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Abstract: Diabelia spathulata is a rare plant species endemic to Cheonseongsan Mountain, Yangsan-si,
Gyeongsangnam-do, Korea; thus, establishing efficient propagation techniques is critical for its conservation. This
study aimed to induce somatic embryogenesis from leaf explants of D. spathulata and evaluate the effects of culture
conditions on somatic embryo formation.

Leaf explants cultured on Murashige and Skoog (MS) medium supplemented with various concentrations of
6-benzylaminopurine (BAP) and naphthaleneacetic acid (NAA) produced callus under all treatment conditions, with
occasional organogenesis observed under low growth regulator concentrations. Optimal callus formation was achieved
under treatment conditions of 1.0 mg/L BAP and 2.0 mg/L NAA, which yielded callus with a diameter of 16.67 mm
and a fresh weight of 295.8 mg. Embryogenic callus and somatic embryo formation were most active on a low-salt
medium (1/4-1/2 MS) with 3% sucrose, developing through the globular, heart, and torpedo stages to the cotyledonary
stage within 4-8 weeks. Activated charcoal at 0.01% increased shoot emergence, whereas 0.2% inhibited further
development.

These findings provide fundamental information on the somatic embryogenesis of D. spathulata and establish a
reliable basis for the mass propagation and conservation of this rare species.
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H AqLo]| ANE FAYII  Diabelia spathulata (Siebold

=4 AEsE B4 107
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Figure 1.
spathulata
Diabelia leaf segments on the combination BAP and NAA after
4 weeks in culture. (b) Indirect root organogenesis from callus
of Diabelia leaf segments on the combination zeatin and NAA
after 4 weeks in culture. Scale bars represent 1 mm.

Organogenesis in cultured leaf explants of D.
: (a) Indirect shoot organogenesis from callus of

Table 1. Effect of the concentration of cytokinins (BAP, zeatin, kinetin) and auxin (NAA) added to MS on callus induction from

leaf segments after 8 weeks of culture”.

Growth regulators (mg/L) No. of leaf No. of leaf segments % of callus
BAP zeatin Kkinetin NAA segments cultured produced callus formation
0.0 0.0 0.0 0.0 15 0 0
1.0 1.0 15 11 73.3
1.0 2.0 15 15 100.0
1.0 3.0 15 13 86.6
1.0 1.0 15 7 46.6
1.0 2.0 15 9 56.6
1.0 3.0 15 10 66.6
1.0 1.0 15 1 33
1.0 2.0 15 2 6.6
1.0 3.0 15 1 3.3

* Medium used was MS with 3% sucrose and 0.8% plant agar.
Cultures were maintained in light conditions for 8 weeks.
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Figure 2. Callus induction from leaf segments of D. spathulata on MS containing cytokinins (BAP, zeatin, kinetin) and auxin (NAA)
after 12 weeks of culture. Scale bars represent 1 cm. (a) 0.0 mg/L (control) (b) BAP 1.0 mg/L + NAA 1.0 mg/L (c) BAP 1.0
mg/L + NAA 2.0 mg/L (d) BAP 1.0 mg/L + NAA 3.0 mg/L (e) zeatin 1.0 mg/L + NAA 1.0 mg/L (f) zeatin 1.0 mg/L + NAA
2.0 mg/L (g) zeatin 1.0 mg/L + NAA 3.0 mg/L (h) kinetin 1.0 mg/L + NAA 1.0 mg/L (i) kinetin 1.0 mg/L + NAA 2.0 mg/L

() kinetin 1.0 mg/L + NAA 3.0 mg/L.

Table 2. Effect of the concentration of cytokinins (BAP, zeatin, kinetin) and auxin (NAA) added to MS on callus induction from

leaf segments after 12 weeks of culture®.

Growth regulators (mg/L) No. of leaf No. of leaf 9% callus % . Ijength Fresh weight
segments segments . . organogenesis  size of (mg) of
BAP zeatin  kinetin  NAA cultured  produced callus induction induction  callus(mm)’ callus/explant®
0.0 0.0 0.0 0.0 15 0 - - 0.0+0.0 0.0+0.0
1.0 1.0 15 12 80 - 14.67£0.95  180.4+40.83
1.0 2.0 15 15 100 6.7 16.67+0.94* 295.8+45.53*
1.0 3.0 15 13 86.7 - 14.36+0.77  149.8+38.08
1.0 1.0 15 10 66.7 26.7 11.32+0.18  182.4+66.14
1.0 2.0 15 15 100 333 13.27+0.74  183.73+£33.45
1.0 3.0 15 12 80 533 14.15£0.30  293.73+60.8
1.0 1.0 15 1 6.7 - 9.08+0.94 18.061.2
1.0 2.0 15 2 13.3 - 9.84+0.94 64.93+£29.72
1.0 3.0 15 6.7 - 9.57+0.98 33.2+14.26

? Medium used was MS with 3% sucrose and 0.8% plant agar.

