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Plant Regeneration via Adventitious Shoot Formation from Hypocotyl
Explants of Groundcherry (Physalis angulata L.)

Seok Chan Koh*
Professor, Department of Biology, Jeju National University, Jeju 63243, Korea

Abstract - In the present study, plant regeneration through adventitious shoot formation from hypocotyl segments of in vitro
seedlings of groundcherry (Physalis angulata L.) was investigated to determine the optimum culture conditions for highly
efficient regeneration of the species. Adventitious shoots in hypocotyl segments were efficiently induced on MS media with
low concentrations of BAP, specifically, with 0.5-1.0 mg/L BAP singly or in combination with 0.1-0.5 mg/L NAA. The 1.0
mg/L BAP single treatment was most effective for forming multiple adventitious shoots. When the induced shoots were
transferred to the root induction media, low concentrations of NAA, IBA, and IAA enhanced the development of adventi-
tious roots from adventitious shoots, suggesting that low concentrations of auxins were optimal for producing regenerated
plantlets. The number of roots per shoot was large (>2.0), and the root length exceeded 8.0 cm. In particular, the development
and the overall shape of the roots were ideal. Furthermore, the number and length of shoots exceeded 2 and 6.0 cm,
respectively. When the regenerated plantlets were transferred to compost soil, the root and shoot systems had developed
well to the point that all of the regenerated plantlets acclimated successfully, resulting in normal morphology and growth
characteristics, similar to those of the mother plant. Therefore, plant regeneration via adventitious shoot formation is
expected to be one of the main methods for producing groundcherry on a large scale for a stable supply of the raw materials.
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WH2|(Physalis angulata L,) sPlS AHORHE Az §4S 53t A2 Aest

et al, 2014),

AR =7t A= BEe o] 552 of83te] Teteof, A
A7, 1R, RS 2 oot A A &5k 1
AREE] Q] O W (Juang et al., 1989), 7| W AJA| AL £3
physalin A, B, D, F & myricetin—3—O—neohesperidoside2}
2o A skl sk, AR, W, A EEo
A 2/dS HeItHMagalhdes et al,, 2006). Xtoll= BHe] 3
EEo| Y Aol A G2/M arrestE =519 1l (Hsieh
et al,, 2006), Q17+ HZAol| S 7HA AL QLo f‘:i AlA| ] H
PP 2 e YO R §831 018 - 22
315} v} Qlth(Kusumaningtyas et al,, 2015).
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copersicon esculentum Mill,), 7VA|(Solanum melongena L),
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Sz TAA 2~8 e VIR SRpollAl 15 21 3
H-& A& 31al 70% ethanol ©f] 147}, 1% sodium hypochlorite
Lollof| 15 B7F 2 z]5lo] AlFslgl o, B 338] |25k
o}, 25H F2AM= Wit filter paper® XHO| 57|15 Al7gH
3 AAZAA7F S0 QA = MS 7] 28] (Murashige and
Skoog, 1962)°] T=£3lct MS 7] Eu)R]of w535t FAl=
28+17, 50 ymole/m’/sec (16 h light/8 h dark) 2 2 =)= uj
G| A HobAZiH,

Alz9 §=

7IWoll A ot 14~15% F A=A oA SHillE-2 5 mn =7

2 HF|sto] 41z e w27} £ Petri—dishol] 5714 24
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acetic acid (NAA)Z-0, 0.1, 0.5, 1.0, 5.0 mg/Le] =L &2 717}
G B 23} Aefsto] AAlsielth, RAEe] Aol By
Petri—dishi= "WE38}0] 28+17C, 50 ymole/m”/sec (16h light/8h
dark) 2 AAE vfjoFAloA vjokslgon, a0 2 35}
Atk vjoF 53 & A A Az 9 HA0] P4 o Be 3lols)
ok Azt =g dHe 28510] 2,0 mg/L BAPZF 371
MS fR]of| A Al ufeFsto] Thihd A% (multiple shoot)&
=Rk

