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Production of the plant hormone indole acetic acid by microorganisms

Figure

.1% . . 1 . . 1
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UNANED

nsndulnanadfin (Indole-3-acetic acid: IAA) 1uasAILANNISIRS YLAUIAvIYNgUBDNTY
(Auxin) ansnsndaaseRldanngdunis Fafumusuainuvasine disdu 42 lelean thin Tinsed
Wigueuenaun1mlngds Bioassay plate technique LarnTIleTviUsnansndulnawedfniinaald
#2875 spectrophotometer fiarueindunas 530 urluwns #1335 Salkowski colorimetric technique
annsafndentelnandiiussansnnlunisudnnsadulnauedfnlad s1uu 5 lelewan loud lolsian 1AA-
32, IAA-17, 1AA-25, IAA-16 uay 1AA-00 osuunvialaeldinadiedluana annsodwunldide Bacillus
megaterium, Bacillus sp., Lysinibacillus macrolides Enterobacter sp. wag Bacillus sp. #UEGU
nsAnuravesnsndulnawedin inaliusidamaumuseanmsilivanyas i) Tuanmuaonide
Taen1sidiy 15mM NaCl wudn msutiadadaensadulaawediniiaududu 1 ug/ml Snalidunsdomad
mumudldAfian drunsvegeulszdviamussnsadulaauedfnlunsnsedunsaiydulaluiunin
WU nsmdulnawedAniianeldannidouuaiide fianududu 50 ug/ml dwmalvdunin Sdwasnisinnen

49an 25.6 Aan/Au uazi MINHANARgeEn 42.56 ¢/fu FellAuuanAansanAnsEauAUley 99

Woesidud Welsuiuyamunudslidarunsa  Sulnauedin

AENARY: NIRBULAALBTRAN, JAUNTE, ansAuANNITSYRUlaveiNeY,

ABSTRACT
Indole-3-acetic acid (IAA) is a plant growth regulator belonging to the auxin group. It can be
synthesized by microorganisms. A total of 42 isolates were collected from various sources. These
isolates were qualitatively analyzed using the Bioassay plate technique, and the amount of I1AA
produced was measured using a spectrophotometer at a wavelength of 530 nm, following the
Salkowski colorimetric technique. Five isolates with high efficiency in IAA production were selected, including
isolates IAA-32, IAA-17, |AA-25, IAA-16, and IAA-00. Molecular techniques identified these isolates as

Bacillus megaterium, Bacillus sp., Lysinibacillus macroides, Enterobacter sp., and Bacillus sp.,
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respectively. The study of the effect of IAA on enhancing salt tolerance in tomatoes under sterile
conditions, by adding 15 mM NaCl. It was found that soaking tomato seeds with IAA at a
concentration of 1 pg/ml resulted in the highest salt tolerance. In testing the efficiency of IAA in
promoting growth in chili plants, IAA extracted from bacteria at a concentration of 50 pg/ml resulted
in the highest average number of flowers (25.6 flowers/plant) and maximum fruit yield weight (42.56
g/plant). These results were statistically different at a 99% confidence level when compared to the

control group, which was not sprayed with IAA.

Keywords: Indole-3-acetic acid, microorganism, plant growth regulator

unin

n3ndulaawedfn Indole-3-acetic acid (1AA) Wuarsngueendu (Auxin) daiduaisaaununis
wigdulavesiivUszamnszdumaasyRulaflifiuiansuus uazdasvesvadludiudifuvosiiy
waztduasmugumnasyivlivesivnguusniignaunulaeuyed a3 IAA (Indole-3-acetic acid) uit
o19arnuluguarsusznauiied (free compound) uenaniuda die19azifinlugusaniuanssuq
(Conjugate) 1u IAA-insital, IAA-glucose LaglAA-aspartate WAANT IAA Iugﬂﬁimﬁuaﬂsguﬁawazhjﬁma
lun1snsedunsasydiulnuasiiy (Not biological active) Wanan IAA é’aﬁmiaaﬂ%ué’miwﬁﬁi INAUR LU
IBA (4-Indole-3-yl butyric acid), NAA (Napthalene acetic acid), 2,4-D (2,4-Dichlorophenoxy acetic acid)
wa 4-CPA (4-chloropenoxy acetic acid) anseanduaradrstuusnadivasson Tuseu uazwdn Tuuis
ﬁﬂué’nwumiﬁiuﬁm%aazammaammﬁ goaLnasineile uassald Tneans IAA daauautfduansisans
WiyAule vinlvAnnsvenesiavesaad (Cell enlargement) nsedulviinsinainnistndaiie nsedulviin
wAadd (Callus) Tunsimnzideaieide uinsnevauedusyiuwadiiinauefio msveeivenead n1s
gndvaseas NTEAuUNISAnTIN N33y ludIusna Yoy Fnihldasmsidsuwlaniedevemen nss
duivimihiiduiug TnevinlmAnnaudsumavesaenlufivunauie wu nsld NAA Saviu nondaude
yaurdgaunguosiimnunzavyinliudsuluidunenines viodaviunenseues flnnes unasnan azsilsk
Aasmendaudleriudu desiulililu sen warnaiiduasudvlidiud (prematurely) wan329 LOudu (Ma et
al., 2018) Msdanzvieenduiiuinsnosilu L Tryptophan {uansisudu (Precursor) L-Tryptophan i
nsnozilluiiiilassainawes Indole og dpnuddidiavansuiia ansadanseyt 1AA oA uuaide 31 ua

a ' a

sy QaVEEnguuuATiSofianunsandn 1AA leuA wuadiSeluana Azoarcus, Arthrobacter, Azospirilium,
Pseudomonas, Bacillus, Burkholderia, Flavobacterium, Acetobacter, Klebsiella, Gluconacetobacter,
Enterobacter, Clostridium, Xanthomonas Serratia Wa s Azotobacter (Hurek and Reinhold-Hurek, 200 3,
Tsavkelova et al., 2005; Ahmad et al., 2008) Tygnluwuaiitg sﬂuaqa Nostoc, Calothrix, Anabeana Wudu
ogslsfionu Samunsading 1AA 91neBunidsmanganilenvisBaduarsnuateana wu Saccharomyces,

Fusarium, Rhizopus, Aspergillus e Trichoderma Judu (Tsavkelova et al., 2006)
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Aty MsAnwdunIgnEdnennlunisndnnsndulaawedin wagnsiuUsEanNsAIMNIIHEANTA

S saa

dulnanedfndalluseleviagaddunisussyndldarstinimngueesluuindnlaainydunsgidainy
Uaaasdegs lumsiiiuauninuandanues lneangegndduaniiznisaldagduianingiienniaiinig

wlsUniuge  FedawansenudeUSinauasAunnvemanannunsetavandeslle

gUnIalLazIzNTg

1. msfadenideuuaiieiifnenimlunsuannsadulaauadn (indole acetic acid; 1AA)

sunkarfndendewuafiSefiaunsaduaszdnsndulnawedfnainumaeineg wazied
ssubiluiosuifinig AinszikasiuSeuiieuiBmunmiaglds Bioassay plate technique USuugemnu
33n15984 Shrivastava and Kumar (2011) wa Bric et al. (1991) Tned vaid ewunilselueimsinan
Nutrient broth w1 48 $2lus 9nvutiluneaasuy paper disc (cellulose membrane VuUALAUNIY
Audna1s 5 fadlums) f219UU81M15 Nutrient agar 1Ly 5 mM L-Tryptophan Unfigamgdl 30 4
waldea w48 Falua thusiu paper disc TUrsummanuis veaansazate Salkowski reagent 10 ul Uy
Tuiidia 2 Halug éfqmmmiLU?%EJuLLanaﬂJﬁﬁ%mﬂﬁl,ﬂ?iauﬁuumu paper disc 1UuAuns-vum

nsnadeudszans nwmsnannsndulaauedinanidewuaiide thilewuaiiSeddmdonldan
Frsuihluidemageuluommsman LB broth A 5 mM L-Tryptophan Tdwaidessduu3unms 1% vinns
BeaiulTana ﬂﬂlﬂﬁuﬁ'qmmﬁ 30 parnaaldoa Tufidinuiu 48-72 $2lus Fanpnisdsundasmes
ﬂﬁﬁ%mmim?{auﬁmaamiazms Salkowski reagent Tuiinuasai o+, A+, A - nAwdeadudues
LavATIATIZIUSINaINsABulnawedRngEls spectrophotometer 7iAueTIAALNAS 530 WITLWAT MY
3% Salkowski colorimetric technique w84 Glickmann and Dessaux (1995) Tnewn3euansazatenafuveaie
wafiseluomadsade NB vuflgamgd 30 ssauwaidoa wi 24 $2lus Usuaududuiividunnlels
tan YanU3udn OD. o = 0.5 Y euuaiiBesinanluidsmadeuluomsmantidesdussnouves yeast
extract 0.2 8y NH,SO, 1 NTun0dnT hag 5 mM L-Tryptophan SLa'ﬁ”JLﬁaawsazmaﬁw’mﬂ%mm 1% lng
US1nns vimsdesiudiina Tneldweniienaniaseu 200 seu/und Unfigamadl 30 ssmwaldea lu
Flaun 240 Flus (10 ) rsziUina nsmdulsauedRniionanld Tnefufegansazaneide 1 ml
+ Salkowski reagent 200 ul Usflufifinum 2 Fla é’aLﬂmmﬁmﬁamwmﬂﬁﬁ‘%mﬁLﬁﬂﬁfu duasansazany
Salkowski reagent WA aumﬂﬁmﬁaaL‘f;luﬁLLmi’mmUﬁﬁ%mé’wLﬂ?m spectrophotometer ArueneduLa
530 nm W3gUWgUAU standard curve Ya9aE5AEaN8NIRSEIU 3-Indoleacetic acid

Suunieqdunididadenldanisdieiu neldnedamediluana insafamdueninde
wuafiiSelagldynainfoue QlAamp® DNA Mini Kit (Qiagen) duasnsiaidualudiurasu3iin 16s rDNA
meUfnsen Polymerase Chain Reaction (PCR) Iagld universal primer 27F waw 1492R (Lane, 1991) vnuUgizen

cycle sequencing Binsgviduiiandlelnd umiUSeuiisuiugiudeyalu GenBank

2. M3ANYINATDINTADULAALDTRANADNIIIYAUTAVDINY

2.1 wavesnsndulaaledinsonisiasgivlnvesivluanewindeunlimunza
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Ansusinannududuresnsadulnanedin Adnasenisadyiulnvewzdemealuaniizany
W Tne@nwianududuansazarsuinggiu nsndulnauedandi 1,3, 5 uay 10 pg/ml Tuanmlasniie
VUEIMSINZA B eLE ety (Murashige and Skoog ; MS) #idlinde 15 mM NaCl Tngvinisindeniuda
uzdemefifauanyaiuasdvunadelndifestu anduthuviefeiniug vhanuazerniaude
Mntunhluudluieanssed 70% wu 2 Wit weug lvudluraesend 20% w10 widt e
Tuhidnenide 3 ads dudaliuiuunseaunsesiiniunisieinde thudausdomaiiuiugvesnse
Sulnauediin uiu 16 Falus finnududusineg feil 13 5 10 pe/ml AdFutuunszaensesiiiiunisen
Fosnads mintuieaddmsidsduanmiaonite lueimsans MS + NaCl 15 mM LUSeuLigy @13 1AA
Anradudu 13 5 10 pg/ml Wisuifisuiugaemuas (MS)

2.2 nsfnwinaveinsmdulnanedfnfidmarenisaiayivinlufivnageu

Anwwavesnsndulaauedfnidmaronsiodapiulnnasnananueadiunineny 2 Weundadundi
mnsnunsadulaanedin yn 15 Ju 1MwUNUNMIea 4 N335 WisuguaintunIndulaaueadin
7l 10, 30 uar 50 pg/ml wazyARIUAY (ndw) $1uau 3 91 vinstufinuanands uazdiasigiien NDVI

(Normalized Difference Vegetation Index)

NANISNAADILAZIANTA

Aa Aoy

1. nsAnLaantanuArisendidnan nlunisnannsndulnata@din (indole acetic acid; IAA)
FWNUToLUATISBiaNT0dUATIZNIAdUlAALETAN (indole acetic acid; IAA) NLAALRE
91N AR UANNEILNSO IUNSTFAATIEINTADULNAWBTRAN WU KIBYNNISHTITIATIEkazUSsUWEUNT

HannsnBulaauedin ludanaunnlagds Bioassay plate technique (Figure 1) asnsadnidentawaiuaiisey

P9ay 42 laloan Wetunnsieidelsunausald

++

Figure 1 The selection of microorganisms tested for indole-3-acetic acid (IAA) synthesis using the

Bioassay plate technique.