Cultures were maintained in light conditions for 12 weeks.

¥ Designate callus length size of mean + standard error with three replications.
* Designate callus fresh weight of mean + standard error with three replications.
* The different letters in column indicate significantly difference at p < 0.05 by one-way ANOVA.
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Figure 3. Callus induced by BAP and 2,4-D. (a) Non-embryogenic 2 IEQic) o]yt Hhe-8 A AT} A7 wjokE= 1A
callus (NEC) inoculated on MS medium supplemented with 0.5 JE— - —_— o

mg/L BAP and 2.0 mg/L 2,4-D ; (b) Embryogenic callus (EC) oA Al Eutgeolvt A W S22 pe HxkE Q8]

inoculated on 1/2MS hormone free medium. Scale bars represent e = AAA 7133} dAko 2 sfAEL) )= o|gsh vt

1 mm. ~ol B o] = mael ANEab wgnt QP HoR

ASAE Pskor, FARAUR Aels 20 et
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2) BAPS} NAA 28 Aol wh s = 8l 54wk
=2} whEbA 2 EiA] 22 e 2] e Bl T4l 24
AR AT o] Ggs HiFO R, BAPSENAASL 2o} glout, QPYAQl AlMzul fie 5w whA| R
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BAP 2 NAAQ §& %= ¥9)(0.5~2.0 mgL) W =& TAAD, 2 tellas Al Beo] =2 2.0 mg/ll of3te]
AErollMs A 45 FE Aes R ARESleH, A sk A A SR ANz S Al A

Sk Ao 450 s S 05 Aele A Sustud sch B, W 80 e aee &
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Table 3. Effect of cytokinin (BAP) and auxin (NAA) added to MS on callus induction from leaf segments after 12 weeks of culture”.

reguls(r)?:/t(}rlngm) No. of leaf  No. of leaf segments % cal!us Length size of  Fresh weight (mg) of
segments cultured  produced callus induction callus(mm)* callus/explant®

BAP NAA

0.0 0.0 15 0 - 0.0+0.0 0.0+0.0

0.5 1.0 15 2 133 10.37+0.52 34+5.05

0.5 2.0 15 12 80 17.62+1.14* 283.3+52.65

0.5 3.0 15 10 66.7 13.68+0.81 80£11.91

1.0 1.0 15 12 80 14.67+0.95 180.4+40.83

1.0 2.0 15 15 100 16.67+0.94 295.8+45.53*

1.0 3.0 15 13 86.7 14.36+0.77 149.8+38.08

* Medium used was MS with 3% sucrose and 0.8% plant agar.
Cultures were maintained in light conditions for 12 weeks.
¥ Designate callus length size of mean =+ standard error with three replications.
¥ Designate callus fresh weight of mean + standard error with three replications.
* The different letters in column indicate significantly difference at p < 0.05 by one-way ANOVA.
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Table 4. Effects of inorganic salts strength and plant growth
regulators on embryogenic callus induction from callus of D.
spathulata.

MS inorganic salts Growth regulators Embryogenic callus

strength (mg/L) induction rate(%)
1/4MS 0 80
0 100
1/2MS
BAP 1.0 50
0 -
MS
BAP 1.0 -

EHU T2 754 Zfolol ofsf uirdY FRke] 2710
Ept o2 gAoEry

v A 52 AR AAE J7IsHA] o=
12M8 #ljZjofl4] 100%2 78 A1 Uehgem, Aleiddz
AAE B S 14MS E2E S A 1 sl
o|itt. ¥k, MS HjA] AgtollA= A=A H7t
et TAgle] v et dE {EA] sl
(Table 4).

o] Atz A= HHREAE H7IetAY A=A
S ARESHA] o2 2dol|A] HTAY TMe| vt Hrp aapao
2 feds HojErh
3. #7718 ¥ EtAY S0 ME MAMEZH |
29 Aol 23] 2o® Fig upiy eSS A4
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agar)of|A] 851t uljelRt Ak, vy el A4l
akgick, A 2 T (gobulan) Al 717k 44
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W7} SAIChER 0 2 Lehbl Exo] EllEigich ofi= A
Alzzel = 3Pgo] s APEA] oaL, Azt 23]
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\\\\\\

