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Efficient Isolation and Gene Transfer of Protoplast in Korean Soybean (G/ycine Max
(L.) Merr.) Cultivars

Chuloh Cho, Dool-Yi Kim, Man-Soo Choi, Mina Jin, and Mi-Suk Seo’
Crop Foundation Research Division, National Institute of Crop Science, RDA, Wanju 55365, Republic of Korea

Abstract Soybean (Glycine max (L.) Merr.) is one of the most important crops with economic value as a source of protein and vegetable
oil for human food and animal feed. In recent years, rapidly developed genome editing techniques have shown widespread application prospects
for gene function studies and for improving important agronomic traits in many crops. Therefore, it is important to establish a highly efficient
method for protoplast isolation and transient expression systems in soybeans. In this study, we established an efficient method for protoplast
isolation and its application to transient gene expression in Korean soybean cultivars. The protoplasts were isolated from leaves, epicotyls,
hypocotyls, cotyledons, and etiolated hypocotyls using various combinations of enzyme mixtures. We found that high-quality and large amounts
of protoplasts were isolated from the etiolated hypocotyls when incubated for 8 h under conditions of 0.5% cellulase, 0.5% pectinase, and
1% viscozyme. In addition, we observed a high transfection efficiency of green fluorescent protein using etiolated hypocotyl protoplasts. Taken
together, our protoplast isolation and transfection method is highly efficient and can be used for gene function and molecular analysis to
better understand the biological and physiological processes in soybean.
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M A

LA A (protoplast)y= 3 2] EZA|Zof| A Az o] AJA
H AZE A4 Nz B4 S48 FATgC=ZH Axy
RS A S T8l 21EA AEs) T TRt WA
22531 Ui Melchers & Labib 1974, Gresshoff 1980). U&
AA= Cocking (1960)0l] 23] A5-0& 2lZoA Eel=3e
o, Thdeh 21E FollA] LA Eeleh Yexsh o] Bas
ATHMathur 1995, Shen et al. 2014). YF DA = Lukxoz
e, shllS; S 5] JEla Hedy) 22 AEe] ofd 2H o
ZRE F2 BadtiDavey 2005). G5 AEE o] 83 434
A 2= Pull(Nagata & Takebe 1971), °H7]7tl(Yoo et al.
2007), << {(Kanai & Edwards 1973), F(Lin 1983), W(Toriyama
& Hinata 1985) %51 o2} &kak(Song et al. 1990), A[%8o]=
(Mazarei et al. 2008), °FAFH(Masani et al. 2014) 18|31
TFUF(Zhang et al. 2016) & P TR 21E FollA] Eel=
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At FAll(Poulsen & Nielsen 1989), F{(Hammatt & Davey
1988), BHGrzebelus et al. 2012)7} AY(Sun et al. 2019) 5
215 shlES o83l AFHEAE Eelsigion, W AE
Q1 Dendrobium (Hu et al. 1998), 33K Hirata et al. 2012)
)31 33(Lin et al. 2018)2 Z2RJol|A] YFHAE Eelsiict

]9 ¥&AA= polyethylene glycol (PEG), microinjection
T12] A1 electroporation ®'H-S ©]-851%] DNA, RNA % Tz
I 22 AEAE FUE 4 W (Christou et al. 1987,
Koop et al. 1996, Holm et al. 2000, Sheen 2001, Shen et
al. 2014), ol&= ZEREH 24, Ay i 9)x], chald
%+ A% 1831 CRISPR-Cas9S o837+ F3da w &8 2%
S O 784 7% Al 28531 SIHi(Lin & Wittenbach
1981, Christensen 1992, Berger et al. 2007, Fyjikawa & Kato
2007, Li et al. 2013). HIZolle AR 7]es o83t A=
N A7} 258 wromA, APAAE 53 71o]= RNA
249k A]2~8l) 4% 9 CRISPR ribonucleoproteins (RNPs)S- ©]-&-
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5= 2(Glycine Max (L.) Merr.) 259