ANSNAFBUUTEANT NINVBNT BWUATILS UNHANNTADULAAWBT AN LABNITUNLYDLUATILS Y 31UIU 42

feg Nfadenlaaindiedu laeiluidswegeulusmiswad LB broth 9lAu 5 mM L-Tryptophan Lile
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inluungamgil 30 °C Tuiidiauu 48-72 Tl dunanisfsuwlamesufisenisidsudvesansasans

Salkowski reagent 9nd@wdeuluduns-vuy awnsadndendenuaiisels 12 lelawan (Figure 2)

++++ +++ ++ + -

Figure 2 The comparison of the efficiency of indole-3-acetic acid (IAA) synthesis from bacterial

isolates using Salkowski reagent after incubating the bacteria in the dark for 72 hours.

dewssuiisulsinamsudnnsnsulnanedfndasaisazats Salkowski reagent Lilausiie
wuafise Tudidia 72 d2lus wuth uwuadiFes 12 Telean anunsondansadulnauedin Taluysinagen
a8 F1lua nwanusadnidenionuai Sefiddnoamlunsnsndulnauedfnlad lusedu +1+ uag ++++
$1uau 5 lolian 1iun Toleian 1AA-16, IAA-17, IAA-25, IAA-32 uag IAA-00 (Table 1) 91nBwu¥iNg
SuunviinvesuvaiiFeiidaidenldlagltinaianstiluana iolinszsimaduianalolndludiuves
ribosomal RNA gene thafuihnalelnafilaluiuseuiiisufiugiuteyanstmsaume (Table 2)

NaNTIATIERRasUSsUBUNInaR nsndulnakedAn wui1 veswualiSerta 5 lelean a1unsa
wannseBulnawedinléd tneileundonsu 240 42l anusandnldqeiian do lelaian 1AA-32 Td1ns
FuAsnginsadulaauedfin iy 384 ug/ml 5998911 A IAA-17, IAA-25, IAA-16 Lag IAA-00 ANTS

Fuasiginsndulaaue®@n windu 377, 351.1, 308.4 wag 275.9 ug/ml (Table 3)

Table 1 The results of testing the efficiency of indole-3-acetic acid (IAA) production from bacterial

isolates.
Isolates Efficiency of IAA production
as hr. 72 hr.
IAA-00 + +++
IAA-5 + ++
IAA-12 ++ ++
IAA-16 +++ ++++
IAA-17 ++ +++
IAA-19 + ++
IAA-21 + +
IAA-25 ++ +++
IAA-29 + +
IAA-32 ++ +++
IAA-36 + ++
IAA-43 + ++
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Table 2 The results of microbial classification using molecular techniques.

Isolates Species Identity (%) Accession Number
IAA-16 Enterobacter sp. 100 MK600539.1
IAA-17 Bacillus sp. 99 KT981881.1
IAA-25 Lysinibacillus macroides 100 MT071730.1
IAA-32 Bacillus megaterium 99 GU125638.1
IAA-00 Bacillus sp. 99 EU912460.1

Table 3 The production levels of indole-3-acetic acid (IAA) from five bacterial isolates.

Isolates  1AA (ug/ml)
48 hr. 72 hr. 96 hr. 120 hr. 144 hr. 168 hr. 192 hr. 216 hr. 240 hr.

IAA-16 29.75 89.88 193 226 260 260 250 277.2 308.4
IAA-17 10.73 50.28 140 210 220 290 300 356.7 377.0
|IAA-25 8.604 43.72 103 188 250 290 300 329.0 351.1
IAA-32 35.42 150 255 292 290 290 320 347.2 384.0

IAA-00 15.099  22.57 67.87 97.66 114.7 153.94 186.28 229.2 2759

2. MsfAneavaInIndulaaLadfindan1saseAulnvaINY

2.1 nsfnwnavensadulnanedfndenisiasyiulnvesiivluanewindoniildivanzay

msAnvravesnndulnanedfnsensiasyiulnvewz@amaluaniizauiu lne@nwvinsndu
TnauedAnfianududu 1, 3, 5 uay 10 py/ml uanwdaonde Tnsfomnamzdsadedofivgns Ms
(Murashige and Skoog ; MS) wag MS + 15 mM NaCl ifluganimins wui1 nandulaauedindieandudy
1 ug/ml fralsidunsdomaluanmdasndeiimaasyiulaifan Taglfriadornugeiofugeiigaiie
Weurugaauauitldldunsndulpanedin drudnadoanuensnvesiuuziema nuin nsndulnaie
FAnfinnandadu 13 5 10 ugy/ml draliredsnnuenaniidnidefieuiugmuauilildiunsndulag

wadRn (Figure 3, Table 4)

Table 4 The average plant height and root length of tomato plants treated with Indole-3-acetic
acid after 15 days.

Medium
plant MS MS+NaCl MS+NaCl MS+NaCl MS+NaCl MS+NaCl
IAA 1 pg/ml  1AA 3 pg/ml  IAA 5 pug/ml IAA 10 pg/ml
root length (cm.) 5.6 4.2 4.7 4.6 5.1 50
plant height (cm.) 10.0 53 6.5 59 6.2 6.1
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Control-1 (MS)

a

Figure 3 The test of salt tolerance in tomato plants under sterile conditions treated with indole-3-acetic acid

(IAA) at concentrations of 1, 3, 5, and 10 pg/ml after 14 days

2.2 nsfnwnavensadulnanedfnfidmarenisasayivinlufivnageu

wavosnsndulnanediniidmaronsiaiyivlnuasnandnvesiuniney 2 Woundsdrendn vh
msiunsadulpauein vn15 Ju MaunuMINAaes 4 n551As Wisuisuanuidudunsndulaauedini 10,
30 waw 50 pg/ml wazamuA (Uindu) nudn nmsviunsadulaawed@nfieudutu 50 ug/ml fualidu
winfnnen uazuminuandngagn 42.558 n3u/fu (Figure 4, Table 5) uaziil o31As13id1 NDVI
(Normalized Difference Vegetation Index) faifiuniiusuanguainuessiunin wuin msviunsadulaaue
FAnflauitudu 50 ug/ml Tyien NDVI gegn Usuenfsmnugeuesy salvesiuannmit nssisailiguamess

ALY INLAT NDVI NN

YAAIUAY IAA 10 ug/ml IAA 30 ug/ml IAA 50 ug/ml

Figure 4 The yield of chili plants treated with Indole-3-acetic acid (IAA) at concentrations of 0, 10, 30, and 50 pg/ml
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Table 5 The average number of flowers, fruit yield weight, and overall vigor of Chili (Jinda Red

Chili) treated with Indole-3-acetic acid (IAA) at concentrations 0, 10, 30, 50 ug/ml

Number of Fruit yield weight
Treatment NDVI value
flower per plant (g)

IAA 0 ug/ml (control) 8.7b" 12.33 c 0.6946+0.0015 b
IAA 10 ug/ml 115b 1534 c 0.7036+0.0023 ab
IAA 30 ug/ml 21.1a 28.96 b 0.7063+0.0087 a
IAA 50 ug/ml 256 a 42.56 a 0.7104+0.0047 a
F-test ** *x

% c.v. 37.7 37.3

**: Statistically different at the 99 percent confidence level
1/: Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT.

NDVI : Normalized Difference Vegetation Index

GFYY
mMsdannzinsndulnauedfnainuuafieiifiussansnmanurasneg Tnelaseiussansnim
nandnluBennnin uasidiun annsodadenlduuaiidelelnandddnenmlunisadaniadulag
LL@%ﬁﬂléﬂuU%mmqqﬁqm 5 lolwian 1oun lolaian IAA-32, IAA-17, IAA-25 IAA-16, way IAA-00 Liiptun
Tuunviialagliinadadiluans annsasuunldile Bacillus megaterium Bacillus sp., Lysinibacillus
macrolides Enterobacter sp., wag Bacillus sp. MUaIAU NINAdaUNATDINTADULAaLETANADNITATS
AVIUNUNUTRETBmAUUsRda e llvinzay () Tnensutudadensadulnauediniiaiy

v A | a a a

Wudu 1 ug/ml  fnabiduizdemellmnumuddlafiign dwlszdnsamuesnsadulaatedfnlunisnseiu

q
v

mstsRulsludunsn nsndulnaledfniianalaaindsuuaiiiseNnaaaududy 50 ug/ml dwaliaunsnil

Aaden1sinnenuaglihntintandngsan Weeuiuyanivaudslidanunsndulaauedin

AnRNIsHUTZNA

MAdetlasunuatvayuandinnuanenssunsduasIInemans Ieuasuinnssy (@nad.)
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wazrne Wisudlulgmi FalEBnseTefidueresdu CnuAMADH2 \iensivaeuALgNABIuaIiug

]

X

ugwirmenveunuasnsluiuuiiug $1uau 3 uas wasdund $1uau 2 ulas lnelfinada Real-time
PCR 91835n150159934A31MUU thAmp SNP Genotyping System wan153damuitudasuiiugnsia
nuBunuveNdausiosar 90.81-100 duludundmsranuBunmendausiosay 91.84-100 Toya
fananannsatislunisdanisuasmznindmenlasmasidnfuuendniliiiuanumenoenanulas

ilAeanudulaundde waziuedulalununindundiuensiiveuinsesiuiugnaens dewalv

annsondaiusuazimesunalnun e ssNusideg 188

o

Adfy : Uend, BuAuviey, LASIENEALOULE

ABSTRACT
The production and sale of aromatic coconut varieties in Ratchaburi Province still lacks
production certification, leading to sellers and buyers concerns. To address this issue, the DNA test
of the CnuAMADHZ2 gene was used to verify of the authenticity the aromatic coconut varieties in
three mother and two seedling plots. This was accomplished using the Real-time PCR technique,
rhAmp SNP Genotyping System analysis method. The aromatic genes were detected in the mother
plots at 90.81-100% of the samples, while the seedling plots were detected at 91.84-100%. This

information can help in managing aromatic coconut plantations by removing non-aromatic trees,
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which increases confidence among both buyers and sellers in the quality of the seedlings.
Consequently, this allows for sustainable production and sale of high-quality seedlings that meet

the desired variety standards.

Keywords: Aromatic coconut, Aromatic gene, DNA marker
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Aunan Wisas1emnusulawn

o

Funiugludgn snwideiidddnmaunnuvenesugninumendiisns

asranbuelaeldinaia Real-time PCR A28750190159393LAT12UULUY rhAmp SNP Genotyping

System

aUnIalLazIzNTg

1. fiudeghsluszninanduniiusueniinimey wazdundussylugmanadin seymneiay
Uszdniu wazdndslunzninanuladudmiasays ldwefuinig nquidewalulagdininmians
s dinddeiaumealulad@anim suadsdn sunesyys Swiaunusid nmsinudegsdniunislag
Azinddeuszdiquiiseiannnmaneassays Taefedsluszndndaivan fuusiiug uazdundi
WEINAULTUS Mnudannuasnsiiniaulasems s 3 udas Idun udasil 1 WgUszys 1gnd
Twena fuusisiug $1uam 190 fu dund 368 fu uuasil 2 Wsyyaian Ussyues duusiiug $1udu 185 du
wazuUasd 3 wisawiesd Usengina duwsdiug S1uau 229 fu wagdundn S1uau 593 du

2. afnfdwerindeglulagliynainfiduednsagudmiuiiy Plant Genomic DNA Mini Kit
(Geneaid, Taiwan) Mus1azidenuesisnsluyaadn iivABuefiataldly Aommad -20 esrwados
nyvdeUUTINLazAuN MYesIlulinALdueiarnld TngTarinisganduuasitasadu 260 uay 280 uily
1ng FewASes Spectrophotometer @T'lmwhms@jmﬂﬁuuaaﬁlﬁﬂé’uL‘fJu@i’nJ'%mmLLazqmmwmaaﬁLSuLa
nrraseuAduelasnsihdiaalnslidauusrnilsanundudu 1 Wofdud Meusuadeuli 100 Tad
luansazate TBE douuaudiduienieiedifsuluslud asvaeunazduiinamnielduasgansililoan
MntuaraeAmduelifianududu 10 wlundudolulasing dlunsaBuaumeslagliafesmneisy
watuisuimgiuduauven soly

