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Production of the plant hormone indole acetic acid by microorganisms
Figure

1% . . 1 . . 1
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UNANED

nsndulaauadfn (Indole-3-acetic acid: IAA) 1 wansarvANN1TRI YR vl Ve vng woandu
(Auxin) annsaduanesdldnngdundd Fufunununnundsing Idisdu 42 lelwan tundesed
Wisuig uiganun1mlaes Bioassay plate technique LazanIaTziUiinansndulnawediniindnle
#2875 spectrophotometer 7 A713819AE uwas 530 uTuiuas n1u35 Salkowski colorimetric technique
ansadndenlelsanifiuszansamlunismdansndulaauedfnldd S 5 Telsan Tiun Telsian IAA-
32, IAA-17, I1AA-25, IAA-16 Ay IAA-00 Lﬁlaﬁi%mﬂ‘ﬁﬁﬂiﬂEJEL%JLVIﬂﬁﬂ%’JIMLaqa annsnswunldide Bacillus
megaterium, Bacillus sp., Lysinibacillus macrolides Enterobacter sp. Wag Bacillus sp. ATNAIAU
nsAnwnavesnsadulnanedin finaliuziomammiusioan eilduanyan (nudy) luanmuasnde
Tnan1sdu 15mM NaCl wuin n1sudwdnsnensadulaauedfnfiaududu 1 ug/ml Snaliduusdomad
mumuslifige drunmeaeulszansamussnsndilaauedinlunisnsedunisasaiulalusunin
wuin nsmdulpauediniatnldandeuuafide Aaududu 50 ug/ml dwalddundn dwdsnisinaen
a9an 256 Aon/fu uastmiinaandngean 4256 ¢/fu dulimuuansamsaiansssunnudotu 99

Wesidus Wewlsuiuyamiuaudlddanunsa  Sulaauedin

AdAty: NInBulaauedfin, UMY, a1snruANn1ssyAulave iy,

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 IAA
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 1AA32, 1AA-17,  1AA-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

nsnduleauneddn Indole-3-acetic acid (IAA) Wuasnaueandu (Auxin) daduansaiuaunis
Sdulnvesfivdssannsziunaaigdulailiivinnuush wazdafvesadludiudwurosiiy
waziduansmuaunsaiyiulnvesivnguusniignAunulaguyed @13 IAA (indole-3-acetic acid) Tuit
or9aznulugUansUsEnauLfien (free compound) uena1ni uds daoraaziAslugusmiuasd u
(Conjugate) LU IAA-insital, IAA-glucose WaglAA-aspartate LAETT IAA ‘Lugﬂﬁswﬁ’uawﬁuﬁawwbjﬁwa
lun1snseRunIasaAulnvesiy (Not biological active) WaNaN IAA E‘]’qﬁmsaaﬂ%uﬁamwﬁﬁi INAUR LU
IBA (4-Indole-3-yl butyric acid), NAA (Napthalene acetic acid), 2,4-D (2,4-Dichlorophenoxy acetic acid)
Wiz 4-CPA (d-chloropenoxy acetic acid) a'ﬁaaﬂ%uwa%ﬁuﬂ%nmﬁﬂmaaam Tuoeu waviwdn Tuuns
fludamuansiludiuvesazoounanay seanannadle waesdly Tavas 1A fauaudiduasisanis
WiAule viliiAnn1sveediveswad (Cell enlargement) nsgsulvilinsnannisdndity nsequliia
wAada (Callus) Tunsnzideailede uwinvsmeuausdlusziuwadiineie nsvenefvoswad s
gnfvaawad nTAuNIRAnTIN NSRSy ludIueg Yoy Fmilninnswasuaailodevemen nx
duiimihiduieg lnevilliAnnaudsunavesnonluiivunaeia 1w nnsld NAA Gaviu aendiily
vaurdseusguasfivmnizasriiliidvuluibuneniner wisdanunonseuves finnes wasnan axvinli
Aanendadeiviu Yeatuldlily ren waznafidassaddlifiudl (prematurely) wan329 Judu (Ma et
al, 2018) nsdaasesnduiidinsaesillu L-Tryptophan Wuasi3udu (Precursor) L-Tryptophan 1y
nnordluiilasad1eves Indole ¢ fiseudadfiovatevin aunsodansedt IAA1FLA wuAiiBe 31 uae
aMse JRUVTEnaULUAT Seiianansonan IAA lauA wuad Seluana Azoarcus, Arthrobacter, Azospirillum,
Pseudomonas, Bacillus, Burkholderia, Flavobacterium, Acetobacter, Klebsiella, Gluconacetobacter,
Enterobacter, Clostiidium, Xanthomonas Senatia Way Azotobacter (Hurek and Reinhold-Hurek, 2003,
Tsavkelova et al, 2005; Ahmad et al, 2008) TogNukuadn i3 Eﬂ,uaq a Nostoc, Calothrix, Anabeana v udu
ogalsfiniu Samunisadi 1AA angdundgsmangaidlenisBardiuas sivianana Wu Saccharomyces,

