangpol & Somana was discovered along Thailand-Myanmar mountain
chain. Also, several new records and location will also be reported. Meanwhile, many
cultivars were found to be related to native accessions and some of the commercial ones
may have been introduced. Species and cultivar diversity, i.e. unique morphology and
utility, and rarity due to deforestation and unbalanced artificial crop selections for
monoculture, underline the importance of conservation of natural forest areas and the
banana genetic resources. Preserved and living specimens were duplicated and distributed
to selected herbaria, botanical gardens, and permanent collections in Thailand, in the hope
to ensure sustainable availability of genetic diversity for future scientific research and
conservation programmes on bananas in Thailand. Nevertheless, more natives are expected
to be found in unexplored fertile forests across the borders to neighboring countries and
banana expedition projects should be established in cooperation with researchers in

neighboring countries in the near future.
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Table 1. Banana accessions collected during the year 2008-2012

Trip Acces

Location Section

Species

Subspecies/Subgroup Genom: Local name

Common name

satrip1

imitripl

imitripl

satrip9
imitrip2
imitrip2
imitrip2
satrip1
satrip1
satrip1
satrip1
satrip3
satrip3

satrip1
satrip1
satrip1
satrip1

satrip1

satrip3
satrip3
satrip3

satrip3

imitrip2
satrip3
satrip2
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3
satrip2
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3
satrip3

1 nsgsvitin A, Y9aND 9. 111AD 3. INYTUTAL Musa
2 nsgdmiin g, visaue 0. lwIde 2. wvsugal Musa
33/2 3. 10 . §7u813 0. @3salan 2. gluiy Musa
4 Suouu Wdswuwseiandn Hesu nny. Musa
51 ny. AoudauendlranUznI3e 9. Wa Musa
6 uurwdnassinuiivhnseneu a. s Musa
7 . Wi 0. Untes 9. uasTvdun Musa
8 23-24 nowRldwasys u. inSanseide Musa
9528 N1aMAN 4 0. UT. 8. NTLYT 2. T¥UBI Musa
10977 0. A3¥Y3 3. W1 (N 11 0. nwsinu) Musa
111 9nmauensangn lWnenees 25 nu) Musa
12 seufisthanmenass 1. 93u 8. 1 4. 11U Musa
13 23uns . qui 0. Wdumszifesh 1. U Musa
14 5wy o quiy o, whisnAesh 9. Uy Musa
15 Jrumelis m. Uainde 9. Uy Musa
16 waFoulne . luidles o.1fles a.Muwanes
17 weiiseulve o ludes o.dles 2.Munanes
18 1. Fulvn W vsdoavied ua udnd nmu.
19 ®. LUt 9. wws N 138-139 N1enaw 11 Musa
2029t 82 1. 9 . aneui Ase. Aites 2. Y Musa
21 wns-aasivg (Uszanas 30 Ny naasivg) Musa
22 aaisoulne alwdles o.udles o.M unanys

a o

23 waiseulne aludles o.udles 2. Auwanas

24 FIUFHINTTUILIIEI IR Lon adns AN,
25 waiseulvne aludles o.udles 2. Auwanas
26 wasoulve aludles o.udes 2. Auwanas
27 wasoulve aludles o.dles a./unanas Musa
28 wasoulve aludles o.iiles 2. Auwanas
29 FIUFLHINTTUILIIEI IR Lon a9dns A,
30 UNWEN 0. WHANNTIY 8. AU 2. YUNT Musa
31 weisoulve aludles o.idles 2. Auwanas
32 maiseulve aludles o.iles 2. Auwanas
33 waisoulne aludles o.iles 2. Auwanas
34 maisoulne aludles o.iles 2. Auwanas
35 maoulne aludles o.ifles 2. Auwanas
36 aaiseulng aludos o.iles a.munanes
37 ugiseulng aludos o.fles a.munanes
38 augiseulng aludlos o.iles a.munanes
39 waisoulvne nludles o.udes 2. Auwanas
40 wasoulve nludles o.dles a./unanas Musa
41 waisoulvne aludles o.udles 2. Auwanas
42 wseulve aludles o.udles 2. Auwanas
43 waiseulve nludles o.dles a.Munanas Musa

44 piseulve aludles o.illes 2. Auwanes

45 aai3oulve o ludles o.1dies 9.Munawnys Rhodoclamys

a6 waiseulve o ludles e.udles a.Munanes
a7 wadoulvne aludles o.ifles 9. Auwanas
48 wadoulny nludles o.1fes 9. Auwanas
49 wsiseulve o ludles e.udles a.Munanes

50 weideulne aludles oiiles 2. Auwanas

Musa acuminata
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Musa balbisiana
Musa balbisiana
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
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Musa cultivar
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Musa cultivar
Musa cultivar
Musa cultivar
Musa cultivar

Musa cultivar

siamea AA
Il
BB
BB
malaccensis AA
malaccensis AA
siamea AA

siamea (burmanica?) AA
malaccensis Kra Isthr AA
malaccensis AA
malaccensis AA
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BBB

ABB
ABB

siamea AA
BB

siamea AA
BBB
BBB

BBB
ABB
siamea yellow bract AA

ABB

WUNYTYTRI
ANYTYI0I
andlanssalan
n1ilny
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Ynwman
Yrnsngudu
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U1szueil
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RDIVAT RN
mitidunsldude
WUl
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Khae Phetchabun
Hok Phetchabun
Tani Sawankhalok
Tani Nu

Pa Lam Pakarang
Pa Khao Lak

Pa Dong Phaya Yen
Pa Kroengkrawia
Pa Ranong 1

Pa Phangnga 1

Pa Bang Hin Pli Tang
Tani Tat Luang
Tani Kiu Chan

Hok Nan 1

Hok Nan 2

Tip Mukdahan
Theppharot

Hom Khieo Khom
Pa Huai Rai

Tani Phu Phiang

Pa Uttaradit
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Saba Mongkhon
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Lep Chang Ku
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aniifusi
AU
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@

vieullefugs

Nom Mi

Teen Tao

Tani Lang Suan
Khai Thong Ngoei
Ngoen

Nom Sao

Hom Kariang

Hak Muk Nuan
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Khai Kamphaeng Phet
Khai Suan Phueng
Pa Rayong

Tani Dam
Namwa Ngoen
Langka

Tani Kip Ma

Tam Nuan

Bua Si Chomphu
Nang Klai Surin
Man

Kung Khieo

Sa

Hom Khieo Ton Sung



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup Genom: Local name Common name
satrip3 51 aiiseulve aludies o.dles a.Munawys Musa cultivar ABB  thiweddes Namwa Mali-Ong
satrip3 52 waisoulve aluiles o.fles a.funanys Musa cultivar AA Hrmnn Nam Mak
satrip3 53 waisoulve aludles o.fles a.funanys Musa cultivar AAB  Seew Roi Wi
satrip3 54 uniseulve aludles o.idles a.unawys Musa cultivar AAA VBN Thong Khak
satrip3 55 aniseulne o ludles o.idles a.munawys Musa cultivar AMA thua Nam Nom
satrip3 56 awniseulve o ludles o.1les 9. unawys Musa cultivar AAB  viBsdu Thong Som
satrip3 57 weiiseulne aludles o.fes 2.Munanes Rhodoclamys Musa (aterita LL Tddu Bua Si Som
satrip3 58 waliseulny nludles o.ifles 9. Auwanes Musa cultivar ABB  lalusa Khai Boran
satrip3 59 weiiseulny nludles o.ifles 9. Auwanas Musa cultivar AA poNTun Hom Chan
satrip3 60 waiiseulny nludles o.ifles 9. Auwanas Musa cultivar AABB  ily 03 FHIA 03
satrip3 61 asisoulne o lwdles o.udfles 9./ unawys Musa cultivar AAA  vieumast Hom Thong Pa
satrip3 62 aaisoulne o lwdles o.dfles ./ unawys Musa cultivar AA Buiieuns Lep Mue Nang
satrip3 63 waisoulve aludles o.fles .M unanys Musa cultivar ABB  tdumnsty Namwa Maharat
satrip3 64 wasoulne aludles o.les .M unanys Musa cultivar BB hiuna Narmwa Nuan
satrip3 65 waiFoulne aludes .des v.hunanys Musa cultivar ABB  ¥inynnes Hak Muk Thong
satrip3 66 wAiFoulne aludes ides v.hunanys Musa cultivar ABe  rgnlds Namwa Luk Sai Dam
satrip3 67 auniseulve aludles o.idles a.munawys Musa cultivar AAB  AINUATAIIIA Langka Nakhon Sawan
satrip3 68 sl aludles o.idles 9. unawys Musa cultivar AA laves Nua Thong
satrip3 69 mazoulne aludles o.dles o.M unanys Musa cultivar ABB e Khai Chumphae
satrip3 70 saFoulne alwdles o.dles .M unanys Musa cultivar AMB  dhunBeduml Nam Nom Chiang Mai
satrip3 71 saFoulne alwdles o.dles o.M unanys Musa cultivar AA NoINBNYLN Thong Dok Mak
satrip3 72 auiiseulve aludles o.dles a.funawys Musa cultivar AB  laeSazing Khai Si Sa Ket
satrip3 73 saiFoulne alwdles o.dles a.funanes Musa cultivar BB dudsee Nam Chiang Rai
satrip3 74 saFoulne alwdles o.udles o.M unanes Musa cultivar A Yauenles Pisang Ampiang
satrip3 75 saFoulne aludles o.udles .M unanes Musa cultivar ABB e Namwa Khom
satrip3 76 saFoulne aludles o.udles .M unanes Musa cultivar ABB  a@nuliioufiang Sam Duan Phichit
satrip3 77 saFoulne alwdles o.udles a.funanes Musa cultivar A VeuMemAdRY Hom Thong Phon San
satrip3 78 saFoulne alwdles o.udles .M unanes Musa cultivar AAA  touAINdUATEITIA  Hom Thip Nakhon Sawa
satrip3 79 waFeulve o lwdles .dles .M unanas Musa cultivar ABB  vnynidien Hak Muk Khieo
satrip3 80 aiFeulve o lwdles .dlos .M unanas Musa cultivar ABB  8%maua E-Ngao Ubon
satrip3 81 waiFeulve o lwdles .dles a.Munanas Musa cultivar ABB  wiuwnen Phama Hak Kuk
satrip3 82 aaFoulne alwiles o.udles .S unawys Musa cultivar ABB  tldunsumsiun Namwa Sai Dang Nakho
satrip3 83 auaisoulne alwdles o.udles .S unawes Musa cultivar AA uddn Sae Ma
satrip3 84 aaFoulne wlwdles o.udles .S unawes Musa cultivar AA VG Hom Champa
satrip3 85 auaisoulne alwdles o.udles .S unawes Musa cultivar ABB UMM Nang Phaya
satrip3 86 wanseulne nludles o.iiles 2. Auwanas Musa cultivar AAA  Viourew Hom Khom
satrip3 87 waseulne nludles o.iiles 2. Auwanas Musa cultivar ABB  Aulngydunmys Tip Yai Chanthaburi
satrip3 88 ausisoulne aludles o.udles a.funawes Musa cultivar ArB alluuge Khai Non Sung
satripd 89 BUWINIAl ALYRqEaNe 8. ABUANS A.48gN Musa Musa acuminata  siamea AA e Pa Phu Khieo
satrip4 90 vu.thsan alanuu e.dmum ﬁ].L‘W“zjiyJizﬁ Musa Musa acuminata  siamea AA tdmunt Pa Nam Nao 1
satrip4 91 a. v edhmum ﬁ].L‘W“UiyJiﬁﬁ Musa Musa acuminata  siamea AA Uiz Pa Nam Nao 2
satrip4 92 Jrnanties SN 8L ﬁ].LW“DiUviﬁﬁ Musa Musa acuminata  siamea AA U3 Pa Nam Nao 3
satripd 93571 4. Urunas m Wesnan @ Unaw 9 188 Musa Musa balbisiana BB anfifsanay Tani Chiang Klom
satripd 94 171 4. Urunae m Wesnan @ Unam 9 188 Musa Musa acuminata  siamea AA Yugeanau Pa Chiang Klom
satripd 95 wnekaY 211 W1eanUInyeUsEIN 2 ny. Musa Musa balbisiana BB o Tani Pak Chom
satrip4 967 Unnau © 1 Wsauneufanan wnm. nu.0 Musa Musa acuminata  siamea AA Urnew Pa Pak Tom
satripd  97)13 nal. 6263 . Veln o. ddne 1. wae Musa Musa acuminata  siamea AA Yrpuding Pa Dan Sai
satrip4 98 vl o. uaslng 9 ﬁwaﬂ,aﬂ nu 61-62 Musa Musa acuminata  siamea AA Yupsing Pa Nakhon Thai
satripd 9939 my 3 0. Jaunuau o. Ywes A. Ruaylan Musa Musa acuminata  siamea A Urdaunueu Pa Wang Nok An
satripd 100 k8 2196 A. Yjaae 8. LR 2. inysysal Musa Musa itinerans I NLVIAD Hok Khao Kho



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup Genom: Local name Common name

satripd 101 /@saiFuge . WIAe 8. LR 2. inysysal Musa Musa acuminata  siamea AN unde Pa Khao Kho
satripd 102 1UURYTIANNEAY B, WNSAY 2. d5¥UT Musa Musa acuminata  siamea AA Unsgnmsany Pa Phra Phuttha Chai
satripd 103 WHWULLﬁJ‘U’laVQMﬁmS 9. WNERY 3. zﬁmﬁ Musa Musa balbisiana BB mﬁﬂ’lWixW%ﬁmﬂ Tani Phra Phuttha Chai
imitripd 104 1Tu3HME 6. NSndetiud . e 9. YUNI Musa Musa acuminata  malaccensis Kra isthr AA “L‘JW;JW? Pa Chumphon
mitripd 105 36 Wﬂ' 12 0. 3993N9 9. NS 9. YUNT Musa Musa acuminata  malaccensis Kra isthr AA Ur¥amene Pa Wang Tako
imitripd 106 3wy 1 o Javnu e, weldie 2. yuns Musa Musa acuminata malaccensis Kra isthr AA Yty Pa Pang Wan
mitripd 107 sue 35 1y 18 . neldy 0. weldy 9. gums Musa Musa acuminata malaccensis Kra isthr AA Ynglfiz Pa Phato
imitripd 108 17elld . uren ﬁ'aéwmaqmﬁﬁw 2. 95UBI Musa Musa acuminata malaccensis Kra isthr AA Ualsznna Pa Hat Praphat
imitripd 109 nmm"mgnﬁa a. navditfen o. 1fles 2. nsel Musa Musa acuminata  malaccensis AA ﬂﬁmg%?i’a Pa Wat Tham Sua
mitripd  1103nsa¥naude n. nsvdites o. dles 4. nsed ? A TSwdetednde R Malet Wat Tham Su:
imitripd 111 58 Uhwvindeu g, 1w1asw 9. Wea 4. nsxd Musa Musa acuminata  malaccensis AA Uvihueunassdes Pa Tha Pom Khlong Sor
mitripd 112 WIWUAURYAN A, AABIEN 8. 8198 9. NSzD Musa Musa acuminata  malaccensis AA Jnaosen Pa Khlong Ya
mitripd 1131308719 Aednednanans 4. uAsAIsIINSIY Musa Musa acuminata  malaccensis AA Yrgenan Pa Chang Klang
imitipd 114 5. wsvalan 8. WINUAS 1. UATASEIIUIIY Musa Musa acuminata  malaccensis AA thdhaamsvalan  Pa Namtok Phromlok
imitripd 115 19d1@uens 0.8va 9. Ava UATASEIINIIY Musa Musa acuminata  malaccensis AA Urdva Pa Si Chon
mitipd 11613 5 0. vguv 8. NYaudng 9. a31u51H Musa Musa acuminata  malaccensis AA - Uwingun Pa Ta U-tae
mitipd 117 11sugsen a. Tause 0. e 2. a9us1ll Musa Musa balbisiana BB mnilunwzien Tani Bang Marot
imitripd 118 8 200 U 9. WAaNNTIY 9. NAIEAIU 9. YUNT Musa Musa acuminata  malaccensis Kra isthr AA Ymdsau Pa Lang Suan
satrips 119 wlufes a. vimia 8. Auduazain 3. 91903 Musa cultivar A Teszdsunm Niu Chora-ke Amphawa
satrip5 120 huey n. vinda 0. dudiuazann 2. 519U3 Musa cultivar AN uwTe Saero
satrip5 1211duSew a. vinda 0. dudiuazann 2. s19Us Musa cultivar ArA - laveu(nziewidey) Ta Kui Noe Mu
satrips  12273luFee 6. vivda 8. duduazein 9. 91903 Musa cultivar AAB  uN@1IREU1IAS  Nom Sao Tanao Si
sottripl 123 Unldusiuns g1, auills 0. wiums 2. Boslwd Musa Musa itinerans I P QIEIEN Hok Mae Taeng
sottripl 124 1euserndvhedie o. uluns 2. Fedvl Musa Musa itinerans I Vet Hok Huai Nam Dang
sottripl 125 1euserndvhedie o. uluns 2. Wedl Musa Musa sp. Yy sp.1 ¥ethds  sp. 1 Huai Nam Dang
sottripl 126 236N 6. thaon 0. Urazd 9. widesdeu Musa Musa acuminata — siamea (burmanica?) AA Yndosunal Pa Muang Pam 1
dottripl 127 23U . ﬂgﬂaaﬂ 0. U1awzAn 9. wilgesaou Musa Musa sp. YY sp. 1 Wosknu2 sp. 1 Muang Pam 2
sottripl 128 wadndSAn a. wilusu o, wilsy 2. Wedval CaliMusa  Musa gracilis GG ATUT Si Nara

129 U 9%. AADIATU 0. AABIATU 3. NUNILNYT Musa Musa acuminata — siamea (burmanica?) AA ththanpaosa  Pa Namtok Khlong Lan

130 ANUNATIEY . ANNElne 9. Wunse 9. 71N Rhodoclamys Musa laterita LL Thddununsy Bua Phop Phra

131 . Wednilvg 8. Fafiu 9. UseaauAstus Musa Musa acuminata  microcarpa AA Unazy Pa La-u

1321799 7. VUINTE 0. UInT09 9. UATTIVENT Musa Musa acuminata  siamea AA Urvuansy Pa Khanong Phra

133 MuanfansyunadndEng wa andng nn. Musa cultivar AA wuriuwh Wan Tap Maeo

134 Muafanszunadndsng e andng o Musa cultivar AA NouATAINY Hom Si Sa Ket
mitripS 1357 g WgwinGes 0. wianTgau 2. InYsys Musa Musa balbisiana BB enilvewinies  Tani Huai Mae Phriang
imitrip5 1361 9. FeLnua 8. UN9azWIY 2.U53URsIus Musa Musa acuminata microcarpa AA ihmnungeu Pa Namtok Kha-On
imitrip5 137 528 19viand 4 9. AUs. 8. ﬂiz‘tff 9. YUY Musa Musa acuminata  microcarpa AA U155Up32 Pa Ranong 2
mitrips 138 Suauuuuamdnasdwudivhnisgneu Musa Musa acuminata  malaccensis AA Y man2 Pa Khao Lak 2
mitrip5 139 ¢ 4 na. 185/1333 a. fiuya o. Wes 2.4 Musa Musa acuminata  malaccensis AA Yiuya Pa Thap Put
IMItrpS 140 198U 4. 4 f. WUL 8. WuY 3. 91945518 Musa Musa acuminata  malaccensis AA Uy Pa Phanom
mitripS 141301041, 92 f.ARBIEN B.WUY 3. 31945511 Musa Musa acuminata  malaccensis AA Unavsan Pa Khlong Sok
mitrips 142 {3 315 6. WA As 0. quATIY 9. ¥UR3 Musa Musa acuminata  malaccensis Kra isthr AA UrAaaunm Pa Khlong Nakha
mitrip5 143 1 nvauens1anga lumsnewes 25 nw) Musa Musa acuminata  malaccensis Kra isthr AA Yruneiiu Pa Bang Hin
imitrip5 144 auit 1/8 1.5 a. n316un3 0. 1509 9. SzUBI Musa Musa acuminata malaccensis Kra isthr AA Umseung Pa Sai Daeng
imitrip5 145 118 31. 8 . wdn 0. @ 2. YUNT Musa Musa acuminata  malaccensis Kra isthr AA Jundn Pa Na Sak
mitrips 146 ugnevieu 9. W‘@L?ﬁiy 0. YUy . YUNI Musa Musa acuminata  malaccensis Kra isthr AA ﬂwaﬁm%ig Pa Hong Charoen
imitrip5 147 13191 0. AaIH 0.1184 1. UszauAsius Musa Musa acuminata  siamea AA Y1pudans Pa Dan Singkhon
sottrip2 148 saaudn a. Tednde o. vueade 1. Unusil Musa cultivar AP viewmesliniu Hom Thong Taiwan
satrip6 149 1Nans g, Untes v, Undes 2. uATTIYEIN Musa cultivar AAA vesmamTsyE(as Hom Thong Phetchabur
satrip6 150 Nans g, Untes o, Undes 2. uATTIYEIN Musa cultivar AAB vl (fFums) Khom (Surin)