3. Mansanduanuvenvaszniimey AlFlunuitedldldmalulafiniomunsfiSueaiy
(SNP) Tneldinatia Real-time PCR A1835n153LAT1Z9LUY rhAmp SNP Genotyping System (Integrated
DNA Technologies, USA) foenuuulnseiansundsaduiduiusfuBuauouewznig Tnesneds
PMnanuLvavesduaIuenlunzni1 CnNAMADH2 (amino aldehyde dehydrogenase 2) fisreaulag
Saensuk et al., 2016 wag Vongvanrungruang et al., 2016 Winiaulwswes Wdanudnwiziuaieu
walwihundsadufiduiustudnvazanuenaeswznd Tnelussuunstasznilulnduuy rhAmp
SNP Genotyping Systern fwualiiilnsiuesfitausuniefusunisaiuiidesnisnsisdeu wazfinaain
shevgosisamuATiuansaiuseATvhlrausasunuenaduifinud e fudumiuenvesmzni
wiou (C/0) uazugndnilsitven (6/6) ot lwsweslunsasouiufiuevemenindmoudeeios
Real-time PCR 9¢finaifisiuadufiBuienasnmasoudygnmesuamgeaisawudmusiavesdiieglu
dunauvesUfiFenigens sihliaunsoduunguuuuvesaiuiifintuuufidue avaeuferies Quant
Studio 5 Real-Time PCR Ainn1siindvaslgeaisawudazgniuiinly nsiasgvidunisatdy azasng
allelic d|scr|m|nat|on plot Guaﬂt,ma mamﬁmai‘dmﬂiu QuantStudio Design & Analysis Software lag
allele vosuzniiwone asml,mu v Ay faduilulndduwuu c/c LLavaJUWinlwamuaammu X
Auns fafuilulndidunuu /6 dungninidfiduenuugnuanydosiugma (Heterozygous) lwamz
oeflsnanssswieunuiisans Aden (C/G)
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9aw1 fusElasy 1IN Buaune A 913A% way 5763 URYIS09500. 2562. Svdnavetazesunasiiinase
AuveNTRsyNE I MeY. 1. TaransasvaTuATuNg 6 (4): 25-31,

Saensuk, C., Wanchana, S., Choowongkomon, K., Wongpornchai, S., Kraithong, T., Imsabai, W.,
Chaichoompu, E., Ruanjaichon, V., Toojinda, T., Vanavichit, A. and Arikit, S. 2016. De novo
transcriptome assembly and identification of the gene conferring a “pandan-like”aroma in
coconut (Cocos nucifera L.). Plant Science 252, 324-334.

Vongvanrungruang, A., Mongkolsiriwatana, C., Boonkaew, T., Sawatdichaikul, O., Srikulnath, K. and
Peyachoknagul. S. 2016. Single base substitution causing the fragrant phenotype and

development of a type-specific marker in aromatic coconut (Cocos nucifera). Genetics and

Molecular Research 15 (3): emr.15038748. 1-14.

Table 1 Results of the aromatic gene test for coconut mother plants in farmer plots in Ratchaburi

Province
Aromatic gene (Genotype)
Farmer plot Tested plants Aromatic (C/C) Non-Aromatic Heterozygous
(G/G) (C/G)
Plot 1 No. 190 0 0
% 100 0 0
Plot 2 No. 168 3 14
% 90.81 1.62 7.57
Plot 3 No. 217 2 10
% 94.76 0.87 4.37

Table 2 Results of the aromatic gene test for coconut seedlings in farmer plots in Ratchaburi

Province
Aromatic gene (Genotype)
Farmer plot Tested plants Aromatic (C/C) Non-Aromatic Heterozygous
(G/G) (/@
Plot 1 No. 368 0 0
% 100 0 0
Plot 3 No. 495 15 29
% 91.84 2.78 5.38
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i Wumsnameulwindussduisgpannnssy aunsoiauosensidelugmananlusyfugmamnssu
Wemsddeldld TassndudosdinsiannAnuifudiniosusnmnnslivesmsfiu anmegfnga
TugaAn pH sraziatlunisu gamiilunsuy wagasimugusuuveseulsduslunsinluldaiunu
TsalvidseAnsnimanndsiy

[
=

AdAsy: Waslaslawasun Femsviuwdsuuunudes  waRiwe naeuled

ABSTRACT
This study aims to produce the large amount of pectinase enzyme powder from
Trichoderma asperellum T-1 isolate used to control the detrimental plant diseases compensate for
toxic chemicals use. Using the spray drying technique and enzymatic activity study using
QuantiChromTM Pectinase Assay Kit (DPEC-100), the results showed that the enzyme production
using the spray drying technique at 2 Litre of spinner flask volumn resulted in the pectinase enzyme

powder at 25-30 gram per a production round and the %yield was 1.25-2.0. An average quantitative
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enzyme activity was 9.75 U/ml. For an enzyme activity study, at pH 6 6.5 7 and 7.5 after incubation
at 35 degrees and at 37 degrees, the result revealed that after incubation at 35 degrees at 18 hours
and pH 7, the pectinase enzyme activity was 0.85 U/ml. However, the pectinase enzyme activity was
2.2 U/ml after incubation at 37 degrees at pH 6.5 for 66 hours. This study may lead to the guidline
for innovative bioproduct production for important orchid black rot disease control and for further
industrial applications in the future. The study can further be developed by adjusting the starting
material volumn ratios, optimal conditions for enzyme production such as pH, incubation time,

temperature and enzyme stabilities at various time points.

Keywords: Trichoderma spp., spray drying method, pectinase, enzymatic powder

unii

oulgliwafiuag (EC 3.2.1.15) Wunguveaeuleiussinneuluigesaans (hydrolytic enzyme)
AnauTRsINsEoBmARY (pectin) Tsznovegluniawadiiy AelAnansensunfivuaziunilenin
ulwigesaananiawas (cell-wall degrading enzymes) mawﬁum?énuﬁqLﬁ??aiﬂﬁﬁmmmmmiumﬁ
wanouledivinil wWu o5 Trichoderma spp. LLazLaulﬁziﬂumjuﬁgﬂi%l“fluﬁﬂmﬁﬂuﬂaiﬂmiﬁugﬂiﬂﬁmﬁ
#1Agy (Dong et al., 2024; Rauyaree and Tassakorn, 2023)

msuneulsinafiuauldlunanisinuns Tnensviusiawuuriurles (Spray drying technique) &4
Junssu3saldlunsiuidnsaudinannvesvaiiendnnisnisvhuis  (dehydration) d1mdurenan
sgmndilaglierniasou gnihuildluenavnssuenms (enfinen uwaveusdy, 2557; Mukherjee et al,,
2013) gaannIsun1een (Ahmed et al,, 2010; Mukherjee et al., 2013) WAZYAFINNTIUNINNITINYAT
(oyasn, 2552; 9w, 2549; Syllvn, 2552; AT waLawIN, 2543; 1dus, 2546; Mukherjee et al,, 2013)
sauven1sldinaila Spray Drying Lﬁ@iﬁi’f’lumimmwgaé’us‘?ﬂmﬁ% WU WuATISY Erwinia amylovora ne
13A Fire blight (Ibrahim et al., 2024); wua#iise Bacillus velezensis NKMV-3 Lﬁ@iﬁﬂumsmuqﬂsﬂ early
blight ve@swzLToma (Vignesh et al., 2022)

Aanssueulsivefuade Usinuvesduamm (Wlasluanielulasniu) fdsuudaslaeufizen
wnzveaeuleisiuiunianelunieniena (uiviedund) Tasdanssuveseulssiinafiua 1 gin
vinee UTinuidosmafuiiniieadfeviesalfAzonisiuasuamwesanssenoumaiuliiauin
Tuianaduas (aund, 2555) suviaeulsimefiuaiausngausoninialilunisasaihanaalildsn
My (TATY wazAny, 2547)

auautfvesouleinafiua fadunduvedlusiuifeuimunnioasdunisiidusausefnien
maadifdunefigunndeviavesufizomdeituiisaiizemeianmludedl@in Gonit Biocatalyst 7
yaneiwafiu Sniis lassaiisUsugd nigd afend uaransnd Sanuddydenisvinuvesiouls:d
Tnevhaly weulesimanevdinanusavinauldmesiiues gamgifivnzausonsvialasynluogusyann
25-40 parwaifua uazansusiadnasomsdudimeharusesevluivioanas Sunt fifuds 1aunse
vanesinanunsoadrneuleild fegraty Wes Trichoderma spp. fiauanunsalunisasiaoulaily
vanewila Wy waquea  aRlua ozluiaa Tusiea ua lawa deunumddylunisiunsdosaais
11393307 (lytic enzymes) wazgnianldivegaunsvatey neliiauselevdlunisgeanssy lunng
Manens lumuaninegey waglumiansunmg (Mukhejee et al,, 2013)
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Tutlagtu slanddldaruaulasndwAstunsdaienuazihgdunisuldlunismameles]
‘ﬁugmiﬁmmxﬁ’umuiuszé’uqmamﬂiim (Panilla et al., 2025; Burhan et al., 2003; Gubta et al., 2003)
iiofinuszansnmlunsrurunsouluinafuaiazifiuussansnmussnandnsioule fegaru 910
SEUNSANY e Trichoderma spp. fuenlsanognsiunas Tanunziia duau 29 leluan (imn
W3 wazAny, 2550) ilevhmsAnwauannsalumsaiaevluiisagiaa mafiua wazorluaa Tuszdu
PunAaeilofiasananal HC wuin Trichoderma spp. lelaian T-1, T-14 wag T-22 fAuaunsaly
nsafraevlusiinafiua wagiea wazosluaalsigean auadu (wesdnd wazsimuins, 2567) uaznails
nnmaneaeunsldieulsinunafiualunisauaudesianualsaii Phytophthora palmivora
(Butler) Butler lutosufjifin1s densliieulsdnanafiuavendos Trichoderma asperellum lolwian
T-1 fsgduanudutu 10 nfuredns 20 n3usedns 30 nfuredng 40 n¥uredns wag 50 nfudedns
JIuns 1 Uadans Lauaﬂumuamwawzﬁaﬁu PDA fisznausie mycelial disc Y90 Phytopthora
palmivora Wag Trichoderma asperellum ﬂﬂuﬁﬂmwwﬁgaﬁqmﬁqﬁ 37 99AYALTYE NAN1TVAADY
wuiiiszezina 5 Ju wdinansduiurenduloveaden Trichoderma asperellum asadudanis
Lf«a‘%ayumLﬁuial,%aiﬂa%miiﬂ Phytophthora palmivora (Butler) Butler

mAfeedel  FelinguszasdiiieAnvinisudnouluimafualuzunuunsdieiEmehuiauuy
Wuklay (spray drying method) mm%ai’l Trichoderma asperellum lelsian T-1 Imzﬁu?ﬁqmmmm
viail iedudeyaidesfulunsihdeyaideildludesennsndneulsfinafiuanivessn Trichoderma
asperellum lelwian T-1 Tuszdugaanunssy svadiothdeyadldlulinaaeunisnunulsauic
néelsl fmasvsiafidifnBnadnvesusamalng (Finauassghianisinems, 2565)

gUnsaluazIsN1g
nswdeniegneililunising
Uniwzides Trichoderma asperellum lolwian T-1 Uumummimww‘gﬁu PDA (Himedia, USA)
flgamnivioadunar 35 u wigiuiudeniiuszneude mycelial disc #a8 cork borer YuIAEURL
guinans 5 fedwes  ldtuiudenasluomsidsateomar Czapek-Dox medium (Himedia, USA) i
Usznause 1% At Tu FLASK SPINNER (Bellco Glass, INC.) U3inss 5 803 umunaztuimzuuiaies

wenfignmgll 28 ssrnwaded lunan 57 Ju nsesensidsadeimensenienseusagladlunsniaoniae