Fusarium, Rhizopus, Aspergillus e Trichoderma Judu (Tsavkelova et al, 2006)
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Aty n1sfnwaunsEnddnanmlunisudnnsadulaanedsin wagnisiuysednsnmnimdansm
dulnauedfndadivselea tegnedelun1sussyndldans¥inmnguse sluwindnlaain 9d un3gMiiag 1u
Uaeasegs lunmiiununmeandanuns tnsanzegndduanmensaldnduianmgieniaiaiig

wlsUsiugs  JedamansenusieUTinaLazAun MYamandninunsog 1 nandealila

gunsaluazisms

o daw

1. MmsfadenitauunafiSefiddnenmlunisdansadulaauadfin (indole acetic acid; IAA)
nuUNILadnden Wouuail e saduaseinsndlnan edin9nuna Wiy wazided
HunulIlwie fUAnns Inseiuazdisuiisudnanmlngds Bioassay plate technique USuugemu
35 n15v 09 Shrivastava and Kumar (2011) wa# Bric et al. (1991) Tngid oaid owuaiis slusmisman
Nutrient broth w1 48 421u3 mmfuﬂwlﬂmmawu paper disc (cellulose membrane U UALE WK U

a

AugnaNe 5 faduns) fi719UueM1s Nutrient agar 7i@iu 5 mM L-Tryptophan Umﬁqquu 30 94A
waldea um 48 Falu iy paper disc lUsuumwanuia nenansazate Salkowski reagent 10 ul U
Tuitfln 2 $7lus FunaniadsundaswesUfjizeniaudsuduuieu paper disc \Juduns-vuy
nadeulstansamnmannmdulnanedfnnidewuafiie thdeuuaiiSeidadenldain
Fraduihluide meaouluemnsiven LB broth 7iuiis 5 mM L-Tryptophan lawaidossdud3uns 1% vin1s
Aoafivina hlvvafigamgli 30 ssewadoa luiiiauu 48-72 dalus dunaniawdsuutasues
UARSE s AbuATesEnsazany Salkowskireagent SUANKARS] - +, ++, +++, ++++ NnFindoadudung
LagAnIIATiUSinansndulaawedRndeds spectrophotometer inanueIPALES 530 WILLUAST A
35 salkowski colorimetric technique v89 Glickmann and Dessaux (1995) Ingsidpnansazatesidure e
wuafideluemadende NB Uuflgamaf 30 ssmwaidoa uiu 24 Halus Ufuarududuiivintunlels
a7 TaUFuen 0.0 4, = 0.5 YideuuafiGesinanluidsmagouluomamaifiiesdusznautes yeast
extract 0.2 uaz NH,SO, 1 n3usiedns uaz 5 mM L-Tryptophan ldfadeasavareseiuiums 1% lag
s vnsaeaiintiun Tnethldwefinmugaseu 200 seu/nd Unfigamndl 30 esrisaidoa Ly
fisiaun 240 Flus (10 $u) Siemesivdnn nsmdulnauedAnitendsls Tnsifiuset wansavanende 1 ml
+ Salkowski reagent 200 ul Uiluitiiaw 2 dalus dunaniswdewudasufiseiiinty dvesarsazane
Salkowski reagent wWasuandwdeaiud Lmﬁmmﬂﬁﬁ%mﬁamﬁaﬂ spectrophotometer 731 TIAA LA
530 nm W3BuLguiy standard curve Uasa3a¥a18119551U 3-Indoleacetic acid
Suunierdunigidndonlinnizdiy neldinatansdluana shnsadafidueainide
wuaiiselagldyaainmidue QiAamp® DNA Mini Kit (Qiagen) dumseifidueludiuvesusiam 16s DNA
Aa8Udjnsen Polymerase Chain Reaction (PCR) Teelld universal primer 27F Lag 1492R (Lane, 1991) viufjisen

v a

. a 6 o = L3 ;% = = % v
cycle sequencing Iinszviaduiiindlelng uaiwIesuiisuiugiuteyalu GenBank

2. NM3ANEINATRININBUlAaLITRANMABN T3 YRUlAvDINY

2.1 uaveinsndulnaledfnsonisiasarivlnuesiglugn newindoui limanza

The Ignite Biotechnology: TuirRetieegnalves e rnssumAllladTmmasmssusmesiusnIsuieewnn 3



AnwUsinaeuduturesnsadulaanedin Adnadenssiuydulnveszdomaluannzainy
Wy TneAnwimududuansazaeuin sgu nsmdulpauadand 1, 3, 5 uay 10 pg/ml Tuanmuanad e
vuemnszaeaileiiiedin (Murashige and Skoog ; MS) ilnde 15 mM NaCl Tngvinnisindentudn
usdemeiifiawanysaiiesivnadalndidvsiu mnduthusiedefamun shawazeniaude
mntuiludlueanesed 70% wu 2 it wewurg tldurlunaesend 20% wu 10 Wil nthue
Tuddside 3 af dumdaliufiuunssaensesiniunisiende thaudnuzsdomeafiutudvonsa
Sulnawediin un 16 Falus Aerududusineg &l 13 5 10 pg/ml AliuRsuunszaunsosfiniunse
Fodnads aniudeadumzdesduanmiaende Tupm1sans MS + NaCl 15 mM W3guiigu @15 IAA
Anundudu 13 5 10 pg/ml WlsuisuivgaAIUAY (MS)

2.2 nsfnwmaresnsndulaanediniidmanonisaiydulnlufivnagey

AnwinaveansndulaauedinfidmadennsdyivlaLasnandnvesiumineny 2 Woundsdrend
MN1sWUNIABUlAALBTAN YN 15 TU IMUHUNIITNARBY 4 NT3UTT LWL ULTBUAIUDNTUN I B UlARLL.OTHAN
7l 10, 30 ua 50 pg/ml wazyamIUAN (hndw) d1nu 3 91 Vinstuiinnanandn uazlinsizidr NDVI

(Normalized Difference Vegetation Index)

NANSNAADILAZIVT5Al

oA da o

1. msdadendeuuaiiSeitidnanmluniswdansadulaauadin (indole acetic acid; 1AA)
nundewuaiiBefiausaduansinsndulnanedin (indole acetic acid; IAA) Tnunaw19Y

dlathumegeumuaunsalunsdaensinsadulaauedin nudn devhmsasnalenseisasBeuiiouns

HAnnIAdulaakeddn luganun1mlaeld Bioassay plate technique (Figure 1) annsofndenldideuueiice

y9du 42 Talaan WethudwsesidauSunamald

++

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

Bioassay plate technique.

