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ABSTRACT: The lotus (Nelumbo nucifera) is a tropical flowering plant widely utilized as a beautiful flower as well
as a therapeutic herb. The lotus embryo, known as "Dee Bua" in Thai traditional medicine, has many health
advantages, including lowering blood pressure and enlarging blood vessels. However, because of seasonal effects
and environmental factors, led the plant became dormancy; brought to the unique flowering season, lotus embryo
supply and continuity are restricted. As a result, this research project aims to investigate the production of callus
development from aseptically grown lotus embryos as a potential future strategy for manufacturing secondary
metabolites. The findings revealed that different surface sterilization procedures including dipping in 95% ethyl
alcohol and burning with frame or soaking in Haiter® with different concentrations and times produced explants
with no contamination and 100% survival explant. Using Murashige and Skoog (MS) media supplemented with various
PGRs, the effects of plant growth regulators (PGRs) on callus induction were investigated. A callus induction rate of
66.67% was achieved using a combination of 2,4-D (2.20 mg/L) and BAP (0.11 mg/L), with an average callus size of
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0.48 cm. Furthermore, as compared to other examined techniques, the generated callus showed substantial
increases in shoot length (1.12 cm) and leaf petiole length (0.99 cm). Following that, the effect of different LED lights
(blue, red, violet, and dark) on callus growth and development was explored, and it was discovered that diverse
light sources had no significant effect on callus induction and development (p<0.05). The callus survival rate ranged
from 72.50% to 90.00%, whereas the callus formation rate ranged from 27.50% to 49.16%, and callus weight/explant
ranged from 0.04-0.07 ¢.

Keywords: embryo culture; tissue culture; Nelumbo nucifera; secondary metabolite; plant stem cell
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L9 NSEA319873 quercetin, rutin Way kaempferol anuAadauss Melia azedarach L. (Ahmadpoor et al., 2022) nN15a319
@19 rutin, quercitrin, ferruginol, 2-furancarboxaldehyde,5 methyl, pentadecanoic acid, totarol, quinic acid lag
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gy 7.5 un./a. 390U thidiazuron (TDZ) Aududu 0.1 un./a. wieemsiitiy 2,4-D mnududy 2 un./a. sauiu TDZ
aududu 0.1 un/a. Fsensadnihmsifaunadaldds 78.3% vutududuuslosou (Liu et al, 2019)
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TNUHUNINARBIMUU CRD ¥1N13NAa0INssuitay 10 91 9ae 4 Ju wiiildnsuutunduiounizitesiede
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nsneaesil 3 NsANUINATEILES LEDs fiminnzdusanisiinuaadauasita
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o WUy T8 (EVE LIGHTING) Tuaaduaan 12 $alus/3u vevimimeidoduriosiifigumgd 2542 ssmueadoa ainty
Funnmaaigivlawesiufindeya S1uauduiisendin Sunutuiiinoueada way dhndnueeda ndnmamzden 4
FUai Tins1evimnuudsusiulagds ANOVA Wisuifisuaadelngs LSD fissfummundesiuiifesas 95 Suiindoyauasd
Tdwlaun Photosynthetically Active Radiation (PAR), Yield Photon Flux Density (YPFD), kaz Photosynthetic Photon

Flux Density (PPFD) a3 3spectroradiometer (OHSP 350 P, Hongpu Instruments, Hangzhou, China) (Figure 1)
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Figure 1 LEDs light setting and some spectral data: (A) Different LED light settings on a shelf in the culture room; (B)
spectral data of different light colors; spectral distributions of (C) dark condition, (D) blue light, (E) red light,
and (F) violet light. PAR = Photosynthetically Active Radiation, YPFD = Yield Photon Flux Density, PPFD =
Photosynthetic Photon Flux Density.
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Fetudsinssendinianun Andudesas 100 (Table 1) iflosan AthegngludonaiifiudennainFeuiiuvievy Snvia
agauiuluilin (Pal and Dey, 2015) vilvireudnsazen %’qﬁiamamsUuL%Jaw?jyaaﬁw%'émﬂmauaﬂﬁw Wty nssuis
#i 3 Ao nMsvlensdelaoutluansazanelewed® anudududosas 20 Wunan 10 wnil udrddeiiniuieiideuds 2
p¥s adtaz 1 wfl annsoufiRnulfazninuarrniiiian ogslsfinunseidefiiemaniewdeiiuaansanszyinle
narwisuarldnansuudouveadeqduniden lidandunsquiefiaueanssed 95% udariuadli nsrlandae
ansazanglaionlslunaslsiianududusnunnniminds M%@ﬂﬁﬁ/\laﬂé’aamiasmeﬂmﬁamiaiﬂiﬂaaiiﬁﬁmmL%'m%uqa
Wesndaien Wy luademes Catharanthus roseus wuinnsidliedlelraslsilifinanisaudenseonuas i vesdy
8oufy (Ramandi et al,, 2019) WuiRgafumsAnvimsensindeiudn suaeda aralocaspica Sslinaffigniaduannis
Juidouvende nssenuaznssendinvesduseu (Si et al, 2022) ﬁqﬁLﬁWmﬂLﬁaisuLﬁaﬂgﬁ,ﬂﬂadiﬁazmaﬁwﬁﬁﬂmamﬁa