Y

au1m 0.45 luAsou (Whatman, England) floutilundnieulesinsinuiaies Spray Dryer (Buchi Mini Spray
Dryer B-290, Thailand)

msndneulvdimafivanuunsinapdowhuiuuunulosuasansmsiudng

nsnaneUlENINARLUAAIBIEN I UUNUR B8 58 AUTBIUURNS (spray drying) eedes
MUAIMUUNWUReY (Buchi Mini Spray Dryer B-290) (BUCHI model B290-, Switzerland) lngfiunniig
\n3eaflidenld (optimization parameters) suALULAVBIEHE el emnsdeademandevsalaing
A3 (D.E.20) F9l4i0u adjuvant wie anstaeeuuisludsunsiosas 1.5-2.0 vimdnseUsunns i
matosnmewanna wazdestunsdusulutouviaderanm lulsunssuvesemsieaie 5
303 Anmeiedesgnmgiiandouridni 140 sarmwadua uay gamgiianieuioen 65 samiwalia 8nsn
N3kar901nA 100% 9R51n15UBU 28% ANUAUBINIA 26 U5
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Awnsrginanssuvesvenouleyl lagldyanaaauianssumafiuaidausuia QuantiChrom™
Pectinase Assay Kit (DPEC-100) (Biosystems, Fisher Scientific, Thailand) Tngvdeulasnafuandaan
N9 -20 ByrAded avarensouled 1 ndy fevh 2 Jadans murwuzinalednEn wazAnwaudives
ulsdinadiug lnemwuaa pH 6 6.5 7 uag 7.5 ﬁqmmﬁﬁ 35 uay 37 esrwailivd fiszezan 0 18

2

24 42 48 wag 66 w3 fvuaen pH wazgauvnll UszgndnaiBnisves (nilgs uazans, 2546)
HANIINARBILALIT0]

msAnwnsranelsinafiuansonsmzes) Trichoderma asperellum lelwian T-1 lu
o siaBdama) Czapek-medium lusgdudiniusunms 5 ans Tngdsnmsvhuiuuuniudes Tidneas
Usinaneulmlinpfiuanaviniu 200-210 ndusends Iiadesaznsuan (the %yield) Wiy 1.25-2.0
guvnfiaufeurudnd 140 ssmiwalios sonadesfusssuues Indves (2563) ilannzouurisiinga
msogflutng 130 esmwalioa s 150 ssrnwaldea WelinsizsieAanssuveseulvsinafuadTunnd
1§ wuindiaAenssuveseulslmeiiuaedsegd 9.75 glndefiadans WednuinuautRvetouleyde
pH 6 6.5 7 uaz 7.5 figaumndl 35 osmwaifoa uay 37 ssmuwaifoa wuindiefanssuveseulsiinanad
\wagsaniniu 0.85 ginseiiadans fifn pH 6.5 fiszaznan 18 alus luanziioumagdl 35 ssrnwaldea
(Figure 1a) wagdlrnAanssuveseulusinafluagegainiu 2.2 ylndeiadans 7l pH 7.0 luanneiigumnd
37 peAwalded Nszeriian 66 Falus (Figure 1b) Mafilda1nnisfinew nuindesn Trichoderma
asperellum lelwian T-1 aursandnvsoanneanladumaiu denadesiusieauves Sharma et al.,
2023.

nsudneulainanafiug 1aunuviadu 100 vn seUsu1ns 2 das mnvenenisuanduiuy
Large-scale USu1ns 1,000 dns agdifununisudnwindu 100,000 v Wikan1suds 100 Alansy v3e
100,000 n¥u Andusiunu 1 vin densu veamandniouluinanafalasinde dnduUiinsresas
diu anmefiomngadlunsndnoulsing iy @1 pH szezatlunmsun gumgilunisuy swiinmnuiedos
Aofv1sgumgifvas pH faq utladedidnadereuszansamwnsviauveaeulsl @ndy uazany,
2547; 30101 wazusel, 2537) wulodnauSuna 1 ﬂﬁ"mm?%’aﬁmmiaGiaaaﬂlﬂejmuﬁw'%aﬂizqﬂm‘lﬂu
\BegmanvinssuiiefiuuTinaeouluinald (large-scale industrial application) 19y MsifiLUTHINS
01M3LABT9N 10 Ans 1y 20 Ans videwnndndu teulwsinsaunsoinuamualdluanmliTnuuag
o1 eflaid (Figure 3) usflugrumgiund annsoufivldvansd Susrhgamaividniigatuasdmarludy
nsldundeiinanaeulssifiunty egslsiam dgungfifisnas azdiedestunsdeuanmiogyide
mspanguduazinmamnmveneuluindld sutisrznanfiasiiiuiiognglunies fannisidonanin
nanufeu Tnsssernaesashatuiigniou (Sammslvatouans) dmsunisiuiuuunudes e
0.2-0.35 Wl

FununsuaneaAnluiunu 4.30 vw/sondu Weutuseeuluimweafiuadaonded Ssdisian
Faust 4 v/ndu 83 5 vi/ndu mevhuiuuuriudesdidunulndifestumsdsdonniiomain usdaunw
wulwsimaRiuaingsld Tnanmild szoznailunsldndaeulelldnaduiion 3 8 ¢ fu awnsnilid
adlgtudt iluesfuifing Tulsedeunnaes viemafusnviomsiinlueuan lusudugesdads
Medreltinse azmnaenisiiuinvqunimeulednanafiug lnsussgaslurianiilarindeauuy
vieviusneogiidieunend sevesussgrlesdiivinuludililauas ormealsidh Tuguenmadl -20 e -80
IR
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anns UadeiidmareUsunauaznunmuesrindusieulinady loaun gamgiauseuvndingtiu

a0

ﬁ]za'qNaﬂmmﬁmmaui%ﬂmw’%ai’mqﬁuﬁLﬁm?jyu LazAgmgiifisvioanas axaedestunisidonanin
viogapdonizenngys warsnwiamnmvoneulvdald uenani swernaesasiwiuiiegansluedos
Prannisidonaninananuiou szevnanesasieuiignileu Ersnisivatiouans) dmunisviuia
wuunukley Ag 0.2-0.35 Jui

maviusnwneulssinsdidunszuiunng Spray drying mniudneluaninlilauwas annelddh
amreguvniiund aunsafuieulesindlduiunasd fusHoumpivudiiiigiuordmarlufiunisidings
Uinaseulesifinndu oghdlsfinnm ergumgifidias astedestumsidevanmuiegndoniseongys
uazasdnulifsnmnmvonoulusindld musszernmflasdaiuiiognielued os flaanisidevanman
arufou Tnssvaznavesansnaiuiigniou (Snsnsinadouas) dwsunsvuiuuuriules fe 0.2-
0.35 3U

msAnwUszansamauamuveaeulss nuinaieuluinafiuansiiunsAunu i
oamgdl 20 °C Wlethlldlunsmunslsanidvesnéelfanaueamsiluudasouinsuanndelives
inwAsns suneamy Swmiaunsigy S1uau 4 ads nansmasamuiinnsnaneuleinindusnile
ioumgainiou fs Sunau U 2566 v lifigamad 20 °C dehluldlumsriuluameass annsa
anauguussveslsalilutisgguufisiisgguualull 2567 Tagldimsussiiuedfdudninielsad 5 fu
ndsnsniunsandadl 4

aruilndifesesmandnoulsinafiuaniusazads HomnUiinesvesewnavandld uazams
fmuansTheuTeLaIst iUy Feladusngg wiandl Wuiudusinamaeuledildnendilng
MMeTgifanssmesoulifniinalusasads wuhdianilndidestuseewnaifsudeman
U3ms 2 ans Tnewdleriuefowhuisuuuriues Aanssuvesvesouleimefiuadwunnilaviiiy 9.75
ylindlafioddns drunsinssindaieulvfanssuvesmeseuluiivhiy 9.27 gindeliadans waswity
7.6 yilnsiadadans muany

wansveResitiu  fudiiviinunesdaeulsiianefivanden  Trichoderma
asperellum Tolwan T-1 Tuwsiazadsdianuunnsatu witliusinaeulsinsiendsilndidestu Tnsey
Tughssewing 25-30 ndureUsanms 2 8ns Aentsuaanilnds

1%
= o

ulwiuavsiinddmifinshoudiunnseiu lunsAnuiltdnuenuasAneides Trichoderma
spp. Milamannsalunisudneululdosaasls lnsmeduadudnnissiaouluidesaaedidos
annsnasdonandunld ielilunisdudmietostunmsyngndngfindit vanidonaumlsadi
Fudumsinwiuduiofueulnidosaansvinguq fidnennlunswandueouludug ieturldse

gonusoliilulsslevilunismuaulseiiv ieusslosinenisinunslasely

agunan1Innag

InmsAnensnaneulinunafiuavesdos Trichoderma asperellum lolwian T-1 lag
Fnevhuiuuuniudes aunsnasUldsed luownsidsaTeomaiuiung 2 es InaiadeUsinaioulesin
ARARUURGNTU 25-30 ndusienss ThAnSesazn1snan (the %yield) windu 1.25-2.0 iodinsnzs
Aanssuveaouluinafiuadile wuirAianssuveseulyl BaUiinaiedsitinsesild fewiniu 9.75 g
profadans wonnil ArAanssueuluiiwiinadauanisiuluutazads Tutadlonasounauls
vououluiiifitey 6 6.5 7 way 7.5 flgamgdl 35 ssmiwalda uas 37 esmuwaidua iszevan 0 18 24 42
48 66 s wuigaumgdl 35 esriwalTua fien pH 7 Unfiszeziaan 18 9alus flerAanssueulviigega
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Figure 1 Enzymatic pectinase study of Trichoderma asperellum T-1 isolate at the different pH

value. The pectinase enzyme activities incubated at 35 °C (a). The pectinase enzyme
activity incubated at 37 °C (b).

Figure 2 Efficacy of pectinase enzyme solutions (a) at 10 gram/L (b), 20 gram/Litre (c),

30 gram/Litre (d), 40 gram/Litre (e) and 50 gram/Litre (f) at 200 microlitre for inhibition of
P. palmivora on CA medium after 5 days of incubation.
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Effect of N6-benzyladenine on In vitro Shoot Multiplication of Cannabis
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ABSTRACT

High-quality female cannabis plants are necessary for cultivation for medicinal purposes due
to their higher concentration of secondary metabolites compared to male plants. This study
identified the best formula for inducing numerous shoots from shoot tip and node segments in
the elite lines of cannabis using tissue culture techniques. Shoot and nodal segments were
disinfected using 6% sodium hypochlorite (Haiter®) for 15 minutes and then placed into a solid MS
medium. After two weeks of cultivation, the survival rate was 100%. Nodal segments and shoot tips
were cultivated on solid MS medium with varying concentrations of BA (0, 0.1, 0.2, 0.3, 0.4, and 0.5
mg/\) for 4 weeks. Both segments were grown on solid MS medium with BA 0.5 mg/l yielded an

average of 4 shoots.

Keywords: Cannabis, Plant Tissue culture, Pant propagation, N6-Benzyladenine
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Figure 1 The cannabis nodal segment was surface sterilized, Elite line 1(A), Elite line 2(B) and Elite line
3(C) after being cultured for 2 weeks on solid MS medium under 55 umol/m?/s of light
intensity for 16 hours/day at 25+2°C

Figure 2 Morphology of new shoots derived from Cannabis Elite line 2, after being cultured for 8
weeks on solid MS medium supplemented with 0.5 mg/L (A), 0.1, 0.2, 0.3, 0.4 mg/L (B)
and 0 mg/L (C) BA under 55 umol/m?%/s of light intensity for 16 hours/day at 25+2°C
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FdAty: fvanayn, Anuvainvaevessiniug, waglimansivnssaveing

ABSTRACT

The genus Etlingera is a member of the Zingiberaceae family. There are various plant
species in the genus, approximately 150 - 200 species. Southeast Asia is one of the regions where
many species of this genus are found to be used as food, medicinal and ornamental plants. In
Thailand, there are reports of surveys of about 17 species of the genus Etlingera, but few people
know and use the plants in this genus. Therefore, this research aimed to study the diversity of the
genus Etlingera in Thailand. The objectives are to collect and conserve the genetic material of the
genus Etlingera, to classify the species, and to identify the correct name of the genus Etlingera for

use as knowledge to further develop and utilization of the diversity value of the genus Etlingera in
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Thailand. The exploration and collection of this plant species by purposive sampling according to
the plant floristic regions of Thailand during 2021 - 2023. There were 11 species of plants in the
genus Etlingera, divided into two groups: the group with inflorescences attached to the ground
(Achasmas group) with 7 species and the group with inflorescences emerging from the ground
(Phaeomeria group) with 4 species. A total of 8 species and 15 germplasm accessions were
collected and conserved in Genebank, Department of Agriculture. The Peninsular floristic
regions in Thailand have the highest species diversity of the genus Etlingera and the most widely

distributed species is E. littoralis (Put Chang).

