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Establishment of a highly efficient plant regeneration and

transformation system in Korean perilla

XU RUYUE

Department of Biotechnology

Jeju National University

Abstract

This study was conducted to establish a highly efficient plant regeneration and
transformation system in Perilla frutescence L. The healthiest callus was formed on the
hypocotyl cultured in a medium containing 0.1 mg/L NAA and 0.5 mg/L BA, outperforming
the leaf and cotyledon samples. In both dark and long—day conditions, Dayu consistently
exhibited significantly higher shoot regeneration rates compared to Namcheon. The
highest shoot regeneration rate in Dayu was observed at the hypocotyl under the
conditions of 0.1 mg/LL NAA and 0.5 mg/L BA media, with shoot regeneration rates in Dayu
hypocotyl reaching 84.4% and 86.7% under dark and long—day conditions, respectively.
This study tested various combinations of plant growth regulators to establish an optimal
shoot regeneration condition from Dayu's hypocotyl. The results demonstrated that the
highest shoot regeneration rate, at 90%, was achieved when only 0.5 mg/L of BA was
added to the medium without NAA. Among the regenerated shoots, 70.5% were normal

plants, while 19.3% were abnormal. The addition of NAA or an increase in its concentration
-3-



led to a higher occurrence of abnormal plants. After the regenerated shoots were
transferred to 1/2 MS medium, roots were observed within 10—15 days. By the 30th day,
they had developed into complete plants. Hypocotyl of Dayu infected with Agrobacterium
infection medium of ODgp=0.5~0.6. Four out of 28 candidate plants selected from
Selection medium containing 500 mg/L cefotaxime and 0.5 mg/L PPT were identified for
genotyping. The results obtained from the hypocotyl of Dayu, a Korean perilla variety, has
higher regeneration efficiency than other perilla varieties reported at present, and the
efficient transformation system of Perilla was established by using this efficient
regeneration system. The results obtained from the hypocotyl of Dayu, a Korean perilla
variety, would contribute high economic value in efficient tissue culture system and

transformation system.
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Table 1. Composition of the medium used for transformation of perilla

Table 2. Shoot regeneration rates from cotyledon, hypocotyl, and leaf
explants of ‘Namcheon’ and ‘Dayu’ under various combinations of BA,

BA/NAA or BA/TAA

Table 3. Shoot regeneration rate from hypocotyl of ‘Dayu’ under dark and

long—day conditions

Table 4. Frequency of normal plant regeneration from ‘Dayu’ callus

according to changes in NAA concentrations



IE =

Figure 1. Plant tissue culture process

Figure 2. The callus of cotyledon, hypocotyl and leaf of P. frutescens L. var
‘Dayu’ and var ‘Namcheon cultured on medium containing 0.1 mg/L

NAA and 0.5 mg/L BA under long—day condition after 2 weeks

Figure 3. The callus cultured on the MS medium containing different
concentrations (mg/L) of combined plant growth regulators from cotyledon

of perilla c.v. ‘Namcheon’ andc.v. ‘Dayu’ after 5 weeks

Figure 4. The callus cultured on the MS medium containing different
concentrations (mg/L) of combined plant growth regulators from hypocotyl

of perilla c.v. ‘Namcheon’ andc.v. ‘Dayu’ after 5 weeks

Figure 5. The callus cultured on the MS medium containing different
concentrations (mg/L) of combined plant growth regulators from leaf of

perilla c.v. ‘Namcheon’ and c.v. ‘Dayu’ after 5 weeks



Figure 6. The calli from the hypocotyl of P. frutescens var. Dayu cultured
on MS medium with various concentration combinations (mg/L) of NAA and