Table 1. Banana accessions

collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup Genom: Local name Common name
satrip6 151 n@as a. Unes 8. Untes 9. uasTvdun Musa cultivar ABB  ladusansmn Khai Maha Sarakham
satrip6 152 1@ns m. Untee 9. U1nges 9. uassvdEn Musa cultivar ABB  dhilewns Niu Mue Nang
satrip6 153 1@ns m. Untee 9. U1ntes 9. uassIvEun Musa cultivar ABB  dulsladnuig Som Mong Lampang
satrip6 154 1ans . Unves o, Untes 2. uATTIYEIN Musa cultivar AAB U (Hng) Chin (Phatthalung)
satrip6 155 ndns @, Unte9 0. U1nTo 9. UATTIWENT Musa Musa acuminata  zebrina AA NAIINIY Thahan Phran
satrip6 156 @3 m. Untoe 9. U1nTed 9. uATIvEN Musa cultivar AA fnes Niu Nang Ram
satrip6 157 nans . Untes 8. Undes 2. uATTIwEIN Musa cultivar pge  drldndesgua) Namwa Sai Luang (Ubor
satrip6 158 N@ns m. Untoe 9. U1nTed 9. uAITIvEN Musa cultivar AAA - lawszazues Khai Phra Tabong
satrip6 159 M@ns m. Untee 9. U1ntes 9. uAITIvEN Musa cultivar ABB  Aulvajoua Tip Yai Ubon
satrip6 160 N@ns A, Unyes 0. Untes 9. uAsTIvENN Musa cultivar ABB  tmsunas Namwa Tanao Si
satrip6 161 1n@ns . UnUes 0. Untes 9. uAsTIvdun Musa cultivar AAA 1380 Khieo
satrip6 162 1@ns m. Untee 9. U1ntes 9. uATIvENn Musa cultivar AA Fudneasvan Nam Lek Songkhla
satrip6 163 1@ns f. Untoe 9. U1ntes 9. uATIvENn Musa cultivar ABB LWy Thep Phanom
satrip6 164 1@ns m. Untoe 9. U1ntes 9. unTIvEN1 Musa Musa balbisiana BB snflwdloutasuings Tani Nua Pak Chong
satrip6 165 1M@ns m. Unted 9. U1ntes 9. uATIvENn Musa cultivar AB NoUNDIHXAT Hom Thong x Tani
satrip6 166 @3 m. Untoe 9. U1ntes 9. uassIvEun Musa cultivar ABB  thiwemies Namwa Thong Ma-Eng
satrip6 167 @3 m. Untoe 9. U1ntes 9. uasTIvEn Musa cultivar A8 1h e.aaeslt Nam A-chan Chalongch:
satrip6 168 1@ns f. YNt 8. Untes 9. uass1wdun Rhodoclamys Musa velutina W J90504 Rung Arun
satrip6 169 N@as g, Unyes 0. U1nee 9. UATTIWANT Rhodoclamys Musa ornata 00 Jadsing Bua Si Muang
satrip6 170 1M@ns m. Unted 9. YNt 9. UATTIvENN Musa cultivar BB hiden Namwa Khieo
satrip6 171 1M@n3 m. Unted 9. U1nTed 9. uATTIvENN Musa cultivar AAB WU Wan
satrip6 1721w 9. Tangne 9. UInTed 9. UATTIVENT Musa Musa acuminata  siamea AA Ututingae Pa Ban Pa Kluai
satrip6 173w 9. Tangne 9. UInTed 9. UATTIVENN Musa Musa acuminata  siamea yellow bract AA YrAmdesthulni Pa Pli Lueang Ban Pa Kl
satrip6 174 whwAtdnn alandde eidles vaswuiy Musa Musa acuminata  siamea AA U1aden Pa Pang Sida
satrip6 175 A@0EAT ANV B.808ATT . JUNYT Musa Musa itinerans Il UNLYIEBEA Hok Khao Soi Dao
satrip6 176 A@BEATY ANV B.808AT 1. FUNYT Musa Musa acuminata  siamea AA Yunaeen Pa Khao Soi Dao
satrip6 1771 Aaesnu a.vUlng alahteu 1. Junys Musa Musa acuminata  siamea yellow bract AA Juamansnanimi Pa Pli Lueang Khlong Te
satrips 178 uaaasmil aviulns @ Ttwth¥ou 2. $unys Musa Musa balbisiana BB ilmanimil Tani Khlong Tani
satrip6 179771 Tulavil 3 1.7 a.unas o.ileq @ Funy3 Musa cultivar AMB ndy Klai
satrip6 18071 Tulavil 3 1.7 a.unas o.iles 2. 5unyE Musa Musa acuminata  siamea AA draunsion Pa Saun Phon Bida
satrip 181 Avaing M. wana Ase. lAvEIgY 9.3unY3 Musa Musa acuminata  siamea AA Unbwnnseiis Pa Namtok Krathing
satrip6 182 NUWARIIALYITLIN-AUTIN B.4N8Y 2.55883 Musa Musa acuminata  siamea AA Ynv e Pa Khao Chamao
183 4Ini5 was fiansTIEW A VIt aval. Musa Musa balbisiana BB MiANe1denesgu  Tani Thong Suk College
184 w1, Buiwn w29 Yadasios 1un NaNA N Musa cultivar pa - thdumm Nam Amphawa
18519 0. dUla 1. gAshug seasiariy 4. gl Musa Musa acuminata  siamea A Uiduua Pa Lap Lae
satrip7 186 waniseulne nludles o.iiles 2. Auwanas Musa cultivar AAB 99 Nga Chang
satrip7 187 waniseulne nludles o.iiles 2. A uwanas Musa cultivar AB mlu Kani
satrip7 188 waniseulne nludles o.iiles 2. Auwanas Musa cultivar MB 3 Chi
satrip7 189 mataulve alwdles e.fios a.fhununys Musa cultivar AMA wndnumeskngll - Nak Yak Thong Pha Phu
satrip7 190 auiiseulve o ludles o.dles a.Munawys Musa cultivar ABB  thavld Nam Lawo
satrip7 191 aaFoulne alwdles o.udles .M unanes Musa cultivar ABB  tiwaadums Nam Wa Nuan Chan
satrip7 192 aaiFoulne aludles o.udles ./ unawys Musa Musa acuminata  banksii? AA lan Flava
satrip7 193 aai3oulne alwdles o.udles a.funanes Musa cultivar AMB  iiln Nam Thai
satrip7 194 aaizoulne o lwdles o.udles a.fumnawes Musa cultivar AAA  laineasas Khai Thong Ruang
satrip7 195 waiiseulny aludles o.iiles 2. Auwawes Musa cultivar AB  thehn Nam Fat
satrip7 196 augisoulne o lwdles o.dles 9./ umnawys Musa cultivar ABB 79 Chang
satrip7 197 u g nonilva 8. AABsaY L.MuNINYS Musa Musa acuminata  siamea (burmanica?) AA thihanpaeshlva Pa Namtok Khlong Nam
satrips 198 luSee . vinla 8. Anduazain 3. 919U3 Musa cultivar AA Chai
satrip8 199 1M 42 M. AABINIIY B. WINT 1. @Al Musa Musa acuminata  malaccensis AA JrAavamnse Pa Khlong Sai
satrip8 20046 NNNA 42 f. UM 9. WA 2. @A Musa Musa acuminata  malaccensis AA Y Pa Na Thawi



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup Genom: Local name Common name

satrip8 201 10 4. 5 a.azuuy 9. dxngoy 9. @wal Musa Musa balbisiana BB aflazuvu (Pisang ( Tani Chanae
satrip8 2021 N a.ezzydiy 8. Tuiltan 1. sxan Musa Musa acuminata  malaccensis A Umzingyiy Pa Tanopu-te
satrip8 2038 . pAvumz R 0. Tulsam 2. svan Musa Musa acuminata  malaccensis AA ﬂwﬁwmnqmmé’a Pa Namtok Sukthalai
satrip8 204 idl,‘ll’]ﬁu‘gu U. YT 9. WIS 0. 5191A 2.881 Musa Musa acuminata  malaccensis AA U1575l0 Pa Than To
satrip8 205 WWINAT TN, LUAY A1, LUAY 8. LUAY 3. 8¥an Musa Musa acuminata  malaccensis AA Ylssmeuiaues Pa Betong Hospital
satrip8 206 Juzdingl 6. AUIZLILTIE B, LU 2. 821 Musa Musa acuminata  truncata AA Uoluedlezdng  Pa Umong (Tunnel) Piya
satrip8 207 Bayu . Puli @. Baling 5§ Kedah Malaysia Musa Musa acuminata  malaccensis AA ﬂﬂﬂjﬂﬁmmq Pa Namtok Bayu
satrip8 208 JahaUiiee o. lwe Sik, Kedah, Malaysia Musa Musa acuminata malaccensis AA Uiy Pa Se
satrip8 209 ANlAUIITN M. fLEn 8. Malvg) 1. @A Musa Musa acuminata  malaccensis AA ﬂﬂﬁwﬂiﬁludﬁw Pa Namtok Ton Nga Chi
satrip8  2100%. nglatiu a. Teszdu 0. mulaw 1. d9a Musa Musa acuminata  malaccensis AA Ymzratu Pa Tha-le Ban
satrip8 211 RALWN 75 3. 3 9. UMD 8. ‘14'&%"5'1 9. @98 Musa Musa acuminata  malaccensis AA Urumeau Pa Na Thon
satrip8 212 1TNUu 26 4. 10 9. 140‘121*31 8.14'0%"5'1 2. @98 Musa Musa acuminata  malaccensis AA ﬂ’l'ﬁ’lﬁmﬁ’liﬂa’s Pa Namtok Than Pliu
satrip8 2133391 4. 4 Al WIYMLIAA B. 1WAV 9. A5Y Musa Musa acuminata malaccensis AA ﬂwﬁwnma%& Pa Namtok Sai Rung
satrip8 214 aaden 162 1. 4 ». N¥YeI 8. Wle 9. A5 Musa Musa acuminata malaccensis AA Y1nzes Pa Ka Chong
satrip8 21518 53 4. 5 fl. AIUVYU 8. AIUTYY . FINQe Musa Musa balbisiana BB ailauuyy Tani Khuan Khanun
satrip8 216 %. mﬁlﬁmsh . Lﬂj'lﬂ; 0. ASUTING 9. ﬁ'mqq Musa Musa acuminata  malaccensis AA “L‘JﬂLﬂJ’WU"‘LmEhl Pa Khao Pu Khao Ya 1
satrip8 217 aﬂLL‘?J’l“LJ;L‘lI’IEJ"l m.m'lﬂ; 0. ASUTING 9. ﬁ'mqa Musa Musa acuminata  malaccensis AA “L‘J’]L'?J’WULLWJ']EJ']Z Pa Khao Pu Khao Ya 2
satripg 2182 . uufieh fide. uUfish 9. UATAISIINTIY Musa Musa acuminata  malaccensis AA Yuuiien Pa Nopphitam
atriplé 2191 1.5 . vjﬂw‘é 9. i!mmni UATAITIININY Musa Musa acuminata  malaccensis AA ﬂwjﬂw‘é Pa Thung Pho
satrip8 220443 31. 5 . Wdyau o. wduau 9 . 1inge Musa Musa acuminata  malaccensis AA Ynudeau Pa Khao Chai Son

22118 5. Siden 0. Sehiden 9. uAsTwAIN Musa Musa acuminata  siamea AA U¥aiden Pa Wang Nam Khieo

2221283 0. TS a. Uszdumany 9. Us13uy3 Rhodoclamys Musa ornata 00  thdum Bua Si Khao

2231283 0. TS @, Ussdumanu 9. Us13uu3 CalliMusa  Musa coccinea cC Saivd Rattakatthali

224 7 9. Suiden 0. Yehiden 9. uAsTwAIN Musa Musa acuminata  siamea yellow bract AA Yrdmaesinulnsy Pa Pli Lueang Ban Sai Tt

225 thanuneses a. fiuds e, dles 2. uaswen Musa Musa acuminata  siamea AA Undnsaein Pa Sida Resort

226 duudinn 9. Aane 8. UATTEAT 2.uATUTN Ensete superbum n1UALA Pha Pli Daeng

227 §un 39 4. 4 f. ¥INlAY B. WNAY 9. TEBI Musa Musa acuminata  siamea AA Ynnlau Pa Sak Don

228 ApEylwe M. Anullaziin 8. uilden 2. AN Musa Musa acuminata  siamea (burmanica?) AA - Upeeyie Pa Doi Musoe

229 31 FULYN UM Vjﬁamﬁa\i wn vidnd nna. Ensete glaucum WIRLYLA Nuan Sae-lae

230 21-22 m. \B4neY 0. AewaziAn 4. Wil Musa Musa balbisiana BB ativriavaeaiuas Tani Wat Pa Sala Bang ¢

231 1ans 0. Unged 8. Uinges 2. uAsyIvdEn Musella larsiocarpa AUl Dararatsami

232 ;@esdu A, 1ydna P 8. 1rde 2. AIm Musa Musa acuminata  siamea AA Ynungdng Pa Ko Chang

233 ad1d3nm 0. uslusu 0. wisy 4. Jedwl Musa Musa acuminata  siamea (burmanica?) AA Uroan.1 Pa QSBG 1

230 119 AA3AR . ulusa e, walu 4. Jeslval Musa Musa itinerans I ANDEAN. Hok QSBG

235 ad1d3nn 0. uilusu 0. wisu 4. Jeddwl Musa Musa sp. Yy sp. 1 9aw.2 sp. 1 QSBG 2

236 WAAIAR . ulusu e, walu 4. Jedlval Callivlusa Musa coccinea cC Sniva (oan.) Rattakatthali QSBG
satrip9 237 W TuanAulaRgaINeIA Ins. 06 1073908 Musa cultivar AM undnunesemiit Nak Yak Thong
satrip9 2381 ny. 18-19 7.ATUNIAS . aluﬁﬂ . iW"tﬁ Musa Musa acuminata — siamea (burmanica?) AA Yunsdunn Pa Kang Som Maeo
satrip9 239 W 97 1. 3 A AU 0. aauis 9. Y3 Musa cultivar APA - lad(meneezlougy) Khai Dam
satrip9  2401. 69-70 a. islen o. Inslem 9. ngyauy3 Rhodoclamys Musa laterita LL Jhdduteswnain  Bua Si Som Chong Khac
satrip9  241155uiw 0. Inslea 8. Inslen 2. MYAUYT Musa Musa acuminata  siamea (burmanica?) AA U19901279 Pa Chong Khao Khat
satrip9 242330581 A. VYU . MO 2. NYIUYS Ensete superbum nUamae Pha Pli Lueang
satrip9 243 . neskgfilutianinansside 9. Myauy3 Rhodoclamys Musa aterita LL Tdduviayu Bua Si Som Tha Khanun
satrip9 2443 . 4 . YUY 0. MBI 2. NYIUYS Ensete glaucum wIairyy Nuan Tha Khanun
satrip9 2453 3. 4 f. IUuY 8. Mew1 2. NYIUYS Musa Musa acuminata — siamea (burmanica?) AA vy Pa Tha Khanun
satrip9 246 1 Utz 2-3 nu. NoudeAulafdauesa Musa serpentina 22 WIAT1UAULAASEN Nakkharat Dan Chedi Se
satrip9 2471 Uszanay 2-3 nu. neudwnnuafdauesd Musa Musa acuminata  siamea (burmanica?) AA Y1Auaftaesd Pa Dan Chedi Sam Ong
satrip9 248 auesA(EaNai) inamnsinuUsEanas e Ny, Musa cultivar ABB  vinynmiin Hak Muk Phama
satrip9 249 asesd(Elanain viernsulsyane m ny. Musa cultivar AAB  9MELD Ja Yi Soe

250119 7 31. 6 0. AU . ails 2. 1Y Musa Musa acuminata  siamea (burmanica?) AA Uherhuin Pa Huai Nam Nak



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces

Location Section

Species

Subspecies/Subgroup Genom: Local name

Common name

atripl6

atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atrip10
atripl1
atrip11
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1
atrip11
atrip11
atripl1
atripl1
atripl1
atripl1
atripl1
atripl1

atripl6

251 . 6 u. raedl 0. 519030 0. \iles szues Musa
252 G . el 0. leaden 1. guasvsnil Musa
253 waiiseulne nludes o.dles 2.dunanes
25035 u. aslndns o, dauils 8. dauils 9,573
255 ny. 16 nluaosys widmsza1§ Musa
256 84 300 41. foufenszamiingfisdsviiieg Musa
257 sanififeinunsnannesls (auaeduau) Musa
25818 Tudseselndasnuusniudninusies Musa
259 swududiuinasduusaUszana 500 1. Musa
26013 9. wiadglng o. Besdndn 9. Wedmi Musa
261 41978 0. witafe 0. Restuth 2. @eslwd Musa
262 Fvatuih . Fes 0. Bestuth 2. @eslvd Musa
26391 Thuguud . wiuau 8. w1 2. @l Musa
2641 U. 41 9. Weeen e, Weenna 9. Fedvl Musa
265 udjaneu g, widu o. viedng 2. d1Ue Musa
266 Uvjundeu aidewna o, ¥edns 2. 41U Musa
2674 1035 Ny, 22 7. U1uaEn 8. Ll 9. a1Ung
268 Sanudtou n. witou e, Wewu 2.8 Musa
269 Sanudteu . uitou e. Weau 2.8
270 1 . Awa i o, L 9. Ly 9. a1Ung
271 A o, el . Uadames 2. Munanas Musa
272 wgiseulne o ludles e.dleq a.munanys
273 waiseulne o luidles e.ileq a.funanys
27497003, 54 6. AUNaIN B. Widen 2. AN Musa
275 \WNuULNvaE A, Wiviag 0. MNE@RIN 2. AN
276 \UNUWNVAE A, WAz 0. MNE@RIYN 2. AN

277 WNuLvaE A, wiviag 0. MNE@RIYNs 2. AN

278 97NN, 62 6. LAy 8. ¥11@99813 3. 1N Rhodoclamys

279 WNUWNVAE A, WA 0. MNE@RIYN 2. AN
280 LAY A.UNEIULAU B, @ULE 9. ulgosaou
281 LAY A.LUAULAY ©. @UWY 9. Ligesdou Musa
282 LAY A.LIANLAY B, @UWY 9. Ligesdou Musa
283 agimindn o Wahdeu 8. ae 4. Gedwl Musa
284 89 Uuany o U1de 8. usidu 2. \Jease Musa
2851803 9. wiealve 8. wiflma 9. Weee

2861694 6. Wwealne 8. ulilmais 2. 1Tess18 Musa

287, nu. s Aueiuly 0. @eekau Rhodoclamys

2881829 1290 . lyun 0. [Weeuau 2. 189318 Musa
289 AREAUN . T1uNN 8. 189U 3. welen Musa
290 nal. 36-35 9. havais .07umas 2. Ui Musa
2911169 nal. 19-20 §1. gwiaw 0. dufign 2. i Musa
292 s thanmanans a. 89 a. U7 9. thu

2931N9va39 11 N4l 47 A, Y9UES 8. 899 2. wns Musa

=

294 1@ 72/4 1. 10 9. lanviae o. Liles 9. 151 Musa

295 g1 Getdnde 8. nusade 2. Unus1iiuyusll
296 o1. Uetnde 8. nusade 2. Unus1iuyusil
297 o. Getnde 0. nusade 2. Unus1iiuyusill

09 ©
09 ©

298 o1 Uetnde 0. nusade 2. Unus1iluyusll
299 ¢. Tetnde 8. nusade 2. Unus1iiuyusil

300 fuanuiou f. Asavas o. W 2. UASUIBN Musa

Musa acuminata
Musa balbisiana
Musa cultivar
Musa cultivar
Musa sp.