mens g

thibd Az 5 geo] Sle A1 E AWst] 2 en A9
Zo]& Ze}A g—naphthalene acetic acid (NAA), indole
acetic acid (IAA)2} indole butyric acid (IBA)7} 2+ 0, 0,01,
0,03, 0,05, 0.1, 0.5, 1,0 mg/LE A7}l MS wjx] o] Al e o
274 AAFelo] 5HS Slol WS REAIYT, AT B
A & 28+17, 50 ymole/m?/sec (16h light/8h dark) & %
e op oA 3720 o, 3% Fol 2 AT
W2 g, W 4 Relo] 10j9h E719) A 58 248
Ao, W 2 R A el ASJE Relel 2
Aol Felj7} FEsHA Zlo] AT Wal= giAaro 2 1A
sieh, AY A= SPSS programe: 0|85t mean+SEZ
LHER 21, ANOVA 413 Duncan®] th5:3174(p < 0.05)
2 ANsl,
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Wto] =¥ AEAls HieF 871004 Aol Fejof 21l
© HIAE 2~33] SRR 73] AR B ol A=
(cocopeat 40~50%, peatmoss 25~35%, perlite 10~14%, zeolite
8~13%, vermiculite 8~10%; Nongwoobio Co, Ltd,, Suwon,
Korea) S A 49 ZEof VIA] 4 $74] o] 45tc. ol 4
FHOE A 1729 B FEE B SANT TS 97
7708 o] 2715 &8HK)7]0] 2)5ae] K48 HLsle
2 319t} o]T WL HAUTL 28+17, 50 ymole/m’/sec (16h
light/8h dark) 2 28 &= v|FAA 1~27]Y 52 AEAE
Helsta Bake] o] Astel A4 ahge A HEelTt
Zn o oy
Az =

7ol Al Hote FAEAZRE shijES 4T 27|12
ctsto] BAPSF NAAZE T = 29 A 2j3t MS 7]u 2] o]
o] AAFo}IL 125 aHTHFig, 1), Al BAP 05410
mg/Lo] THAA 2|52} o] 2710 A NAA 0.1~0,5 mg/LE 3|
Helelsh 1) BUS| FESIYOM, 53] BAP 10 ng/LE T
A2t w7 Alzfiol 7 Al Aoz yehydth
(Fig. 1). 712131 BAPS| 57} t] Skt wheh Az 42
TAsHek, o] et Ao W0 BAPZHAIE B4 U 2]
9] AL AAgth= H 119} SARSICHSaito and Ide, 1985;
Shim and Ha, 1997). E3F -8 7R3} AE-91 7H1(Solanum
nigrum L)l A= A5 =0 BAPO|A] Al 27} =7 4w 3
AEEE g2 A 02 B EQITHON and Koh, 2012), YR
S 2 AE7HE AoHe] Wag Aot AR Aa=
2254 AO2 deA] 9o (Pennazio, 1975), L FojA
BAP+= THE A&7 H} Z/do] ol e A=A ti#s
ALZ QI3 =2 0 & ARSI QIth(Han et al,, 2004), HH2] o}
B2 Physalis®: 2120 Al ZHL2M|2|(P, peruviana L.) |4
&= ojut 2k 5] -2 BAP 2.8 mg/L7} EHE iAol A]
ket ole W 4l% w3b7} 71 3 shH (Mascarenhas et al.,
2019), 7}A) 7} A9l 750 A= 2,0 mg/L BAP7} 71l
Ao A A Eeheo] il Al20] 420t Zol7h Skt ARl
o N2 f= P A% A £2Q 208 Hug H gk
(Oh and Koh, 2012). 5Hd, BAP7} H7}e] %] 932 NAA T ]
gt A A7t FAEA AL 7heal o Bl F4H
9100 NAA 55 Z710] uteh 3420t 81 8] Be Ao
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Fig. 1. Adventitious shoot formation in the surface of hypocotyl
segments of groundcherry (Physalis angulata L.) seedling 5
weeks after culture on MS media with different combinations
of NAA and BAP.

Fig. 2. Development of adventitious shoots from hypocotyl
segments of groundcherry (Physalis angulata 1..) on MS
medium with 1.0 mg/L BAP in Fig. 1. (A) Multiple shoot buds
formed on the surface of hypocotyl segments 2 weeks after
culture, and (B-C) multiple shoots developed from shoot buds
3 and 5 weeks after culture.



Wule|(Physalis angulata L) shllE AW O 2RE Az FAS F3 4124 A&t

ChEA A2 7} 23k Hols AAs 37| 2 Htkslod 1.0 mg/L

BAP7}H7hel wix]ofl A Al wiofeho 2 WA E 8-S £ 4
e,
T fE

thibd AR HE B gl xS Beosle] 29419 %
Fobses gt °ﬂ $7 377h Wil o] M3t

TEE 24E SRIsHGITHTable 1), He]9] 29 454 o]
ol £719) Akl A HAYsgl o, 23:710] S=7F4 21 uje)
& e Rt e AoR oloFlth(ElofE wAIA]. 12
I QEAIF S0l A= NAAZFIBASHAA Bt Ha] B3lo 9lo]
A ZIHE 0] Ao & LEhtt) Ball NAA 0,01~0.5 /LO]
ﬂﬂﬂ HiA el A 100% =S om0/ o] w0l A=