BA under dark or long—day conditions. Scale bars are 2 mm

Figure 7. The callus of Perilla frutescens. cultivar ‘Dayu’ cultured on MS

medium with different concentration combinations of NAA and BA

Figure 8. The callus of Perilla frutescens. cultivar ‘Namcheon' cultured

on MS medium with different concentration combinations of NAA and BA

Figure 9. Plant regeneration efficiency of explants at different positions along
hypocotyl of Dayu variety. (a) Four explants of the hypocotyl, including the
apical end, top, middle, and bottom in the Dayu seedling (b) Shoot
regenerations from apical end, top, middle, and bottom explants (c) Shoot
regeneration rate of each explant. The vertical bars indicate the standard

deviations

Figure 10. The comprehensive experimental process from hypocotyl explant
to shoot and root regeneration via callus in Dayu variety. (a) Explant on callus
induction medium. (b) Callus induction, cultured for 15 days on 0.1 NAA and

0.5BA (mg/L). (c) Shoot formation, cultured for 20 days after transferring

-7-



the callus from (b) into 0.5BA (mg/L) without NAA. (d) Rooting for 15 days
and (e) entire plant regeneration. The shoot from (c) was transferred to

1/2MS medium without NAA and BA to induce roots

Figure 11. Efficiency of plant regeneration from callus tissue of perilla under
different selection medium. (a) Callus from perilla hypocotyl after 4 weeks
of culture on different combinations of selected media. Percentage of callus
formation (b) and regenerating callus (c) after 4 weeks of culture on different
combinations of selected media. Selected media = MS + 0.1 mg/L NAA + 0.5

mg/L BA + 250 or 500 mg/L cefotaxime + 0~2 mg/L PPT

Figure 12. Plant regeneration from infected hypocotyl of perilla under
selection medium. A Callus clumps cultured on selection medium after 6
weeks with 0.5 or 1 mg/L PPT from hypocotyl infected by different
concentration of Agrobacterium liquid. B Callus survival rate after 6 weeks
of culture on selection medium with 0.5 or 1 mg/L PPT from hypocotyl
infected by different concentration of Agrobacterium liquid. C Co—cultured
hypocotyl transferred on the selection I medium (a) and cultured on the
selection II medium for 2 weeks (b) after transferring the 2 weeks—old
callus from selection I medium. (c) Shoot formation after cultured on

selection I medium for 4 weeks. (d) Root formation after cultured on

-8-



selection I medium for 15 days. The vertical bars indicate the standard

deviations

Figure 13. PAT protein detection and PCR analysis of OSISAP1 gene and
BAR gene in transgenic Perilla frutescence cultivar Dayu. (a) PAT protein
detection of wide—type and 5 selected PPT resistant plants. (b) Genomic—
PCR analysis of putative transgenic perilla. WT, wild type plant; L1—L5,

transgenic plants
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=70 (Perilla frutescens) ™ #Z 3} (Lamiaceae) 2] 3tafj2ato] A ER F= Q&

o
.
(o]

, dE, HEY W 7)EF ofAJof A A] A (Asif et al. 2010, Heci 2001)
T kg2 E (Ahmed et al. 2018)%2 g A=l gkoh. 571 FAbelA
FE9 VIS 5483 S HA oA AA(sauce), HA, Xk F9
FEE o] g FEZ A WS A Qlo] FFe] AREE o]EHI

Stk (Hong YP et al. 1986). 719 FA+= 40~50%2] A|Ws 714

R

T 90% o]%do] Z#Ah(18:1), #=#HAab(18:2), #&udik(18:3) T EX

o

A Ako] xpxskal 9lvd (Kim et al. 2019). 53] 71 AWALe] 60% ©]/dS
A8k Sl Bl= @Ak (@ —linolenic, ALA)S A3 o, ddg=27] A=,
gt Sol mrb Qo] g AFHI Jdow I AAH JHAE wg =
(Huang et al. 2023, Kaur N et al. 2014, Pressi et al. 2023).

ol AuiE = o S EFFde HA, v, w223, €2 49, B

fol

AP =71 ol vk dAEe= Wol AujEaL

|

HHEANE] el

32

HERY E o} ZHg9] deko] w11 FAo+= AFEA ] ko] =tk (Um et al
2013, Han et al. 2004, Jung et al. 1998 ). FF&(seed oiD o2 SAH

=7 Dayw = EEFER] AFLEARY 7IS5FFe] =1 g=dit =

e

o S 7M1 9ojA (Lee et al. 2011) FHZol= thd7F wol] Aty

K

9t} (Kim et al. 2022, Ha et al. 2012).
250 AYA FEo AEIE AEARY 448 2L HAAA FRHel uet