Keywords: Genus Etlingera, Species diversity, Thailand Floristic Regions
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Figure 1 Inflorescence of Genus Etlingera: Achasmas group (A-J); A) Etlingera araneosa, B) E.
coccinea, C) E. linguiformis, D) E. panciflora, E) E. pavieana, F) E. yunnanensis, G-J) E.
littoralis. Phaeomeria group (K-N); K) E. corneri, L) E. elatior, M) E. fulgens and N) E.

maingayi.
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Table 1 Species of Etlingera samples collected from Thailand

Species name Vernacular name Sample code  Location (District, Province) Distribution *

Achasmas group

E. araneosa Put Doi ETL37 Mae Taeng, Chiang Mai N, NE
ETL38 Fang, Chiang Mai
ETL32 Khao Kho, Phetchabun
E. coccinea Put Yai ETL79 Betong, Yala PEN
E. linguiformis Put Lin ETL95 Mueang Mae Hong Son, Mae Hong Son N
E. littoralis Put Chang ETL19, 21 Soi Dao, Chantaburi N, NE, SW, SE, PEN
ETL3 TaKua Pa, Phangnga
ETLA2 Hat Yai, Songkhla
ETLA8 Yan Ta Khao, Trang
E. panciflora Put Chon Thong ETL45 Khuan Don, Satun PEN
E. pavieana Reo Hom - Chanthaburi and Rayong SE
E. yunnanensis Put Yunnan - Nam Nao, Phetchabun NE

Phaeomeria group

E. corneri Dala Kulab ETL58 Srinagarindra, Phatthalung PEN
E. elatior Dala - General in Thailand Commonly to found
E. fulgens Dala Fai ETL57 Srinagarindra, Phatthalung PEN
E. maingayi Dala Ta Yon ETLA Srinagarindra, Phatthalung PEN

nU8wR * Thailand Floristic Regions; N = Northern, NE = North Eastern, E = Eastern, SW = South Western, C =
Central,

SE = South Eastern, PEN = Peninsular
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ABSTRACT
Seed conservation of Turkey berry for long shelf life in DOA genebank at the Biotechnology

Research and Development Office, Pathumthani Province. The seeds were packed in aluminum foil
bags and vacuum-sealed. The experiments according to storage condition; room temperature in a
medium-term (5 °C) and long-term (-10 °C), and control room (25 °C). The seeds were tested for
viability and vigor every 3 months for 15 months. And storage condition cryopreservation (-196 °C)
tested for viability and vigor at storage times of 0, 1, 7 days, 1 month and 1 year. The result showed
that the storage of Turkey berry seeds in the medium-term storage room, the long-term storage

room, and general room temperature for 15 months maintained high viability and vigor. As for the
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storage of seeds in frozen condition, the viability and vigor were high at the storage period of 1
month and decreased statistically differently with the storage period of 1 year. This indicates that

Turkey berry seeds when stored in cryopreservation storage for 1 year had low viability and vigor.

Keywords: Turkey berry, seed, conservation, cryopreservation, viability, seed vigor
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Figure 1 Cor « e JEFAtUrES and
storage periods.

(A) Germination of Turkey berry seeds (prickles) after storage at different temperatures (25°C, 5°C,
-10°C) and storage periods at 0, 3, 6, 9, 12 and 15 months.

(B) Germination after AA Test of Turkey berry seeds (prickles) after storage at different
temperatures (25°C, 5°C, -10°C) and storage periods at 0, 3, 6, 9, 12 and 15 months.

(C) Germination of Turkey berry seeds (no prickles) after storage at different temperatures (25°C,
5°C,  -10°C) and storage periods at 0, 3, 6, 9, 12 and 15 months.

(D) Gemination after AA Test of Turkey berry seeds (no prickles) after storage at different

temperatures (25°C, 5°C, -10°C) and storage periods at 0, 3, 6, 9, 12 and 15 months.
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ABSTRACT
Due to a severe outbreak of papaya ringspot virus in Thailand, researchers have developed
papaya varieties resistant to the virus. Currently, genome editing technology using the CRISPR-Cas9
technique is considered one of the most widely used alternatives for plant breeding because it is
precise, safe, and environmentally friendly. The process of plant breeding through genome editing
involves tissue culture, where optimal germination of seeds from the Kakdum Srisaket variety was

achieved by soaking them in warm water and cultivating them on solid MS medium supplemented
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with 0.5 milligrams per liter of gibberellin. It was found that culturing papaya leaf tissues on a
medium supplemented with only NAA and BA promoted cell expansion. Additionally, the
combined effects of red and blue LED lighting enhanced papaya development, promoting tissue
growth into shoots after the gene transfer step. In the gene transfer step, 10 seRNAs specific to the
elF4E gene were successfully created and transferred into the germ using Agrobacterium
tumefaciens strain EHA 105 on lateral bud tissue. Among these, only seRNA 4 survived and could

be further cultured.

Keywords: Genome Editing Plant, CRISPR-Cas9 technique, Papaya, Papaya ring spot virus disease
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(neomycin phosphotranferase resistance gene)

Jagdulaimsiauimalulagmsusuwsdluy (genome editing technology) msUsuaeundly
iﬁ'ﬁﬁuqmimaﬁaﬁ%ﬁmﬁﬁmmaﬁ’%wmmmmue‘h Wi Msldmaila Clustered Regularly Interspaced Shot
Palindromic Repeats (CRISPR) dw3uimafia CRISPR-Cas9 #ifinisiunldesaunsvane léun Site Direct
Nucleases: SDN1 (deletion) iumsinanediduglienalulusiumisidosmslaglsifinslatonalelndlmidily
lofiduemervinnsdouumsiesnslddnuarmsnaeiugiuy deletion fidsualiAnnsiudinsuanseon
YasBuiiun Ssmsnanetuddeguuuuiasnsassylinaeiusidiansnssiumisidesms ifanudedums
nanesiugvosiitlugailiifiesns wieunsnszdulyinaneius uuuguseismsmandiviessd dwsumsld
wafla CRISPR-Cas9 Wileaiunnudumusshizgmamunzazne Iafimsdnulufunguiladofudunsula
sWaugnTIu (translation initiation factors) Aedu elF4E FuAendasiunsinyfduiusiusiu (protein

interaction) AulusAuvethsagmiuwmnuugazne yiliugaznaiinlsn Walin1snanevesdy elF4E Nzazney
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annsaduusiehdagmsnuszasneld JadufirmesmAtedilithmada CRISPR-Casy arldlumsiimn
uzazneliianuimulsehiagman sufumsinedamnsdsaiodefinfiomseneiusuzazneliid
aannsalumsiuulsalhiagnumuns uaseneiuglddiounnd iy vennndddimamsnaeuie
fuduimaianuzagnesuvnulsal¥agmannusiemeia CRISPR-Cas9 Midumsnanewuguuuusiuddanm

dentaanIMsnNaneiugLUUALRY

gUnsaluazIsN1g
1. Anwiladedunmsmnsdsatdaidedmiumianzaznauundasaznyluaniwlaanie
diudauzaznauanmaiazinuinAnwtaded i sadeatunianind sad e enzazno
Tuanmuaeaie lneTnguszasdueanssuiunsiivanunsoveneiugiudauzagnonunsadazinyluanm
ﬂaamL%aﬁm%’umszhsﬁuLLasmisu&mﬂ’uﬁ:mazﬂ@lﬁlé’a"ﬂmumﬂ mssdunmsinudwielud 1) dnw

= '

NATD95EEELIATUNITHYNAATUEATEIMTINIZIAEY 2) ANYINAYDINITFATOINITHONITIONTVDLUAR

aaa Y] '

urarneluanmlaenide 3) AnwinavosnduLaILeadATIFsiuLATgRToISHENTIenYR AR AN W
Uaonite 4) Anvmaves NAA uaz BA sensimuiiodoudiuluuzazneundeiasnsluanindasaide
uaz 5) AN INATDILAILDADARDNITHAILIE AN AZNDUYNAFEEL LY
2. Anwndladedruntsdne sgRNA Whgilaiieuzaznaundaaznuilalhuzaznadumulsaladagai
wirduABAlla CRISPR-Cas9

2.1 N1983579 sgRNA

sflunsiniadeiiiendestunisais ssRNA Lﬁﬁ’ﬂ@jﬁf@L?Jamazﬂawumﬁ’m‘%azmmﬁdﬁmazﬂa
Frunmilsala¥agmaunudtemaiia CRISPR-Cas lnefTeasiBenadsd 1) nawieu competent cell 104t
Escherichia coli maﬁuﬁ: DH5QL 2) NsL»38a competent cell "Uaﬂl,%’a Agrobacterium tumefaciens &g
Wug EHAL05 3) n13a379 vector library dmsunisnatsuvugumessuuasailasundlu £ coli aaeds
Gateway cloning Ingldianimed pDE-ttLbCas12a way pDE-SaCas9 fisumisuaniUdsuvednng (attl waz
attR) Aeiaulusl LR clonase antuthufAseludsloudgivad £ coli #28 heat shock u3o
electroporation

n15@319 vector library @msuunludu elF4E shesyuunsaosuaalu £ coli #ae35 Gateway
cloning TnBN588ALUY sgRNA fidumzsionisudlvdu elrdr Taglidoyadsuinadlelndangudoya 3
Tun1seonKU sgRNA silunisielusunsa ApE emandu ssRNA Gadenann sgRNA Fitududeiua A
(937971 1) Fafleuamis PAM fig 5" NGG-3’91ntuth Forward primer ez Reverse primer fiduasgiann
UStmundensefunames pRGEB32 (nwil 1) Tneduusmirlnswesdendunnauiulugnsilmiaiu
wimasliidduielilnsmesiiaendusuiu anduianidenns 200 wh wieldluufAsenisdeusds
5¥1319 sgRNA UazhAwes dsuszneusedsmsed 2 udnhlutuflonmgil 4 ssmwadoa undifu
uazngaUfisendigamgd 65 asmwaidva 1ndudielewddwad £ coli #1675 heat shock aTavdey

Traumewala PCR
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2.2 mishna"lEJL'mma%u*i’J"lgjLﬁaL?iausazna
ANIUNITAITINEBAKRBSIUN Agrobacterium tumefaciens IaainTau electrocompetent
cell vouda A. tumefaciens aeus EHA105 dnuasmaisues Abdallah uazame (2004) wrihnawes
CRISPR-Cas9 flenuuulimeBuidngesinsuuaiiFondieistianlnslnsdu (electroporation) ndsainiu
dnanenanesdigideidonzarnodauuaimuisues Chandrasekaran wagame (2016) Tngthduday

& A ] o § ¥ a
LuaLEJEuJ%aBﬂayLuﬁ’m“UEN Cotytedon ll’]‘V]’]I‘MLﬂ@U’]ﬁLLNa

HAN1MARRILAE IR

1. iansAnwiadedumanzidsadadedmiuwdauzaznourndaiannulusnmiuaanide

mnmsfnedafeiiferosiunamsdentodonzasnoluanmuasnide lne Tnguszasdves
mzmuﬂﬁiﬁﬁamﬂiaﬁumaﬁuﬁ:mﬁmmagﬂ@LL‘Uﬂ@Tm‘%‘azLﬂw‘[,uamwﬂaam%aﬁm%’umsmaﬁuuazms
yengiuguzaznelildsiuaumn nan1sinedadorineg wud mautudadiethgulszana 55-60 o
waidea annsonszdumssenléfiniinisliutiuda Samsdsssomsudegns v Ms fnsseniigand
o1m3udagns MS Taemamizidesuuoimsudagns v MS uag MS meldanmiifiauazuasueadidvnd
ansdudunas 50 lulaaluademsaumsroiund 16 Falusetu Agumgll 25:2 esmwados Wunan 1
iou emwnsudsgas MS MAnTuiueisadu mnududu 0.5 fadn3usedns finssenunniign

Han1IANBINATDY NAA uay BA sontswaud eif euruluuzaznouunsmeasasiny
Tuanmsandoidodeuruluuraznefimzdssuuawnsfifiu NAA uay BA igsagrafien fdnwasuiy
Tuldssetudmdu udlumanssfudnuuuluszagnefinamedssuemsudeiiiu NAA wag BA $auiy
TuAnuudusneiy Tanvaeuinte wasiiansvenewadvoiulutzasne LaskafnyINaveIuadLeadn

[} 1 o [

HONNSNAIUNYDAULALNDLUNAASALLNY WU LALLDADA bUAINARDIIUIUYDA kAL 1UIULU WAdIRDANY

a =

g1aven Tnsnmmuuaduasuiuihtuidnvazmaaigduleifan dsannsailunssdulidede
smunusenldndnainiunisdadenluduneumsnedu
2. wamafnwiladediunisdie sgRNA idhgiiaidouzaznonndaSazinuiieliuzaznadumulsn
T¥a  aumudiemaiia CRISPR Cas9