Lf]‘uﬂmaﬁwl,ﬁmmnl,mﬁa‘uaﬂmaqaLLaziJamJa'aEJaaﬂ%Lﬁ]u %ﬂ‘ﬁﬂmamﬂ'ﬁlﬂu oxidizing agent Wag hypochlorous acid
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(HCLO) (Technical Service Group of Occidental Chemical Corporation, 2014; Bloomfield et al., 1991) 998NN
Uanuday active chlorine fianunsadvhatelusiuvendeviuwaduoqaunie wu wuaiise 51 1i3a Jedanaliinnisen

L%aﬁgauw%'*cﬂﬁ (Matsumoto et al., 2009)

Table 1 Contamination and survival rate of lotus embryo after surface sterilization with different methods and

cultured for 4 weeks. (mean+SE; n=10)

Treatment Contamination (%)  Survival rate (%)
Tr.1 95% ALC + frame 0+0.0 100+0.0
Tr2. 10% Haiter® (5 min) + 5% Haiter® (10 min) 0+0.0 100+0.0
Tr3. 20% Haiter® (10 min) 0+0.0 100+0.0

nMsmaaasdl 2 NMsAnwgasensfnudasiivanzaudenisdniunadavasita

Wuin Suaududuithiisnsinssendinuazmsinsenluniarnssuisliuansnaiunisadn Aesewinedeas
92.50 - 100.0 kA 90.0-95.0 mua iy (Figure 2A; 2B) aliiiflesntnisauuomnsfudeges MS A 2,4-D arududy
2.20 un./a. 320U BAP Aududu 0.11 un/a. (ns5u3a7 2) Ainunisiinuaadauududuithiinass Tneflsuau
Fudruifaunadanndudesay 66.67 LLazLmaé’aﬁmumﬁumquﬁnmﬁLaﬁa 0.48 1. (Table 2; Figure 3) wilaziseeu
11 M5ld TDZ wag NAA sauiudswalilfauaaaalutiuiinnie lnegrediuss@nsain @y N. nucifera (Buathong et al.,
2013) wag Uamanynnin Fanuy wazang, 2546) usin1sly TDZ suiu NAA TumsAnntvaisaded lalannsadnuiles
Anunadald ddinawuieasunisdnuly N nucifera ‘Weishan Hong Tnsaraiinainauunnsiavesdtulvdvesiiai
@nwn (Liu et al, 2019) visi TDZ Lﬂumwszﬂauﬁﬁqwéﬂﬁwalmimlﬂﬁu (cytokinin-like compound)Iﬂﬁﬁlumsmﬂmﬁym
ety srudsnsdnieada wagluuneisliuaidoldsiufuoendunselelnladunaslinainiilelnladuriniy
(Deepa et al, 2018) Usznauiuiisngauinnsidaisaiuaun1siasaaulngiuiusening 2,4-D avadudu 1.33 un./a.
AU 6-BA AMIULTNTY 0.22 Un./a. way NAA AUDUTUY 7.55 Un./a. S2UAU TDZ AT 0.11 Un./a. @uisadni
LLﬂaﬁa@mﬂﬁwqﬂuﬂ"J (Arunyanart and Chaitrayagun, 2005; Buathong et al., 2013; Liu et al., 2019) Fadulgantadinng
ma‘uauawiaaaa%u’tuéﬁ’aaﬁﬂ%ﬂ%ﬂLm'mmLsﬁwﬁ’w‘hﬁammLsﬁwﬁ’uqqﬁ’m%’umﬁﬂﬁ%maé’a (Deng et al.,, 2020) s NAA Lag
T0Z Wnaaninlunstniuduuslewiinuaada (Buathong et al., 2013) Snvanudn NsLAN BA 1 NAA yiSesauiy 2,4-
D TnalunisiinuSunaneswnadalaalasneiu wu Tuity Korean pine (Pinus koraiensis) (Gao et al,, 2021) uaz Abies
koreana (Guo and Jeong, 2021)