3k DNA/transgene-free editing 2] &2 7&s}7] 9%k A7}
oot 21 &4 =]l 9Jth(Schindele et al. 2020, Zhang
et al. 2021). 722 7]0]= RNA 4123} RNPE o] 83} f-2At
WAL FEiAE ZEARA A Eelol s dgdA g2
2%k A 2Hlo] " o]ti(Yoo et al. 2007, Wu et al. 2009).
Jeu dF AES AL R AEoA 248 7kl
AFEA E27F A &AL 84 8] x5 A2 ARE AR
o 2HA T T ohde 88lo] AFHA ol FFS
o2 G820 YA Bl 2t A =] F7io)
P a3t AA ok
FHGlycine max (L.) Merr.)2 2154 ©ids} Avte] =9
TFdozH Fa3F 2Eo|T(Sedivy et al. 2017). F2] 4]
© FEHOF oAl 4uH= A9 75%<] FHAI}
multiple copy = EHo{leH, 54 kel 7154 T84
i Zoll AR 7)s A7 AR 2Th(Shultz et al. 2006,
Li et al. 2014, Zhou et al. 2015). T3+ o7ty e} 2
PAHS G0 - vol FrF o " PRI P Al
S et B A)Zke] 28FTHL et al. 2017). HZoll= 2HE
el 2=8%= ARto] Fan, Ysks Ao 5ol3 Wol&
107 o 9o, o FHArt =4EA e A
71eE o8]t FF o] k] A=A itk g
13 24 71o]= RNA ATk telsh 2ok Eele Ag2A)
£ o]83)0] A5 Woo et al. 2015), 7K (Andersson et al. 2018),
U(Amdell et al. 2019), 3<=<(Sant’Ana et al. 2020), HFLo}
(Yu et al. 2020), H¥l(Kang et al. 2020) 282 o}7]7tH(Oh
et al. 2020) & TRIRE 21EolA] AF=ACE T3 2 W
UPAAZHE 21 EA9 Yol A7 RuFQl=t), 5~
46% (Woo et al. 2015), ZA= 1~25% (Andersson et al. 2018),
T#a HFYUOR= 11.9% (Yu et al. 2020)2] 534 w4 882
Bk v, Follxe 9824 B 2 ke =90S Bt
7's A7 BaEA o tE AEE Hlwste] ufg- vk
FE88 Ho|a = AAo|tl(Yi et al. 2010, Kidokoro et al.
2015, Sun et al. 2015). & AFHA FHAA =Y &2
¢k 50% W2}(Wu and Hanzawa 2018)°]u, o713 te] 74
60~90%2] =& F-A4 =91 F-8(Yoo et al. 2007)S Ho|u,
U F FTE o83 Y98 Bl 2§14 Y e
o272 A7t HlEE Aot Kim & Choi 2020).
B AFolME = F FEolA 89 988 BelEs
el 22 Fod, a4 23 a4 A7 AR 24 5ol
2 9844 £ 2 FAE 9 HH 20 AFsth
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T3 HYPAA|E 0]-831] green fluorescent protein (GFP) 2|3
B 2= o83 A =Y 288 stk

AlE M=

dgdA Fe 2 YAA T B4 91’ S Glycine max
(L.) Merr.) A3 Age BREE, 393 2 H3F 183 LG
HFEA Maverick F5-2 ol TANA A S24 &
AFse] ARSI 71U vidE 218 T TAE 0% oleEE
187 9 A 3 0.01% Tween-20°] - 2% sodium
hypochloriteZ 2087t EH A£=3193, o|F HFFE 53]
o MASITE A5F A= 12 MS HIX|(3% sucrose, 0.5%
agar, pH 5.7)°ll 2P3&tar 25C 7| vijekdollA] LAzt ek
st LA HelE AT spiES f=sisith

& %

T LA Y SI3 HA o] 22E AHeE] ffal v
23} A A7 O 221 o] 8ste] dFdAE skl
ol AFEA EelE 913 2202 7 vkl 743t ¢
&F&t ShliS(hypocotyl) 2 22ollA] 2577t vzt 21 EA|9] shal
=, A(cotyledon), 1l Z(epicotyl) & (unifoliate leaf) L
231 35%T vl ke 21EA 9] A H(trifoliate leaf)S ©]-8-3H
th 22 5o AFAEA 2] 288 HEs] 98 449
ZA1& 0.5~1 mm 712 A2 T CPW (Cell and Protoplast
Washing) £45(0.2 mM KH,PO;, 1 mM KNOs;, 10 mM
CaCl, * 2H,0, 1 mM MgSO, * 7H,0, 0.96 x 103 mM KI,
and 1.6 x 10 * mM CuSOQ, * 5H,0, 500 mM Mannitol, 3 mM
MES, pH 5.8)< *2]sl$THHammatt & Davey 1988, Miao &
Jiang 2007). Fax 82 A2] 3 Jefellx] 6ARFELE 40~50 pm
Lo g ket a4 A7 B 2424 245 40 um
M3} SPL, Gyeonggi-do, Korea)s F3HA|A of7lS
14 mL round bottom tube (SPL, Gyeonggi-do, Korea)©ll Fo}
100xgollA] 58T Hilie] sidth dilie] & s AAsH
A1 Z7E AFAA WS 8<(154 mM NaCl, 125 mM CaCl,
5 mM KCI, 2 mM MES) 10 mL-S o] 3 100xgol|A 583t
ARkl 33] Alxeiaict Y@ dA] 2] 3 hemocytometer
(Paul Marienfeld GmbH & Co. KG, Lauda-Konigshofen, DE)E
olgste] FelE AFEA MNTE STh