Musa balbisiana
Musa itinerans
Musa acuminata
Musa itinerans
Musa itinerans
Musa balbisiana
Musa acuminata
Musa sp.

Musa acuminata
Musa balbisiana
Musa acuminata
Ensete superbum
Musa acuminata
Ensete glaucum
Musa cultivar
Musa acuminata
Musa cultivar
Musa cultivar
Musa acuminata
Musa cultivar
Musa cultivar
Musa cultivar
Musa laterita
Musa cultivar
Musa cultivar
Musa acuminata
Musa itinerans
Musa acuminata
Musa itinerans
Ensete glaucum
Musa acuminata
Musa ornata
Musa balbisiana
Musa acuminata
Musa acuminata
Musa acuminata
Ensete ¢laucum
Musa acuminata
Musa balbisiana
Musa cultivar
Musa cultivar
Musa cultivar
Musa cultivar
Musa cultivar

Musa acuminata

malaccensis Kra isthr AA

Y1UAmdestnunas: Pa Pli Lueang Ban Khlor

BB AIMIAIIN Tani Hat Wichittra

AAA 11898 Mahoi

AAA maﬁwﬁf&(mdmiaa’ Sai Namphueng

YY sp. 1 ARUEWN sp. 1 Doi Suthep

BB afidngiied Tani Phu Phing

Il NNFIUFDILEY Hok Suan Song Saen
siamea (burmanica?) AA thihushes Pa Nam Mae Wong

I wAthusinag Hok Nam Mae Kuang

Il YNYULD Hok Khun Chae

BB pilana.uiafd  Tani Mae Chedi
siamea AA Yrnnina Pa Pak Phrao

Yy sp. 1 wdn

siamea (burmanica?) AA diFesen
BB ailUvewiyuy
siamea AA - dvjaneu
N9
siamea (burmanica?) AA rthmnuddou
wathanuideu
ABBB  1hindwsd
siamea (burmanica?) AA Urpapaudinszan

AAA  vpantu
ABB e

malaccensis AA UneyLe2

sp. 1 Phrao

Pa Tham Chiang Dao

Tani Huai Mae Poon

Pa Thung Kwian

Pha Chae Hom

Pa Namtok Chae Son

Nuan Namtok Chae Son

Namwa Pom

Pa Khlong Mae Krasa

Thong Kampan
Namwa Dam

Pa Doi Musoe 2

AMA uNNzviRBa(Rzney). Nak Kariang

A e nengens)

Kai Dam

ArA - vesldse(azriesions Hom Proi

LL Thddutuuinay

ABB  vinyndu(nzred)

Bua Si Som Ban Mae La

Hak Muk Som

MM Tmgnanazdu(et Niu Phaya Salawin

malaccensis AA Urenaziu
Il VGG
siamea AA Upeginviuun
[ AL
WIAABYIA
siamea AA U1nayna

00  thuuyauwidsuye Bua Si Chomphu Sam L

BB enflanuwiugsisy
siamea AA - Uimeeguns
siamea A Udungs
siamea AA Ugmnad

wathanmAvaag
siamea AR Unjauds

BB mnimds

ABB  nIys

AN NS

AAB UM

AB dwwiu

ABB  11ieng

siamea AA Unsazas

Pa Salawin

Hok Salawin

Pa Doi Pha Hom Pok

Hok Mae Chan
Nuan Doi Tung

Pa Doi Tung

Tani Suan Mae Bun Tha

Pa Doi Phu Nang
Pa Nanthaburi

Pa Du Phong

Nuan Namtok Tat Luane

Pa Thung Lang
Tani Trang
Korabun

Kran

Nom Nang
Ney Puvan
Namwa Dang

Pa Dong La-khon



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces

Location Section

Species

Subspecies/Subgroup Genom: Local name

Common name

atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atrip12
atripl2
atripl2
atripl2

atripl2

atripl13

atripl3

atrip14
atrip14
atrip14
atrip14
atrip14

atrip15
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5
atripl5

301 Agemningan 300 Tumslauseann 100 u. Musa
302 quﬁaﬁﬂﬁ A. A9aEAT 8. 109 2. uATUIEN
3031598 9Us. o, Wwiwzlen 9. 1o 9. uATwIEn Musa
304 weideulne aludles uiles 2. Auwanas
305 A a. Ueala 0. Uadames 2. Muwnanes Musa
306 11 m. Uemla 0. Uadames 9. Aunaness Musa

307 & @ U 9. Ue@ames 2. Mwnanes Musa

308 LHuiF9 . AMULIAZIN 0. Lid@on 9. 11N Rhodoclamys

309 19%@39 1090 A A35169T 9. WUNTZ 9. AN Musa
31019%a39 1090 . 391895 9. WUNTZ 9. AN Musa
31119%a39 1090 . 351695 9. WUNTZ 9. 1N Musa
31219 1090 ny. 118 a.lalng 0. UKT . w1N Musa
31319 1090 ny. 118 a.lalng 0. UK 2. w1N Musa
314 fugdnivnguns alulng 0. dune 2. 9N Musa
3153050 112 4. 3 A QUANT 8. GUHN 3. AN

316 3050 112 4. 3 A UAN 8. GUHN . AN

317 utNauugnuinassUszan 500 1. 2. AN

318 uisaunenuinassUsyanas 500 1. 9. 1N Rhodoclamys

319.090 4. uglagmg 7. 1ilng 8. JUHI 2. AN

320 1. 90N A.MBIMAN 8. ean 1. riesnll Musa
321500 4. 0. unuuenga 0. 1uls 4. gvies1ll Musa
322300 3. 0. Faviu 0. Audne 9. gussan Musa
323 Jviau a.usnse 2. Tuidewdlouy duwn Musa
324 Jviau a.uswnse 2. Tuidewdlouay fuyn

325371 f. WIBWNIWIES 8. WAL INYIYT Musa
326 17U A WIBWNWIES B, WAINTZA INYIYT Musa
327 Framasalnaniisyg Wowiu

328 withumanuniu Wewiu

329 . Getnde 0. nusade 9. Unus1iluvusil

330U 30 gA 220 A A519FD . YU ANAUAT Musa
331 uieiEvedloy f.nA1vg o.adles ynAms Musa
3321919 A ADUWNVY . SIQWUN dnauAs Musa
333 inguwusules wihinnand o. Wea uasnuy Musa
334y 8%, gaan1 o, Tiden a.0huun uATILY Musa
335 nawadie, Pune Maharashta 411040 India

336 nawadie, Pune Maharashta 411040 India

337 harashta 411022 India Tel. 9422316317

338 e o, Bnties 0. 1de vsugal Musa
339 shunzuan a. Windes 0. ke imasugal Musa
34018017 9. Yan1A 8. IRAT2NS 2. walan Musa
341 jthuwy 4 nshadasu 0. Tulan anshug

3423 luyudhama adaude o. thulan gesiug Musa
363 . loufla 1. ¥t @ 0. esan diu Musa
344 18w asetnu 70 1. 2 9. axdou o.dles Uy Musa
345 1. uitoumile a.uddou e. Weslm d1Ue Musa
346 J. uitouwmile a.uddou 8. Wesm d1Ue Musa
347 1. uitouwmile a.uddou 8. Weslm d1Ue Musa
348 uneiuitald o.uddou e, Weslm d1Ue Musa
309 wuvilusiud m dhaia 0. wiudu Bodlusd Musa

350 1wusilUuuIN f.A19A 8. wiudu WWeslul

Musa acuminata
Musa cultivar
Musa acuminata
Musa cultivar
Musa acuminata
Musa itinerans
Musa acuminata
Musa laterita
Musa acuminata
Musa acuminata
Musa sp.

Musa acuminata
Musa itinerans
Musa sp.

Musa cultivar
Musa cultivar
Ensete glaucum
Musa laterita
Ensete superbum
Musa acuminata
Musa acuminata
Musa acuminata
Musa balbisiana
Musa cultivar
Musa acuminata
Musa acuminata
Musa cultivar
Musa cultivar
Musa cultivar
Musa acuminata
Musa balbisiana
Musa balbisiana
Musa balbisiana
Musa acuminata
Musa cultivar
Musa cultivar
Musa cultivar
Musa acuminata
Musa acuminata
Musa acuminata
Musa cultivar
Musa sp.

Musa acuminata
Musa balbisiana
Musa itinerans
Musa itinerans
Musa sp.

Musa sp.

Musa sp.

Ensete superbum

siamea AA
AAB

siamea AA
AAA

siamea (burmanica?) AA
Il
siamea (burmanica?) AA
LL
malaccensis AA
siamea (burmanica?) AA
YY
siamea (burmanica?) AA
Il
YY
ABB
ABB

LL

siamea (burmanica?) AA
siamea (burmanica?) AA
siamea (burmanica?) AA
BB
AAA
siamea AA
siamea AA
AAA
ABB
ABB
siamea AA
BB
BB
BB
siamea AA
ABB
AAB
ABB

siamea AA

g

siamea

siamea AA
ABB
YY

siamea AA

YY
YY
YY

Unsagas2
ayiviau
tenaidneyudiy
veugUiasunse
Yefoadu
nnvaadu
Jfvdestoadu
Thddusumaziun
Ununszl
Ununsz2

sp. 1 WUnWse
Ulalns

wnlulng

sp. 1 Tulns

)

U

UA

)

Ulannas
Thdduusinass
wlulng
tthmnlawed
U1Pansdany

Uy

Pa Dong La-khon 2
Talon

Pa San Chao Pho Kun C
Hom 'Super Dwarf'

Pa Chong Yen

Hok Chong Yen

Pa Pli Lueang Chong Ye
Bua Si Som Dan Mae Le
Pa Phop Phra 1

Pa Phop Phra 2

sp. 1 Phop Phra 3

Pa Mogro 1

Hok Mogro

sp. 1 Mogro 2

Tip

Tip Kam

Nuan Mae Klong

Bua Si Som Mae Klong
Pha Mogro

Pa Namtok Sai Boe

Pa Khlong Ang-wa

Pa Phu Toei

ainuuvau (wnen’ Tani Phanom Lip

vieadediugaiuns ( Hom Khieo Ton Sung Kt

RNV
Uneiiiuvje2

NOULTELATIU

gy &

U IFeLmiu
Y v
U1V
dgwu
o
AiunAINg
o .
atinauuaneg
oo
anilinnans
dgdam
Usnygun
WeTasYu
i
Jfeeuaidndos
Judniles
HAHGREL R
L e
WNTALIAGAU
sp. 1 Y9IMTIY
Uranu
o
muUagiiley
vy a
wnLIgoumntle
vy
wnLAgoumntin2
I
sp. 1 uddouLnilo
sp. 1 usila
N p
sp. 1 Bunuun

NDUNUUN

Pa Pha-noen Thung 1
Pa Pha-noen Thung 2
Hom Xiamen

Namwa Xiamen
Namwa Kap Khao

Pa Phu Pan

Tani Mukdahan

Tani Don Nang Hong
Tani Wat Klang

Pa Phu Langka

Prata Pune

Mysore Pune

Namwa Pune

Pa Roi Pli Kek Noi

Pa Kek Noi

Pa Phu Soi Dao
Theppharot Muang Che
sp. 1 Chong Maharat
Pa Nam Muab

Tani Pa Sa-nean

Hok Jeson Neua

Hok Jaeson Neua 2
sp. 1 Jeson Neua
sp. 1 Mae Cham
sp. 1 Inthanon

Pha Inthanon



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces

Location Section

Species

Subspecies/Subgroup Genom: Local name

Common name

atripl5
atripl5
atripl5
atripl5
atrip15
atripl5
atripl5
atripl5
atripl5

atripl6
atripl6
atripl6
atripl6
atripl6
atripl6
atripl6
atripl6
atripl6
atripl6
atripl6
atripl7
atripl7
atripl7
atrip17
atrip17
atripl7
atripl7
atripl7
atripl7
atripl7
atripl7
atripl7
atripl7
atripl7

atripl7

atrip18
atrip18

35138/1 1.1 o \ilosUau 0. YUy Uldesaeu Musa

352 Fupen . 1oy 8. YUy wiigesasy  Rhodoclamys

353 1nidedld 6. iWosUou v, uedn uidosdeu

35anidedld 6. iWesUou v, Yuedn uidosdou Musa
355 inyJusen a. uilla 0. wlaves wigesaeu

356 1Aguntle fuvng o.LlETes ulgesaou Musa
357 yonidedld a Ly o.uilEies uligesaou Musa
358 ia. 108 U. Uodd n. Usdd 0. o909 LTealvl

359 4fa nw. 24 ma. 106 m. wilds 9. 1fu &1 Musa
360
361 Musa
362 Mulau Wesudss wredrdn @lu. an Musa
363 1UnWNS Wesudss wreinudn @lu. an Musa
364 1UNWAS Wasundes wwasinlidn ald. am

365 ungiie Turinaag wnsddn alu. an Musa
366 masoulne o luidles o.fles .M unanys

367 uaiiSeulne o lulles e.uiles a.funanys

368100, Cameron highland, Pahang Malaysia Musa
369 0 LWMT 4. Posaya, Poslim, Perak Malaysia Musa
370:r 111700, Palau Penang, Kedah Malaysia Musa
371 111700, Palau Penang, Kedah Malaysia Musa
372 o, wdailug 0. Wity 9. UszaauAidus Musa
373 o, wdailng 0. Wity 9. UszaauAidus Musa
374 ivhed1atnu 208 1.9 f. Wdn . @ Yuns Musa
375080 iWosw. ity o, 1 0. a YUNs Musa
37699 402 ny. 3-35 Al 0. 1A 2. ifin Musa
377 233 4. 8 o TwwgUsauile 8. 19w nSs Musa
378 1indufing a. Uuivediu . viwm 2. aga Musa
379 1ernantius 0. Aeved e, walne) devan Musa
380 11953190511 9.AUGE 0. I 319951l Musa
381 indthmansusey o, Suse 8. iugy Yuns Musa
382 indihmansunsey o, Suse 8. iugy Yuns Musa

383 4 Jnlsdon nuuesg 0. Awarys Nayauys

384 4 Jnlsdon n.uuedg 0. Awarys N1eyauy3 Rhodoclamys

385 1 Yalsdey nuuesg 0. d9wazys NyIuys Musa
386 ARYANDIARIN S§NeIiTes annnmai

387 idanuesd a. ey 0. d9UazyS MUY Musa

388 idanuesd n. ety 0. d9vazyS NRYauyYs Rhodoclamys

390 Tawneu g, vuesg 8. &warys Neyauys Musa

=

392aail 4. 5 A, MUB3Y 0. FIWALYT NMYAUYT Musa

t7 g
=

393 1nUNNMNY AL MURdE B. FIALYS NyIuY

anl

= o

39495504 1.3 . UDSQ 8. AWAYYS NYIUYS Musa

3 < g

= =

3951330 9/24 n.dama 8. Favavys nauy3
396 nowgll 0. Yden o. neswnil neyauys Musa
397 wntlow A ELUEY 8. NN NYIUYT
398 ace, Kan Yeik Tha Rd. Yangon, Myanmar Musa
399 1W9eU NI 0. Y9RNEY 8. WeeAn nelen Musa

400 1148 nal. 82-83 @. W1T19TIeY 8. U3 Wele Musa

Musa balbisiana
Musa laterita
Musa serpentina
Musa balbisiana
Musa serpentina
Musa sp.

Musa acuminata
Ensete superbum
Musa acuminata
Musa cultivar
Musa acuminata
Musa balbisiana
Musa acuminata
Musa cultivar
Musa balbisiana
Musa cultivar
Musa cultivar
Musa acuminata
Musa acuminata
Musa acuminata
Musa balbisiana
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Musa acuminata
Ensete glaucum
Musa laterita
Musa acuminata
Ensete superbum
Musa acuminata
Musa laterita
Musa serpentina
Musa acuminata
Ensete superbum
Musa acuminata
Musa serpentina
Musa acuminata
Ensete superbum
Musa acuminata
Ensete glaucum
Musa balbisiana
Musa balbisiana

Musa acuminata

BB
LL
BB
YY
malaccensis AA
siamea AA
AA
malaccensis AA
BB
siamea AA
AAA
BB
AAB
AAA
truncata AA
malaccensis AA
malaccensis AA
BB
microcarpa AA
microcarpa AA

malaccensis Kra isthr AA

malaccensis Kra isthr AA

malaccensis AA
malaccensis AA
malaccensis AA
malaccensis AA
malaccensis AA

malaccensis Kra isthr AA

malaccensis Kra isthr AA

LL

siamea (burmanica?) AA

siamea AA

LL

siamea (burmanica?) AA

siamea (burmanica?) AA

siamea (burmanica?) AA

siamea (burmanica?) AA

BB

BB

siamea AA

afldleslou

Thdduiloslou

22 wAsITensUau

Tani Mueang Pon
Bua Si Som Mueang Por

Nakkharat Huay Hang P«

gfiUenaUou  Tani Pa Huay Hang Pon
22 winsvuila Nakkharat Mae Tho

sp. 1 Weuimgl sp. 1 Huay Mae Ho

Yrheunz2  Pa Huay Mae Hoh

H1Uead Pha Bo Sali

Uudu Pa Theon

a@nnsgiiune Sao Krateub Ho

Unhaniiaey Pa Namtok Te Lo Su

miithshananday ¢ Tani Pa Pha Suam

Yrthudnui Pa Ban Bakkang

a8 (eanTeIduge Lai

[RDERINIERE Tani Khon Phapheng

ADANUIN Kokmak

UInABY Nak Khom

Urausou Pa Cameron

Urnoaen Pa Posya

Uiy Pa Penang

AU Tani Penang

Uavg2 Pa La-u 2

Uavg3 Pala-u 3

Juvmeg Pa Kao Talu

Jney Pa Kao Kai

Ulsam Pa Mai Kao

UriauzUsnamile  Pa Wang Maprang Neua

Ungndufiva Pa Tam Kantipon

Junensd Pa Kao Ko Hong

UAuga Pa Kanthuli

U1PanIuey Pa Klong Bang Ah

U15use Pa Ranror

mainlioes Nuan Wat Rai Oy

Thduinlsvoy Bua Si Som Wat Rai Oy

Junsinlioos Pa Dang Wat Rai Oy

WA Pha Tekanua

YuasAuLafdaue Pa Dang Dan Jedi Sam C

Thddusuandanie Bua Si Som Dan Jedi Sa
22 WIATIWAULAASETN Bua Chiang Dan Jedi Sar

Uriamnanu

Pa Wat Tao Than

nUAmARIUsEaa Pha Pli Leuang Sam Poi

Ulusan

Pa Moraka

waTwinnazien. Nakkharat Namtok Takk

Unanuuszau
HLUUAL
Untuanss
wagnuntion
afifiuneiald
AiTeeAn

SUANIN]