Ngagaerel 24 Aozt u Ed ATl weh s wussE



st} (Kim et al. 1993, Kim and Lee 2007, Lee et al. 1994, Moon et al. 2002,).
S 749 <F(anther) & NAA ¢ kinetin 9] %4 (Lee et al. 2003)°] A3}
a0l £ AP st FS BA 9F NAA o 24o] a4 ot (Kim and

Lee 2007, Jung 1999). d@dud=A9yee A= IAA7|=

oA SAMFFTANA G (YeopsiD =708 7 (Manbeak) =704 {3k
By = §ARHAYES o] L3k Knoct—out =0 HuH v} 9t} (Kim et al.

2004, Lee et al. 2019, Yamazaki et al. 1997, Yun et al. 2023).

b

Agrobacterium ¥ (Chai et al. 2003) = AF&3ste] 710 54 FAA7F x3hd

vector & EYFHAT, AMA A, FAGH, AAEA 5 oy 744

= AFeME vrEAE 7 shlE, A, 29 ZEAE ARR
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Figure 1 Plant tissue culture process.
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II. A5 9 =54

Bodgto) AgE F A B EFE, OSEA (Perilla frutescens L.

5

cultivar Dayw) &} “FHEN (P frutescens L. cultivar Namcheon) & FSA}+=
Hagysre JGHEAEHA  AFEskt. =7 T4 70%
offgh&olA 1 7 E5 T 0.03% Tween20 ©] 718 1% NaClO & of A

30 w3 &% &, "R 5 3] AFHIAY (Kim and Lee 2007). #H

—
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BHge Aol ol gaedT. AUT B AW Aol EF 05 cm x 0.5

2—-1. 7 ¥~ 4 Q73 F=

ZAMEY] V&A= MS HiAE ARESESITE FH A AYA 9 AEIE
flefd ol wxE S 2AMYE =Es Fast] esAE 1-
Naphthaleneacetic acid(NAA) X+ Indole—3—acetic acid IAA), AE7]H
6—benzylaminopurin (BA) & A #33th (Kim and Lee 2007, Lee et al. 2003,
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Hou and Jia 2005, Tarig Hossain et al. 2010, Zhang 2007,). AH A2 FE+=
2512TC9 x4 FdxA(FH 1600~2000 lux, M 16 A 7HYL 8 A 7H) o] A

2 T Fe e, AR AYAVE FRE AE dAAE AEstE s

o

A% F 2 F Foll AL, Axe] F Bl AZsE0] 242 AL A=

AERLTEEE H7FSHA &2 1/2 MS s A oA FX3t% 3 (Kim et al. 2004,

Hou et al. 2005, Zhang et al. 2005), S7] &= vk 1

(@)

0]
=

it

o
ry
3t
ol
i

Bels ZIdeld AdAel E719 A3 R Ask AEAds RS BdE

1112 Ao slro=z &7 244 432 F ).

3. AAE vector 7% Y Agrobacterium FZA A

3—1. pKHG1125—-0SISAP]1 24

Ho FHe SAP  fAAkel AdEmbAQl wlAdA"A AlxAl ARl
BAR -7 #} (bialaphos resistance gene) & pKHG1125 vector &2 =38} t}
oA dopst & 15 U3t AAE ¥ /2= 949 RNA = TRIzol AJoF

(invitrogen, USA) 2 ©]83}o] FE3F3 ). First—stand cDNA &4 e M—-MLV
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reverse transcriptase (Promega, Madison, WI, USA)E A}g3%th Eo] 4
primer AE% GenBank(AC108756)°] OSISAP1 ¢ ORF A& o] &3
UxJA= Ak, Forward primer + 5 —ATGGCGCAGCGCGACAA-3 &
A3}, reverse primer = 5 —CTATTCCTTTTCCACCA-3 =