NNSNAADUUTEANT NNV UYL UATISUTNHAANIADULAALDTAN LAeN1SUTBLUATISE 31Uy 42

fegn nandenlaantdu lnsthluidsmeasuluemnsiual LB broth i@y 5 mM L-Tryptophan Lile
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luuugamai 30 °C lundauu 48-72 Falus funanisddsuilawesu fisensdsudvesaisazae

Salkowski reagent andndosduduns-suny awsofndendeuuaiiseld 12 lelwan (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.

= = = a a a Aa v . ' =1
W owSeuisuuSinumsnannsndulaauedfnnlea1sazaie Salkowski reagent Ll 0 U

[
o

wueitize Tuiiin 72 $2lus wudt wuafiBesia 12 lolean annsanannsadulnauedin Iiluuuganii
48 Flus Iosanrsodnidonidouvafifeffidnenmlunisnsndulnauedinlé lusedy +++ uay ++++
S 5 lolwan Toun Teloian 1AA-16, IAA-17, IAA-25, IAA-32 uaw IAA-00 (Table 1) Nt Na¥na g
fuunvinvosuvaiiGeidaidentilagldmaiandiluana Welmswindwuinedlolndludiuves
ribosomal RNA gene thanduinaalelndfildluieuiiisuiugudoyanisdiasaune (Table 2)
nan1TleTeikandIsuiisunimannsdulaauedin wuih vesuaiidests 5 Teluan aunsa
wAnnsndulnauedinléd Inewlevuidonsu 200 2lus aunsondnldaedian Ao leloian 1AA-32 fid1nas
F9AT189 NI BULAALETAN LY 11U 384 ug/ml 5098911 A D IAA-17, IAA-25, IAA-16 Way IAA-00 AINTT

Fuanzvinndulaaue®fn windu 377, 351.1, 308.4 way 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
48 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 MTO071730.1
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  IAA (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 2257 67.87 97.66 1147 153.94 186.28 229.2 275.9

2. MsfnwnavanIndulaanadfndanisiasyiulavasny
2.1 msAnvwavesnsadulnawedfndenissyivinvesivluannawindouildmanzay
insAnenavensndulnauedinmenisasarivlnve wedome uannzauhu lnefnwinsndu
Tnawedfniiaududu 1, 3, 5 uay 10 pg/ml Tuanmiaenile IG]EJfIE]’]W]iLW’]%LgENL‘ﬁm?jaﬂﬂquS MS
(Murashige and Skoog ; MS) wag MS + 15 mM NaCl ifluaniminu wuin nindulaauedinfinmidudy
1 ug/ml fnalidsmdomaluanmisondeimasiyivlniiian lnliduadaugeiedugedianiie

= o PN

Wisuiugaruaud bilasUNSAAUlAawaT RN dIUARALAIINEITINYBIAULLITDNE WU NSADULAA LD

q q

=

FAnNAuduty 135 10 ug/ml fnaliidnadsanugmannianitdiewsuivyenivaunilaiunsndulaa

WodRAn (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  IAA 3 pg/ml  1AA 5 pg/ml IAA 10 pg/ml
plant height (cm.) 10.0 53 6.5 5.9 6.2 6.1

The Ignite Biotechnology: TuirRetieegnalves e rnssumAllladTmmasmssusmesiusnIsuieewnn 6



Control-2 MS+15mM NaC

Figure 3 The test of salt tolerance intomato 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 nsfnwmaresnsndulnanediniidmaionsaiydulnluiivnagey

wavesnsndulaauedinfidmwanensaiqpivlnnaznandnvesiuninety 2 Woundsondn vin
niunsdlsanedin V15 Fu MeunuNMeaes 4 nsals WSsusumml IR un s ulsauedind 10,
30w 50 pg/iml uazamUAY (1hnd1) wud1 nawunsndulaauediniiaruduty 50 ug/ml fnalddy
winfAnnen uazuminuandngaan 42.558 n¥u/fu (Figue 4 Table 5) wazii 831As183iA1 NDVI
(Normauzed Difference Vegetation Index) s'ﬁuﬂumﬁﬂwaﬂammwmmﬁuw%ﬂ WUT1 NISHUNIADULAALLD
FAnfimuidutu 50 ugml Bidn NDV gean Usuenisensm ey saivesdiunnnn nssAsiliengunimues

Y v 1

WWmAislan NDVI #nan

YAAIUAL 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

reatment Number of Fruit yield weight DVl value
flower per plant (¢)

IAA 0 ug/ml (control) 8.7 b 1233 ¢ 0.6946+0.0015 b
IAA 10 ug/ml 115b 15.34 ¢ 0.7036+0.0023 ab
IAA 30 ug/ml 21.1a 28.96 b 0.7063+0.0087 a
IAA 50 ug/ml 25.6 a 42.56 a 0.7104+0.0047 a
F-test ** **

% 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
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ABSTRACT
The production and sale of aromatic coconut varieties in Ratchaburi Province still lacks
production certification, leading to concerns among both buyers and sellers. To address this issue,
the DNA test of the ChuAMADHZ2 gene was used to verify the authenticity the aromatic coconut
varieties in three mother plots 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
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non-aromatic trees, 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, Ratchaburi, DNA
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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): gmr.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 Topic 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 Topic Aromatic (C/C) Non-Aromatic Heterozygous
(G/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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ABSTRACT
The pectinase enzyme derived from Trichoderma spp. is one of the most important enzyme
involved in detrimental plant disease control. The objective of this research was to study the
production of pectinase enzyme powder by the spray drying method from Trichoderma asperellum
T-1 isolate. By spray drying method, the setting up conditions resulted in the yield for pectinase
powder at 25-30 gram/2 liter, and %yield was 1.25-2.0, respectively. An average quantitative enzyme
activity of pectinase was at 9.75 unit/ml. This information may lead to the guidline for the innovative

bioproduct production for important orchid black rot disease control in the future.