T A aE2Q) HYE IR HH Y Mz Eeljlas
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Z=3 8 AE] AR AAsk] sl TRt 24 =95 Ae
AREe Z8sie] PFEA EelE A=t shiliEelA Zela
220] 2343} Ag] ARl mE LA welE 28l e vE
g2 SNEI1~E3) (400 mM Mannitol, 20 mM KCl, 20 mM
2-(N-morpholino)ethanesulfonic acid (MES), pH 5.7)2} CPW
B2 GYE4~E6) (0.2 mM KH,PO,, 1 mM KNOs, 10 mM
CaCl, * 2H,0, 1 mM MgSO, * 7H,0, 0.96 x 10 3> mM KI,
and 1.6 x 10 * mM CuSOy * 5SH,O, 500 mM Mannitol, 3 mM
MES, pH 5.8) A3t 23l a4 2ol w2 AP 2A)
Y 385 AEsk] flal shlE< 0.5~1 mm 2712 A&
% st 559 cellulase R-10 (Yakult Pharmaceutical Industry
Ltd., Tokyo, Japan) (0.5%, 1% = 2%)3} pectinase (Sigma,
St. Louis, MO, USA) (0.125%, 0.25% % 0.5%)7} 37k &4
|83} cellulase (0.25%, 0.5% % 1%), pectinase (0.5%, 1%
2 29%), viscozyme (0.5%, 1% 2 2%)°] Z7FE CPW EA-8HS
Z2lte] 2defollA 40~50 pm == e 1T Table
1). T3 84 2] AR W2 93484 8] 288 HESP]
8l sh=S o)&3le] CPW &4 £4L-2, 4, 6,8 L 1047
AElsle] 919} 22 o AFHAAE Helsidith

Al FEE AFEA ZEE 9l 2% B, T ¢
Maverick F&= o83l 919} 22 WO = shiSolx AF

Table 1. Composition of enzyme solutions for protoplast isolation.

AAE Esith

GFP RTXe| HAEA =Y

LFAA | A =9e 8l shlSolA Eeld 1 x
10° mL'e] AFEAE o] 8slith 2ele dFEAE ool
A 3087 IS & 273 AFEAE 100xgolA] 5EIE U4
e St AdLollA S B AASI MMG 84400 mM
Mannitol, 15 mM MgCl,, 4 mM MES, pH 5.7)°.2 379
LFHAE & FolF £ 5, 10, 20, 12]2L 40 pg =2 GFP7}
8% pCAMBIA1304 Z2}2P]= DNAE AgdA|9} F=d
Al 2015 F#2] PEG4000 (Sigma, St. Louis, MO, USA)
-£4(40% PEG, 200 mM Mannitol, 100 mM CaCl)2 7 5}]
FEgA 4olE 3 PHE, Ad2ollA 1083 A8k o]
<800 pLe] W5 8l Hrlslo] Hhg-& HE F 100xg £5=
2 3 QAR slo] AFAAE IAFE o]F W5 1 mLe
A7kl YFHAE FolF 3 25C nfjofalolA 297t ok
3T GFP & oJ5+= DMRE ¥333"]7(Leica Microsystems
GmbH, Wetzlar, DE)2] DFC490 7}H|2}E ARg3led 2008) wjj&-
2 B9, DNA 558 544 £ F8S(GFP 34
LA G734 dBAA ) x 100%E AH=3I3Th