Pa Sam Prasob

Pha Kao Lam

Pa Nean Sao Thong
Nuan Tham Kao Noi
Tani Kandawgyi
Tani Chiang Kam

Pa Pong



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces

Location Section

Species

Subspecies/Subgroup Genom: Local name

Common name

atrip18 401 Mhnsew. aeunAl a. Aauad 8. U3 U Musa

atrip18
atrip18
atrip19
atrip19
atrip19
atrip19
atrip19
atrip19
atrip19

atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
atrip20
)3/2010

atrip21
atrip21
atrip21

atrip21

402 15nuasuIL Uuinedu a. Ue . WWes U Musa

403 15nEAsUIL UTuinedu a. Ue . WWes Ui Musa

40430 3.1 9. AW 8. ANTUAZAIN 3. 1VYT AustraliMusa

40530 5.1 9. 9WAN 9. ANTUAZAIN 7. T1VYT

40630 8.1 9. AWAI . ANTUAZAIN 3. T1VYT

40730 3.1 7. WA 8. AldudzaIn 3. 193

40830 3.1 m1. (WA 8. AdudeaIn 3. 193

40930 3.1 f1. (W@ 8. Audean 3. 919Y3 Musa

41030 1.1 a1, 919aN 9. Adludzadn 2. S1TYT

=

]

411 oetuas 1. 5 o WA 0. dlos Usiduyd  Musa

3 v aaad
412 MYUALLIINTTUNLIFING LUA I9)

3n3 Ny, Rhodoclamys

413 hanifideinunsnainesls (auaeuau) Musa

Na o

414 4 @0UIIBIN AT NNBEYY (@udoILa) Musa

415 22-23 via. 1095 a.aulds o.usluns Woslvd Musa

416" 0%. WuAe f. Yl o. wiung WWeall

417 nidessleieanni@eagnulszana 20 Wwas Musa

418 S9USHUTENN 7. 8RT 8. W9 Lilgosdou

419 wmeltenu f. K1UBS 8. Wee widesdou Musa

420 nidedld o, esou 8. yueIw wiigesdau Rhodoclamys

42108 970N, 171 Useana 200 . wigesdou Musa

422 Hwgiueen o. uilla 8. YueIw wigesasu Musa

423 .11 9. wiaves 8. uianties wildesaeu

424153980 9. U1UNA B, willEses wigesaau Rhodoclamys

425 uuiing B, WIAZAIU 8. @ULly Wigesdaau Rhodoclamys

426 /94 188 9. Wgnas 9. ¥1@ese19 mn Musa

427 1. 182-181 6. LaI¥¥a 0. @081 AN

428 Hapziuan e, LiIgrae 8. ¥naede13 AN Musa

429 4 via. 105 0. wIEWaN 9. MN@D8N 1IN Musa

430 fapsmthuuiivay Ynaeit 517 Tow C3A

431 umgUained f. ALLUTe B. Lls¥an An

432 umgUained . ALLUTe B. Lils¥aIn AN

433 ugi3oulne o luiles o.dloq a.Muwawes Rhodoclamys

434 Jruweds o, v e. Inslen 9. Ngyauys Musa

435

Rhodoclamys

436 . Getnde 0. nusade 3. Unus1fiuyusil Musa

437 0 5 km antunglng s .89uR 2.51%93 Musa

4384 5 km AnUunglng s 0.auR 2.519U3

439 13 Jrunszi f.avu1AS 0.89UR 2.519U3 Musa

440 13 T3z n.avuIAS 0.89URA 2.5719U3

441

SUOUU NY. 33-34 wiidan-»1n 9.071n Rhodoclamys

442 ualaon-dun1a f.ATIIYT B.NUNTE 2.070 Musa

443 hanUmine fASIIENT B.NUNTe 2.000 Musa

444 AhanUmine RATIIEYT B.NUNTE 2.000 Musa

445 AhanUwme fATIIEYT B.NUNTY 2.0 Musa

446 uaiapn-duN13 A.ATITEYT B.NUNTY 2.07N

447 Jualaon-gun1a A.ATIIEYT B NUNTY 2.070

448
449
450

Musa

Musa itinerans
Musa acuminata
Musa balbisiana
Musa maclayi
Musa cultivar
Musa cultivar
Musa cultivar
Musa cultivar
Musa balbisiana
Musa cultivar
Musa acuminata
Musa laterita
Musa sp.

Musa sp.

Musa acuminata
Ensete glaucum
Musa acuminata
Ensete glaucum
Musa sp.

Musa laterita
Musa acuminata
Musa balbisiana
Ensete superbum
Musa laterita
Musa laterita
Musa balbisiana
Ensete glaucum
Musa acuminata
Musa itinerans
Musa cultivar
Ensete superbum
Musa serpentina
Musa ornata
Musa acuminata
Musa laterita
Musa balbisiana
Musa acuminata
Musa cultivar
Musa acuminata
Musa cultivar
Musa laterita
Musa acuminata
Musa itinerans
Musa sp.

Musa acuminata
Musa cultivar
Ensete glaucum

Musa acuminata

Rhodoclamys Musa ornata

Musa

Musa acuminata

siamea

ailuluai

siamea

siamea

siamea

malaccensis

malaccensis

siamea

siamea

siamea

malaccensis

siamea

siamea

Il
AA
BB

YY
LL

BB

LL

LL
BB

00

LL
BB

ABB
LL

00

2

N

nnga
Urhaefu
aiUvhedu
loggle
Udaandin
1Ad
U519
NoUNDIADAR
RDERN
fhasudidn

Ilfién

Hok Phu Ka

Pa Huay Yuen
Tani Pa Huay Yuen
Ailuluai

Pisang Lamut
Macus

Saba Raja

Hom Thong Kho Khot
Tani Dang

Niu Chora-ke Lek
Pa Mai Ked

Bua Si Som Pli Lueang

sp. 1 @uadIudu 1sp. 1 Suan Song Sanl

sp. 1 @uadIudu Zsp. 1 Suan Song San2

Uusiung
wallafen

Ywielisdnl

Pa Mae Tang
Nuan Pong Duead

Pa Huay Pong Sak1l

walsaSeutuiiel Nuan Ban Huay Pha sch

sp. 1 vheingu
oy
Trddumenealau
Yudla
afivualn

v

WILHATUBDY

o sy

Tdduiunzueas

© gy
Taddutnuninig
L
MUY
UIAUILIN
Uughznas
AL NN
weu(nzieila)
.
W18UaINes
.
WIATITAIUAINDY
UInan
U rinaus
ThdduTavus
o
[ZRDILEGE
Unglnuu
wnazlnuu
Ymsei
RGN
tddunoey e
UrSosuanunse
ANUINNUINIE
sp. 1 andmng
Unhantine
&
WOULAE
UIBANUNTE
UrSosuduiu

Trumgniden

sp. 1 Huay Nam Un
Bua Si Som Huay Hang
Pa Mae Tho

Tani Pa Mae Tho

Pha Mae La Noi

Bua Si Som Ban Pamorl«
Bua Si Som Ban Mae Kc
Tani Pa Mae Ngao
Nuan Mae Ngao

Pa Mae Wa Luang

Hok Mae Wa Luang
Takui Milo

Pha Huay Pla Kong

Bua Chiang Huay Pla Ko
Bua Luang

Pa Kao Wang Khmer
Bua Si Som Kao Wang K
Tani Phaeng Son

Pa Ta Ko Bon

Nak Ta Ko Bon

Pa Phu Ra-kam
Theppharot Phu Ra-karr
Bua Si Som Doi Musoe
Pa Roy Pli Phop Phra
Hok Namtok Pa Way
sp. 1 Namtok Pa Way
Pa Namtok Pa Way
Hom Tiey

Nuan Phop Phra

Pa Roy Pli Nan

Bua Si Chomphu Luk Kr

Uy nuanIyauY’ Pa Kanchanaburi Campt



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup Genom: Local name Common name
atrip22 451 aulnduns . wilan o, ASaTan MEYIUY3 Musa Musa acuminata  siamea AA Uthans1susnsne Pa Namtok Than Ngeon
atrip22 452 aulnduns a. wilan o, ASaTan MEYIUY3 Musa Musa itinerans [ wARnG15 3BT Hok Namtok Than Ngeo
atrip22 453 na. 4041 o, wilan 0. ASe AR MEYIUYS Musa Musa acuminata  siamea AA ﬂﬂf@gﬂﬁﬂiaaﬂlwig Pa Wat Tham Than Lod
atrip22 454 .A5uN3 0. wuesda 8. A3avan MEYIUY3 Musa Musa acuminata  siamea AA Yanghiuae Pa Plai Dinso
atrip22 455 3. 7 6. UNKILAAU 8. M?ﬁ}fﬂé mggﬁmiﬁ Musa Musa acuminata  siamea AA tnadn Pa Dong Lek
atrip22 456 JAUATUNS . TUA B. A3avan msyﬁmiﬁ Musa Musa acuminata  siamea AA RUARERREL] Pa Pha Swan
atrip22 457, vesngdl o. Yden 8. nesngll neyauy3 Musa Musa acuminata  siamea AA tnthanfennseiu  Pa Namtok Jokkradin
atrip23 458 3%5aansal o. Uden o. noswnnll Myauys Musa Musa acuminata  siamea AA Yunzugninngd Pa Koh Maphao Kathi
459 Aapa10 . Tat1de 0. nuaude 1. Unusnil Musa cultivar ABB  Winynadu Hak Muk Suan
460 nuaufianssuaddsan wn andng . Musa cultivar ABB N3 Kru

<

461 UANFINTEUNUANA LUn I9InT NN, Musa cultivar BBB @1t Black Saba



Table 2. Taxonomic status of banana accessions used in morphological analysis.

Number of
# | Scientific names )

accessions
1 | M. acuminata subsp. malaccensis a4
2 | M. acuminata subsp. microcarpa 2
3 | M. acuminata subsp. siamea 56
4 | M. acuminata subsp. truncata 1
5 | M. itinerans 6
6 | M. laterita 7
7 | M. serpentina 3
8 | Musa sp. 8
Total 127

Table 3. Taxonomic status of banana accessions used in AFLP analysis of wild accessions.

Number of
# Scientific names
accessions

1 | M. acuminata subsp. malaccensis

M. acuminata subsp. siamea

M. itinerans

M. laterita

M. serpentina

Musa sp.

~N| O L] B VLVN
NN ] W N[ o] L,

M. balbisiana

Total 31

Table 4. Taxonomic status of wild and cultivated banana accessions used in AFLP analysis.

Number of
# | Scientific names )

accessions
1 | M. acuminata subsp. malaccensis 21
2 | M. acuminata subsp. siamea 20
3 | M. acuminata subsp. truncata 1
4 | M. acuminata subsp. zebrina 1
5 | Musa (AA, AAA) 30
6 | Musa (AAB) 13
7 | Musa (ABB) 27
8 | M. balbisiana and Musa (BBB) 21
9 | M. itinerans 3
10 | Musa sp. 3
Total 140




Table 5 Coding of morphological characters for use in multivariate analysis.

© ® N

10.
11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.
22.
23.

24.

g k~whE

Characters Coding
Leaf habit 1= erect, 2=intermediate, 3=drooping
Dwarfism 1=dwarf, 2=normal

Pseudostem height
Pseudostem circumstance
Pseudostem waxiness
Pseudostem color

Blotch on pseudostem
Pseudostem underlying colour
Sap colour

Number of sucker

Sucker position

Blotches on leaves of suckers

Leaf length : petiole length (L/P ratio)
Leaf blade length : width (LB/WB ratio)
Petiole blotch occurrence

Petiole blotch colour

Petiole canal

Shape of leaf base
Color of midrib adaxial surface
Wax on leaf blade

Wax on underside of leaf blade
Peduncle length
Peduncle colour

Peduncle hairiness

1=<2, 2=2.1t02.9,3=>3

1=<49, 2= 49 t0 99, 3=>100

1=non-waxy, 2=waxy

1-green-yellow, 2= medium green, 3= green, 4= dark
green, 5= green-red, 6= red, 7= red-purple, 8= blue
1= blotch present, 2= blotch absent

1= pink-purple, 2=red, 3= purple

1=watery, 2=milkly, 3=red-purple

1=<5,3=>6

1=taller that parent plant,

2=more than ¥ of the height of the parent plant,

3= between ¥ and % of the height of the parent plant,
4= none or inhibited

1=without blotches, 2=little or narrow blotches,
3=large purple blotches

1=<3,2=3.0t03.5,3=>35

1=<2, 2=2.1t02.9,3=>3

1=sparse blotching,

2=small blotches,

3= large blotches,

4=extensive pigmentation,

5= without pigmentation

1= brown, 2=dark brown, 3=brown-black, 4=black-
purple

1=open with margins spreading,

2=wide with erect margins,

3=straight with erect margins,

4=margins curved inward

5=margins overlapping

1=cuneate, 2=oblique with one side cuneate, one side
rounded, 3=round, 4=cordate/auriculate

1=yellow, 2= light green, 3=green, 4=pink-purple,
5=red-purple, 6=purple to blue

1= very little or no visible sign of wax,

2=slightly waxy, 3=moderately waxy, 4=very waxy
1=non-waxy, 2=waxy

1= <30, 2=31t0 60, 3=>61

1=light green, 2=green, 3=dark green, 4=red or
pink/purple, 5=with purple-brown to blue blotches
1=hairless, 2=slightly hairy, 3=very hairy, short hairs
(similar to velvet touch), 4=very hairy, long hairs (>2
mm)



25.

26.

217.

28.

29.

30.

31.
32.
33.

34.

35.
36.

37.

Characters

Coding

Rachis type

Rachis position

Rachis appearance

Male bud type

Male bud shape (length:width)

Bract imbrication

Yellow colour on bud tip
Bract shoulder compare to mid point
Shape of bract apex

Bract external colour

Bract external streak colour
Bract external colour fading

Wax on bract

1=truncated, no bract scar below the last hand of
fruit,

2=present and male bud may be degenerated or
persistent

1=falling vertically, 2=at an angle, 3=with a curve,
4=horizontal, subhorizontal, or curving upward,
5=erect

1=bare,

2=neutral flowers (one to few hands only, stalk is
bare below),

3=male flowers/bracts above the male bud (but the
stalk is bare above flowers/bracts),

4=neutral/male flowers and presence of withered
bracts (on the whole stalk),

5=neutral/male flowers on the whole stalk without
persistent bracts,

6=small bunch from neutral/hermaphrodite flowers
just above the male bud

1=normal (present), 2=degenerating before maturity,
3=absent

1=narrowly lanceolate (4:1),

2=lanceolate (3:1)

3=narrowly ovate (2:1)

4=ovate (3:2)

5=broadly ovate (6:5)

1=greatly imbricate (tip of the younger bracts are
more visible)

2=slightly imbricate (tip of the younger bracts are
visible)

3=convolute (tip of the younger bracts are completely
hidden)

1=yellow, 2=no yellow

1=narrower, 2=equal, 3=larger

1=pointed,

2=slightly pointed

3=intermediate

4=0btuse

5=obtuse and split

1=yellow, 2=green, 3=red, 4=red-purple, 5=purple-
brown, 6=purple, 7=blue, 8=pink-purple, 9=orange-
red

1=yellow streak, 2=no yellow streak

1=color discontinuing towards the base (loss of
pigmentation at the base),

2=color homogenous (pigmentation is uniform and
continues until the base)

1=very little or no visible sign of wax,

2=very few wax, 3=moderately waxy, 4=very waxy



38.

39.
40.
41,

42,

43
44,

45.

46.

47.
48.
49.

50.
51.

52.
53.
54.
55.

56.
57.

58.

59.

60.

Characters

Coding

Bract internal colour

Bract behaviour before falling
Bract scar on rachis
Compound tepal basic colour

Compound tepal pigmentation

Lobe colour of compound tepal
Crease of free tepal tip

Style shape
Stigma colour

Ovary shape
Ovary basic colour
Ovary pigmentation

Arrangement of ovules
Bunch position

Number of fruit per hand
Fruit pedicel length (cm)
Fruit length (cm)

Fruit curving

Transverse section of fruit
Fruits apex

Peel colour of immature fruit

Pulp colour of ripe fruit

Pulp thickness of ripe fruit

1=whitish, 2=yellow or green, 3=orange red, 4=red,
5=purple, 6=purple brown, 7=pink-purple
1=revolute(rolling), 2=not revolute (not roling)
1=very prominent, 2=not prominent

1=white, 2=cream, 3= yellow, 4=orange,
5=pink/pink-purple

1=very few or no visible sign of pigmentation,
2=rust-coloured spots, 3=presence of pink
1=cream, 2=yellow; 3=orange, 4=green

1=little or not visible sign of development,
2=developed, 3=very developed

1=straight, 2=curved under stigma, 3=curved at the
base, 4=curved twice

1=cream, 2=yellow, 3=pink/pink-purple, 4=bright
yellow, 5=orange

1=straight, 2=arched

1=white, 2=cream, 3=yellow, 4=green

1=very few or no visible sign of pigmentation,
2=with red-purple

1=two rowed, 2=four-rowed

1=hanging vertically, 2=slightly angled, 3=hanging at
angle 45°, 4=horizontal-subhorizontal, 5=erect
1=<12, 2=13to 16, 3=>17

1=<2,2=>2

1=<15, 2=>16

1=straight, 2=straight in the distal part, 3=curved,
4=curved in ‘S’shape

1=pronounced ridges, 2=slightly ridged, 3=rounded
1=pointed, 2=lengthily pointed, 3=blunt-tipped,
4=hottle-necked, 5=rounded

1=yellow, 2=light green, 3=green, 4=green and pink,
red or purple, 5=silvery, 6=dark green,
7=brown/rusty brown, 8=pink, red or purple, 9=black
1=white, 2=cream, 3=ivory, 4=yellow, 5=orange,
6=beige-pink

1=thin pulp, 2=thick pulp
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# Musa itinerans
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Fig. 1 Distribution patterns of Musa species and subspecies in phytogeographical
regions of Thailand (Map from van Welzen et al. 2011; 1-4: four centres of plant
diversity; 1= Doi Chiang Dao Wildlife Sanctuary, 2 = Doi Suthep-Pui National Park, 3 =
Thung Yai-Huai Kha Khaeng World Heritage Site, 4 = Khao Yai National Park).
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Fig. 2 Dendrogram of 127 accessions of wild Musa species and subspecies

obtained from UPGMA clustering algoritm on 56 morpholosgical characters
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Fig. 3 AFLP profiles of primer pair # 7 (E-ACA/M-CAG) and 8 (E-AGG/M-CTT)
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Fig. 4 Band pattern generated by specific combination primers (A64B204C4

and A3B554C8).
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Fig. 5 UPGMA clustering of AFLP data generated by eight primer combinations
for 49 wild Musa accessions; species & cultivars depicting patterns of genetic

diversity.
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Fig. 6 UPGMA clustering of AFLP data generated by eight primer combinations for

140 Musa accessions; species & cultivars, using M. Itinerans as outgroup, depicting

patterns of genetic diversity.
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madagascariensis) as outgroup.
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ARTICLE INFO ABSTRACT

Article history: A large amount of banana genetic resource has been found in Thailand which is believed to

Received 2 January 2010 be one of the centers of its origins. To assess genetic diversity and determine genetic

Accepted 27 March 2010 relationships of edible bananas in Thailand, 110 accessions of banana species and cultivars
collected from villages and natural locations were investigated. UPGMA clustering of

ﬁ;}fl/)vords: numerical data from Amplified Fragment Length Polymorphism (AFLP) patterns showed

two large groups which corresponded to genome designations of Musa acuminata (AA) and
I . . Musa balbisiana (BB), the known ancestors of most edible cultivars. The AFLP data sug-
nterspecific hybrids . X >
Musa cultivars gested that among Thai bananas, AA and AAA cultivars were closely related to M. acumi-
DNA fingerprinting nata subsp. malaccensis, while some of ‘B’ genome contained ones closely related to wild
M. balbisiana in Thailand and some may have been imported. Eight species-specific PCR-
based primer pairs, generated from the AFLP results clearly identify ‘A’ and ‘B’ genomes
within cultivars and hybrids. The analyses were useful to readily and easily infer
progenitors of these cultivars and pronounce wide genetic diversity of the bananas in
Thailand.