Keywords: Trichoderma spp. 1, spray drying method 2, pectinase 3, enzymatic powder 4
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Figure 1 Enzymatic pectinase study of Trichoderma asperellum T-1 isolate at different pH value.

The pectinase enzyme activities incubated at 35 °C (A). The pectinase enzyme activity

incubated at 37 °C (B).
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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/l) 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, 6-Benzylaminopurine, Indole-3-Butyric Acid
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Figure 1 Cannabis nodal segment sterilized, Elite line 1(A) Flite line 2(B) and Elite line 3(C) after
being cultured for 2 weeks on soid MS medium under 55 pmol/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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ABSTRACT

The genus Etlingera is a member of the Zingiberaceae family. Thereis a wide variety of plant
species in the genus, approximately 150 - 200. Southeast Asiais one of the regions where many
species of the genus Etlingera are found, and many of these species are 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 will 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 utilize the value of the diversity of
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the genus Etlingera in Thailand. By surveying and collecting this plant species by purposive sampling
according to the plat floristic regions of Thailand during 2021 - 2023. There were 11 species of
plants in the genus Etlingera, divided into 2 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. 8 species and 15 germplasm accessions were collected to
Genebank, Department of Agriculture. The Peninsular of floristic regions in Thailand has the highest
species diversity of the genus Etlingera. The most widely distributed species in floristic regions of
Thailand 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.
coccinia, C) E. linguiformis, D) E. panciflora, ) E. pavieana, F) E. yunnanensis, G-J) E.

littoralis, K) E. cormeri. Phaeomeria group (L-N); L) E. elatior,M) E. fulgens and N) E. maingayi.
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Table 1 Species of Etlingera samples collected from Thailand

] Vernacular Sample ) o ] o
Species name Location (District, Province) Distribution *
name code
Achasmas group
E. araneosa Put Doi ETL37 Mae Taeng, Chiang Mai N, NE
ETL38 Fang, Chiang Mai
ETL32 Khao Kho, Phetchabun
E. coccinia Put Yai ETL79 Betong, Yala PEN
E. linguiformis Put Lin ETL95 Mueang Mae Hong Son, Mae Hong
Son
E. littoralis Put Chang ETL19, 21 Soi Dao, Chantaburi N, NE, SW, SE,
PEN
ETL3 TaKua Pa, Phangnga
ETL42 Hat Yai, Songkhla
ETLA8 Yan Ta Khao, Trang
E. panciflora Put Chon ETLA5 Khuan Don, Satun PEN
Thong
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 ETL4 Srinagarindra, Phatthalung PEN

nUBwR * 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
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room, and general room temperature for 15 months maintained high viability and vigor. As for the
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 Comparison percentages of Turkey berry seeds after storage at different temperatures 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.

(O) 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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Ufuudailuuusznaudie nsrutumamneid sadewd efemsid s dnugagnosius wunseiaziny
sanld i aad 2o msur g unazimed ssdaso st eges Ms Miduduiuoisadu A udy
05 fadniusiodng MaimuiniamzisaioiBouklunraznelnomzsissunomsiiiy  NAA waz BA
Fesedrafier TaeliiAnnsueewadvosukulunzazne uenanddmuii navesuameadidunsiuiud
thidunufuthelinstawsenuzasnowndalasnudgiulaifian Sseunmihlunsdldiideids
wundusenld ndaniunsdndenlutunountsiiefu uardmiudunounisaiefu wudn anunsnadis
SORNA fisuwizsiodu elFge 18 10 & vinnsaneleudnie Agrobacterium tumefaciens @1Wug EHA
105 whrdwBudgidodenzarne MHileidodundne Wailiifies sgRNA 4 fifiifoiosonTinuarammnsa

iluidessala

AdAey: NyuSuusiadluy, matla CRISPR-Cas9, ugazna, lsali¥agnisumiu

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
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achieved by soaking them in warm water and cultivating them on solid MS medium supplemented
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 transferredinto the germ using Agrobacterium
tumefaciens strain EHA 105 on lateral bud tissue. Among these, only sgRNA 4 survived and could

be further cultured.

Keywords: Genome Editing Plant, CRISPR-Cas9 technique, Papaya, Papaya ring spot virus disease

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

(B)

investigation using colony PCR technique with specific sgRNA forward primers and

rgeb32-R 5’-GCCTTGACCCGAATTTGTGG-3

(A) (B)

B o B

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

Agrobacterium tumefaciens
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unAnga

dile (Gitrus maxima (Burm f) Merr.) aglluasd Rutaceae Wunalsidisifnenmilun15daangq
nadvnaneasldnunuiudlowrdmindayanisiugnas nmnaesiiedingUsrasditeAnuuay
nageulnswefassuimangalun s undulowardnvAd weunfidn wanis@nwAdueuiildn
UINTF U 91U 3 §U b wn Nuclearribosomal interal transcribed spacer (ITS), ribulose 1,5-
biphosphate carboxylase (rbcl.) wag RNA polymerase C1 (rpoC1) Wu 81 ITS TWA 1A 1LLANAIIN
Wugnssvesegsdulonniign sesaaAe rpoCl wag rbcl mudRy eudnviAdueuildnves
FuloAununulivesnsdvmainens wuin dwuinealelndvesdu ITs Iiavadisrozvinamaiugnssy
sgminaneusvesdulomnniigade dulewudunmag sesasn fe nesluimeuns veusalvg) uazyln fifn
vl 0.013 0.008 0.004 Wag 0.003 AWAWU 671'5Lﬂusﬂ’aaﬂaﬁu@uﬁmmmwmﬂwmamqﬁuqﬂisuLLa3mi
Tuuniiugdulelasialy