Enzyme Enzyme solutions
compositions El E2 E3 E4 ES E6
Cellulase (O)* 0.5 1 2 - - -
Cellulase (T)” - - - 0.25 0.5 1
[%, W/V] Pectinase (R)* 0.125 0.25 0.5 - - -
Pectinase (A)% - - - 0.25 0.5 1
Viscozyme - - - 0.5 1 2
CaCl, - 2H,O - - - 10 10 10
CuSO; - 5H;0 - - - 1.6 x 10 1.6 x 10" 1.6 x 10*
KCl 20 20 20 - - -
KH,PO,4 - - - 0.2 0.2 0.2
M KI - - - 0.96 x 10 0.96 x 107 0.96 x 10
KNO; - - - 1 1 1
Mannitol 400 400 400 500 500 500
MgSO; + THO - - - 1 1 1
MES 20 20 20 3 3 3
pH 5.7 5.7 5.7 5.8 5.8 5.8

“Cellulase (0), Cellulase Onozuka R-10; YCellulase (T), Cellulase from Trichoderma reesei (Celluclast); *Pectinase (R), Pectinase from Rhizopus sp.;

“Pectinase (A), Pectinase from Aspergillus aculeatus (Pectinex® Ultra SPL)
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BE AL 35k Fegsie] A7E g5319on, 2t
Aol that BA A4S SPSS 54 #7]A] 23 (SPSS Inc.,
Chicago, IL, USA)E °1-83I3ith 714 25 ANOVA (24
A T8I om, AR 78-S Duncan’s LSRS AH8-5}]
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Fig. 1. Yield of protoplast isolation from different organs in soybean.
Protoplast cells were prepared from 7-days old dark grown soybean
seedlings (A), 10-days old seedlings (B-E), and 14-days old seedlings
(F): etiolated cotyledon (A), hypocotyl (B), cotyledon (C), epicotyl
(D), unifoliate leaf (E), trifoliate leaf (F), corresponding to the
soybean seedling in (G) on the left, middle, and right, respectively.
(H) Protoplast isolation yield from A to F. The scale bars is 40 um
(A-F) or 1 cm (G). The error bars indicate the standard deviation
of three replicates. The arrowhead indicates the abnormal protoplast
cells. Different letters indicate a significant difference determined
by one-way ANOVA followed by Duncan post hoc test (p < 0.05).

AE w2tttk 71 aigdolA Rt shas-2 o83t
LFEAE eI’ A3 H1 9.3 x 10° protoplasts/g®] #2]=31
o 24oj|A vljefgt SHllS( T 7.8 x 10° protoplasts/g) 3}
S+t 8.4 x 10° protoplasts/g)e] 78-F- Lullst shill&a}
H|s=3k YA Be] §8-5 ¥t Figs. 1A, 1B, 1D). 54
A4 745 Hit 42 x 10° protoplasts/g 02 SPEOL S
3} vlwste] YA e a0 A FasthFig. 10).
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10 protoplasts/g) @+ 2= H(3E+F 1.5 x 10° protoplasts/g)< TF
ZZE vlalsle] thA & UPEA| B2 &85 BYlon;
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o olde] A3E nlgo s A £ a8 3 JdFEA
] e 1Ear AR 1] Solde Te arefsle] T U@

A 2 Al HHe] 2A o= QhildRt shlSS AT
dutH o g A AFHA Eel= gt 814 ol Y=
W= 53] Al2d Zelase] T, w5 2 AR g

APEA Eeloll A== AEAY A7 A7) 2 A% =24
59 So] AFHEA|Y Zejot G AHgH o FFS
F9 Q0loZ U4#A JtiLin 1983, Hammatt & Davey 1988,
Yoo et al. 2007, Shen et al. 2014, Jia et al. 2016, Xiong et
al. 2019). tIFEe] AEAE dFEA EEE flal AlE9
Mt B BelEac] AETL goldt AL T2 AL
UARE - AEA 2] 739 oA LFAA Eel7t BolsiA
7L o] Fx|gof shillSat 29l 5 vRt =4 A7t
AR5 31 QITiHammatt & Davey 1988, Poulsen & Nielsen
1989, Grzebelus et al. 2012, Hirata et al. 2012, Lin et al.
2018, Sun et al. 2019). Fol|A1= Hammatt & Davey (1988)7}
SHllSol A 2.3 x 10° protoplasts/g®] YEEA ] &S e}
WAL, Wei & Xu (1988)2 671 T AHLE9] vlds Ads
ARS8 4.8~7.8 x 10° protoplasts/g F$12] Thkst L&A
Y 885 IRlsth HZelle Fo BolA axxle=w
HPLAE E2lt, °F 50%°] F&= oF s =T
A3} B AT Wu & Hanzawa 2018). - Aol A= £
I} 2AFET o] Al 1.5 x 10° protoplasts/g2] =2 U 2A]| £
LS BYo, FEHoE FUstA] ¥l v Beke]
AFEAEe] A Eel=qdth v, shillES ol8ste] d34
A5 EEBiss 1ol vdstal 832R] Feje] Ld3ZEA)
£ 7.8 x 10° protoplasts/g®] =& 2] E&2 5 = 3tk