MsassluuBnawesiisl scRNA fstmnzdediu elFde Tnefinnseenuuulnsuesisunesody
fudly whdeloudng £ coli #263813 heat shock wulaladiduyn sgRNA fidnelowdly uaznsraaey

Tmaumemaila PCR nuikaudduweidwsnefuuin 200 bp (1w 1)

nuatanaraiaudaaeleudde Agrobacterium tumefaciens anewug EHA 105
uimetudng dadeurazne IneFuusnldidoediuninuassonnzaznefimedssuusmaudegns
MS w1 7 Yu udaunilaid evtsaesdauluadrauinunanayinluid sesruiud suvauassluiiie
W 30 W wdaruilovf ounanad ssuue s MS iin BA avududu 3 fadnunedns NAA
aadudu 0.5 fiadnsusedns 100 pM acetosyringone Unlufifla uiu 2 Fu arntuthunudes
UuMSTIAY cefotaxime wm 7 Ju uavdesmsuuesdnidion 1 6 dawi TnawAeuenvn 2 dUam
WU w§ndndenuu ¢ dainuin Sidedeitlasu ssRNA 4 sonTinuarannseiludswiols (i 2)
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dmsunmsadununisusuleiugiviemealulagusuusadlundsenaunie nseuiunis
wnsdsailade Junundsandauraznenusuundedasinwonldifiaadensuihguuasinigidene
91nsufsgas MS MFAuTuiveisadu anududu 0.5 fadnsusedns ainuhmamgidsadodoulu
uzaznolasieiAesuue ST NAA uaz BA ifissethufien TelmAnnisvenewadvowusulunzazne
uoNINT FINUT1 wavesualLead AduasTruduuuiusandur el nsiauisoauzarne
wniaiasinuaipiulafiian deanunsatlunseduliidodoraudusenldvininiunsdadenty
Funounisanedu wavdmsutunaunisatedu nuin @un50adne seRNA Asnizaedy elF4E
1# 10 2 viimsanelewdits Agrobacterium tumefaciens anewus EHA 105 wéadnefudgidlaide

uvagne MilelBodiunidns vadliiiies seRNA 4 Mfillodosondinuazanunsathluiaenale

AnAnssuUszNA
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LANE1581489
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sg4 sg5 sgb sg8 sg9sgl0

l... <€ 200 bp

Figure 1 (A) CRISPR-Cas9 construct containing the sgRNA and (B) the sgRNA existence

M  sgl sg2 sg3

(B)

investigation using colony PCR technique with specific sgRNA forward primers and

rgeb32-R 5’-GCCTTGACCCGAATTTGTGG-3

(A) (8

Figure 2 (A) Lateral meristem and (B) apical tissue have been sgRNA gene transformed using

Agrobacterium tumefaciens

[y 0o A & v }74
ANSAANALDULBUNS AR LudULD

DNA Barcoding in Citrus maxima
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unAnga

ule (Gitrus maxima (Burm.f) Merr.) 8gluasd Rutaceae tHunaldfidfnonwlunisdeeangs
nsudrnmanensldnuniuiiilowrdmatoyameiugnasy mvanesiisdingusvasdifeAnwuay
nogeulnswefnsguiivizalunsiuundulewazinviAuwoudldn nan1s@nw Adueuislde
UMY 91UU 3 du lawn Nuclear ribosomal internal transcribed spacer (ITS), ribulose 1,5-
biphosphate carboxylase (rbcl.) wag RNA polymerase C1 (rpoC1) wu 8u TS THA1A1ULANAIINIS
WugnIsIvesetadilennndign sesaunie rpoCt way rbcl amddy Wethindaididuounsldnves
AloiAvsurulivesnnidnmanwns wui aviuiedlolndvesdu s Weduiissosiamaiugnasy
spiseneiuguesdilomnniigafe duleiugunins sesaun fo veslumeuns vesmelug) wazyln fien
ffl 0.013 0.008 0.004 wag 0.003 Muddy FadudoyaiugiudueunainuanemaiugnIsuLaEns
Puuniiugduleldsialy

o o w v

AdAgy: dule, AOUEUISLAR, AMINTEINYANEVNRUGNTTY

Abstract

The pomelo (Citrus maxima (Burm.f.) Merr.), a member of the Rutaceae family, is a fruit
with high potential to export. While the Department of Agriculture has collected a range of
pomelo cultivars, comprehensive genetic data remains limited. This study aims to study and
testing standard primers for the identification of pomelo cultivars and the development of
DNA barcodes. Three genes were analyzed for this purpose: Nuclear ribosomal internal
transcribed spacer (ITS), ribulose 1,5-biphosphate carboxylase (rbcl), and RNA polymerase C1
(rpoC1). Results, the ITS gene exhibited the greatest genetic variation across the pomelo
samples, followed by rpoCI and rbcL. When generating DNA barcodes for the pomelo cultivars
collected by the Department of Agriculture, the nucleotide sequence of the ITS gene showed
the highest genetic distance index between cultivars. The cultivar 'Khao Puang' had the
greatest genetic distance, followed by 'Hom Bai Toey Phrae,' 'Hom Hat Yai,' and 'Puko," with
respective index values of 0.013, 0.008, 0.004, and 0.003. These findings provide a valuable

foundation for further studies on genetic diversity and the classification of pomelo cultivars.

Key words: Pomelo, DNA barcoding, Genetic diversity

A1
dulodunaldvdandanddnenmuazilonialunsdeenas esndszwalvefianingfionnien
19981 AUNUATUNTNERA InunsnIuaziUgnideadanugaiulunmsiauaeiugegnasnial nsu
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FmsnuesilunrassiuniuiudulovesUszamelve uidiadoyanisiugnssy msvhAdweusldn
(DNA barcoding) udnuilamadiafililunis@nwanumainmaienisiugnssuuaznssuunsiadeildin
Fudldnsduunsednuarmeduguine uaznssuunmednuuegusiidediialuFeswegusisd
TndAsstuunnudifuauasaia shldldanmsaduunsiald AdueuidadaSufauduainnissuun
Auiidin Tnglidudufiduediduusnaitanuduw mosdwuiedlelndseminvelingsn e uiuus
gosasuianalelndnmelusiadientu aunsadunfiaUSnamdueldiesemaiafidons (Polymerase
Chain Reaction, PCR) Tuitsfleuldguvunaslsnatadlus lawn maturase K (matk), RNA polymerase C1
(rpoC1) way rubisco L (rbcl) \Wudu fdueuisianlasuaiuaulaunn wsiediuszdninin wazaiu
wsugh mmsaﬁwmﬂixqﬂ@l‘lﬁiﬂuﬂwsizyﬁvﬁmaﬁaﬁ%ﬁmiﬁlmwznmé’uﬁgu Yregudunsiuwunviinme
Srvmzmeduguineliduluogagnios nnd satadulsslesidmiunsduaiidesuifauns
ATUVINTAIEYNITINTI TaEaneySnEuaNsIITesAiTIntnde dadu navnaesiaeilagUsvasd
iefnwuaznageulnswefinnsguiivingalunsduunduleuazdnvihAdueunfidadmivdulelu
WHRITINTIAUTURINTLIVINITNYAT

3813

1. mawdsufodivuarinswesfdueunildnunsgiu nafuseddludileiieluatniidu
10 $1urn 18 We8ne el Wugu1Iunenan (CmWKT) stuga1alug) (CmWKY) wazsiuguasuastans
(CmMRNS) wazwseulnsiuasunsgu 91U 3 8u lewn /7S, rbcl wag rpoCl Fans197 1 MntusaEenlng
woshvnzauhindmhiduufldnvesdunnuvanuruiudvesnsnivnisinunsdiuiu 22 aewus
(37971 2) Tnefidudevnnu (Gitrus reticulata) fUseuiisudunguusn (out group)

2. msafandue Tnediludulowannmduomeds CTAB musisauveaseslaisuazame (2552)

3. MaviindSunaiisue Tngldinen Green Gotag® Flexi (Promega, USA)

4. MINTIADULAUALDWLBMEITIaBIaAINIINGTE (gel electropholesis)

5. mMsvihBuduitesliuians (PCR purification) thiandniitersiildainde a uwhliuianise
9m PurelLink® PCR Purification Kit g Invitrogen

6. mnnwididuianalolnd lnetnandnfidoriunsiliuiadudiluieneidduiong
Tolnsivnadhuvans 5’ uaz 3’ shmsasvaeunazAndendviuinlelndidnmlasulaunsufiauysalun
Wisuiieusialusunsy Clustal Omesa (https://www.ebi.ac.uk/Tools/msa/clustalo/) tiledagsuiiand
Telndiliunzan uarldaduiiandlelndianuewinty mnduhludesgiauauduiusme
WugNITUA8lUTUNTH MEGALL MIU51897UY84 Tamura et.al., 2021 1Agai1auHUAINUgNIIUAI8TD
Maximum Likelihood #ifn Boot strap 97U7U 1,000 0

NANIINAADILATNITIVTAING
nsnageuALdueuflAnnsguiiminzandudule s1uau 3 Su ldun Nuclear ribosomal
internal transcribed spacer (ITS), ribulose 1,5-biphosphate carboxylase (rbcl) wag RNA polymerase
C1 (poC1) fusegedule S1uau 18 frege nanisveassuil aansadivdsunamduemangld 1
uov e nandnditensluvhuigrsudrdsinneidduiaaglelnd nansinsiesilénmm Chromatogram
Aflanwauysal (i 1) e ludaiunudatusnssy Tneldlusunsy MEGATT #2838 Maximum
Likelihood 71611 Boot strap $1121 1,000 #1 Wy Su /TS TeAAMuLANA 1 IaTus N TIuvBININT g

v v
[ YK a

T8989A0 rpoCl Uaw rbcl MUEIRY (Nl 2) ety Fudwdu 7S Jsgniluldlunsfineuazdniig
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Buteunslén (DNA barcode) vasdulofiiunurulivensuivinisinums Jsddueusldn Wunisasa
sWaUsyaf1vedefidinurazaiin (species) lnvordandnnsindesiivesua 4 61 A A (Adenine) T
(Thymine) C (Cytosine) kaz G (Guanine) lngfaain1sAnunALduieu1nsgiu (standardized DNA) A5y
msdadenuazinuUszidundrinmnzauiagiandaviduiidueunslaa fnuamd fo 1) Tdwuiieg
Tolnddulmeiidnvazoyimigs ansaiuuinaufidueldnseunguyniiv (Frezal and Leblois, 2008) 2)
dauindlelndnelufimsuusduilianuunnaiasenineile (species) 3) 11anduvesiandlolndd
aunsaulasita (coding region) wie llausaulasita (non-coding region) Al @) fdwaugludlu 1
1 5) dlothldimseddiuindlelndteaniu (57 waz 3) nafildezdoaiouty way 6) dedens
Ansgidiiuiiandlelndlnenss (direct sequencing) liifesrnutunounislaau (clone) lirgawmeiiou
(Valentini et al., 2009) sn159nvmsueunilanvesdulofiiusiunulivonsuizinisinens wuin
dduihndlolndvesdu 1S Wiendvliszogriamatugnssuszwineeiudvesdilosnniigade dulewus
YN 5898931 Ao verlumeuns veumalng uazyln fidndail 0.013 0.008 0.004 uaz 0.003 AUAIFY
(Wi 3)

dyunan1Innay

nsageUABweUIsARNINIgIU S1Wu 3 Bu leun Nuclear ribosomal internal transcribed
spacer (ITS), ribulose 1,5-biphosphate carboxylase (rbcl) wa RNA polymerase C1 (rpoC1) fiudieeng
dulo $1au 18 Mogra wu Bu TS ThAAuuansamatugnIsuvesieg1sdulennniian sesasunde
rpoC1 wag rbcl muddiu Wlethundahmidueusldnvesdulefiivnurulivensuivnisinens wui
Srduihndlolndvesdu TS Wiedviszogriamatugnssussuinaeiudvesdulosnniigade dulewus
Y19 305891 Ao vexluimeuns viesmelug) wavyln Aiendvil 0.013 0.008 0.004 uaz 0.003 AAG
anunsanluusulaiugialaanvaglne lonely

AnRNssuUsENA
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Table 1. The standard DNA barcode primers used in the experiment.