AR5 Y. PCR = 95TCo|A 5 3%t pre—denaturation ¢ thell, 95T A

—

30 %, 57TCelA 30 %, 72TCelA 30 &1t 1t

S Al 7]= S 30cycle F38FF

72Co) A post elongation & 7 #3F +3833tt. PCR A= 1.0% agarose

ut

gel (TAE buffer 50ml, agarose 0.5g, EtBr1gDolA #A7|9%E 3l WM=E

ju)

N =2 GeneAll® Exprep™ Gel SV, 200p kit(Geneall, M102074H, Korea) &
A 3}lste] pGEM®—T Easy Vector (Promega, Madison, WI, USA) o] =% 3}%it}.
PCR fragment ¥} T—Vector += 4TeolA 12 A7+ wjekst 3 dlE o 23|

Escherichia coli DHb5alpha competent cell o] #2%<%3t11 100 mg/L

s
R

Ampicillin 3t Luria broth(LB) plate ©] A1%3it}t. Ampicillin
YA HTF= 100 mg/L Ampicillin 217Fg LB dAAufx]olA 37T, 12 A7+
Qe F glycerol 50%2 M7 1:1 & £3Hste] —70Ce| ®EsgTt. 45

plasmid DNA £ GeneAll® Exprep™ Plasmid mini, 200p kit(Geneall,

M101108H, Korea) & F%3slo] 714 gL syt
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3—2. Binary vector A% % Agrobacterium tumefaciens transformation

PAAgE T-vector + Agtas digestion(A3hHF$ XTH forward
primer (5" —GGaagcttATGGCGCAGCGCGACAA—-3" , Hind I Alga4) e}
reverse primer(5’ —CCcgatcgCTATTCCTTTTCCACCA-3" , Pvu I
A as)E olgste] PCR & 3330tk PCR Ab=3 pKHG1125 vector =
Hind II(Takara, 1060A, Japan) % Pvu I (Takara, 1242A, Japan)=®
2318t 9tl. GeneAll® Expin™ Gel SV, 200p Kit(Geneall, M102074H,
Korea) & A 3}3t fragment += T4 DNA Ligase(Takara, K6501DA, Japan) %=
o] g3te] AAsAT}. A.tumefaciens EHA105 Z AW binary vector
pKHG1125—0SISAPDNA & =45}7] $18to] freeze—thaw S AHE-8H3AH
(An G. 1987). ¥&d#Astd +#+F+ 50 mg/L Kanamycin ¥ 25 mg/L
Rifampicin & F 7}t YEP A Aujx] oA 28T, 48 A|ZF AgwlF F glycerol
50%8N07 1:1 2 EFste] 70Tl HASIGITE #5F plasmid DNA =
GeneAll® ExprepTM Plasmid mini, 200p kit(Geneall, M101108H, Korea) =

FEstel 471M9S Fsgr

4—1. A. tumefaciens vl

=70Ce] H#A3E pKHG1125-0SISAP FAAEE  Atumetaciens & 2ml

A 52 (Kanamycin 50 mg/L, Rifampicin 25 mg/L)¢] X33 YEP

-16 -



15 23 dadgsgla Fd el Wy, MS AA=z detujetste] s ert

600nm A & &3 % (ODgoo 0.5/0.6/0.7) HE= 343kt

okl

oo}

4—2. A. tumefaciens 7+ 2 3

10~15 4zt ot Fak= shil=2] Zo] 1lem & F#0]3kith. a5 HEAE
A. tumefaciens FFA Nl ol g 25C, 80rpm, 30 1t FAsHATH

O & sk dlE AHAE= 300 mg/L cefotaxime < H7FE SDW ol A

N

5% 7t washing 3t 13t filter paper o4 3&37F AX33 MSHIAZ F T

A% petri dish ¢ ®WE Agste] 25T, SdzAgA 3 A3k

&
o

FEujere FhEFE Selection I medium(Callus 5% % X2l A], Table

DelAd 2 Fd AHAE FL

2

% 5" ZAHAE Selection 1
medium (Shoot % % X2efx], Table 12 %74 4-6 T F-=3+3}.
Hjekst Al 5 2 Fdutct A WA 2 Algiujerstgltt. 3 2 Ad = 6 A1

a8 AAxRA AEES 7|F3¥Y. AWsk shoot = Selection I

medium (Root % 2 A2ujx] Table 1) 2 %7 A EAZS vjekstict.
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5—1. PAT ©@¥Ae] &g &<l
Trait LL Test Strips © ZAHAEE A5x4 PAT dWds g