Genetic diversity

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Banana (Musa L.) is one of the most important tropical and subtropical food crops for millions of people worldwide (Loh
et al., 2000; Noyer et al., 2005). Banana export value ranks fourth among the most important crops in the world after rice,
wheat, and maize, while that of Thailand is the third in Southeast Asia (FAO, 2007). Major export cultivars are Musa (AAA)
‘Kluai Hom Thong’, Musa (AA) ‘Kluai Khai’ and Musa (ABB) ‘Kluai Namwa’ respectively (DFT, 2008; OAE, 2008).

Most cultivated bananas are seedless and belong to the Musa section. It is believed that they were derived or originated
from parthenocarpy, seed sterility, polyploidization, and intra and interspecific hybridizations of two diploid species, Musa
acuminata Colla (AA) and Musa balbisiana Colla (BB) (Simmonds and Shepherd, 1955; Simmonds, 1962; Valmayor et al., 2000;
Ude et al., 2002b, 2003b). Hybrids that naturally evolved from the two species included diploids, triploids and a few

* Corresponding author. Tel.: +662 2015232; fax: +662 3547172.
E-mail address: scssg@mahidol.ac.th (S. Swangpol).

0305-1978/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bse.2010.03.015



S. Wongniam et al. / Biochemical Systematics and Ecology 38 (2010) 416—427 417

tetraploids in various genome combinations such as AA, AB, AAB, ABB, BBB and AABB (Simmonds, 1962; Valmayor et al., 2000;
Dolezel et al., 1998). The dispersal of edible bananas outside Asia was accomplished solely by transport of vegetative planting
materials by human agencies (Simmonds, 1962).

Conventional classification of Musa cultivars is based on 15 morphological traits and chromosome numbers (Simmonds
and Shepherd, 1955; Silayoi and Babpraserth, 1983; Chomchalow and Silayoi, 1984; Silayoi and Chomchalow, 1987).
Recently, molecular markers are commonly used not only for classifications, but also identifications and parental assessments.
The markers included Restriction Fragment Length Polymorphisms (RFLPs) (Nwakanma et al., 2003a,b; Ge et al., 2005),
Random Amplified Polymorphic DNA (RAPD) (Pillay et al., 2001; Onguso et al., 2004; (Uma et al., 2004)), and microsatellite
markers (Creste et al., 2003, 2004). Among DNA markers, the amplified fragment length polymorphism (AFLP) technique is
being widely used for genetic diversity studies because it reveals significant polymorphisms and is a reliable and robust
molecular marker assay (Vos et al., 1995; Mueller and Wolfenbarger, 1999; Crouch et al., 1999; Ude et al., 2002b). It has been
recently employed in many plant systematic studies, e.g. among rice varieties (Singh et al., 1999), Coffea arabica cultivars
(Steiger et al., 2002), soybean (Ude et al., 2003a), and Aglaonema species and cultivars (Chen et al., 2003).

In banana, AFLP clearly distinguished taxonomical differences among sections of the genus Musa (Ude et al., 2002a;
Wong et al., 2001b, 2002) and subspecies of M. acuminata (malaccensis, microcarpa, and truncata) (Wong et al., 2001a).
The study of Ude et al. (2002b) also showed that there is wild diversity within M. balbisiana, as confirmed by Wang et al.
(2007). AFLP could be used to identify cultivars by their unique banding patterns and develop specific probes for identi-
fication purposes (Loh et al., 2000). AFLP technique can also be used to assess genetic diversity and identify relationships
between the cultivated clones of bananas (Loh et al., 2000; Rubaihayo et al., 2002; Ude et al., 2002a,b, 2003a,b; De Langhe
et al., 2005).

Thailand is believed to be one of the centers of origin and possesses great diversity of banana species and cultivars.
Combined with advanced molecular technology, these valuable germplasm could play an important role in modern breeding
programs. The information will be beneficial for germplasm management and conservation and ensure our sustainable food
security.

The objectives of this study were to assess genetic diversity and relationships among accessions of the cultivated bananas
in Thailand using AFLP markers. PCR-based primer pairs designed from unique banding patterns were proved to be ready and
easy molecular markers which characterize the parental taxa.

2. Materials and methods
2.1. Plant materials

A total of 110 Musa species and cultivars (Table 1) were collected from wild habitats and cultivations in Thailand. The
Musa species, identified based on Simmonds (1959, 1962), Argent (1976), De Langhe et al. (2002) as described in
Athawongsa (2008), included 24 accessions of M. acuminata from four subspecies i.e. siamea, malaccensis, microcarpa, and
truncata, and 18 accessions of M. balbisiana. Sixty-six accessions of the banana cultivars were from six genome designations,
i.e. AA, BB, AAA, AAB, ABB/BBA, and BBB. Two accessions of Musa laterita Cheesman were used as outgroup. Dry and in-spirit
specimens were collected and deposited at Suan Luang Rama IX Herbarium, Prawet, Bangkok 10260, Thailand. Living
specimens were planted ex situ in Nakhon Pathom province Thailand. Cigar (youngest unfurled) leaves were collected for
DNA extractions.

2.2. Genomic DNA extraction and AFLP procedure

Approximately 5 g of cigar leaf was ground in liquid nitrogen with mortar and pestle. Isolation of total DNA was
done following the protocol described by Doyle and Doyle (1990), which is a CTAB-based extraction. DNA concen-
tration was estimated using spectrofluorometric measurement with H 33 258 fluorescent dye (Hoefer DQ 200
fluorometer).

The AFLP procedure was carried out as reported by Vos et al. (1995) with a few modifications. Approximately 100 ng/ul of
DNA was digested by two restriction enzymes, i.e. EcoRI and Msel or Tru9l in 10x buffer A (Promega) and incubated for 2 h at
37°Cor1hat37°Cand 1 h at 65 °C, respectively, if digest with Tru9l. The restricted DNA fragment was ligated to EcoRI-
adapter and Msel-adapter overnight at 37 °C to generate template DNA for amplification. Five microliters of the 1:10 diluted
DNA template generated was first pre-amplified (Px2 Thermal Cycler; Thermo Electron Corporation, USA) using EcoRI + A and
Msel + C primers (Loh et al., 2000; Wong et al., 2001a,b, 2002; Ude et al., 2002a,b, 2003b). Then the pre-amplified DNA was
diluted to 1:9 with sdH,0 and 3 pl of the product were used for selective amplification in a reaction tube containing 20 pl of
selective amplification mixtures. AFLP adapters and eight primer pairs (E + AAC/M + CAA, E + AAG/M + CAC, E + ACA/
M + CAG, E + ACC/M + CTA, E + ACG/M + CTC, E + ACT/M + CAT, E + AGC/M + CTG and E + AGG/M + CTT) were used for the
selective amplification as of Vos et al. (1995), Loh et al. (2000), Wong et al. (2001a,b, 2002), and Ude et al. (2002a,b, 2003b).
The final PCR products were run on a 4.5% denaturing polyacrylamide gel electrophoresis in 1x TBE buffer in a Sequi-Gen GT
Sequencing Cell (Bio-Rad, USA). DNA fragments on gels were visualized using silver nitrate staining protocol (Bassam et al.,
1991). The gel was rinsed with distilled water and air-dried on mirror plates.
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Table 1
Plant materials of the Musa accessions used in this study.

No. Acsn no.* Genome Scientific name* Thai name*® Source Location?
SS&]JS dsgntn.”

1 001 AA M. acuminata subsp. siamea Khae Phetchabun Khao Kho, Phetchabun

2 003 BB M. balbisiana Tani Sawankhalok Sawankhalok, Sukhothai

3 004 BB M. balbisiana Tani Nu Bang Bua Thong, Nonthaburi

4 006 AA M. acuminata subsp. malaccensis Pa Khao Lak Takua Pa, Phangnga

5 009 AA M. acuminata subsp. malaccensis Pa Ranong 1 Kra Buri, Ranong

6 010 AA M. acuminata subsp. malaccensis Pa Phangnga 1 Khuraburi, Phangnga

7 011 AA M. acuminata subsp. malaccensis Pa Bang Hin Pli Tang Kapoe, Ranong

8 012 BB M. balbisiana Tani Tat Luang Pua, Nan

9 013 BBB Musa cv. Tani Kiu Chan Chaloem Prakiat, Nan

10 016 ABB Musa cv. Tip Mukdahan KTM Collection

11 017 ABB Musa cv. Theppharot KTM Collection

12 018 AAA Musa cv. Hom Khieo Khom Lak Si, Bangkok

13 020 BB M. balbisiana Tani Phu Phiang Phu Phiang, Nan

14 024 AA Musa cv. Thong Khi Maeo QSG Collection

15 025 BBB Musa cv. Lep Chang Kut KTM Collection

16 026 ABB Musa cv. Hin KTM Collection

17 030 BB M. balbisiana Tani Lang Suan Lang Suan, Chumphon

18 035 ABB Musa cv. Hak Muk Nuan KTM Collection

19 036 AAA Musa cv. Nak KTM Collection

20 037 AA Musa cv. Khai Kamphaeng Phet KTM Collection

21 039 AA Musa cv. Pa Rayong KTM Collection

22 040 BB M. balbisiana Tani Dam KTM Collection

23 041 ABB Musa cv. Namwa Ngoen KTM Collection

24 043 BB M. balbisiana Tani Keep Ma KTM Collection

25 046 ABB Musa cv. Nang Klai Surin KTM Collection

26 047 AAA Musa cv. Man KTM Collection

27 048 AAA Musa cv. Kung Khieo KTM Collection

28 049 AA Musa cv. Sa KTM Collection

29 050 AAA Musa cv. Hom Khieo Ton Sung KTM Collection

30 051 ABB Musa cv. Namwa Mali-Ong KTM Collection

31 054 AAA Musa cv. Thong Khak KTM Collection

32 055 AAA Musa cv. Nam Nom KTM Collection

33 056 AAB Musa cv. Thong Som KTM Collection

34 058 ABB Musa cv. Khai Boran KTM Collection

35 059 AA Musa cv. Hom Chan KTM Collection

36 061 AAA Musa cv. Hom Thong Pa KTM Collection

37 062 AA Musa cv. Lep Mue Nang KTM Collection

38 063 ABB Musa cv. Namwa Maharat KTM Collection

39 064 ABB Musa cv. Namwa Nuan KTM Collection

40 065 ABB Musa cv. Hak Muk Thong KTM Collection

41 066 ABB Musa cv. Namwa Luk Sai Dam KTM Collection

42 068 AA Musa cv. Nua Thong KTM Collection

43 071 AA Musa cv. Thong Dok Mak KTM Collection

44 072 ABB Musa cv. Khai Si Sa Ket KTM Collection

45 075 ABB Musa cv. Namwa Khom KTM Collection

46 077 AAA Musa cv. Hom Thong Phon San KTM Collection

47 079 ABB Musa cv. Hak Muk Khieo KTM Collection

48 080 ABB Musa cv. E-Ngao Ubon KTM Collection

49 082 ABB Musa cv. Namwa Sai Dang KTM Collection

50 083 AA Musa cv. Sae Ma KTM Collection

51 087 ABB Musa cv. Tip Yai Chanthaburi KTM Collection

52 093 BB M. balbisiana Tani Chiang Klom Pak Chom, Loei

53 095 BB M. balbisiana Tani Pak Chom Pak Chom, Loei

54 103 BB M. balbisiana Tani Phra Phuttha Chai Phuttha Chai, Saraburi

55 106 AA M. acuminata subsp. malaccensis Pa Pang Wan Pato, Chumphon

56 109 AA M. acuminata subsp. malaccensis Pa Wat Tham Sua Muang, Krabi

57 117 BB M. balbisiana Tani Bang Marot Muang, Surat Thani

58 119 AAA Musa cv. Niu Chorake Amphawa STP Collection

59 120 AA Musa cv. Sae Lo STP Collection

60 121 AAA Musa cv. Takui Noemu STP Collection

61 131 AA M. acuminata subsp. microcarpa Pa La-u Hua Hin, Prachuap Khiri Khan

62 135 BB M. balbisiana Tani Huai Mae Phriang Kang Krachan, Phetchaburi

63 137 AA M. acuminata subsp. malaccensis Pa Ranong 2 Kra Buri, Ranong

64 138 AA M. acuminata subsp. malaccensis Pa Khao Lak 2 TakuaPa, Phangnga

65 149 AAA Musa cv. Hom Thong Phetchaburi KU Collection

66 151 ABB Musa cv. Khai Maha Sarakham KU Collection

67 152 ABB Musa cv. Niu Mue Nang KU Collection

68 156 AA Musa cv. Niu Nang Ram KU Collection

69 157 ABB Musa cv. Namwa Sai Luang (Ubon) KU Collection
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No. Acsn no.* Genome Scientific name® Thai name?® Source Location?
SS&JS dsgntn.”
70 167 AAB Musa cv. Nam A-chan Chalongchai KU Collection
71 170 ABB Musa cv. Namwa Khieo KU Collection
72 171 AAB Musa cv. Wan KU Collection
73 172 AA M. acuminata subsp. siamea Pa Ban Pa Kluai Pak Chong, Nakhon Ratchasima
74 178 BB M. balbisiana Tani Khlong Tani Pong Nam Ron, Chanthaburi
75 179 AAB Musa cv. Klai Muang, Chanthaburi
76 183 BB M. balbisiana Tani Thong Suk College Thawi Watthana, Bangkok
77 184 AAA Musa cv. Nam Amphawa Lak Si, Bangkok
78 186 AAB Musa cv. Nga Chang KTM Collection
79 188 AAB Musa cv. Chi KTM Collection
80 189 AAA Musa cv. Nak Yak Thong Pha Phum KTM Collection
81 191 ABB Musa cv. Namwa Nuan Chan KTM Collection
82 194 AAA Musa cv. Khai Thong Ruang KTM Collection
83 195 AAB Musa cv. Nam Fat KTM Collection
84 196 ABB Musa cv. Chang KTM Collection
85 198 AAA Musa cv. Chai STP Collection
86 201 BB M. balbisiana Tani Chanae Saba Yoi, Songkhla
87 202 AA M. acuminata subsp. malaccensis Pa Tanopute Bannang Sata, Yala
88 206 AA M. acuminata subsp. truncata Pa Umong (Tunnel) Piyamit Be-tong, Yala
89 210 AA M. acuminata subsp. malaccensis Pa Tha-le Ban Khuan Don, Satun
90 215 BB M. balbisiana Tani Khuan Khanun Khuan Khanun, Phatthalung
91 216 AA M. acuminata subsp. malaccensis Pa Khao Pu Khao Ya 1 Si Banphot, Phatthalung
92 219 AA M. acuminata subsp. malaccensis Pa Thung Pho Chulabhorn, Nakhon Si Thammarat
93 243 LL M. laterita Bua Si Som Tha Khanun Thong Pha Phum, Kanchanaburi
94 252 BB M. balbisiana Tani Hat Wichittra Khong Chiam, Ubon Ratchathani
95 254 AAA Musa cv. Sai Namphueng Suan Phueng, Ratchaburi
96 256 BB M. balbisiana Tani Phu Phing Muang, Chiang Mai
97 273 ABB Musa cv. Namwa Dam KTM Collection
98 274 AA M. acuminata subsp. malaccensis Pa Doi Musoe 2 Mae Sot, Tak
99 276 AAA Musa cv. Kai Dam Tha Song Yang, Tak
100 277 AAA Musa cv. Hom Proi Tha Song Yang, Tak
101 278 LL M. laterita Bua Si Som Ban Mae La Tha Song Yang, Tak
102 279 ABB Musa cv Hak Muk Som Sop Moei, Mae Hong Son
103 280 AAA Musa cv Nio Phaya Salawin Sop Moei, Mae Hong Son
104 281 AA M. acuminata subsp. malaccensis Pa Salawin Sop Moei, Mae Hong Son
105 286 AA M. acuminata subsp. siamea Pa Doi Tung Mae Fa Luang, Chiang Rai
106 290 AA M. acuminata subsp. siamea Pa Nanthaburi Ban Luang, Nan
107 293 AA M. acuminata subsp. siamea Pa Thung Lang Long, Phrae
108 303 AA M. acuminata subsp. siamea Pa San Chao Pho Kun Dan Muang, Nakhon Nayok
109 325 AA M. acuminata subsp. siamea Pa Phanoen Thung 1 Kaeng Krachan, Phetchaburi
110 326 AA M. acuminata subsp. siamea Pa Phanoen Thung 2 Kaeng Krachan, Phetchaburi

2 Accession number and Thai name were based on S. Swangpol and ]. Somana (2008, unpublish data).

b Genome designation was as of “Genome Size of Thai Bananas (Musaceae) Based on Flow Cytometry” by Pornpravee Choksuwanlert and Yadnapha
Choeito (2008, unpublished data).

¢ Identification to species and subspecies was based on Athawongsa (2008).

4 Source locations were collection sites (S. Swangpol and J. Somana, 2008, unpublish data), except for those accessions obtained from organization or
private collections which are indicated as following; KTM Collection = Kamphaeng Phet Thai House Museum, Muang, Kamphaeng Phet; QSG
Collection = Queen Sirikit Garden, Chatuchak, Bangkok; STP Collection = Suan Ta Phak Rang Nairoi, Damnoen Saduak, Ratchaburi, and KU Collection = Pak
Chong Research Station, Kasetsart University, Pak Chong, Nakhon Ratchasima.

2.3. AFLP data analysis

For genetic diversity analysis, only distinctive bands from each sample were recorded manually. A band was considered
polymorphic if it presented in at least one genotype and absent in others. Each band was scored as a “1” if present and as “0” if
absent. A genetic similarity matrix was computed according to Nei and Li’s (1979) similarity index. Genetic diversity estimates
(GDEs) were calculated as 1 minus Nei and Li Similarity Coefficient and multiplying the result by 100 [(1 — S;) x 100].
A dendrogram was constructed from the matrix of similarity coefficients using the Unweighted Pair-Group Method of the
Arithmetic average (UPGMA) technique (Sneath and Sokal, 1973) by the NTSYS-pc software package version 2.11T (Rohlf,
2000). A particular DNA band size was calculated by standard curve equation which was interpolated from 726 bp DNA
ladder (Promega, USA) by Sigma Plot-pc software package version 10.0 (Systat Software, USA).

2.4. DNA band characterization from gel

Species-specific primers were designed from sequencing results of twenty-seven regularly intense unique bands easily
excised from AFLP gel (Table 2). The 20 ul PCR reaction mixture was prepared as previously described with 20 ng total
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genomic DNA template. The PCR condition for these primers was 3 min at 94 °C followed by 28 cycles of 30 s at 94 °C, 30 s
annealing at 45 °C and 1 min extension at 72 °C and final cycle of 5 min at 72 °C. PCR product was analyzed by 1% agarose gel
electrophoresis in 0.5x TBE.

3. Results and discussions
3.1. AFLP profiles of the Musa accessions

The AFLP analysis performed on 110 Musa accessions using eight primer combinations yielded a total of 635 (85.7%)
polymorphic bands and 106 (14.3%) monomorphic bands. All bands, ranging from 39 to 730 bp, were scored. The average
number of polymorphic bands per primer pair was 79.4, while the amount for the eight primers ranged from 68 to 111 bands.
The AFLP profiles can be used to distinguish between the Musa accessions by their unique banding patterns (Fig. 1).

A total of 106 unique genetic markers were observed for the Musa accessions which clustered into groups corresponding to
the genome designation of Musa (wild AA, wild BB, AA, AAA, AAB, ABB/BBA, and BBB). Unique makers and their molecular
sizes for M. acuminata and M. balbisiana were shown in Table 2 and Fig. 1. Among the M. acuminata accessions, unique bands
were presented in each subspecies. Combination primer of E + AGC/M + CTG revealed the highest number of unique bands
while E + ACT/M + CAT revealed the lowest.