Gene Primer Name Nucleotide Sequence (5°-3) Reference
Nuclear ribosomal internal [TSul GGAAGKARAAGTCGTAACAAGG Cheng et al., 2016
transcribed spacer (ITS) TSud RGTTTCTTTTCCTCCGCTTA Cheng et al,, 2016
ribulose 1,5-biphosphate rbcl F ATGTCACCACAAACAGAAACTAAAGC Paween et al., 2011
carboxylase (rbcl) rbcl R CTTCGGCACAAAATAAGAAACGATCTC  Paween et al., 2011
RNA polymerase C1 (rpoC1) rpoC1F GGCAAAGAAGGAAGATTTCG Paween et al., 2011
rpoC1R TGAGAAAACATAAGTAAACGAGC Paween et al., 2011

Table 2. List of pomelo varieties from germplasm of the Department of Agriculture.

No. Sample Name of No. Sample Name of variety
name variety name
1 CmDOAO01 Khawyai 12 CmDOA12 Ploy Chompu
2 CmDOA02 Khawtangkoa 13 CmDOA13 Hom Baitaoy Phrae
3 CmDOA03 Pattalung 14 CmDOA14 Tabtim Siam
4 CmDOA04 Tafaj 15 CmDOA15 Whaingkan
5 CmDOAD5 Hom Hadyai 16 CmDOA16 Thachai 23
6 CmDOA06 Khaw Namphaung 17 CmDOA17 Manee Isan
7 CmDOAO7 Puko 18 CmDOA18 Khawpoung
8 CmDOA08 Chompu Nongkhai 19 CmDOA19 Hom Baitaoy Phangnga
9 CmDOA09 Pattawia 20 CmDOA20 Deng Thachai
10 CmDOA10 Thongdee 21 CmDOA21 Deng Vietnam
11 CmDOA11 Chompu Sriracha 22 CmDOA22 Hom Nakhornchaisri

M 1 2345678 9101112131415 16 1718 M

R e Y 800bp

s —r

| | | /
LUy ey e NV Ty N e RV TV IRV

rbcl

S RQVY & DA FaT 3 (R

Figure 1. PCR products and chromatogram analysis of nucleotide sequences from /TS, rbcL

and rpoC1 genes in 18 samples of pomelo.
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CmWKT2 CmWKT14 CmWKT14
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Figure 2. Dendrogram of 18 samples of pomelo from 3 genes: A.) ITS B.) rbcL and C.) rpoC1
analyzed by MEGA1 1 using the Maximum Likelihood method with a boot strap

value of 1,000 replicates.
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waluladnsusuusiadluiuagmsdauusiugnssaity Insiaunegiseiilos Ineisnslvle 7l
anunsonrvaeyldfeiiaaiu sadelfddvannduiuugannaiiae DNA Afiausumzazadas
Usuannmaiia SHERLOCK wagldioulusl Casiza (CPF1) Feanansansavasunisnaneiug nioaesia
wugnssuwlanuasulavatgzuwuu T6an 15 - 60 wiilusedu In vitro Ingldieulesd Cas12a arundutu
3 uM crRNA 300 nM wag Reporter AMILUNTY 1-2 pM sqmms’mﬁuuwﬁﬁﬁﬂaquﬂumiﬁwlﬂ%ﬁi’m
Tsmiie Wugiy uazangsa DNA fAidosnsanudinizinnzamnuiln Ingaansawannlisaduazuiug)
faruldsnluouan

ANENARY: YANTITHATITA DNA WUUTUNIZL12a9, ouleduna 12 19, wiallaeshen

Abstract

Genome editing and plant genetic modification technologies are continuously evolving,
with new methods that cannot be detected by traditional means. This research has developed
a highly specific DNA detection prototype kit by adapting the SHERLOCK technique and using
the Cas12a (CPF1) enzyme. This prototype can detect various forms of mutations or foreign
genetic codes, taking 15-60 minutes at the in vitro level. It uses Casl2a enzyme at a
concentration of 3 UM, crRNA at 300 nM, and reporter at 1-2 JAM concentration. This prototype
detection kit has high potential for diagnosing plant diseases, identifying plant varieties, and
detecting any specific DNA sequences. It can be further developed to increase speed and

accuracy in the future.

Keywords: Specific DNA test kit, Cas12a (CPF1), SHERLOCK
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unin
walulagnmsaaudsiugnssuidnsinsiauiwagiinsuanisdauuasiugnssuegedaaue Lay
nsuFuusdluladunfiunuimlunsiawangiugivegnswnsvate (Chen et al,, 2019; ISAAA, 2022)
g4 Yaqvu ansgoiin 93ne giasu Sainqu fade Uisnde Srduaud wWindln duu Sasea duide
annmglsy Fu B8 a1ININaNe (BugTH AUnNIaT wazleatal1nes) WANIAN USITA BRdNTIAY uat
91519ufu waglny (SAAA, 2022) Jagtufifiviideaunldinaluladmsusuudsiluy o1 912 91lne
§rndes 19an 1avine Turlss ia winmean umsnan aluan eniflarn Savivh wsifena edu ueuida
ndaw dngn Aiyulle Jovans wazliineniisdensddu iavenfiuases (Agaricus bisporus) lusiu (FAO,
2024; Zségon et al., 2018) Insfdnwazn1sUSuladlug 919Ul SNEaEANNATUNIULAZIUNIY NULAS
iy fruvuey drumuansidn ity wesdumudeaivelsaity (waflSe s1 1h¥a) iy Zaidi et
al,, 2019) dnwaziiinauAme Tnruns Iiun nsaleddngs leemnsgs Usimannguau anlusiudusi
AuANToUYADATY waziiinlewin3 Hudu Calyxt, Inc. (2023) §nwalgn1sneFigureAsdnIs LU ann1siin
e udunien Waenwadun wazdduuwlanaveslinen WWudy (Zhang et al,, 2018; Zséesn et al.,
2018)
nsdmnsinuesilumhenundnniaiuiiy Tn1siadmunisiiduguanisundy/dsweenfisund waz
fudirinunsdauasiugnssuvidefivfildsumsuiuuisdlug Yagdudsemalnedslifinmsugnitvdauas

Y]

RUFNTTU TIUDNYNNIUNITUTULATTIUL NFUTTENAUINTATIADUNYUALFUNTTANUUTHUTNTTY

[V

indeiawinalulagyinin Fdintidnw Auat JFeuasiRiusTUUNIIATIIER U MUNLAL NE Y

Mo

a6 v

LAzRAUNIEARLUTIUGNTTY 50T Insert DNA wazguuvunsaedunuuyndu dslieglugrudeyanis
ATIRAATIERTEAULILINA LagiivuFuuidlundedidnuurveanisnanefusfisimeiazasldaiunse
nvaeURIeIENIRaANlE (Chen et al, 2019; Mao et al., 2019) dtiu FsdndudosAnwiuazsiaun
FBnsnsalinneiisusuudsiTunsuiuutagsiarugnssufidsuuuumzzes Sudnsnsiaiie
Annevidiaulasiusnssuainsedu DNA wusmiiflausadiiumsldanuias ilemsauauiiugua

NYUSUBAIILULAUNITENIVRINTUIVINNTNBATHB bU

auUnIaluazIsNg

1. N158ONWUY Primer &3 Winysuadudinineg, Reporter wag crRNA N154iuUSU10s DNA
ganuuUlnses (Forward way Reverse) dmsuifiuU3unas Promoter 35S wag NOS uazdu Papain Ay
gnvedlwsiesinfignnIseei 25-35 nt wazwuaues Amplicon sty 80-140 bp Twswesaasl Tm
38919 54 WAy 67°C 990U reporter oad FQ-reporter (5’-6-FitC -ttatt-Quencher-3’) Fadu ssDNA
reporter @115 fluorescence detection Wag FB-reporter ( 5’-6-FitC -ttattttattttatt-Biotin-3) \Uu ssDNA
reporter @3V lateral flow assay

2. onLUULArdUATIEY crRNA d@11sun15m519dulay Casl2a a1au arRNA W uaesialuy
founduvestuduiimunely RNA fiaenuuu 816y spacer uda (2024 nt Tunsdlves Casl2a) vailanansa
srysuvnnuiFeanslu DNA Wwsne ansnsna$1s aRNA 910 DNA iaiwan Tagld PAM TTTV

3. n9197AsERd ulduune aaen15nadeu Nuclease activity, Fluorescence detection wag
Lateral flow assay Y5uld35n1999293@s189 Uy SHERLOCK (Gootenberg et al., 2018; Kellner et al.,
2019) mmiaaaﬂufuumimaaqLﬁ@ﬂ’limiaﬁLﬂswﬁlﬁﬁa Fluorescence detection Wka Lateral flow
assay detection laglt Enzyme Cas12a lu 2 nszuaunis (Zhang et al., 2020)
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NANISNNABILAZIANTA]

N599NWUY crRNA Wi oldiduaneswa RNA d13dd msuidnduuasdnsiumis DNA Wananelag
CRISPR-Cas12a (Cpfl) crRNA fia RNA 1 wneaneifienvunn 40-44 wa Usenausiediuasfivuia 20 wa
(loop domain) wagdrudnwizsiadinuigauin 20-24 Lua (protospacer domain) ALIUNITOBNKUY
Tauluslaaiees aun 20 - 21 bp Lwaﬂsvammwam CrRNA sTansadaasnedsaonisiaudams
wilbuuiang Satnedasti crRNA mﬂmsaaaaawimst,auieuu RNase Tuiwad uaztheiiudszansninnng
uludmnelfadetu dmsu cRNA R Cast2a senuuulaeszymumisluuinandwanedi g
PAM (protospacer adjacent motif) Ao TTTV 1ag VAo A C 30 G (Figure 3, 4) Enzyme Casl2a Wag
CrRNA Az dutuaeiiduediegassinuiudidy PAM vailfedlisiudidu PAM lun1seanuuu crRNA 1lu
a8 crRNA ¢ (Figure 5)

nsMaaay Nuclease activity Msfinvesoulsy] Casl2a fiwansnsfufinnnududusingg nsvaaeu
Nuclease activity 1agn15ULE15#199) ﬁqmmgﬁ 37 perwadea Wuan 8 $alus AU plasmid pCXSN50
150 ng Jefifumis Promoter 355 ¢ WU ANAUNTUYeY Casl2a Fuwmnsnafuriiliinuaves Nuclease
activity iuananeiu uaz arududuves wulsl fanududu 3 uM FuluFasvinlinisdasums DNA
Wavanglaegadiusea@nsain lnenuineulesl Casl2a @a1u1506n o AUnUesHARNUTNIIN 3552 VU
PCXSN50 Gaidli DNA indeag vuiauszana 10 kb foonuuulsogadumzianzasuazusiug 91nua Gel
electrophoresis uanslyiiiu Band plasmid figndmeenifiu DNA anetden (Figure 6 unail 7 - 10) iileifiey
iU Neg (Figure 6 el 1 - 2) au\mmmlfummaﬂ%um (>10 pM Ugﬂim Nuclease activity 8139911914
unniuldiiiAamstesaans Plasmid siaviun (Figure 6 waadt 4 — 6)

d95Un15NA@eu Fluorescence detection anviunisianenay toubasl Casl12a, crRNA 3552 way
FQ-reporter (5'-6-FitC -ttatt-Quencher-3’) Wdnefuuasuadl 37°C Wuan 5 - 60 wdl antutilddes
aeld Black light wuinUFATen Fluorescence annsaifnduldegnasanimini a1s DNA ihvunely
fre879 faudt 5 11t wsnuazdaauiiand 30 unit Taeilewfisiuna Reporter MsUawAazBadnLay
wazdlnrudusnndu (Figure 7)

Tun1smaaeu Lateral flow assay adunsiaufeaiuiu n1snageu Fluorescence taalisaIumasl
favnsauify FB-reporter ( 5°-6-FitC -ttattttattttatt-Biotin-3") Undigamgdl 37°C 5 - 60 undi 91nwanTs
NAABINUIN YARTI9 Lateral flow assay fleenuuy d1m13unn9nsIa Biotin Wag FitC @snsansadunsse
43a"8 Reporter 110l DNA 1l1maing agiuﬁaaﬂwaﬁaﬂwaLLﬂu&Tﬁﬁqﬂﬁ' AUty Reporter 7l 1-2 pM
wazldianus e 15 udi mﬂﬁgmju Strip Aavldnanisveaesfidhiau (Figure 8)