Addsy: dule, AWEUISIAR, ANUNAINYATENIINUENITY

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 rpoC1 and rbcl. When generating DNA barcodes for the pomelo cultivars
collected by the Department of Agriculture, the nuclecotide 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
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Famildnsiuundiednuarmsdugine waznssuunsednvarsuiidedinlubowesgused
TndAsstunnuiidunuazedn vilvliannsoduunedeld fdweurdaiaduiamniuainnisduun
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Chain Reaction, PCR) luitvfeuldguvunaslswanadluu lawn maturase K (matK), RNA polymerase C1
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(it 2) TeeTdudennu (Gitrus reticulata) falssuifsurdunguuen (out group)

2. msanamowe lngthludulouadnfdwedieds CTAB auseauveseslaibwazame (2552)

3, maiiudSnaiidwe Tneldihen Green Gotag® Flexi (Promega, USA)

4. NMIATINOULAUALOWEMIBITIaB1aAlNlNETa (gel electropholesis)

5. nsvinduduiidensliuians (PCR purification) dnandniidensildande a uwhliviansse
49 PureLink® PCR Purification Kit fii Invitrogen

6. MIlnwidiuihndlelng lnetwandnfidoriinunsiliuiansudluinnesidiuinad
Telndnsdmudans 5 uay 3’ vinsnvaeuuazdnidenadiuihadlolndisinmlasulaunsuiauysain
\Wisueudelusunsu Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) Wiadngsiuiiang
Tolndildmunyan waglddwuihedlelndlimuenvinty mntuhluinnedauad wduiunig
WugnIsun8lUsunsu MEGALL m1U31891UY8s Tamura et.al,, 2021 1A @I 19UHUR IR UTN 3UAETF
Maximumn Likelihood 7ifin Boot strap $1u3u 1,000 R

NANISNAADILATNTTINTAINA
nmaaeudiuteusldaunsgiuimnzaniudule $1uau 3 Ju léwn Nuclear ibosomal
intemal transcribed spacer (ITS), ribulose 1,5-biphosphate carboxylase (rbcl) wag RNA polymerase
C1 (poC1) fusegdule Smu 18 fe81e nan sMAaenyd awsafinUBnamduedmueld 1
wou iethnandniidensluviuianiuddelinspidduinalolnd nanslianesildnim Chromatogram
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wid mmauusm (a1l etlud AT URUR TGN 353 TaeldTusunsy MEGALL A2835 Maxirum
Likelihood 7 #i1 Boot strap 97134 1,000 g1 Wy & u /TSTM mmmmmmqmawuﬁmim EmeﬂVlﬁ@
s09R9Re mOCT waw rbel AWEY (n it 2) feths Judqubu TS FagninlUldlunsiinwiazdnving
BuouslAn (DNA barcode) vasdulaifiusiusiulivesnsudsnisinuns Tsdidueuriida Wunisade
WaUsziivedadiTinusavein (species) Insadendnnisinidusiivenua 4 & Ao A (Adenine) T
(Thymine) C (Cytosine) uag G (Guanine) Tngdosrinn1sAnunAduesnnsgiu (standardized DNA) #iléi%u
nsfmdonuasiulssdundrinngauissthindaiuiufiduweunfldn fauaudd fo 1) fdwuieg
Telnddwuaefidnuazeyinvgs aunsofiuuinumdueldnsounquynity (Frezal and Leblois, 2008) 2)
dvuinaalelndnelufinsuusiuiliauuanasseninedn (species) 3) inanduvesinadle ln i
annsoutasa (coding region) wie lal@mnsautaswa (non-coding region) Als @) finugludluy 1
41 5) WethlUAmneidduinedlolndifaosi (57 uaz 3) nailldavdeuvilouty uaz 6) wdenis
Tieneidduinadlelndlagass (direct sequencing) lsifessinudunsuntslaau (clone) irgnamesnou
(Valentini et al., 2009) @sn5dnvidd ueunsldnvesdulefiiununulivemnadsnisnuns wuin
dwuihnalelnduesdu ITs Wmvilssesvinameiugnssuseninaneiuguosdulosnniigade dulewug
YM4 J090911 Ao vonluimeuns veumelug uagyln Ad1dvi0.013 0.008 0.004 waz 0.003 AmER
(i 3)

d3unanInang

n1vegeURBweUIslARNINSEIY S au 3 Bu lewn Nuclear ribosomal internal transcribed
spacer (ITS), ribulose 1,5-biphosphate carboxylase (rbcl) wag RNA polymerase C1 (rpoC1) fUAIBEN
dulo dnnu 18 feghs wu Ju ITS Wamauandsiugnssmesiegsdilounian sesasunde
poCl wae rbcl auadiu diothundarhiduweuisidavesdulefiiununalivesnsudnninnuns wun
duinadlolnduesdu ITs Wanduilszogiamaiugnssussniaeiuduosdulosniiande dulevug
YMIN 09A91 Ap viedluineuns vieunialvg uagyin fifndwi 0.013 0.008 0.004 wag 0.003 AUAIY
ansnthluuTulseiuglaanwaeividg laseld

AnAnssuUsEnA
YerpUAMATnUAMNTIINSALEIANmans Fdouazuinnss (anad) Alinnsatuayy
v;ufjé“ﬂumuﬁummimaaw vounmuAnaatn lnfs uazanantall wawaugiss Avinlin1sujoa
nuddsluiesljufinisduiaqadiulamed

LBNENT199
alawiy 91777, @n1A JawiSey, Svd AldsIn, Useiia Jeudley wasuvieShil glesed. 2552, nsAnwn
AuvaInratevesiugiudenatiul senalvelagldivalln  SCAR (Sequence Characterized
Amplified Region). S189urasl uU 58910 2551-2552 d@rtinddeiaumalulagdinin nsu
AININEAT. R 96-118.
Tamura K, G. Stecher,and S. Kumar. 2021. MEGA11: Molecular Evolutionary Genetics Analysis version
11. Molecular Biology and Evolution 38:3022-3027
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Frézal, L. and Leblois, R. 2008. Four years of DNA barcoding: current advances and prospects.
Infection, Genetics and Evolution, 8 (5), 727-736.