F28191T}, 183 IBALE 0,03~0,5 mg/Loll A uljefat A1z

oA BE2]7} 100% =% o1 71 ofshit oo FEoll A=
60% o]3}= 43ttt TAAE 0,03 mg/Lol|A] 2] 7} 80% &
LE[QLom, YA FIof| A= 60% o5k Wkt ESF NAA
0.1 mg/L o3} IBA 0.5 mg/L o1/ 2] =0l A= &7] ©Ho]
It A H A He| 27} A= ATE. EHA = NAA, 1BAS}
[AA 58] L5412 AFoflAl= e S FeshA it alg o]
M AAE Fiesto] B ferh H3 Zloz defA Sl
(Oh and Koh, 2012). & Ao A% 0.1 mg/L 0]A+2] oA
= &719] AtHolA] A3 Ao 2rt FAEEA Y g
o] FA3] WolFlrt E3| NAAZ} T w2 H7HE vz of A=
o) 2ap7} glo] &7 tiite] Aejiz HekAY Hert
B S0l e Eal A Fato] Bl o= it
SAHA A2z = F4Fo] IBALTAAY B3 AA5] =3t
o, whbA] AEake A1zl 0.5 mg/L oJ5te] @24 A28t

Table 1. Effect of NAA, IBA, and IAA on adventitious root and shoot developments 3 weeks after cultivation of adventitious shoots

induced from groundcherry (Physalis angulata L.) seedlings

Concentration ~ Rooting rate  No. of major Length of longest No. of Length of longest Remark
(mg/L) (%) roots root (cm) shoots shoot (cm)
Control 30 0.7+0.3¢” 2.6+1.6cd 1.5+0.2ab 4.5+1.0bc
NAA  0.01 100 3.5+0.5a 8.6+0.7abc 2.3+0.3ab 7.0+0.8ab
0.03 100 3.7+0.7a 11.6+3.4a 2.7+0.9a 6.3%1.4abc
0.05 100 1.0+0.0bc 4.240.3bcd 2.0+0.4ab 6.9+0.5ab
0.1 100 1.0+0.0bc 2.5+0.9cd 2.0+0.4ab 4.8+1.5bc callus formation
0.5 100 1.0+0.0bc 2.4+0.2cd 2.3+0.5ab 5.0£1.1bc callus formation
1.0 60 0.7+0.3¢ 0.9+0.5d 1.0£0.0b 2.1+0.4¢ callus formation
IBA  0.01 40 0.840.5¢ 5.543.3abed 1.5+0.3ab 4.7+1.2bc
0.03 100 2.0+0.0abc 11.243.0a 2.7+0.8a 6.4+0.9ab
0.05 100 2.7+0.7ab 9.7+1.4abc 2.3+0.3ab 6.9+0.3ab
0.1 60 1.0+0.6bc 3.242.6bcd 2.0+0.4ab 3.3+0.4bc
0.5 60 1.0+0.8bc 2.4+1.1cd 2.5+0.7ab 3.9+1.7bc callus formation
1.0 60 1.3+0.8bc 2.9+1.7bcd 2.0=0.4ab 4.6+1.6bc callus formation
IAA  0.01 40 1.0+0.8bc 7.5+1.1abc 2.0+1.0ab 4.4+1.7bc
0.03 80 2.0+0.6abc 10.8+2.7ab 2.3+0.3ab 9.241.3a
0.05 60 3.0£1.2a 9.6+0.7abc 1.7+0.3ab 7.4+2.0ab
0.1 60 0.6:0.4¢ 4.2+2.6bcd 1.2+0.2ab 3.1+0.8bc
0.5 60 0.6£0.2¢ 2.2+1.4¢d 1.2+0.2ab 3.6x1.4bc
1.0 60 0.8+0.4¢c 3.141.5bed 1.4+0.2ab 3.9+1.4bc

“Each values represents the meantSE of 5 replicates.