Wtinuin Fudruddhiinisinenvessenuariulufiunnsneiu (P<0.05) Tngnisiaestuduitiuuemsiuds
ans MS iw 2,4-D Aududu 2.20 un/a. $2ufU BAP aududy 0.11 un./a. fnaliausnegenaas (1.12 @) way
mnuenfulueds 0.99 9. geaauaziinnuunnsiisegeiidddameadffunssuisdu (P<0.05) (Figure 2C; 20) B
nstinansmuaunsisaivlangulelaladu wu BAP silnadensdniueada dnihuaziinuiunaeen Jsdowldiu
wnsnanglumsmnziasaiedefivsumidutivans (Deng et al,, 2020; Liu et al., 2019) Ssdwaliinssuiziiiu BAP e
#17v0sanuaziulugagn (Figure 2C-2D; 3B) 813LAina7n BAP duasunisasyiulneseniaefivinareasaddin
goarunsuUsgaduuulandaiiszey G,/S waz G,/M (Schaller et al, 2014) S'ﬂﬁgamaLﬁmmﬂmimzﬁumsé’%ﬁm
asenslifumyiliiAnnisnssdumaBsuamihivoneaduarmsutased inszvnisafaufduiusseninmii
viodndesnaniilofernsey Snit BAP &Tﬂﬁuwmwﬁwﬁzy’luﬂszmumilmqLsaaﬁ%aﬂ%ﬁwﬁa%jq&J‘Lumsam%umimmmasﬁw

ﬂﬂﬂzjmm%iyLauimaqﬁﬁuﬁﬁ%u (Talukdar et al., 2022)
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Figure 2 Survival percentage and embryo growth and development after cultured on semi-solid MS medium
with/without plant growth regulators (PGRs) for 4 weeks: (A) survival percentage; (B) shoot formation

percentage; (C) shoot length; (D) petiole length. (bar=+SE; ns = non-significant difference; n=10)

Table 2 Callus formation percentage and callus diameter after cultured on semi-solid MS medium with/without

plant growth regulators (PGRs) for 4 weeks. (mean+SE; n=10)

Treatment Callus formation (%) Callus diameter (cm)
Control (no PGRs) 0 No data
2.20 mg/L 2,4-D + 0.11 mg/L BAP 66.67+6.45 0.48+0.06

0.11 mg/L TDZ + 7.44 mg/L NAA 0 No data
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Figure 3 Growth and callus formation of embryo explant after cultured on semi-solid MS medium with/without plant
growth regulators (PGRs) for 4 weeks. (Scale bar = 1 cm)
(A) embryo cultured on semi-solid MS medium without PGRs (control)
(B) embryo cultured on semi-solid MS medium supplemented with 2.20 mg/L 2,4-D and 0.11 mg/L BAP
(Q) embryo cultured on semi-solid MS medium supplemented with 0.11 mg/L TDZ and 7.44 mg/L NAA
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Figure 4 Survival percentage and callus formation of lotus embryo explant after cultured on se-solid MS medium
supplemented with 2.20 meg/L of 2,4-D and 0.11 meg/L of BAP exposed with different LEDs light color for
4 weeks: (A) survival percentage; (B) callus formation percentage; (C) callus weight/explant. (bar=+SE; ns

= non-significant difference; n=10)
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Figure 5 Callus formation of lotus embryo explant after cultured on semi-solid MS medium supplemented with
2.20 mg/L of 2,4-D and 0.11 mg/L of BAP exposed with different LEDs light color for 4 weeks: (A) dark (B)
exposed with blue LEDs light (C) exposed with red LEDs light and (D) exposed with violet LEDs light (scale

bar =1 cm)
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