Q1+ kit ©]t}. Strip membrane o} olli= PAT whilzl Eo] A<l g9} FH2219]

1=
DX

S Q78 FA-A% HPAL Ak FA-A% BEAS PAT Bl

i
e

ol
i

o

Aol M=% FAECT, Strip membrane oA F 7 capture

Y
flo

zone ¥ control line 3tx1 PAT WAy Askstd H24A0] &= PAT test

=

line 7} k. 1A o] strip test BAR 3 AF $li= ok E 719 AEx4

4o
e
e
=
>
i
|o
(2
ol
i
1o
Y
flo
1
1o
rn‘,
[
N
ofl

™
)

r
=

, BAR F4#7F =%
HAAS A EZA FZEo] Yoy HoMe wi=rt £ 7 AP ¢k 0.2
g 9 opEY FAHMI tfEAMS AdS 20041 SDW ¢ 1.5ml FHoIA

PELLET PESTLE (Sigma, USA)S o] &3} w45ttt PAT test strip &

o

27 E9) o 24 FEEoIA dol 5 ¥ W F PAT wulde]

5—2. Genomic DNA % % PCR #4

ofdd 4 FAAZ {57 A2 CTAB H (Murray and Thomson, 1980) %
o] &-3to] genomic DNA = F&3&% ) OSISAP £ BAR F3AE2 5 =X
glst7] S8l Figure 6 ¥ 22 MWW O genomic—PCR #41% 333t

665bp 719 OSISAP A =Fe} 443bp A71¢ BAR $AAE =237 9 st
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OSISAPI1 (Forward primer, 5 —ATGGCGCAGCGCGACAA-3" ; reverse
primer, 5 —CTATTCCTTTTCCACCA-3" )¢} BAR #%=(Forward
primer, 5° —AAGTCCAGCTGCCAGAAACCCAC—-3’ ; reverse primer, 5° —
GTCTGCACCATCGTCAACCACTA=3" )¢ primer & AHE3H3lth. PCR

AHES EtBr & H713F 1.0% agarose gel oA A7) %5 dto] sl=E &<ls)3i ).
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Tablel Composition of the medium used for transformation of perilla.

Medium name

Composition

MS medium

MS salt, 100 mg/L myo—inositol, 3 g/L gelrite

Infection medium

MS salt, 100 mg/L myo—inositol, 3 g/L gelrite, 100

p#m acerosylingone

Co—cultivation

medium

MS salt, 100 mg/L myo—inositol, 3 g/L gelrite

Selection I medium

(Callus induction and

selection medium)

MS salt, 100 mg/L. myo—inositol, 3 g/L gelrite, 0.1
mg/L NAA, 0.5 mg/L BA, 500 mg/L cefotaxime,

0.5 mg/L PPT

Selection II medium

(Shoot induction and

selection medium)

MS salt, 100 mg/L myo—inositol, 3 g/L gelrite, 0.5

mg/L BA, 500 mg/L cefotaxime, 0.5 mg/LL PPT

Selection III medium

(Root induction and

selection medium)

MS salt, 100 mg/L myo—inositol, 3 g/L gelrite, 500

mg/L cefotaxime, 0.5 mg/L PPT
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. 2= 4 3%

ARsHEol Ee CAEAGERD Y ARZANFAAE FYs] ARA

2E&A0F NAA 9 IAA, NEZ|JOoZ BA S AYHsATE (Lee JY et al. 2003,
Lee and Kim 2007, Yun et al. 2023, Zhang 2007).