3.2. Genetic diversity and relationship among Musa accessions

Genetic diversity estimates (GDEs) were used for UPGMA cluster analysis which generated a dendrogram (Fig. 2). The
mean of GDEs between the 110 accessions was 60.2 + 13.2%, that between M. acuminata accessions was 54.6 + 9.0% and
between M. balbisiana accessions was 33.0 + 9.0%. The means of the AFLP-based pairwise GDEs among Musa accessions in this
study are presented in Table 3.The AFLP analyses well separated Musa accessions into their specific status. The outgroup
species, M. laterita, clearly formed distinct cluster and separated from M. acuminata, M. balbisiana, and other cultivated
bananas.

UPGMA method assigned the Musa accessions into two major clusters based on polymorphic bands (Fig. 2), i.e. cluster A
(M. acuminata-genome containing accessions) and cluster B (M. balbisiana-genome containing accessions). Cluster A showed
higher mean of GDEs than cluster B, i.e. 54.0 4+ 9.0% and 47.1 + 10.3%, respectively. The mean of GDE among the M. acuminata
subsp. siamea was 45.0 + 9.4%, while higher GDE mean, 50.6 + 9.2%, was found within subsp. malaccensis (data not shown).
AFLP analyses correlated with the subspecific status within M. acuminata previously identified using morphological char-
acters (Athawongsa, 2008).

3.3. Cluster A

Cluster A can be separated into four groups (Al, All, Alll and AIV) (Fig. 2). Within M. acuminata subsp. siamea (Al group), two
clusters can be recognized, namely Al-1 and Al-2. Another accession of M. acuminata subsp. microcarpa, SS & JS 131, was the
only member in the All group. Accessions in Al groups distributed in upper part of the country from Chiang Rai to Prachuap
Khiri Khan and from Kanchanaburi to Loei and Sakaeo.

The third group (AIIl) was composed of M. acuminata subsp. malaccensis and cultivated bananas of wide variation, AA and
AAA. Within the Alll group, Alll-1 was mainly cultivated ones, while all presented in the Alll-2 were wild accessions, except
one AA cultivated banana ‘Nio Nang Ram’. It should be noted that subsp. siamea, microcarpa, and truncata were not related to
any banana cultivars under this study.

3.4. Cluster B

Cluster B was separated into two groups (BI and BII) (Fig. 2). One (BBB) banana cultivar, SS & JS 013, collected from
Thailand-Laos border in Nan, nested with wild and cultivated M. balbisiana (BB) within group BI-1. Meanwhile the rest of ABB/
BBA and BBB cultivars clustered together in BI-2 group without any related BB species. Among others in the BII group were
morphologically closely related cultivars, ‘Klai’ and ‘Nga Chang’, yet with GDE value of 23.8%. Eleven clones of ‘Namwa’ (BBA)
were separated into the BI-2 and BII groups. While ‘Namwa Sai Dang’, ‘Namwa Khieo’, and ‘Namwa Nuan Chan’ were among
most of other AAB cultivars in the BI, the rest of the ‘Namwa’ were in the BI-2.

The AFLP data showed low level of genetic variability within M. balbisiana accessions (GDE = 33.0 4 9.0%; Table 3) found in
Thailand which was similar to the report of Swangpol et al. (2007) on DNA sequences. The results disagreed with previous
work in other countries (Philippines, Sotto and Rabara, 2000; Nigeria, Ude et al., 2002b; China, Wang et al., 2007). The BI-1
group was collected from the central and northern Thailand, while the second group of BI-1 was from the southern part of the
country. The BII group was closely related to Musa (ABB) ‘Saba’ (data not shown) which were supposedly introduced from the
Pacific Islands (Swangpol et al., 2007). The low GDE value among the two M. balbisiana groups (37.4 + 4.1%) did not support
the separation of this species into lower taxonomic rank, though the intraspecific variation has been mentioned previously in
Thailand (B. Silayoi, pers. comm. and Swangpol, 2004), and other countries (Ude et al., 2002b; Wang et al., 2007).
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Fig. 1. An example of AFLP profile generated by primer combination 7 (E + AGC/M + CTG). Arrow indicates unique bands as in Table 3. Lane designations with
accession number in parentheses are as following; M1: Marker 10 bp., M2: Marker 24—726 bp., 1: M. acuminata subsp. siamea (SS & JS 001), 2: Musa (AA) ‘Nio
Nang Ram’ (SS & JS 156), 3: M. acuminata subsp. malaccensis (SS & JS 210), 4: M. acuminata subsp. truncata (SS & JS 206), 5: M. acuminata subsp. siamea (SS & JS
325), 6: M. acuminata subsp. siamea (SS & JS 326), 7: M. acuminata subsp. microcarpa (SS & JS 131), 8: M. acuminata subsp. microcarpa (SS & JS 136), 9: Musa (AAB)
‘Nga Chang’ (SS & JS 186), 10: M. balbisiana (SS & JS 003), 11: M. balbisiana (SS & JS 012), 12: Musa (BBA) ‘Namwa Nuan’ (SS & JS 064), 13: M. laterita (SS & JS 243).
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Fig. 2. UPGMA cluster analysis of AFLP data generated by eight primer combinations for 110 Musa accessions depicting patterns of genetic diversity. Accession

numbers are presented according to Table 1 and those without genome designations are of wild accessions.
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Table 4
Species-specific combination primers develop from unique molecular marker bands detected upon AFLP analyses of Musa.
Marker name?® Taxa specificity Allele size (bp) Primers (5'—3') Tm (°C)
A64B204C4 M. acuminata 120 F: TAG TCT ATC ATC ACT GCT A 45
R: TCA CTG CTG GAG GTG T 47
A210B248C5 M. acuminata 110 F: GAG AGT TAG AGT GGA GGT 46
R: GAC TGC GTA CCA ATT CA 45
A64B409C3 M. acuminata 330 F: CGA CCG TGG CAC CTA 48
R: CAA TCA CAG AAT AAG ATC AAG 46
A64B528C7 M. acuminata 430 F: AGG CAG ACCAGACCTT 46
R: ATT CAG CAG AAT CTG GTT 45
A3B554C8 M. balbisiana 450 F: TTC TAT TGA ACG AGA GAT C 45
R: GCT GTG CAG GAATGA G 46
A3B170C5 M. balbisiana 130 F: CTC GGC TAC CTA CCC 45
R: CCT GGT TGT CGC CTT 45
A3B155C5 M. balbisiana 117 F: CAA GTC AGT CAA CTA CCC 45
R: CTG CGT ACC AAT CAC C 45
A3B264C7 M. balbisiana 218 F: CAA TAT GCA CGA GAT CCT 46
R: CAG CAC AAG TAA TAC AACT 45

2 The primers were designated as following, A codes for the accession numbers that DNA band in the gel was excised, B for calculated base length of the
excised band, and C for the primer combination series from left to right columns in Table 2.

The AFLP data showed that, with the GDE of 19.2%, the seedless triploid (BBB) accession, SS & JS 013, was closely related to
the wild M. balbisiana found in the same province of Nan. The result was in agreement with that of Swangpol et al. (2007),
who found the relationship of this wild M. balbisiana accession to the other triploid BBB in the area.

AFLP profiles of Musa accessions in this study were comparable to those in Ude et al. (2002a,b) that diploid AA and triploid
AAA cultivars were closer related to M. acuminata, and triploid BBA/ABB, ABB and BBB cultivars were closer related to
M. balbisiana. Swangpol et al. (2007), in contrast to this experiment, showed that some ABB cultivars were among the A
genome containing accessions. The study which was based on chloroplast DNA sequences may be the result of one-sided
maternal inheritance and did not represent the whole genome.

M AAw AA AAA AAB BBA BBw BBB LLw

2500
2000

1000

500

100

Fig. 3. Band patterns generated by species-specific combination primer pairs (A64B204C4 and A3B554C8). M, Marker 100 bp.; 1, M. acuminata subsp. malaccensis
(SS &JS 210); 2, Musa (AA) ‘Nio Nang Ram’ (SS & JS 156); 3, Musa (AAA) ‘Nak’ (SS & JS 036); 4, Musa (AAB) ‘Nga Chang’ (SS &JS 186); 5, Musa (BBA) ‘Namwa Nuan’
(SS & JS 064); 6, wild M. balbisiana (SS & JS 012); 7, Musa (BBB) ‘Lep Chang Kut’ (SS & JS 025); 8, M. laterita (SS & ]S 243).
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3.5. Musa accessions identification using AFLP marker

Eight AFLP primer pairs revealed 106 unique molecular marker bands which related banana cultivars to their wild rela-
tives, M. acuminata and M. balbisiana (Table 2). In addition to a previous report (Wong et al., 2001a,b) which used unique
marker bands in the report to distinguish three taxa of M. acuminata, i.e. subsp. malaccensis, microcarpa, and truncata, in this
study, we found that those bands were also able to identify M. acuminata subsp. siamea and M. laterita.

Nevertheless, none of the established markers was able to distinguish at subspecies level, we finally obtained eight
species-specific combination primer pairs (Table 4) designed from the selected AFLP bands which were able to unambigu-
ously identify M. acuminata- and M. balbisiana-genome containing accessions. Analyses using these PCR-based primers
revealed 110—450-bp DNA fragments (Table 4). This study indicated the presence of A and B genomes in Musa AAB and ABB
cultivars and confirmed that the Musa (BBB) ‘Lep Chang Kut’ did not contain the A genome. Fig. 3 showed the PCR result using
one pair of these combination primers (A64B204C4 and A3B554C8). However, these primers could not identify parental
subspecies of M. acuminata in the A genome or proportion of the A—B genomes in cultivars. Therefore, the study of these
subspecies-specific primers obtained from the AFLP should be continued together with genetic diversity study of wild and
cultivated bananas from other regions.

4. Conclusions

The analyses of the 110 Musa accessions using AFLP markers showed the relationship between M. acuminata, M. balbisiana,
and the Thai cultivated bananas. While the Thai AA and AAA cultivars related closely to M. acuminata subsp. malaccensis, the
BBB cultivars were to the wild M. balbisiana in Thailand. Though all of the AAB and ABB/BBA cultivars were indicated as of
M. balbisiana descendants, origin(s) of some of them (Cluster BII) were still ambiguous. It can be inferred that their ancestors
did not present in our collections and possibly originated from the Pacific Islands as previously stated elsewhere (Swangpol
et al., 2007).

Finally, we have selected several primer pairs from the AFLP results that can easily identify A and B genomes within the
banana cultivars using simple PCR technique. The primers can be useful in the unequivocal identification of the related
species including M. acuminata, M. balbisiana, and M. laterita and their interspecific hybrids.
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Musa serpentina (Musaceae): a new banana species from western border of Thailand

SASIVIMON SWANGPOL* & JAMORN SOMANA**

ABSTRACT. Musa serpentina Swangpol & Somana, a new species from Thailand in areas bordering Myanmar is described and

illustrated. A key is given to the wild bananas of the area.

KEY WORDS: Musa laterita, Musa acuminata, Thailand, wild banana.

INTRODUCTION

Though Simmonds (1956) cited clearly in his
report on the results of his expedition during 1954—
5 that Thailand is one of the hotspots of banana
diversification, taxonomic study of the banana
genus, Musa L., in this country has been neglected
for more than 50 years. Since then, there has only
been another preliminary survey of wild banana
species diversity in northern Thailand (De Langhe
etal. 2002). In this latter document, apart from four
widespread Musa speciesin northern Thailand (M.
balbisiana, M. acuminata, M. itinerans, and M.
laterita), there were two other uncommon species
mentioned, M. nagensium Prain and M. sikkimensis
Kurz. The first was collected by Simmonds (1956)
in one location only (near Chiang Dao, Chiang
Mai) who even noted a vernacular name (‘Klue
Khem?’). However, its distribution areas documented
by Cheesman (1948) were in Nagaland and Assam
of India and Myitkina District of Burma (now
Myanmar) and despite extensive surveys by De
Langhe et al (2002) and our team (2005-2011) M.
nagensium was not found, suggesting that it may
not exist in Thailand or has become extinct in the
wild here.. Another species mentioned in the same
report as “putative M. sikkimensis variety” was not
clearly described. However, its distinctive

determinate inflorescence was definitely not the
main characters found in our sp. nov. reported here.

One accession (SS & JS 246) of our new taxon,
first collected as a variant of M. laterita, was found
growing vigorously along with M. acuminata and
M. laterita at the border of Thailand—Myanmar in
Sangkhla Buri, Kanchanaburi. Later, while searching
for wild M. balbisiana in Mae Hong Son, a popula-
tion of this variant M. serpentina (SS & JS 353)
was also found growing robustly among individuals
of M. balbisiana and M. laterita on a stream bank.
The taxon was subsequently located independently
elsewhere along the western border of Thailand
in Mae Hong Son, Tak, and Kanchanaburi.
Morphological study revealed it to be a new
species based on the characters given in the key
and notes and thus it is described below.

A special term ‘TS ratio’ used in this paper
requires explanation. The term was introduced by
Argent (1976) as “the vertical depth of the petiole
canal divided by the vertical depth of petiole tissue
beneath, as seen in transverse section of the mid-
point of the petiole”. This character is used to
distinguish the new species from M. laterita, see
“Key to the species”.

* Department of Plant Science, Faculty of Science, Mahidol University, Ratchathewi, Bangkok 10400, Thailand, email: scssg@

mahidol.ac.th

** Department of Biochemistry, Faculty of Science, Mahidol University, Ratchathewi, Bangkok 10400, Thailand.
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KEY TO THE MUSA SPECIES OF NORTHERN AND CENTRAL THAILAND

1. Petiole canal margins overlapping. Bracts lift but do not roll back. Four rows of ovules in each loculus M. balbisiana
1. Petiole canal margins not overlapping, but curved inward, erect or spreading. Bracts lift and roll back. Two rows of ovules in each

loculus.

2. Suckering to 0.5-2 m from parent plant, male bract yellow inside, fruit pedicel ca. 2.5-4.5 cm long, fruit peel light green or red

purple at maturity, do not become yellow when ripe

M. itinerans

2. Suckering less than 0.5 m from parent plant, male bract pale orange-red or red purple to dull red inside, fruit pedicel less than 2
cm long, fruit peel medium green at maturity, become yellow when ripe.

3. Infructescence horizontal or pendulous at anthesis. Male inflorescence bracts dull red on both sides

M. acuminata

3. Infructescence erect or upwardly slanting at first anthesis. Male inflorescence bract pale orange-red to pink-purple to purple-

brown outside, pale orange-red to red purple inside

4. Pseudostem less than 1.5 m tall, less than 20 cm circumference. Petiole canal wide with erect margins, TS ratio (see

Introduction) more than 1. Male bract orange-red on both sides. Fruits in one row

M. laterita

4. Pseudostem 2—4 m tall, 20-40 cm circumference. Petiole canal margins curved inward, TS ratio less than 1. Male bract pink-

purple to purple-brown outside, red-purple with or without purple streaks inside. Fruits in two rows

DESCRIPTION

Musa serpentina Swangpol & Somana sp. nov.
Musae lateratae Cheesman similis sed pseudocau-
libus 2-4 m elatus et 20-40 cm circumdatus et
bracteis inflorescentio roeis et fructibus in quoque
aggrigatibus serialibus duobus differt. Typus:
Northern Thailand, Mae Hong Son, Amphoe Khun
Yuam, Tambon Muang Pon. Stream bank near
bridge on Road 108, 11 May 2008, Swangpol &
Somana 353 (holotype BKF; isotype: Suan Luang
Rama 1X Herbarium), Map 1 and Fig. 1-2.

Perennial herb with rhizome ca. 20 cm long,
pseudostems clumped, 2—4 m tall, 20-40 cm in cir-
cumference, light green, green yellow to medium
green, sap ivory, young sucker leaves without
blotches. Petiole 56-70 cm, base with sparse small
brown blotches, petiole canal narrowly open with
short winged margins curving inward, medium
green or sometimes pink to purple, lower side
medium green. Leaf blades oblong, 135-220 by
40-70 cm, underside slightly waxy, base cuneate to
oblique with left side cuneate and right side cune-
ate or rounded to cordate, apex prominently blunt.
Inflorescence erect, rachis 3045 cm long, slightly
hairy; basal flowers male, sterile; terminal flowers
female, sterile. Female inflorescence narrowly
lanceolate, bract lanceolate, 25 by 12 cm, pink-
purple to purple-brown outside, slightly waxy, red-
purple with purple streaks inside; female flowers
with compound tepal ivory, lobe orange, free tepal
slightly longer than 1/2 length of compound tepal,
ivory, stigma 1, ivory, locules 3, ovules in 2 rows,
anthers 5, infertile. Male inflorescence rachis 40—
120 cm long, first upwardly slanting, then curving

M. serpentina

downwards, finally curving up slightly and turning
like a crawling serpent, male inflorescence lanceo-
late, bracts ovate to narrowly ovate, 11-17 by 5-12
cm, pink-purple to purple brown outside, slightly
waxy, sometimes with yellow streaks, red to red
purple inside, rolling up before falling; male flowers
with compound tepal cream, lobe orange, free tepal
narrowly ovate, cream, translucent, with a few
wrinkles at the base of the apex, ca. 1/2 length of
compound tepal, stigma 1, orange, infertile, anthers
5, cream. Infructescence bunch horizontal or
slightly angled upward. Fruits 4-7 hands per
bunch, lax, 8-18 per hand, in two rows, 4-6 cm
long, 1 cm wide, straight to curved, angular with
prominent ridges at maturity, pedicel 0.5 cm long,
apex blunt. Seeds depressed, irregular, rounded
angular, ca. 5-7 mm by 4-6 mm by 2-3 mm,
relatively smooth surface, brown to black, chalaza
round to oval, convex.

Thailand.— NORTHERN: Mae Hong Son
[Mae La Noi, Tambon Mae Tho, Road 108, 11 May
2008, Swangpol & Somana 355], Tak [Tha Song
Yang, Mae La, Road 105, 26 Jan 2007, Swangpol
& Somana 278; Mae Ramat, Khane Chue, Road
105, 30 April 2010, Swangpol & Somana 432];
CENTRAL: Kanchanaburi [Sangkhla Buri, Nong Lu,
Road 323, 14 Aug. 2006, Swangpol & Somana
246, and 25 April 2009, Swangpol & Somana 387,
Sangkhla Buri, Nong Lu, low slope on roadside to
Namtok Takhian Thong, 26 April 2009, Swangpol
& Somana 393], all specimens were deposited at
Suan Luang Rama IX Herbarium, a duplicate of
Swangpol & Somana 246 was deposited at BKF.

Distribution.— Endemic to the west of north-
ern and central Thailand, the floristic regions
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recently described by van Welzen et al. (2011), but
expected to be found across the border in Myanmar.

Ecology.— In highly disturbed habitats of
open mixed deciduous forest by stream banks or
low slopes by roadsides; altitude 240-570 m.

Vernacular— We named the new taxon,

Kluai Nakkharat (nd2euins1v), which ‘Nakkharat’
or ‘Naga’ literarily means the serpent king.

Notes.— Musa serpentina possesses an erect
inflorescence at first later lengthening in a unique
curling habit as snake-like from which it takes its
name. The inflorescences are covered with bracts
of a distinctive pink or rose colour (pink-purple,
based on standard colour chart for bananas and
plantains, IPGRI-INIBAP/CIRAD, 1996). M.

serpentina differs additionally in characters of the
underground stem and can be easily distinguished
from the other wild bananas: M. laterita Cheesman,
M. acuminata Colla and M. balbisiana Colla,
growing in the same area.