filo

2 %

B E
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whA FellA H2 dFEA 2 a8 29S SsiAMe
A A7 AL} 2259, 183 -3 (genotype) 5=
aste] AFAA w2l 2o HEVF FES| o] Foixjor &
Zlo]tk

USTH 22IS 9ot HoEA T3 MY

Jare 2A517] S1ste] ek o] Al BAELE o8
slo] AP Le) 5L 2RI, T SIS AFAA)
g meHow sl i@ Hao) aa =1L AEs)
13l H(Mathur et al. 1995), BHll(Koop et al. 1996), °H7]7dTH
(Marion et al. 2008, Shen et al. 2014) SollA] T}l 2154
LA Zeoll ARSEE Alad Bejass uekl o=
Aefslit(Table 1). ¥, HHll B i At) LFEA 2l +=
AREER= cellulase®} pectinase E4~ -8YE1~E3, El: 0.5% celluase
R-10 + 0.125% pectinase, E2: 1% celtulase R-10 + 0.25% pectinase,
E3: 2% cellulase R-10 + 0.5% pectinase)> 617+ 28] Soll=
LFEA Lel7F A9 LofubA] B3hTKFig. 2). AT CPW
84 §NE4~E6, E4: 0.25% cellulase + 0.25% pectinase +
0.5% viscozyme, ES: 0. 5% cellulase + 0. 5% pectinase + 1%
viscozyme, E6: 1% cellulase + 1% pectinase + 2% viscozyme)
A Alole &4 skl e} Lejue dFEAe] ot STkt
ATHFig. 2). CPW &4 A& AREsto] APHA £ Al
E4 294 5 3.8 x 10° protoplasts/g, E5 04 H-
9.3 x 10° protoplasts/g 1213 E6 N4 H 10.6 x 10°
protoplasts/g2] VFAA7} Eel=o] E6 ZolA M B

10 r

Protoplast yield (x10%g FW)
[=5]

E1 E2 E3 E4 E5 EG

Fig. 2. Effect of various enzyme combinations on isolation yield
of protoplast from soybean hypocotyls. Protoplast cells were prepared
from 7-days dark grown soybean seedling hypocotyls. The error bars
indicate the +standard deviation of three replicates. Different letters
indicate a significant difference determined by one-way ANOVA
followed by Duncan post hoc test (p < 0.05).
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AFAA} F2l=A o BES 27 & Aol HolA] ekdtk
(Fig. 2). Wu & Hanzawa (2018)= F2| B2 018314 0.1%
cellulase®+ 0.2% pectolase A2]8}34-S ol YFZA| £2] 58]
7P =3tk B argh vt Sl B Aol shilsS o835t
o 0.5%9] cellulase®} pectinaseS 2|5} w) 7 =&
HRPZA £ 58S B shilSolx H3EA & A
Bl aad] A% s @524 Ko =30tk v fAle
shllS A B2lE 23l 1% cellulysin®} 0.1% macerase
(Poulsen & Nielsen 1989)5 ©]-83139.9MH, Y2 1% cellulase
9} 0.1% pectolyase (Grzebelus et al. 2012) 12|11 AL 3%2]
cellulase2} 0.5% pectolase (Sun et al. 2019)E ©|-83}= &
F Pl el Eaaet T B ARSEE o] tEH of= AEF
o] zold Aoz AT T8 E59} E6 2olA AlEy
e Eae] ¢k 20 zlolE B o EelEe dFEA
e & AolE HolR| o= 210 Kol BallaA o] F7fst
Cgts 94 55 ool AFEA 22 agde & 9=
HR]A] = A0 AZ4EM, o]= Fefl 840 T B ¢
FE 59 7o) t=r] wjEog wokHh

UL 22AS YT BolEA MM M

A BaEze] A Ao e AFAA Pe) 2L
ZA317] 913l 71 ool 797 Qe Shl%e ol &
sfo AIRPE Fehak Aol me} else AFUA N8
ZASIET Fig. 3). FNEL A2l 24K Folls AFIA 2]