Figure 4. Induction of somatic embryos according to inorganic salts strength of MS medium from embryogenic callus. (a, ) 1/4MS;
(b, f) 12MS; (¢, g) MS; (d, h) 2MS. Scale bars represent 1 cm(a-d) and 1 mm(e-h).
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Azl s 57193 g sl wet f-o3k 2
ol5 Uitk 53] 7719wt AMlzrl Ao 2 F9F
= "o, wief 25= AHEE iy Aot SAs] Al
2kt W 7719 sEollA= - (globular stage) AA|
sEufe} AEA| FAdo] Aol MalE= ool WEE I
(Figure 4). 28} “5%=9] MS Hjz|of|xj= T2 o] AejLr}
Zsh ARSIt Figure 4(h)].

vl 65 2} 71 AN 5 A4S A3} 14 MS HiA]
ol 2475 470F 7P EW2 A2z FAE AL, 172
MS(18.0+2.37}), MS(12.3+6.77)), 2 MS(2.0+0.67}) <02
A3t Table S, Figure ). o= W2 771 =7} Hj
WA Me| sS4 Al Aol iRk AlAkekH, &
A ZE(Orthosiphon aristatus) $17Sianipar and Mariska,
2020)9} AR ZAERS Hlck

3 T o= H7HE Sucrose®] EA o F7E AA|=Zul

Table 5. Effects of inorganic salts strength of MS medium on
somatic embryo induction from leaf explants of D. spathulata.

Embryogenic cell

. Mean number of
and somatic

MS inorganic

salts strength embryo induction emb:}(f)(r)rsl?gfplan t
(%)
1/4MS 86.7 24.745.4
1/2MS 73.3 18.0+£2.3
MS 46.7 12.346.7
2MS 6.7 2.0+0.6

A5 A1Z (2026)

el A Qo] FRIEQITh AA 2z g2 vief 45
AHE 240 g AP ow, Sucrose”} FH7HEA] 242
Hiz|of| A= AA2Enl gAdo] A yEER] erokrh WhH,
3% sucrose F7} Aejollx= AAEEuel AEA FAdo] FAl
of Rlgj=l= Aol Ste R SRIE| QUK Figure 6). FrE &
gt 2 2(1%, 3%, 5%, 7%)o\A Z¥ZF 21.5+7.57)], 28.0£5.0
W, 19.7£5.27H, 28.0+7.0702] HAZEH7} FAE oLt
(Table 6), TZAFO 2= 3%2} 7% sucrose 7} A] A A 3ZH)
P 471 7P wekon, A wiA] Bk it FE ZF
o] FAA Foa k= = A] e dth(Figure 7). ©]i= sucrose
o] &4 Rt AeFA s= Zpo|Hrt AAEH] feof T
& S IS 9ujgith

a0

20
w I i
0

1/4ms 1/2ms s 2ms

Number of somatic embryos

MS inorganic salt strength

Figure 5. Effects of inorganic salts strength on induction of
somatic embryo from embryogenic callus. Each treatment
consisted of 5 somatic embryos in a petri dish and was repeated
three times. Error bars represent SE (N = 15).

Figure 6. Induction of somatic embryos according to the sucrose concentration from embryogenic callus. (a, f) 0%, (b, g) 1%,
(¢, h) 3%, (d, i) 5%, (e, j) 7% sucrose. Scale bars represent 1 cm(a-e¢) and 1 mm(f-j).
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Figure 7. Effects of sucrose concentrations on induction of
somatic embryo from embryogenic callus. Each treatment
consisted of 5 somatic embryos in a petri dish and was repeated
three times. Error bars represent SE (N = 15).

Table 6. Effects of the sucrose concentration on somatic embryo
induction from leaf explants of D. spathulata.

Embryogenic cell Mean number of

Sucrose and somatic somatic
concentration embryo induction embryos/explant
0% - -
1% 53.3 21.5£7.5
3% 66.7 28+5.0
5% 100 19.7+£5.2
7% 46.7 28+7.0
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Figure 8. Effects of Activated charcoal concentration(%) on the
number of average of regenerated plant. Each treatment consisted
of 5 somatic embryos in a petri dish and were repeated three
times. Error bars represent SE (N = 15).
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Figure 9. Plant regeneration according to Activated charcoal concentration from somatic embryos. (a) 0%, (b) 0.01%, (c) 0.02%,

(d) 0.1%, (e) 0.2% activated charcoal. Scale bars represent 1 cm.
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Figure 10. Somatic embryogenesis of D. spathulata. Leaf explants cultured on 1/2MS medium induced (a) globular and heart-shaped.
Indirect embryogenic callus and globular - torpedo (b) stage embryo induced from leaf explant on 1/2MS medium supplemented
BAP 1.0 mg/L after culture for 8 weeks. (c,d) Germinated somatic embryos were developed from leaf explants on MS medium
supplemented BAP 1.0 mg/L after culture for 4 weeks. (e,f) Shoot and root formation on MS hormone free medium for 6 week.

Scale bars represent 1 mm.
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