Conservation status.— It should be noted
that seed set in Musa serpentina is poor and no
more than 10 seeds per fruit were found. In addi-
tion, due to drastic fragmentation of its mixed
deciduous forest habitat and the fact that observed
population size was estimated in all seven popula-
tions combined to number fewer than 250 mature
individuals, the new species is considered
‘Endangered’ (EN) based on IUCN Red List
Categories and Criteria: Version 3.1 (Criteria D in
Section V; IUCN, 2001).
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Map 1. Distribution areas of Musa serpentina S. Swangpol & J. Somana in the west side of northern and central regions of Thailand.
Accession numbers and detail were according to text. Map was provided by Dr R. Boonprasert, Mahidol University, Thailand.
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Figure 1. Musa serpentina Swangpol & Somana: A. clump; B. petiole shoulder; C. leaf base and cross-section of petiole canal; D.
female inflorescence; E. male bract; F. male flower; G. male inflorescence; H. seeds (bar = 5 mm); L. rhizomes. Photos by
S. Swangpol - A, B, F, G and | SS&JS 246; C and E SS&JS 278; D SS&JS 353; H SS&JS 387.
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Figure 2. Musa serpentina Swangpol & Somana: A. clump; B. leaf bases from two accessions; C. cross-section of petiole canal; D.
female inflorescence; E. male bract and male inflorescence; F. female flowers with cross section of ovary, free tepal (upper) and
compound tepal (lower); G. male flower; H. fruits, i.e. cross section, long section, and hand (J) rhizome. Drawings by P. Keiatprapai.
—A, B-left, F, G and J SS&JS 246; C and E SS&JS 278; B-right, D, F. SS&JS 353; H. SS&JS 355. Drawn by Potjana Kiattiprapai.
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ABSTRACT

Thailand may be considered the cradle of the wild banana Musa acuminata of which
four subspecies; siamea, burmannica, malaccensis, and microcarpa, were previously
reported. However, recent wide-ranging collections throughout Thailand revealed the
necessity of adjusting subspecific boundaries in terms of their existence, descriptions, and
areas of distribution. Using M. itinerans and M. laterita as outgroups, similarity coefficient
matrices were assessed from 60 morphological characters and Amplified Fragment-Length
Polymorphic (AFLP) fingerprinting of 102 M. acuminata accessions collected from natural
habitats in Thailand. Genetic diversity and taxonomic status of the M. acuminata complex
was determined based on dendrograms constructed from the matrices using Sequential,
Agglomerative, Hierarchical, and Nested (SAHN) clustering. The surveys in Thailand
revealed that the subspecies, M. acuminata subsp. siamea, distributes in the upper part of the
country and subsp. malaccensis distributes from Peninsular Thailand up to the north probably
through Thailand-Myanmar mountain chain. Recently, M. acuminata subsp. truncata has
been found in the southernmost province of Thailand and a new form of M. acuminata subsp.
malaccensis was found in the Kra Isthmus area, meanwhile, subsp. burmannica was absent.
Within this M. acuminata complex in Thailand, we maintained that subspecific ranking is
rather suitable than variety. Key to M. acuminata subspecies in Thailand showed that shape
of leaf base, rachis position, and aestivation and colour of male bracts, were critical
characters for identification.

Key words: Musa acuminata, siamea, malaccensis, truncata, microcarpa, burmannica,
subspecies, phenetics, plant morphology, molecular analysis, Thailand, Kra Isthmus
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INTRODUCTION

Musa acuminata Colla, one of the two progenitors of most pleasant seedless banana cultivars, is native
to Tropical Asia. Within the species, several subspecies were described based on morphology, ecology,
cytology, and recently, molecular biology (Simmonds 1956, 1962; De Langhe and Devreux 1960; Wong et al.
2001). Nomenclature of the subspecies, however, has generated confusion in banana collections worldwide and
caused difficulties in banana selections for breeding programmes and research (Cheesman 1947; Wong et al.
2001). Moreover, the large size and herbaceous habit of the plants make it difficult to identify and classify dry
banana specimens (Nasution 1991; Wong et al. 2001). Several attempts have been made to reveal the true
identities of the subspecies. Simmonds (1956) classified the complex based on blotch colour on the
pseudostem, leaf sheath waxiness, bract colour and aestivation, fertility of basal flowers, fruit shape, and
number of ovules per ovary. Meanwhile, De Langhe and Devreux (1960) used bract colour, fruit pedicel, apex,
and section, bunch direction and density, among other key characters, and reported one new subspecies,
burmanicoides De Langhe & Devreux, found in India. Nasution (1991) used the hermaphrodite condition of
basal flowers, shape of male buds, aestivation and colour of male bracts, shape of the free tepal of male flowers,
and shape of the seed, among other morphological characters to discriminate 15 varieties of M. acuminata in
Indonesia, including acuminata, microcarpa (Becc.) Nasution, and malaccensis (Ridl.) Nasution. Later, De
Langhe et al. (2000) reported a suspicious form, which they informally called pseudo-malaccensis, and several
other subspecific hybrids within the M. acuminata populations found in northern Thailand. Identities of M.
acuminata subspp. malaccensis (Ridl.) N.W. Simmonds, microcarpa (Becc.) Simmonds, and truncata (Ridl.)
Kiew were also problem taxa (Hakkinen and De Langhe 2001) until Wong et al. (2001) clarified that they were
genetically distinct. They emphasized the significance of ecological isolation of the subspecies that the subspp.
malaccensis and microcarpa were lowland (up to 600-900 m in altitude), while the subsp. truncata was found in
mountainous areas (usually above 900 m). In addition, subspp. malaccensis and truncata were found in
mainland Malaysia while the subsp. microcarpa was limited in its distribution to the Island of Borneo.
Molecular analyses confirmed the status of these three subspecies (Wong et al. 2001).

Thailand is located at the major biogeographical region where boundaries of two distinct floristic
provinces, Indochinese and Sundaic, meet (Tougard 2001). The strong climatic shifts between the two
provinces provide the area as one of the most biodiversity-rich in the world (Myer et al. 2000). Among other
flora and fauna, Thailand was one of the hotspots of M. acuminata (Simmonds 1956). While the distributional
area of subsp. banksii is in Philippines, Papua New Guinea and northern Australia (Simmonds 1960, 1962,
1995; Argent 1976) and subsp. errans in the Philippines (Valmayor 2001), other subspp. including: siamea
Simmonds, burmannica Simmonds, malaccensis, and microcarpa are wide-ranging dispersed from southern
India to Indochina and southern China to Borneo (Simmonds 1960). The area of distribution of the last four
subspecies overlapped in Thailand i.e. along Thailand-Myanmar border, southern Thailand, and Kra Isthmus
Archipelago, according to Simmonds (1960). Unfortunately, since Simmonds’ last survey in the 1950s and the
De Langhe et al. report in 2000, which both emphasized the northern region, none has included a thorough
investigation of M. acuminata from the whole of Thailand. Banana collections in the country were mainly for
useful cultivars (Silayoi and Babpraserth 1983; Chomchalow and Silayoi 1984). Although the international
collection, Bioversity’s International Transit Center in Belgium, has possessed a small number of M. acuminata
accessions from Thailand and elsewhere (382 out of 5928, Bioversity International 2012).

Rapid deforestation is destroying natural habitats and the urge for conservation of plant resources has
presently become one of the most important global issues. The authors have observed that though bananas grow
well in open spaces after forest clearing, they cannot tolerate heavy and repeatedly devastation of the vegetation
and have vanished from several localities. We have collected and investigated hundreds of M. acuminata and
related accessions throughout Thailand, in a race against time to collect and protect valuable germplasm that
will increase knowledge of their variations and, hopefully, may solve status of their taxonomic complex.
Specimens were carefully characterized, recorded, preserved and deposited in herbaria. Representatives of each
taxon are cultivated as ex situ references. Phenetic study of morphological characters was applied along with
AFLP analysis to infer genetic relation among the accessions. Dendrograms generated represent clear
placement of each subspecies. We, herein, propose a new key to the subspecies of the M. acuminata complex in
Thailand.

MATERIALS & METHODS
Plant materials
All specimens were collected during the year 2005-2008 on several expeditions in Thailand and

identified based on previous descriptions of Cheesman (1948), Simmonds (1956, 1962), De Langhe and
Devreux (1960), and De Langhe et al. (2000). A total of 102 accessions of Musa acuminata Colla sensu lato
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(section Musa, 2n=2x=22) from natural habitats were studied. The outgroup taxa were M. itinerans Cheesman
(section Musa, 2n=2x=22) from six populations and M. laterita Cheesman sensu lato (section Rhodochlamys,
2n=2x=22) from 11 populations. Specimens of each accession deposited at Suan Luang Rama IX herbarium
included male inflorescence and fruits from a middle hand preserved in-spirit. Then, base, middle, and tip of the
third to fourth leaf were dried. A young curling (cigar) leaf was collected for DNA analysis. A sucker was
collected for the ex situ collection and representatives of each taxon are cultivated at Suan Luang Rama IX
garden in Bangkok and Queen Sirikit Botanic Garden in northern Thailand. All accessions were characterized
on site using the improved banana collecting form (available in pdf file format upon request) and standard color
chart based on Descriptor for Banana (IPGRI-INIBAP/CIRAD, 1996), with essential modification using
discriminating characters from Simmonds and Shepherd (1955), De Langhe and Devreux (1960), Simmonds
(1962), Argent (1976), and Nasution (1991). The exact location (Fig. 1) of each accession was recorded along
with photographs and line drawings.

Fig. 1. Collection sites of the M. acuminata complex in Thailand. Symbols in the box indicate each taxon.
Arrows (A) designate locations of M. acuminata subsp. malaccensis, the typical form, in northern Thailand, (B)
are M. acuminata subsp. microcarpa found in lower central Thailand, and (C) is M. acuminata subsp. truncata
from the southernmost mountainous Thailand-Malaysian border area. The map was modified from Google
Earth (2008).

Morphological multivariate analysis

A total of 60 morphological characters assessed from the field included 21 vegetative and 39
reproductive, among which nine are quantitative and 51 multistate qualitative. All data was transformed to
numeric states in the conventional way (Table 1) and into a matrix. Similarity coefficients were then analyzed
using NTSYSpc 2.11T program (Rohlf, 2000). The characters used in the analyses were assumed to be equal
and unweighted. To reduce the effects of different scales of measurement for different characters, the value for
each character was standardized using procedure STAND (Rohlf, 2000). The Unweighted Pair Group Method
with Arithmetic (UPGMA\) analysis using Gower’s coefficient for mixed data was performed for a set of all
characters and a dendrogram was constructed using Sequential, Agglomerative, Hierarchical, and Nested
(SAHN) clustering. The discriminating characters were manually investigated from the dendrogram.

Table 1. Coding of morphological characters for use in multivariate analysis.
AFLP analysis

Total genomic DNA of Musa accessions were extracted from fresh cigar leaves of 47 accessions using
Doyle and Doyle (1987) hexadecyltrimethylammonium bromide (CTAB) method. AFLP procedure was carried
out as reported by Vos et al. (1995) with a few modifications using eight primer pairs (E+AAC/M+CTC,
E+AAG/M+CTA, E+ACA/M+CAA, E+ACT/M+CTG, E+AGC/M+CTT, EAGG/M+CTA, E+ACA/M+CAG
and E+ACG/M+CAA). Polyacrylamide gel electrophoreses were done according to Vos et al. (1995) and silver
nitrate stained according to Bassam et al. (1991). Band was considered polymorphic if it presents (scored as 1)
in at least one genotype and absents (scored as 0) in the others. A matrix was generated manually and calculated
by NTSYS-pc software package version 2.11T (Rohlf, 2000). Subsequently, a dendrogram was constructed
from the matrix of similarity coefficients, using SAHN clustering.

Results
Discriminating morphological characters

Among 60 morphological characters coded in data matrix (Table 2 - supplement) and analysed, several
were found to be useful to differentiate Thai M. acuminata accessions. Those characters included both
vegetative, e.g. shapes of leaf base (Fig. 2) and reproductive, e.g. rachis position (Fig. 3) and male bud (Fig. 4).
The data matrix of these morphological characters generated a dendrogram (Fig. 5) which placed the M.
acuminata accessions into two large groups, Cluster | and Cluster 11-1V, within the M. acuminata complex. The
two groups were most clearly distinguished by the shape of leaf base and the aestivation of the male bracts. The
accessions in the first group, ambiguously identified as the M. acuminata subsp. siamea and/or burmannica
sensu Simmonds, possessed cuneate or oblique leaf bases and slightly-to-greatly imbricate male buds.
Meanwhile, the second group included M. acuminata subspp. microcarpa, malaccensis, and truncata
distinctively possessed round-to-cordate/auriculate leaf bases and convolute male buds.
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Table 2. (Supplement) Data matrix of morphological characters used in multivariate analysis. Codings
appeared based on those in Table 1.

Fig. 2. Leaf bases of the M. acuminata subspecies in Thailand. (A) Cuneate (subsp. siamea - SS&JS 099), (B)
oblique (subsp. siamea - SS&JS 001), (C-E) round (subspp. microcarpa - SS&JS 131; malaccensis typical form
- SS&JS 114, and malaccensis Kra Isthmus form - SS&JS 137, respectively), (F) auriculate (subsp. malaccensis
typical form - SS&JS 209), and (G) cordate (subsp. truncata - SS&JS 206). Line illustrations by Potjana
Keiatprapai.

Fig. 3. Variation of rachis positions found in the M. acuminata complex in Thailand. (A-B) falling vertically
(subsp. siamea, SS&JS 172, 007), (C) at an angle (subsp. siamea, SS&JS 247), (D) with a curve (subsp.
truncata 206), (E-F) horizontal to subhorizontal (subsp. malaccensis — typical form, SS&JS 204, 203), (G)
horizontal to slanting upward (subsp. malaccensis f. kra isthmus form, SS&JS 104), and (H) curving upward
(subsp. malaccensis — Kra Isthmus form, SS&JS 107). lllustrations by Potjana Keiatprapai.

Fig. 4. Male buds of subspecies in M. acuminata complex in Thailand showing variation of shapes, aestivation,
and colours of buds. M. acuminata subspp. (A) siamea SS&JS 126, 091, 266 (B) malaccensis - SS&JS 115,
138, (C) microcarpa - SS&JS 131, 136 and (D) comparison of malaccensis (no collection) and truncata SS&JS
206.

Fig. 5. Dendrogram of 125 accessions of Musa acuminata and outgroup species obtained with the UPGMA
clustering algorithm on 60 morphological characters.

Interestingly, subgroups within the first group did not morphologically characterize the two subspecies
siamea and burmannica sensu Simmonds (Simmonds 1956; De Langhe and Devreux 1960). Rather, they
generally represented localities of the accessions, eastern and western sides of the Chao Phraya River from
northern to central Thailand.

Meanwhile, unique rachis character, horizontal or slightly slanted upward or downward, or sometimes
curved upward, which is rare in bananas, was found in Cluster I1B. These accessions distributed only in the
Chumphon, Ranong, and Phangnga Provinces around the Kra Isthmus area, whereas the Cluster 1A was found
throughout the lower southern part of Thailand. Surprisingly, several accessions in this Cluster 1A were
collected in Tak and Chiang Mai in north-western Thailand, approximately one thousand kilometres far from
typical known region of distribution. Furthermore, they thrived in the mountainous areas of 800-900 m (SS&JS
274 at 795 m, 309 at 905 m) above sea level, while the others in the cluster were mostly in lowlands including
that found in Mae Hong Son (SS&JS 281 at 200 m).

Two accessions were identified as M. acuminata subsp. microcarpa and one was a sole specimen of M.
acuminata subsp. truncata in the second subgroup which possessed non-waxy pseudostems and blue-to-purple
external male bracts. Apart from different positions of the male rachis (Fig. 3), subsp. microcarpa accessions
were found in lowland situations (SS&JS 131 at 430 m and SS&JS 136 at 140 m), while the subsp. truncata
accession was at 480-630 m in the mountainous area of Yala, at the southernmost border of Thailand with
Malaysia.

AFLP Analysis

The eight primer combinations resulted in a total of 730 unambiguous bands from 49
accessions. Combination primer of E+AGC and M+CTG revealed the highest number of unique bands while
E+ACT and M+CTC revealed the lowest (data not shown). Unique marker bands, ranging from 39 to 650 bp
were scored. The proportion of polymorphic AFLP loci among individuals within the M. acuminata complex
was 90.6% in subsp. siamea and 93.4% in subsp. malaccensis (data not shown).

The genetic diversity estimates (GDES) between the 47 accessions was 55.4% and that between M.
acuminata accessions was 52.2%. The outgroup species, M. itinerans, clearly formed distinct clusters and
separated from the M. acuminata complex. The pairwise GDE values between Cluster | (subsp. siamea and
burmannica) and Cluster 11 (subsp. microcarpa), Cluster Il (subsp. malaccensis), and Cluster VI (subsp.
truncata) were 56.4, 58.8, and 61.4%, respectively (data not shown). The GDEs were used for UPGMA cluster
analysis which generated a dendrogram (Fig. 6).

Fig. 6. UPGMA based dendrogram showing the genetic relationships among 47 accessions in the Musa
acuminata complex and outgroup species generated from eight AFLP primer combinations using neighbor-
joining method.
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AFLP analysis revealed four clusters (Clusters I, Il, I11, and 1V) of the M. acuminata complex (Fig. 6),
which largely corresponded to their morphological characterization. All accessions but one (SS&JS 136), in
Cluster I were morphologically indistinguishable between the M. acuminata subsp. siamea and subsp.
burmannica. Rather, two subclusters within this Cluster | represented a geographic distribution of the
genotypes. Though the arrangement of accessions was not completely similar to the dendrogram from the
morphological data, the two were comparable. Accessions in the Cluster 1A were found in Western, Central,
and Northeastern Thailand, while those in Cluster 1B were from the northern part of the country. In Cluster I,
the one accession, SS&JS 136 from Prachuap Khiri Khan in lower Central Thailand, was identified as M.
acuminata subsp. microcarpa along with SS & JS 131 in Cluster 1. From the morphological data, these two
accessions were separate subspecies nested with the subspp. malaccensis and truncata. However, by AFLP,
Cluster Il nested with subsp. siamea.

Cluster 111 was composed of M. acuminata subsp. malaccensis with two subclusters, I11A and 111B.
The placement of these subclusters supported the morphological analysis that there are two forms of M.
acuminata subsp. malaccensis, the typical and the Kra Isthmus. M. acuminata subsp. malaccensis accessions
found in Northern Thailand were also unmistakably placed with the others of the typical genotypes. M.
acuminata subsp. truncata was the only member in the fourth cluster (Cluster 1V). Musa sp. showed unique
AFLP bands well-distinguished from other Musa species.

Discussion

Study of genetic diversity within the M. acuminata complex in Thailand has been neglected by banana
researchers and none has been done on a national scale. Globally, identification of wild Musa was hampered by
the fact that herbarium specimens were not collected (e.g. in the cases of Simmonds 1956 and De Langhe et al.
2000), or collected inadequately, and were difficult to maintain due to the large and herbaceous nature of the
plants. Many specimens included immature fruits which were misleading. In addition, notes, descriptions, and
photographs in each report often provided only a few pseudostem and inflorescence characters which were
insufficient. Our study, therefore, started with careful collections of fresh, dry, and spirit specimens,
emphasizing the morphological characters in the field, attached to all specimens are: GPS locality; drawings
and photographs with standard colour chart (IPGRI-INIBAP/CIRAD 1996) designations.