G

weluladnsuduusadluiuag madauUsiugnssuiy Snsfaunegiseiilos lngd38nslvse il
annsaaTdeuldtiiiaaiy s ERsldwanfusuuganmaiases DNA Aausumziazadas
USuannmaiia SHERLOCK wagldoulmsl Casi2a (CPF1) §eanunsansavaeunisnaneiug ioaosia
fugnssuwdanUaeulavateguuuu Tdian 15 - 60 uriilusedu In vitro Ingldieuled Cas12a Aandudy
3 UM crRNA 300 nM Wag Reporter Aa1andadu 1-2 pM yanmafuiuuiddnenmgsunniluléams
Tsafie Wusity uazanesta DNA fifosnisanudumzianzamnaia lnsaansawannlisnduazuiug)
fatuldanluowan
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Figure 1 Fluorescence detection Figure 2. Lateral flow assay detection
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crRNA35S1 crRNA35S2

355 pCXSN50

891bp
Figure 3. The crRNA position that serves as the cleavage site for the Cas12a (CPF1)

enzyme

1 CCTGCAGGTC AACATGGTGG AGCACGACAC ACTTGICTAC TCCAARAATA TCAAAGATAC AGTCTCAGAA GACCAAAGGG CAATTGAGAC TTTTCAACAA
GGACGTCCAG TTGTACCACC TCGTGCTGIG TGAACAGATG AGGITTTTAT AGTTTCTATG TCAGAGICTT CTGGITTCCC GTTAACTCIG AAAAGITGIT

101 AGGGTAATAT CCGGRAACCT CCTCGGATIC CATTGCCCAG CTAICIGTCA TGIG ARGATAGIGG AARAGGAAGG TGGCTCCTAC ARATGCCATC
TCCCATTATA GGCCTTTGGA GGAGCCTAAG GTAACGGGIC GATAGACAGT CAC TTCTATCACC TTTTCCTTCC ACCGAGGATG TTTACGGIAG

201 ATTGCGATAA AGGARAGGCC ATCGTTGAARG ATGCCICIGC CGACAGTGGT CCCAAAGATG GACCCCCACC CACGAGGAGC ATCGTGGARR AAGAAGACGT
TARCGCTATT TCCTTTCCGG TAGCAACTIC TACGGAGACG GCIGTCACCA GGGTTTCTAC CTGGGGGIGGE GTGCICCTCG TAGCACCTIT TICTTCIGCA

301 TCCAACCACG TCTTCAAAGC AAGTGGATIG ATGTGATAAC ATGGIGGAGC ACGACACACT TGTCTACTCC AAAAATATCA AAGATACAGT CTCAGRAGAC
AGGTTGGIGC AGAAGITTICG TTCACCTAAC TACACTATTG TACCACCTCG TGCTGTGTGA ACAGATGAGG TTITTATAGT TICTATGICA GAGICTICTG

401 CAAAGGGCAA TTGAGA CAAAGG GTAATATCCG GAMACCTCCT CGGATTCCAT TGCCCAGCTA TCTGICACTT TATTGTGAAG ATAGTGGAAA
GTTTCCCGIT AACTCIGI TGTTTCC CATTATAGGC CTTTGGAGGA GCCTAAGGTA ACGGGTCGAT AGACAGTGAA ATAACACTIC TATCACCTIT

Figure 4 Details of the genetic code of crRNA and the PAM position

crRNA-Pap1 U!!UUUCUACUAAGUGUAGAUAUUU CAAAGUUGCUUUUCGU 41

1

2 crRNA-Pap2 UAAUUUCUACUAAGUGUAGAUCAGCUGUUGCAACUAUAGAG 41

3 crRNA-3581 UAAPJUUCUACUAAGUGUAGAUUUGUEBAAGAUAGUGGAAAAG 41

4 crRNA-3582 UAAUUUCUACUAAGUGUAGAUAACAAAGGGUAAUAUCCGGA 41

5 crRNA-NOS1 UAAUUUCUACUAAGUGUAGAUUGUUGAAUUACGUUAAGCAU 41

6 crRNA-NOS2 UAAUUUCUACUAAGUGUAGAUAUACECGAUAGAAAACAAAA 41
Loop Protospacer

Figure 5 Result of the designed and synthesized crRNA code sequence, where the 5' end

position is the Loop domain location for the Cas12a enzyme

Plasmid complex:

Plasmid complex: Partial cut

Non cut

Figure 6 Results of the Nuclease activity test of Cas12a enzyme and crRNA 3552 at various

concentrations
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Figure 7 Results of the Fluorescence detection test of Cas12a enzyme and crRNA 3552
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Figure 8 Results of the Lateral flow assay test at FB-reporter concentrations of 1 — 3 uM
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The Selection of Abalone Mushroom Strains for Utilization in Breeding Program

o ¢ 1a a_a 1 a a ¥ €1
ﬁ‘u&;]']ﬂim NBILKRA ININ nmﬁi&liqqﬁ hae 3011 ﬂmiﬁf\lu

Ratchadaporn Thonghem littra kittimorakul and Vipavee Chanroj

dninddeimuimalulagTinim nsudvinisinuns o.5qus 2.uvusii 12110
Biotechnology Research and Development Office, Department of Agriculture, Thanyaburi, Patum Thani 12110
*Corresponding author: annethong80@gmail.com

uNAnge

winngoduinasugiavianisvedne winsudndion1sddnaitaguidesaneiug s
fndenuaruulssiusiaiuiudesuiiunaifleudlaligmiingn muateiifngusrasdiitesiurnme
ufidiaitnge Anwdnumenisduguine mslinandauasdnidenaeiudidiafiddnenmiiedluld
Uselosifugnuiugnssulunisuulsaiug manssusuaeiusifadndornundsineg S 25 ae
HUGNIZVAEaUN1390NABN 0 1SUTOUNIZLAR NTURINTINEAT TUTILABUNNTIAY — FIAY 2565 AN
Snungmaduguineuasnananvenfiaidngens 25 anesiug Wisuifisuiv PC3 Fuduaeiugi
Tuinsvesnsuivmainuns Andeniinaneiusitdnuausdlagltinas 1) mnuannsalunslinands
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ABSTRACT

Abalone mushrooms are one of the economic mushrooms in Thailand, but the
commercial cultivations still lack performance strains. The selection and breeding methods
are necessary to solve this problem. The study focused on collecting abalone mushrooms,
morphological characterization, and production and selecting high-performance strains as
genetic stock for breeding. Twenty-five abalone mushroom samples were collected from
various locations and cultivated under mushroom greenhouse conditions at the Department
of Agriculture from January to August 2022. The morphological characteristics and production
of collected abalone mushrooms were investigated and compared with strain PC3 conserved

by the Department of Agriculture. The criteria for selection were 1) the performance of
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2 Biotechnology Research and Development Office, Department of Agriculture, Thanyaburi, Patum Thani 12110
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production 2) the period for the primordial formation and simultaneous fruiting bodies 3) the
duration for mycelium colonization in the cultivation bag and 4) size and color according to
market demand. The results showed that every characteristic of strain PC1 was better than
PC3 except the dark gray color did not meet market demand.For 12 abalone mushrooms,
the duration of mycelium colonization in the cultivation bag, the period for the primordial
formation and performance of production were not different from PC3, excluding the dark
gray to black color of fruiting bodies of PC4, PC10, and PC11 strain. The strain PC14, PC15,
PC16, PC20, PC21, PC23, PC24, PC25, and PC26 fruiting bodies were cream in color.

Keywords: Abalone mushroom, Selection, Strain improvement, Genetic resources
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Figure 1 Morphological characteristics of 25 Abalone mushroom strains compared with PC3; cultivation

period from March to August 2023.

Table 1 Twenty-five of Abalone Mushroom (Pleurotus cystidiosus) from various location

Source of samples

Type of Sample

No. Sample Code
1 PC1
2 PC2
3 PC4
4 PC5
5 PC6
6 PC7
7 PC8
8 PC9
9 PC10
10 PC11
11 PC12
12 PC13
13 PC14
14 PC15
15 PC16
16 PC17
17 PC18
18 PC19
19 PC20
20 pPC21
21 PC22
22 pPC23
23 PC24
24 PC25
25 PC25

Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Thailand Mushroom Culture Collection
Sakon Nakhon Province

Bangkok

Nonthaburi Province

Ang Thong Province

Phitsanulok Province

Saraburi Province

Sakon Nakhon Province

Ratchaburi Province

Sisaket Province

Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Mother mycelium
Fruiting body
Mother mycelium
Mother mycelium
Mother mycelium
Fruiting body
Mother spawn
Mother spawn
Fruiting body

Mother mycelium
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Table 2 The mycelial colonization time, day of primordia formation and fresh weight yield
of 25 Abalone mushroom compared with PC3; cultivation period from January to August

2022
Strains Spawn run (day) Fruit bodies primordia formation Average fresh
after bag opening (day) weight yield (g/bag)

PC3 (Control) 55.41 a-d 18.89 ab 149.20 bc
PC1 55.99 a-e" 15.13 a 210.42 a
PC2 52.81 ab 39.80 efg 71.48 d
PCa 57.26 a-e 18.41 ab 134.41 bc
PC5 61.90 e 19.76 ab 151.12 bc
PC6 56.05 a-e 29.46 b-e 50.64 d
PC7 54.98 a-d 38.73 efg 70.92d
PC8 52.80 ab 37.95 efg 85.47d
PC9 53.11 abc 41.60 fg 71.83d
PC10 56.97 a-e 16.64 a 167.67 bc
PC11 58.10 b-e 23.51 abc 128.55 ¢
PC12 59.22 cde 4577 ¢ 75.79 d
PC13 57.24 a-e 32.99 cf 87.92 d
PCl14 53.73 abc 23.33 abc 166.50 bc
PC15 51.75a 1523 a 135.09 bc
PC16 55.12 a-d 26.46 a-d 150.24 bc
PC17 55.03 a-d 33,15 cf 68.74 d
PC18 54.40 abc 36.82 d-¢ 67.97d
PC19 54.30 abc 35.93.d-¢ 76.98 d
PC20 53.99 abc 16.77 a 132.63 bc
pPC21 55.49 a-d 17.67 a 175.26 ab
PC22 54.65 a-d 38.35 efg 62.77 d
PC23 60.71 de 19.33 ab 150.31 bc
pPC24 60.76 de 23.18 abc 153.54 bc
PC25 5131 a 19.56 ab 144.73 bc
PC26 58.71 b-e 18.79 ab 172.08 b
av 6.40 % 25.40 % 21.40 %

Y Means in the same column, followed by a common letter are not significantly different at the
5% level by DMRT
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ABSTRACT

Bitter gourd is a widely used vegetable and herb for utilization in tropical countries
including Thailand. This plant has a relatively high diversity. Currently, consumption of this plant is
mostly used only in commercial varieties. Therefore, the native plant germplasm may be lost in
the future. This causes the diversity of this plant to decrease. This research objective is to collect
and evaluate the morphological characteristics of 15 samples for future use. The bitter gourds were
planted and evaluated for morphological characteristics at the Tropical Vegetable Research Center,
Kasetsart University, Kamphaeng Saen Campus. The experiment was designed as RCBD with two
replicates. The morphological characteristics were recorded for 5 stages including seedling,
vegetative, flowering, fruiting and seed characters at postharvest stage. It was found that bitter
gourd fruit could be divided into 3 groups including small fruits (length 30-60 mm.) 7 samples,
medium fruits (length 61-120 mm.) 7 samples and large fruits (length >121mm.) 1 sample.

Keywords: bitter gourd, genetic diversity
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Table 1 List of Bitter Gourd Seeds (Momordica charantia L.) Collected from Thailand

Code Local name Type of Sample Source Province

M8 Mara Khi Nok Farmer varieties On farm Phichit

M9 Mara Khi Nok Commercial varieties Market Kamphaeng Phet
M10 Mara Khi Nok Commercial varieties Market Tak

M11 Mara Khi Nok Commercial varieties Market Tak

M15 Mara Khi Nok, Ma Hoi Landraces Market Nan

M17 Mara Khi Nok Landraces Local Nakhon Phanom
M23 Mara Khi Nok Farmer varieties Local Bangkok
M30 Mara Khi Nok Landraces Market Prachuap Khiri Khan
M4a1 Mara Khi Nok Landraces On farm Phrae

Md4 Mara Khi Nok, Ma Hoi Landraces Local Nan

Ma6 Mara Khi Nok Landraces On farm Uttaradit
M50 Mara Khi Nok Landraces Local Phichit

M57 Mara Khi Nok Commercial varieties Market Ayutthaya
Mé61 Mara Khi Nok Farmer varieties On farm Sakon Nakhon
Mé63 Mara Khi Nok Farmer varieties On farm Si Sa Ket
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