Awst & " AYAE feA FdSAd drEAe AY, sh=sa d2

ww
N
N
N

N
)
i_"‘
rlr
e
L)
off

T (mg/L) e NAA(0.1, 0.5, 1)9 BA(0.1, 0.5)=

st A xHelA 2 FF FESITh A A, 7 d Aws o

[
>~
>
ol
N
Ho
o
iy
rlo
BN
Ay
=
>
w
N
A
)
1B
=
02,
<
o
L
2
M
)
Jo
D)
r
lo
K

2 AYArE dA A7 vt (Figure 3), 9 (Figure 5) & w7 A =

S oaelz B 47 QAT shEe GEEARG GREAA Azt

-21-



H]-&o] 0.1 mg/L NAA ¢ 0.5 mg/l BA & #7}% X oA ] =9t} (Table

A Ay, Adols  AEsEe] T %o (97.6%) 71%(92.3%),
ST (79.8%), 735 (70.8%)° +AZ ZFH HolX= AoR FAMEHSITH
(Figure 9). Tariqg Hossain & (2010)> & A3dAye} vpz7lx 2 sl 59
Aol 64.3%% 7HE AEsHEe] A usttta RStk ey &
Ade Ayels ey VIFeA JPE w2 1.33%° ARIES BRX

&M 15.6%, SN 4% LS BTkl Bl

Zo] AFEFEo] =& A 7] i Table 2 o AAE NAA/BA %39
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mg/L. BA  Z3telA wigkE SshHlSolA  S<to=w R AAst Ay AT
HFAE T, 0.5 mg/L NAA o]A= 0.1 mg/L NAA oJART 23 ¢ o] F¢
AMzol AHA7F FAAHAY (Figure 6). Fdh x4 AAdxHd B5F A7st

A7t FAEHMAN FAxAAN 2w ¥ g Az AT FAFH A

uiA o7 Ho 2a A|AEZefol(somatic embryos) ] FAJo] Hrafnto}
AEEEo] Holxe APy wowvg we AL AdFAoA AYAES

f- =3}t (Batia and Bera 2015, Long et al. 2022, Zenser et al. 2001). Z124}

o3 Hlof o AAxEujole] @] FH AEspEo] FoHA= HEER
B 1%t} (Siddique and Islam 2018, Yu et al. 2019). ¥ Ao th-FE719)
A9, AHA R wAA GxART "ol i FAdXxACA AHAE
FEPe o AR SHEHE A9E L]l

TS NAA §lo] 0.1 mg/L E+= 0.5 mg/L BA % A7k wiAeA s A7a
Aol avb feEA eboka, ARs wiAR %31& w Al%(shoot) 7} = A
okt (Table 2). webM vf-S9 shul=ol ALst 7Hedt A7)

FEY7] 9= A5 NAA ¢ BA 7} @ 7-9 ok
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Al713. (Skoog and Miller

77} ek (Lee et al. 2003).
A5 AEA

8

144+ NAA

w32 9

ol

ofpy

F NAA $lo] 0.5 BA

o] WS FoE

|
=

o

=
O -

F= BT (Table 3).

= 7

i
o

jant
=t

Z BuEA (Kim et al. 2004, Hou et al. 2005, Zhang et

0|

7F fle] 1/2 MS 7]l A]

=
T

al. 2005). wepA 2 A

=
;oT

g7k
(Figure 10).

o)
o
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2—1. shu= Ff e FAAE =
a2 FAAE AAE FHe] A vREA shise 1as
UHlo®  FAAN vRsAE At A4S AlRE S F

Agrobacterium 2] over—growing & WXA3}7] 93] Selection medium I
H A cefotaxime F%5 skt ZEd =2 250 mg/L Y 500
g A7te o2 550, 0.5, 1, 209 PPT 7} £8% Callus
& 42 2z Y Fex vES