Valentini, A,, F. Pompanon and P. Taberlet. 2009. DNA Barcoding for Ecologists. Trends in Ecology
& Evolution. 24(2): 110-117.

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

Gene Primer Name Nucleotide Sequence (5°-37) Reference
Nuclear ribosomal internal [TSul GGAAGKARAAGTCGTAACAAGG Cheng et al, 2016
transcribed spacer (ITS) ITSu4d 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 CmDOA05 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

- 3 ) D en D o W BN O MY W o @ 800bp

TS e S

\ | Wy 1
Ry L e Ny R Y TRy L Ly IR P e I

rbel

Q90U & D2 FaT 3 Gonecda

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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Figure 2. Dendrogram of 18 samples of pomelo from 3 genes: A) ITS B.) rbcL and C.) rpoC1
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Figure 3. Dendrogram
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and genetic distance index of pomelo, 22

samples collected by the Department of Agriculture from

the ITS gene, analyzed by the MEGA11 program using the

Maximum Likelihood method with a boot strap value of

1,000 replicates.
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NIWAILFULUUYAATIAFBUNINANE VBB ULAIALA SHERLOCK
The Prototype Development of Detection Kit for Gene Mutations using
SHERLOCK Technique
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unAnga

waluladnisuuussdlunuaznsdauUsiugnssuiiy fnsimueeiseiiios Taeifisnsluai il
annsonnaaouldeiiRuiy AT TRldian fuuugannaiingest DNA ifaudimgaadag
USumnwalin SHERLOCK uagldieuley] Casi2a (CPF1) daanunsansnagaunisnaneWususeats swa
Wugnssuwdanyasulavategiuuu 1han 15 - 60 widtlusedu In vitro Ingldieuley Cas12a avududy
3 UM crRNA 300 nM wag Reporter A MMUNTY 1-2 pM ﬂ;ﬂmmé’mwuﬁﬁﬁﬂaquﬂumiﬁﬂﬂ%’mim
Tseity Wudiiy uazanesita DNA Adpsnisaruduneianzamnaia Insannsofwuilisnduazuie
feiflasnluowng

AdARY: YARTIVTATIZR DNA WUUTWmzizas, teulelued 12 1o, nallawesien

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 Casl2a (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 LM 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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umin

walulagnisausiugnssuivdendinsianuaziinmwdniivdaulasiugnssiegogiaue wag
n1sUSuwsistluulaianfiunumlunisiminals iugivegmunsviats  (Chen et al., 2019; ISAAA, 2022)
%1 Jaqu andgouing 93nde giasu Sanqu 3ads Uninde dhduaus Windln JUu Sasiea Suide
anamelsy I T8 auEnnan (Feugda Meu1aT wazeadalmes) AL UTITa podwWTae Lay
oAU wazlng (SAAA, 2022) Jaguiifiviideiauldinalilagnisuiuussdlun 077 411 1lua
favdos dmand d1ode Sude wia winrean wasnan aludr miflatn Saviin usdeme odu uevida
nde Tngn fydle Jevand warliinendifesnisddu wWinvoufiuanea (Agaricus bisporus) s (FAO,
2024; Zsogon et al., 2018) Tnaiianwuzn15UTuleisdlug 917U SN¥ULAMUAUNTULAZIUNIY NULAS
s sy Funuansida ey uasdunudeavelsedio (wedlde 91 1h¥a) sy (Zaidi et
al,, 2019) dnwazifinauAm Tnvunis leud nsnleddngs loemnsges Unmannguu anlufudus
AuATeUYadHTY waziinlownz Wudu Calyxt, Inc. (2023) dnvaenanieFicuredaInis W ann1nin
anna utaunien Wasnwadun wazddundanawesldnen Wudu (Zhanget al, 2018; Zsoéesn et al.,
2018)

nsdgnsineasdunbenudnmeiiuity dnsfaiunisiituguanisid/dseenfiaund uway
FiriunsiauUasiusnssiefivildiunsuuudsdlun Jagiuussmalnedalifinnsugniivdaudag
Wugnssy saufsiadisinunisy Suudedlun nauideiaunsnsisaeufivuaz A uwidddauyswugnssy
drinideiaunimeluladdinm Jumihidnw funt Fdouasimunssuunisnnaseuduunuagiigalin
LazaduIiauUsiugnIs F9uds Insert DNA wazsuuuuntsaedunuuyadu dslioglugnudoyanis
AnTIATETEiULILIIR  wagiivuiuudsiludeddnuusrenisnateiusiisimeiag aslala isa
AnaEoufeIsnwaiuld (Chen et al, 2019; Mao etal, 2019) fyiu Sednduesinuna s waun
FBnsnnalinngifieyFundedlunsunuusariaiugnssuid sUuuudimizianz e Hudannsnsadis
Iinnevidautasniugnisuainszdu DNA wuumadifiawnsasufunisldmnuuas ilenismuauiiugua
frUuusstluuniun1seiavensuivinsnunssall

gunIaluazIsns

1. N508NLUY Primer dwdu WinUSinaufudmung, Reporter waz crRNA nsifiu3uias DNA
ponuuulnsues (Forward tag Reverse) dmSuiiiud3una Promoter 355 wag NOS wazdu Papain A3
s1nvedlnaeNananasogf 25-35 nt uazvunues Amplicon Ay 80-140 bp Inswesasil Tm
YN 54 way 67°C 99NLLUU reporter il FQ-reporter (5’-6-FitC -ttatt-Quencher-3’) Fadu ssONA
reporter @3U fluorescence detection wag FB-reporter ( 5’-6-FitC -ttattttattttatt-Biotin-3’) \Ju ssDNA
reporter 15U lateral flow assay