=y
fy
1

=y

s
T
=}

10 F C

Protoplast yield (x10%g FW)

2 4 & &

10 (hrs)

Fig. 3. Effect of incubation time on isolation yield of protoplast from
soybean hypocotyls. Protoplast cells were prepared from 7-days
dark grown soybean seedling hypocotyls. The protoplast cells were
treated with enzyme solutions at given time period (2, 4, 6, or 8 hours).
The error bars indicate the +standard deviation of three replicates.
Different letters indicate a significant difference determined by one-way
ANOVA followed by Duncan post hoc test (p < 0.05).



shk=
)

7t 78] doA] eigkort 4ARE o] 3 7E] A ARe] TR
of| i} AFEA Ee] &8o] STl el as A2 443
Aol A= He 4.6 x 10° protoplasts/g PF A7} E2]= R
o, 6AIZE AT ol A= T 9.2 x 10° protoplasts/g] VFZ
A7} Fel=o] 4AZE Mgt Bk 2l S7hE S B
B3 a4 sAIRE ATl M= Ht 1.2 x 10° protoplasts/g-"/]
LA} 2el=o] 7Y =& d38A 28] 888 Blon,
10A17F A2fqroll A= B+t 1.1 x 10° protoplasts/ge] H&ZEA|7}
Hej=]o] 8AIRE Aol F ApolE HolA| it & e
A3 FelEe dFEAY 7= Eellas A Akt iE
Ao| BABAE UehA] edgkon, Fafl alel o3k eld
HPEATY S5 A= AS Hasksb| feiie A4 Akt
BN Aefsh=s Zlo] T8 AR ‘—LL%‘:}. 2=, 01764'”'1' ope]
%ﬁ% 7= AEEA 22lE
71t Al AR EE Al 229 l:o‘ol BEFE HHE ZoE
W) oPde] AAE niEe R ’3}‘5}1%9] LA e
A3 HAH o Eslaa A 21

r

¢

E

HES HAEH =2

Al FdjelA T 7Ts AT YA 9% T2 =
AREFo] AR T Rlom Tkt =) F FEEl g 7TE
g FAH3 A7 Yol EFSKim et al. 2017). TR
et 5 A MRS $EiME 08 7RIV 2 EFSlA

0
5 10 20

= 3(Glycine Max (L) Merr) 832 &8¢l HZH 22| ¥ FIA =Y

34 :Lﬂl 6‘H94°1V1 TE AMEE 2B WS 7HAH
S8 Hole dE|E F5F MaverickS ©]-85}1
%??} éxﬂ TFJE /\]-J—Ol'(}iqﬂ:lg 4). dFEA E2E Sl o
ElollA] wljet shillE-S o1-83t] CPW &85 AE|sTh

dFAA 22 23, TR ARSE 3]t F55% HhLOPO#
Maverick, &9, Bl 55 250lA =2 324 £2 &

BT} =3 Beld Y3 @xﬂ” ek} nlwske] thas z}#
2715 B o BF ARl 4F AEHE FAISHATK Figs.
4A4D). BRFF2 BAAE 8/\17& 3 971 9.15 x 10° protoplasts/g

o) AFZAP} Fe]= o, Maverick (S8 1.3 x 10° protoplasts/g)
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Fig. 4. Transfection efficiency of soybean hypocotyl protoplasts with different amounts of plasmid DNA. Protoplasts were transformed with
various concentration of the plasmid pCambial304 harboring a GFP reporter gene: 5 pg (A), 10 ug (B), 20 ug (C) and 40 pg (D). (E)
Transfection efficiency from A to D. Fluorescence signal of GFP was examined 24 hours after transformation under microscopy. Scale
bars = 40 um. The error bars indicate the +standard deviation of three replicates. Different letters indicate a significant difference determined

by one-way ANOVA followed by Duncan post hoc test (p < 0.05).
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Fig. 5. Yield of protoplast isolation from soybean hypocotyls of different cultivars. Protoplast cells were prepared from 7-days old dark
grown soybean seedling hypocotyls. Kwangan (A), Maverick (B), Pungwon (C), and Taekwang (D). (E) Protoplast isolation yield from
A to D. Scale bars = 40 um. The error bars indicate the +standard deviation of three replicates. Different letters indicate a significant
difference determined by one-way ANOVA followed by Duncan post hoc test (p < 0.05).
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