Description of M. acuminata in Thailand

The wild banana M. acuminata found in Thailand can be briefly described as following. Pseudostem
with suckers, clumped, 1.5-6 m tall, 20-65 cm circumstance, light green, green yellow to medium green,
sometimes with red purple tinge. Leaves petiole 30-125 cm, often with brown blotch at base, leaf canal wide or
straight with erect margin, leaf blade oblong, 120-345 cm long 40-95 cm wide, underside green or red-purple
with various degree of waxiness, base cuneate, oblique, rounded, cordate, or auriculate, apex truncate. Female
inflorescence bract oblong to lanceolate. Female flowers compound tepal cream, lobes yellow, free tepal
cream, translucent, ovary 1, cream, 3 locules with 2 rows of ovules per locules, stigma 1, yellow, anthers 5
infertile. Male bud bract ovate to lanceolate, orange-red, dark red, purple, to blue outside, with or without
yellow apex; orange, orange-red, pink purple, purple, red purple to purple brown, fading or not fading to cream
inside. Male flowers compound tepal cream, lobes yellow or bright yellow, free tepal obovate to oblong, cream,
translucent, with or without wrinkle at base of apex, ovary 1, cream, stigma 1, infertile, anthers 5. Fruits 2
rows, 5-13 cm long, 2-2.5 cm wide, straight, 12-23 per hand, 3-10 hands per bunch, straight or curved, pedicel
0.5-1.5 cm long, apex acuminate, 0.5-1 cm long. Seeds 100-120 per fruit, irregularly angled.

It should be noted that, none of the M. acuminata accessions collected in Thailand has been found to
have basal hermaphrodite flowers, in contrast to some subspecies observed elsewhere (subsp. banksii in Papua
New Guinea, Samoa, and Australia, Simmonds 1956; var. chinensis in China, Hakkinen & Wang 2007)

Taxonomic Status of the M. acuminata Complex

Segregation of the M. acuminata complex into species and subspecies was largely in agreement with
previous works (Simmonds 1956; De Langhe et al. 2000; Wong et al. 2001). The dendrograms (Fig. 5 and 6)
generated by the morphological and AFLP-based genetic data clearly supported the conventional classification
(Cheesman 1948; Simmonds 1956; Nasution 1991; Wong et al. 2001) that M. acuminata was a good species,
distinct from other Musa species. Additionally, our extensive collections of bananas throughout Thailand
provided substantial evidence that the use of the subspecific rank within the M. acuminata complex was the
correct one. This view is contrary to Nasution (1991) who chose the rank of “variety” for all M. acuminata
variations found in Indonesia. He identified 15 varieties, among which were nine new combinations including
those for: acuminata, malaccensis, and microcarpa. Unfortunately, he did not give reasons to support his
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proposals. On the other hand, Simmonds (1956; p. 469) stated that the various forms of the M. acuminata were
“distinct geographico-morphological units”. This is in agreement with our findings as the populations of the
different M. acuminata infraspecific taxa are distributed in their specific areas which can be clearly defined.
Moreover, the status of the four subspecies: siamea, microcarpa, malaccensis and truncata, were well
maintained based on the morphological and AFLP analyses (Fig. 5 and 6, respectively). The separation of the
four subspecies, as shown in the following key (Fig. 7), was mainly determined by leaf base characteristics,
rachis positions, aestivation and the colour of male bracts. Meanwhile, several characters previously used by
banana researchers were found to be highly variable among different populations within the subspecies. These
ambiguous characters included blotches on the leaves of young suckers, pseudostem pigmentation, and waxiness
of leaf sheaths. Also, the shape of the free tepal used by Nasution (1991) to discriminate var. malaccensis and
microcarpa was not helpful. He described var. malaccensis as having round and acuminate free tepal and that
of microcarpa was obovate and acute. However, in our cases, only SS&JS 137 possessed free tepal similar to
his malaccensis description while all other accessions of the subspecies had obovate to oblong free tepals

(Fig.8).
Fig. 7. Identification key to the Musa acuminata complex and related species in Thailand

Fig. 8. Line drawing showing free tepals of M. acuminata subspecies in Thailand, which illustrated broader
variation within, rather than among, subspecies. Numbers indicate those accessions of subspp. siamea (SS & JS
136, 147, 262); microcarpa (SS & JS 131); and malaccensis typical form (SS & JS 199) and Kra Isthmus form
(SS & JS 107, 137, 146). Note that all were in ovate to oblong shapes except SS & JS 137 was round.

Indiscriminations Between Subspp. siamea and burmannica

Although subspp. siamea and burmannica, were traditionally stated as having similar obtuse,
imbricate, and blue-violet male buds, they were previously separated based on waxiness of the pseudostems,
bunch position and compactness, and length of the fruit pedicel and apex (Cheesman 1948; Simmonds 1956; De
Langhe and Devreux 1960). Based on previous literatures, one of our accessions, SS&JS 303 was a good
example of subsp. siamea which was described as having a waxy pseudostem, subhorizontal and compact
bunch, male buds often with yellow tips, and fruits of polygonal-round cross-sectioned. Meanwhile, the subsp.
burmanica, which was supposed to have a non-waxy pseudostem, pendant and lax bunch, and angular fruit
section, was not present. On the other hand, all these characters were indiscriminately mixed among accessions
within this complex. Examples of this obscure clustering were SS&JS 172 and 181 from northeastern and
eastern Thailand, respectively. Both of them had waxy pseudostems, however, combined with lax bunches and
angular fruit sections. Three accessions SS&JS 262, 264, and 268 from northern Thailand also possessed waxy
pseudostems and male buds with yellow tips, while having pendent bunches and angular fruit sections. By
AFLP analysis, the burmanica-like accession such as SS&JS 172 clustered with typical siamea, SS&JS 303.

Further confusion has been caused by the use of fruit pedicel and apex lengths which have been
ascribed to the different subspecies differently by different authors. Cheesman (1948; p. 27) stated of the
“Tavoy form” or M. acuminata subsp. burmannica sensu Simmonds as having “the pedicel very short and not
very distinct, acumen about 0.5 cm long” and the “Annam form” or M. acuminata subsp. siamea sensu
Simmonds as “short (0.5 cm) but quite distinct pedicel and well-marked acumen 0.5 cm long”. Whereas, De
Langhe and Devreux (1960) in his comparative morphological data table stated that the subsp. burmannica had
the fruit pedicel 1 cm and the apex 1 cm or longer, while the subsp. siamea had a shorter (0.5 cm) fruit pedicel
and apex.

We speculated that the banana collections reported in these literatures were too minimal to be useful as
Cheesman stated in his work (Cheesman 1948; p. 22) that he observed only “the dozen clones” of M. acuminata
in the I.C.T.A. collection. Therefore, despite our extensive surveys along the Thailand-Myanmar border from
Mae Hong Son through to Prachuap Khiri Khan, no “true” burmannica accessions as of Simmonds was found
and we cannot maintain subsp. burmanica in the traditional sense. We argued that subsp. burmanica should be
included with subsp. siamea in a complex unique from the rest of the M. acuminata members in the
cuneate/oblique leaf bases and purple-to-blue male buds with various degrees of aestivation.

M. acuminata Complex of subsp. microcarpa and subsp. truncata

Though Simmonds (1956) believed that the M. truncata was the same as M. acuminata subsp.
microcarpa, and reduced M. truncata to synonymy, Wong et al. (2001) recognized it as a distinct subspecies of
M. acuminata based on AFLP analysis. Our morphological and molecular analyses demonstrated similar results
to these more recent findings. However, the assumption that subsp. microcarpa was more closely related to
subsp. malaccensis than to subsp. truncata was not supported. In our AFLP analysis, subsp. microcarpa was
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most closely related to subsp. siamea, but their shape of leaf bases resembled those of the subsp. malaccensis
and their blue convolute male buds appeared closer to subsp. truncata. The most obvious discriminating
character of the two subspecies, microcarpa and truncata, was rachis position, falling vertically in subsp.
microcarpa and S-shaped in subsp. truncata. The altitude ranges of their distributions were another distinct
indicator. M. acuminata subsp. microcarpa was confined to the lowlands, while subsp. truncata grew at higher
elevation. It was observed that the M. acuminata subsp. truncata appeared genetically distinct from subsp.
malaccensis in that they grew side by side in the highlands of Yala province without any sign of hybridization.

M. acuminata Subspecies Distribution Boundaries

Our survey results confirmed Simmonds’ (1956) view that Peninsula Thailand and the Thailand-
Myanmar border are areas of “extreme complexity” of M. acuminata.

M. acuminata subsp. truncata has recently been found in Thailand by our research group (Swangpol et
al. in preparation). We agree with earlier reports (Cheesman 1948; Simmonds 1956; Wong et al. 2001) that
subsp. truncata is montane and did not thrive at low altitude as we have not succeeded in maintaining the sole
accession of this subspecies in our nursery near Bangkok. Nevertheless, dispersal of this subspecies previously
reported in mountainous areas of mainland Malaysia have now been found extending across the Thailand-
Malaysian border.

M. acuminata subsp. siamea is the most wide-spread of all the subspecies and it was found throughout
the north, central areas, and from the west, the northeast and to the east of Thailand. Evidence from other
reports indicate that this subspecies has also been observed in Southern China and Vietnam (Wu and Kress
2000; Lheureux et al. 2007).

Our finding that subsp. microcarpa was found in the lowlands in lower central Thailand contradicted
the belief that this subspecies was endemic to the Island of Borneo (Nasution 1991; Wong et al. 2001).
Possibly, the ancient migrations of flora and fauna may have occurred during the last Ice Age at 250,000 -
17,000 year BP when there was, a large land bridge connecting peninsula Thailand and Borneo as described by
Voris (2000). The area of distribution of M. acuminata subsp. malaccensis has also been extended from
southern Peninsula Malaysia to north-western Thailand. Our AFLP analysis did not support the assumption of
De Langhe et al. (2000) that these upper northern populations were ‘pseudo-malaccensis’. In contrary, we
believed that they are typical of their southern counterparts and hypothesised that this subspecies spread along
the mountain chain at the Thailand-Myanmar border (Swangpol et al. in preparation). An expedition along the
Myanmar side of the chain would be important to provide more evidence for this theory. Subspecies
malaccensis was commonly found in the lowlands of Southern Thailand and also growing with the population
of subsp. truncata in the highlands of Yala. The fact that they were found at approx. 800-900 m above sea level
in Tak, lead us to conclude that it has a much wider altitudinal range than has previously been reported (Ridley
1924; Simmonds 1956; Wong et al. 2001; Nasution 1991).

Conclusion

There are four main conclusions from this study. Firstly M. acuminata is a good species whose
variation is discontinuous from the other related species investigated. Secondly, the use of subspecific rank
within the M. acuminata complex is considered the most suitable way of dealing with the variation encountered
from our wide-ranging collections of bananas throughout Thailand. Thirdly, from these Thailand samples the
subsp. burmannica cannot be maintained and is reduced to synonymy with subsp. siamea, the status of
subspecies: siamea, microcarpa and malaccensis, are strongly upheld. Fourthly, the addition of subsp.
truncata to the Thai flora brings the total number of Thai subspecies to four. The most important morphological
characters for the determination of these subspecies are: leaf base shape; rachis position and male bract
aestivation; and colour of male bracts. The minimal collection requirements for accurate identification are: leaf
base, male bud, and a hand of fully mature fruits. In addition, three series of photographs are needed: (1) the
clump of pseudostems with a mature bunch showing the rachis position; (2) the male bud and outermost bracts
showing their shapes and outside and inside colours; (3) the male flowers showing the adaxial side of the free
tepal, stigma and anthers. The standard colour chart (IPGRI-INIBAP/CIRAD 1996) and a scale should always
accompany all photographs.
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Abstract

Extensive expeditions throughout Thailand revealed a wide diversity of the banana
family, Musaceae. Systematic assessment of more than a hundred banana accessions
collected and investigated based on morphological and molecular characters uncovered
two native genera; Musa and Ensete, nine species and four subspecies. Among these, one
species new to science, putative new records, and new localities to Thailand is reported.
The findings marked the importance of specific areas where the banana species and
subspecies are endangered due to deforestation and verified Thailand as one of the cradle

of the wild bananas.

Introduction

Musaceae consists of ca. 65 species in three genera occur in tropical Asia, Africa and
Australia and Thailand is located in a major biodiversity ‘hotspot’ at the centre of origin of
the family. However, there has not been a thorough investigation of the native bananas
from the whole of Thailand (Athawongsa, 2008).

Since 2005, We have therefore collected and investigated more than one hundred
accessions of the Musaceae throughout Thailand. In a race against time, our goal is to
assess the diversity, collect and protect these valuable germplasm. Specimens were
carefully characterized, recorded, preserved and deposited in the herbarium.
Representatives of each taxon are cultivated as ex situ references. Phenetic study of

morphological characters was applied along with molecular analysis to infer genetic



relationship among the accessions. We finally propose a check-list of the bananas in
Thailand which will later be reported in the Flora of Thailand Project as main national

reference.

Materials & Methods

__a [N

Fig 1. (A) one of collecting missions (B) data collecting form, sketching pad, standard colour chart,

measuring tape, and a camera (C) line illustration to be attached to herbarium specimen (D) cigar leaf for
DNA extraction (E) male and female inflorescences and fruits in spirit (F) dry specimen of leaf base,
middle, and apex, (G) example of Amplified Fragment Length Polymorphic (AFLP) profiles done based on
Wongniam et al. 2009 and 2010.



Results

Fig. 2 Checklist of the bananas Musaceae in Thailand

1-1 M. acuminata Colla subsp. malaccensis (Ridl.) 5 M. itinerans Cheesman

Simmonds 6 M. laterita Cheesman

1-2 M. acuminata Colla subsp. microcarpa (Becc.) 7 M. ornata Roxb. (exotic)

Simmonds 8 M. serpentina Swangpol & Somana sp. nov.*
1-3 M. acuminata Colla subsp. siamea Simmonds 9 Musa sp. 1 (exotic)

1-4 M. acuminata Colla subsp. 1 10 Musa sp. 2

1-5 M. acuminata Colla subsp. 2 (exotic) 11 Ensete glaucum (Roxb.) Cheesman

2 M. balbisiana Colla 12 Ensete supebum (Roxb.) Cheesman

3 M. coccinea Andrews (exotic) 13 Musella lasiocarpa (Franch.) H. W. Li (exotic)
4 M. gracilis Holttum *photo below

Fig 2. 8 Musa serpentina Swangpol & Somana sp. nov.
published in Thai Forest Bulletin 39 (2011)




Fig 3. Collected sites of seven native Musa species and four subspecies found in Thailand, note new

localities of M. acuminata subsp. malaccensis in north-western border of the country.

AFLPs .
Nei and Li similarity coefficient M. acuminata

SAHN-Sequential agglomerative =
hierarical nested cluster analysis SUbSp Slamea

31 Musa accessions
8 combination primers

M. acuminata
subsp. malaccensis

M. laterita

| Musa serpentina
Sp.nov.

Musa sp. 2
M. itinerans

M. balbisiana

Fig 4. UPGMA cluster analysis of AFLP data generated by eight primer combinations for 31 accessions

representative of native Musa in Thailand.



Discussion & Conclusion

Among 13 banana species found in Thailand, nine from two genera were native and the rest
were introduced as ornamental plants. One of the native, M. serpentina (Fig. 2-8) was
unknown to science until recently and was named to represent its unique curling
inflorescence habit as snake-like (Swangpol & Somana 2011). Photos of putative new
records (Fig. 2: 1-4, 1-5, 9 and 10) and map of a subspecies found in new localities were also
shown (Fig. 3). A species, M. nagensium reported by Simmonds (1956) was not found and

may have been extincted from the wild of Thailand.
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RAULLNG

n. #2482 1129L8U8198997n IPGRI-INIBAP/CIRAD. 1996. Descriptors for Banana (Musa spp.). International Plant Genetic Resources. Institute Press,
Rome, ltaly.

9, * ANBUSNIFUFININGT 15 ﬁ'ﬂwm:ﬁ‘l:ﬁ’l,umﬁmuﬂﬂﬁaaw”uﬁfﬂgn 8148991n Simmonds, N.W. and Shepherd, K. The Taxonomy and Origins

of the Cultivated Bananas. Journal of the Linnean Society. 1955; 55: 302-312.
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1 1 Wl L‘W‘HSHSZ]I Musa acuminata subsp. siamea 12/5/2553 3
2 129 ﬂﬂﬁmﬂﬂaadmu Musa acuminata subsp. siamea 11/5/2553 2
3 387 dhuasdwaddauadd 1 Musa acuminata subsp. siamea 3/6/2553 6
4 402 ﬂﬂﬁ’a&lﬁ'u Musa acuminata subsp. siamea 3/6/2553 3
5 182 twwnwzian Musa acuminata subsp. siamea 8/7/2553 4
6 174 ﬂﬂﬂwﬁm Musa acuminata subsp. siamea 9/7/2553 4
7 417 1hkwihan 1 Musa acuminata subsp. siamea 9/6/2553 5
8 113 ﬂﬂ“ﬁwﬂmd Musa acuminata subsp. malaccensis 12/5/2553 1
9 274 ﬂwgm 82 Musa acuminata subsp. malaccensis 5/5/2553 2
10 146 ﬂﬂmﬁm?ty Musa acuminata subsp. malaccensis Kra isthmus form 9/7/2553 3
11 108 ﬂ’]Wm‘iJSzW’la Musa acuminata subsp. malaccensis Kra isthmus form 9/7/2553 5
12 142 ﬂﬂﬂaaamm Musa acuminata subsp. malaccensis Kra isthmus form 9/7/2553 5
13 30 aninaIEIn Musa balbisiana 11/5/2553 2
14 422 gndidhuaila Musa balbisiana 7/5/2553 3
15 117 enfiunsngsaa Musa balbisiana 12/5/2553 3
16 135 enikauiingsg Musa balbisiana 8/7/2553 3
17 12 adaanad Musa balbisiana 12/5/2553 4
18 183 eiINeNaNaIgy Musa balbisiana 12/5/2553 4
19 177 1findesasasanil Musa balbisiana 9/7/2553 5
20 128 ¢@aAuI Musa gracilis 3/5/2553 7
21 420 1hduinrsdan Musa laterita 5/5/2553 3
22 xxx  UaRFNAmMEING Musa laterita 20/4/2553 3
23 xxx 12329 Musa ornata?? 22/4/2553 2
24 355 1Aaosudla Musa sp.2 31/5/2553 3
25 419 guwwwhoihdu Musa yunnanensis 5/5/2553 4
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4th APEC Youth Science Festival, Thailand
22-26 August 2011

Local Wisdom: Bananas

At Sirindhorn Science Home, NSTDA, Pathum Thani
Organized by

Ministry of Science and Technology
Ministry of Education
Ministry of Foreign Affairs
Thailand Convention and Exhibition Bureau (TCEB)

An international sclence and
technology forum by APEC to promote
an awareness and interest in science

and technology

A AYSF 2011
The 4" APEC Youth Science Festival

“From Netiire

August 20-26, 2011
THAILAND
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senuanieu uay 2 wiadureudvendeiuiugnlifiudndulvalulan widlusesiatdude
ndetn (Musa acuminata Colla) Fanuiniias 4 wileges (subspecies) inulutsssuwd
uanniluvioadiusingg defimafudnwndaeiusiuan (cultivar) Bnannnd 100 Wugidaaa
waneafulugudneal n1slduselevd wasiidnvaslanwuaniedy aunsatdunusulsaiames
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Flora of Thailand

Family Musaceae Common name wild banana
Botanical name Musa acuminata Colla supsp. siamea Simmonds

Local name Kluai Khae

Province Phetchabun District Khao Kho

Location N 16 42' 9.2 E 101 2' 43.9, along the road

Collected date 06 March 2005

Pseudostem 2.5 m tall, 40 cm circumstance, light green, no pigmentation at underlying,
sap watery green. Leaves erect, petiole 60 cm long, petiole base with brown sparse blotching,
leaf canal wide with erect margins, leaf blade 182 cm long, 70 cm wide, base obliqued with one
side cuneate, one side rounded, midrib medium green, cigar leaf medium green, younger suckers
without blotch. Peduncle 28 cm, medium green with very short hairy. Bunch horizontal, rachis
fallina verticallv. bare. not prominent bract scars. Male bud narrowlv lanceolate. apex

[ ] o 1%

megetayalumusseneuuumedsluiiiisdusiiy dwiunaieUr (Musa acuminata Colla

subsp. siamea; SS&JS 001)
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