2. 99NLUULALEIUAT1ES crRNA §1115UN15m5299U1A e Cas12a @16y crRNA LD wanesianuy
Founduvostududmanglu RNA ineauuy g1y spacer wda (2024 nt lunsdlves Cas12a) Haamnse
sryfuvtsnuiidednislu DNA Wmane a1unsaa¥ia cRNA 21 DNA wisiwan Tagld PAM TTTV

3. 15397 As18R Ul Mune faen1sNaaau Nuclease activity, Fluorescence detection Lag
Lateral flow assay USuldiSn1smsiadasissiuy  SHERLOCK (Gootenberg et al., 2018; Kellneret al.,
2019) mmsaaamwumimmamLﬁamsmwmmwﬁlﬁﬁzﬂ Fluorescence detection wa¥ Lateral flow
assay detection lngld Enzyme Cas12a lu 2 nsguaunis (Zhang et al., 2020)
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NANTISNINABILAZIVNTAL

N508NLUY crRNA Wisldiduaneswa RNA ddfdmiuddunasdasunia DNA Wnunelae
CRISPR-Cas12a (Cpfl) crRNA fia RNA thnsaneifenvuin 40-44 wa Useneusnediuasiivme 20 wa
(loop domain) agarudunizasilmuieruin 20-24 Lud (protospacerdomam) ANlUNITe 8N U
Tauluslaaas vwn 20 - 21 bp Lwaﬂsvammwmam CIRNA hmuaduasesidnen1siauUa in g
wfluuuiane Jeredosiu crRNA %mmwaaﬁma‘immau@m RNase luwad waztheifiuussansnmnis
uludwanelasetu dmiu cRNA ARy Cas12a senuuulnsssysuniduuinadmne idddy
PAM (protospaceradjacent motif) A TTTV 1Ay VA8 A C%38 G (Figure 3,4) Enzyme Casl2a Lay
CRNA azduivaefidueiiegasaduivadu PAM seigedlisudiu PAM lunsesnuuy crRNA 13lu
@18 crRNA ¢ne (Figure 5)

nsnaaeu Nuclease activity n1sfneseulesd Cas12a iunnsefufinaandudusineg nmaaeu
Nuclease activity Ingn15ULAI#I199) ﬁqmm:ﬁ 37 pemwaidea Wunan 8 9alus AU plasmid pCXSN50
150 ng Badliuma Promoter 355 og #uin ArmINTUve Cas12a AumnsnaduviiliiAnnaves Nuclease
activity fuansnaiu uaz Asndudures wulesd feududy 3 uM Fulufaasvildnsiasurs DNA
Wvnelaegwiiuseaniam aenuineulsd Casl2a awnsadn o suviesianugnssy 3552 vu
PCXSN50 By DNA 1ndeag vuinUszana 10 kb flesnuuuldegdimzianzasuazusiugr nna Gel
electrophoresis uandl¥iiiiu Band plasmid figndmeeniiiu DNA awiien (Figure 6 waal 7 - 10) ilealioy
U Neg (Figure 6 w3t 1 - 2) aﬁqﬁmmvﬂ’wﬁ’maﬁwﬂqﬂ (>10 pM) U381 Nuclease activity 813v1197u
wndvlulfiAanstesaats Plasmid wava (Figure 6 waafi 4 - 6)

dmiunismedau  Fluorescence detection andun1siaenay oubwyl Cas12a, crRNA 3552 way
FQ-reporter (5'-6-FitC -ttatt-Quencher-3") Wadefunazuadl 37°C Wwaan 5 - 60 wit antiiludes
a8l Black light wuiUFA3e Fluorescence annsaifinduldogusindmand aw DNA Whnuiely
a8 daus 5wl winuazdaauiandl 30 Wit Tneideifiuiunm Reporter naUawAsTazE ALy
wazdmnduanndu (Fieure 7)

Tun1snaaau Lateral flow assay afiun1sudediuiu n1smadeu Fluorescence LagLfing1e
favingauiy FB-reporter ( 5-6-FitC -ttattttattttatt-Biotin-3’) Unilgangdl 37°C 5 - 60 w1l 91NHANTS
NARDINUT YARTIA Lateral flow assay Tioanwuy d1m3un15n1a Biotin wag FitC annsansradunisd
Y09a18 Reporter wn7i DNA wi1maneg aaﬂw?hashalé’aeml,l,ajus]’ﬂﬁqmﬁ AUty Reporter 7i 12 UM
wagldiaauy e 15 nit ndhugu Strip Aagldnanismanesiidaau (Figure 8)

GEIl

wialuladnisuuussdlunuagnisdiauUsiugnssuiiy fnsiauegiseiilos Taeifignsluaig il
annsonnaaeuldeiiRuiu AT TRl fuuugarneiinsesd DNA ifaudimsawadas
USumnmalin SHERLOCK wagldieules] Casi2a (CPF1) dsanunsansnaaaunisnaiewiusuieats swa
WugnssuuUanUasulavatgsuuuy Tdan 15 - 60 wiiluseau In vitro lagldiaulel Cas12a avdudu
3 UM CrRNA 300 nM Wag Reporter psidudy 1-2 M gansrasuwuuiiidnsnmadunisilldnsg
Tsmity Wugily uavanesia DNA Adesnismudumnzianzamnuin InsannsafmuilisiaEuazusiue
faduléBnluownan
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AnAnsIUUIENA
YavauAMAInUALENTIINTALERIANs MRS TunaruinnTsy (@anad) Alinsatuayunidelunig
3o drinddoimumaluladinmuazumineinunseans (Uiavw) Aaduayu weesile wesujudntg
LazaauTvinIMaaeq
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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

CCTGCAGGIC AACATGGTGG AGCACGACAC ACTTGICTAC TCCAAAAATA TCAAAGATAC AGTCTCAGAA GACCAAAGGG CAATTGAGAC TTTTCAACAA
GGACGTCCAG TTGTACCACC TCGTGCTGIG TGAACAGATG AGGITTTTAT AGTTTCTATG TCAGAGICTT CTGGITTCCC GTTAACTCIG AAAAGITGIT