mg/L cefotaxime
F oujekste], callus A<=

250 mg/L ¢} 500 mg/L cefotaxime ©] F7}d X o] A

Al 4 Fd7
ZAbsktE 1 A ¥
st Ay Ao =& W AFES; vl &o] Zo|7F AR Agrobacterium ©]
A EAQ S22 o0 F AR 9] cefotaxime &EE 500 mg/L & AEst3ith
2 A= PAT strip test ¥ AlggsolA FAAEY 55 ddsto =z
Agrobacterium ODgoo o14¢] H3% 4 PPT =7t F4Hd8 g&o vA+=
D& H7lekAdv ODeoo @0l =AW o JAde g&o] 9ojdtd (Liu
et al. 2020). 71 shils @A A Agrobacterium F%7F ODgoo=0.6 <]
dadow st 3 3 Adete, F 6 FIF et callus 9 AEEO
ODgo0=0.5 X+ 0.7 Bt =t (Figure 12). Agrobacterium X7}
OD60o=0.6 & W 0.5 mg/L. PPT & X3%t¥ Selection medium oA st
callus ¢ AEE0] 35%% 7F& =11, ODgo=0.5 & W 0.5 mg/L PPT °lA
25.6%, OD600=0.6 & ®l 1 mg/LPPTeIA 21.7% &A= Hojx il thE 23
g0 #@x ukobt).

=25 -



w2} A = Ao A = )75k SHill =& Agrobacterium =
ODg00=0.5~0.6 4 7943t 500 mg/L cefotaxime ¥ 0.5 mg/L PPT 7}

A71tE Selection medium ©oA AwEgch 3 A7 FEujekst A

r\:\

A

rir

Selection I medium oA 2 F7F wjek3t & FE% callus & Selection I
medium = %74 4~6 F7F ¥kt shoot & AAMSFATE 5% shoot &

Selection I medium oA 15~20 d7tol g7} 25 AT (Figure 12¢).

2-2. FAAS A=A FAA =9 gl

PPT—Aduj x| A ddkst 28 7| AEAE 5 PAT-FA strip test &

(e

A3 10 7WellA PAT AHESS RSt (Figure 13a). PAT test strip =

o] &35to] gl FAAS 2 EoA 5715 AEste] OSISAPL 3 BAR FAA7}F

kit
A
)
32
rlr
N
it
0Q
D
=
o
=]
9
.
o
S

g olgate] HAF A, ofAH ATelqL
oW F FEABE HAUHA QAW ABF 5 A FAAR leojns

OSISAP1 ¥} BAR fF-8#F 504 F3AbEo] gR1% Yt (Figure 13b).
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Cotyledon Hypocotyl Leaf

Dayu

Namcheon

Figure 2 The callus of cotyledon, hypocotyl and leaf of P. frutescens L. var
‘Dayu’ and var ‘Namcheon cultured on medium containing 0.1 mg/L

NAA and 0.5 mg/L BA under long—day condition after 2 weeks.
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0.INAA 0.5NAA 1.0NAA 0.1INAA 0.5NAA 1.0NAA
0.5BA 0.5BA 0.5BA 1.0BA 1.0BA 1.0BA

0.1TAA 0.5TIAA 1.0TAA 0.1TAA 0.5TAA 1.0IAA
0.5BA 0.5BA 0.5SBA 1.0BA 1.0BA 1.0BA

Figure 3 The callus cultured on the MS medium containing different
concentrations (mg/L) of combined plant growth regulators from cotyledon

of perilla c.v. ‘Namcheon’ andc.v. ‘Dayu’ after 5 weeks.

-28-



Namcheon

Dayu

0.1INAA 0.5NAA 1.0NAA 0.1INAA 0.5NAA 1.0NAA
0.5SBA 0.5BA 0.5SBA 1.0BA 1.0BA 1.0BA

Namcheon

Dayu

0.1TAA 0.5IAA 1.0IAA 0.1TAA 0.5TIAA 1.0IAA
0.5BA 0.5BA 0.5BA 1.0BA 1.0BA 1.0BA

Figure 4 The callus cultured on the MS medium containing different
concentrations (mg/L) of combined plant growth regulators from hypocotyl

of perilla c.v. ‘Namcheon’ andc.v. ‘Dayu’ after 5 weeks.
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Namcheon

Dayu

0.INAA 0.5NAA 1.0NAA 0.INAA 0.5NAA 1.0NAA
0.5BA 0.5BA 0.5BA 1.0BA 1.0BA 1.0BA

Namcheon

Dayu

0.1TAA 0.5IAA 1.0IAA 0.1TAA 0.5IAA 1.0IAA
0.5BA 0.5BA 0.5BA 1.0BA 1.0BA 1.0BA

Figure 5 The callus cultured on the MS medium containing different
concentrations (mg/L) of combined plant growth regulators from leaf of

perilla c.v. ‘Namcheon’ and c.v. ‘Dayu’ after 5 weeks.
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Dark