Different letters in each column indicate that means are significantly different among the treatments (Duncan’s multiple

range test, p <0.05).
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£ Aol B2 7)7tol| FAEE F 2T 4= 95 Hut oy}, ¥
2]9] AA Q] Fefet S P = Fosto] F o AEAAA
O HQIT Wt 401 §2| 0] Zlo|= Al F =] 9841, 5 NAA
0,01, 0,03 mg/L, IBA 0,03, 0,05 mg/L, IAA 0,03, 0,05 mg/Lol|
A ZkzY 4t 2,078 o447} 8,0 em OO R =A| VrERoH,
57] =0} Ao 7Fz} o7l oA} & Tkl 6.0 em O]} E ZA

AsRelet 5351, 2] o] Ut dol7h ehdsiA| W she 241
20,03 mg/L NAAS L35} vfjx|glom o] Z71o)A] e
A Q1 P FEkglet, E5E e2Alo] H7bE]A] ok o
Zol A o] YA o] FojF o1} #ie| o] Zolw
2]9] {7 A A 08 7hs o et S ESE A 9| FAE
A o ye o] AA A1 Fe e EFstoict,

HH
L

23 AEA ] YRR dE &3t

HIfR]of| A 3557k uljFato] A Afs} AEAIE QlHl
FE7}F 2 47 LEI o]Al5to] fo B Yol I e E
A FAA E, *ﬂ%ﬁw 35 44 1A o w Fol oRst
7ol AA5] A-gokes 3t A, iR hdstA BRI
= AsdekdlolE AN, 12ar, s FE o] A%t AfEs} A
A= 100% A& U% Xé%ﬂ‘d 4] ‘jiﬂi stk o
2hA] A2E i 6} FATol 1+
T AEst Al =thH 1159 94T°ﬂ*1 TS| |
o= 018%01 = 208 Helr}, Hejr} ebds] LA 4
A= 28417, 50 ymole/m?/sec (16h light/8h dark) = 24
= i FAolA 1~271 4 B2t AR A, A o= Al
A shE|eF 23 A8kl ofF Al A TS ol
2 oAl Ao dufjol FAE ek o QI3IrKFig, 3).

ol A AntE B2 At Fol wHke] o stuf

& 22 o mEE ohd AR = B AEA Aol kst
EoF 2ol A} AlEAE AR BsAl 4= o3l

th, 281, 7|ell A At AEA 2 0] FEofANE LR

o] «8j1 8 717 15 S8ttt vk 5714 olufol 715
SIc mEb Az $ES B9 AR g47E olggtoan

THAEL teko @ 2413} 2= glo] opA k210 M wkz|o]| 7]
o3}, XHTQ A9 %ﬁ A "Jz“éol SHlE T (Kang et

= ﬁ% # W= ﬂgi Holth E3} AR tHo R
HE AESFE skl Arfiu FAE ek H7HA vl
A 2 71710 2 o] AAHHE o817t AEF Tl &
4 4 9lg ZoR Bt

Fig. 3. Acclimation in compost soil of plantlets developed
from adventitious shoots of groundcherry (Physalis angulata
L.). (A) Mature plants grown from regenerated plantlets in
compost soil, and its flower and developing fruit. Arrows of
small pictures indicate a flower and an immature fruit. (B)
Naked and enclosed fruits harvested from mature regenerated
plants. (C) Seeds removed from the fruit.

¥ e

B 7L RS ABAAL Y S4B sl O
23 Rgol 34 BT ARSLE 2A1] BEH0 A
8 22 SYSHIA SHLh AR A BAPS P90k
MS WAJolA] EH A0 2 Sl Al% SEL BAP 0,5~

10 mg/LE T=C2 = NAA 0,1~0.5 mg/Lot 34| A 23t
MS Hj x|l A 23] o] RojF or, 53] BAP 1.0 mg/L7} ¢t
% S W27} v& apA oo A] Thaty Alz7t YAdekA A
S}, e ARE e i iR g Re o, sl
NAA, TBA, IAAOﬂH We)7} g o] AR A S IS
o] U7]of] M Hatgict, Wt 50wl 71015 2k2} g 2.0
7, 8.0 em OVFER A LERKT 53, 0.0 /LA NAA,
IBA, IAAS L33} MS HiR|of|A] Ba)7} o & AR5l wg]
o] AAA ] dq& oF&siqict 1], xilnEA NAA, IBA,
IAAE i3k MS BRI o] A28 Ae) F4te & o] o]
AA, £719) 47} 27l o)Ak & Wo], 181 Zo]=6.0 em ©]
Ao 27 At wiekmel ol e AjRs} A8Ae
100%2] AE&-S Bylom, mE el A= sl

T2pA] ‘ﬂﬂ}ﬂ«l oL B4E o83 et AEAef At
= 7MAls F4T 5 glo] FHF 2YRE PP o=

& }:IO]'“_‘Eﬂ TR o] 2 AoR Held,
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