101

AGGGTARTAT CCGGRAACCT CCTCGGATIC CATTGCCCAG CTATCIGTCA TGIG ARGATAGIGG AARAGGAAGG TGGCTCCTAC ARATGCCATC
TCCCATTATA GGCCTTTGGA GGAGCCTAAG GTAACGGGIC GATAGACAGT CAC TTCTATCACC TTTTCCTTCC ACCGAGGATG TTTACGGIAG

201

ATTGCGATAA AGGRAAGGCC ATCGTTGARG ATGCCTICTGC CGRCAGIGGT CCCAARGATG GACCCCCACC CACGAGGAGC ATCGTGGARR AAGAAGACGT
TARCGCTATT TCCTTTCCGG TAGCAACTIC TACGGAGACG GCIGTCACCA GGGTTTCTAC CTGGGGGIGGE GTGCICCTCG TAGCACCTIT TICTTCIGCA

301

TCCAACCACG TCTTCARAGC AAGTGGATIG ATGTGATAAC ATGGTGGAGC ACGACACACT TGTCTACTCC AAAARTATCA 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:

Non cut

Figure 6 Results of the Nuclease activity test of Cas12a enzyme and crRNA 35S2 at various

Partial cut

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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ABSTRACT

Abalone mushroom is one of economic mushroom in Thailand, but the commercial
cultivations are still lack of performance strains. The selection and breeding method are necessary
to solve this problem. The objective of this research was to collect abalone mushroom, study
morphological characteristic and production and select the high performance strains to be
germplasm for breeding. Twenty-five abalone mushroom samples were collected from various
locations and cultivated under mushroom greenhouse conditions at Department of Agriculture in
January to August 2022. The morphological characteristic and production of 25 abalone mushrooms
were investigated and compared with strain PC3 that served by Department of Agriculture. The
criteria for selection were 1) the performance of production 2) period for primordial formation and
simultaneous fruiting bodies 3) duration for mycelium colonization in cultivation bag and 4) size and

color according to market demand. The results showed that every characteristic of strain PC1 was
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better than PC3 but color is dark gray do not meet market demand. If this variety is developed to
have cream-colored that meet market demand, it will be an alternative for farmers. For 12 abalone
mushroom, the duration for mycelium colonization in cultivation bag, period for primordial formation
and performance of production were not different from PC3 but fruiting bodies of strain PC4, PC10
and PC11 were dark gray to black. And the strain PC14, PC15, PC16, PC20, PC21, PC23, PC24, PC25
and PC26 fruiting bodies were cream color. In the future, if we improve the breed to have higher
yields, it will be an opportunity for farmers as well. Therefore, 13 strains of abalone mushrooms

were selected to be used as genetic bases for further breeding.

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 pCa
4 PC5
5 PCé
6 PC7
7 PC8
8 PC9
9 PC10
10 PC11
11 pPC12
12 pPC13
13 pC14
14 PC15
15 PCl6
16 pPC17
17 PC18
18 PC19
19 PC20
20 pC21
21 pC22
22 pPC23
23 pC24
24 PC25
25 pPC25

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
after bag opening (day)

Average fresh
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
pPC2 52.81 ab 39.80 efg 71.48d
pPC4 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 7092d
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 c-f 87.92d
PC14 53.73 abc 23.33 abc 166.50 bc
PC15 51.75a 15.23 a 135.09 bc
PC16 55.12 a-d 26.46 a-d 150.24 bc
PC17 55.03 a-d 3315 cf 68.74 d
PC18 54.40 abc 36.82 d-¢ 67.97d
PC19 54.30 abc 35.93.d-¢g 76.98 d
PC20 53.99 abc 16.77 a 132.63 bc
pPC21 55.49 a-d 17.67 a 175.26 ab
pPC22 54.65 a-d 38.35 efg 62.77d
pPC23 60.71 de 19.33 ab 150.31 bc
pPC24 60.76 de 23.18 abc 153.54 bc
PC25 51.31a 19.56 ab 144.73 bc
PC26 58.71 b-e 18.79 ab 172.08 b
cv 6.40 % 25.40 % 21.40 %

¥ Means in the same column, followed by a common letter are not significantly different at the 5% level by DMRT
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ANFIALY: UeTEAUN AUNAINTALNWIUTNTTY
ABSTRACT

Bitter gourd is a widely used vegetable and herb for utilization in tropical countries and also
Thailand. This plant has a relatively high diversity. Currently, consumption of this plant is mostly
used only commercial varieties. Therefore, the native plant germplasm may be lost in the future.
This causes the diversity of this plant to decrease. The objective of this research is to collect and
evaluate morphological characteristics of 15 samples for future use. The experiment was conducted
by growing and evaluatingthe morphological characteristics of bitter gourd at the Tropical Vegetable
Research Center, Kasetsart University, Kamphaeng Saen Campus. The experiment was designed as
RCBD with two replicates. Data were recorded for 5 stages of morphological characteristics including
seedling, vegetative, inflorescence, fruit and seed data. 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 gsourd, genetic diversity
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Dhillon, N.P.S., S. Sanguansil, R. Schafleitner, Y.W. Wang and J.D. McCreight. 2016. Diversity Among a
Wide Asian Collection of Bitter Gourd Landraces and their Genetic Relationships with
Commercial Hybrid Cultivars. J. Amer. Soc. Hort. Sci. 141(5): 475-484.

Joseph, JK. and V.T. Antony. 2011. Developing Descriptors for Dioecious Momordica Species for

Germplasm Characterization and Evaluation. /ndian J. Plant Genet. Resour. 24(1): 31-39.

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
Ma1 Mara Khi Nok Landraces On farm Phrae

Maaq Mara Khi Nok, Ma Hoi Landraces Local Nan

Md6 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
M63 Mara Khi Nok Farmer varieties On farm Si Sa Ket
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