Long day

&
o

0.INAA 0.INAA 0.5NAA 0.5NAA
0.1BA 0.5BA 0.1BA 0.5BA

Figure 6 The calli from the hypocotyl of P. frutescens var. Dayu cultured on
MS medium with various concentration combinations (mg/L) of NAA and

BA under dark or long—day conditions. Scale bars are 2 mm.
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Figure 7 The callus of Perilla frutescens. cultivar ‘Dayu’ cultured on MS

medium with different concentration combinations of NAA and BA.
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Long day
(16h/8h)

Figure 8 The callus of Perilla frutescens. cultivar ‘Namcheon' cultured on

MS medium with different concentration combinations of NAA and BA.
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Figure 9 Plant regeneration efficiency of explants at different positions along
hypocotyl of Dayu variety. (a) Four explants of the hypocotyl, including the
apical end, top, middle, and bottom in the Dayu seedling (b) Shoot
regenerations from apical end, top, middle, and bottom explants (c) Shoot
regeneration rate of each explant. The vertical bars indicate the standard

deviations.
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Figure 10 The comprehensive experimental process from hypocotyl explant
to shoot and root regeneration vza callus in Dayu variety. (a) Explant on callus
induction medium. (b) Callus induction, cultured for 15 days on 0.1 NAA and
0.5BA (mg/L). (c) Shoot formation, cultured for 20 days after transferring
the callus from (b) into 0.5BA (mg/L) without NAA. (d) Rooting for 15 days,
the shoot from (c¢) was transferred to 1/2MS medium without NAA and BA

to induce roots. (e) Plant acclimation.
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Figure 11 Efficiency of plant regeneration from callus tissue of perilla under
different selection medium. (a) Callus from perilla hypocotyl after 4 weeks
of culture on different combinations of selected media. Percentage of callus
formation (b) and regenerating callus (c) after 4 weeks of culture on different
combinations of selected media. Selected media = MS + 0.1 mg/L NAA + 0.5

mg/L BA + 250 or 500 mg/L cefotaxime + 0~2 mg/L PPT.
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Figure 12 Plant regeneration from infected hypocotyl of perilla under
selection medium. A Callus clumps cultured on selection medium after 6
weeks with 0.5 or 1 mg/L PPT from hypocotyl infected by different
concentration of Agrobacterium liquid. B Callus survival rate after 6 weeks
of culture on selection medium with 0.5 or 1 mg/L PPT from hypocotyl
infected by different concentration of Agrobacterium liquid. C Co—cultured
hypocotyl transferred on the selection I medium (a) and cultured on the
selection I medium for 2 weeks (b) after transferring the 2 weeks—old
callus from selection I medium. (c) Shoot formation after cultured on
selection I medium for 4 weeks. (d) Root formation after cultured on
selection I medium for 15 days. The vertical bars indicate the standard

deviations.
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Figure 13 PAT protein detection and PCR analysis of OSISAP1 gene and BAR

gene in transgenic Perilla frutescence cultivar Dayu. (a) PAT protein
detection of wide—type and 5 selected PPT resistant plants. (b) Genomic—
PCR analysis of putative transgenic perilla. WT, wild type plant; L1—-L5,

transgenic plants.



Table 1 Shoot regeneration rates from cotyledon, hypocotyl, and leaf explants of ‘Namcheon’ and ‘Dayu’ under various

combinations of BA, BA/NAA or BA/TAA.

PGR (mg/L) Shoot forming callus ratio (%)
Cotyledon Hypocotyl Leaf
BA NAA IAA
Namcheon Dayu Namcheon Dayu Namcheon Dayu
0.5 0.1 no 33.3+3.3 11.1+0.4 0 88.3£2.7 13.9%1.1 61.1+7.2
0.5 no 13.9%1.3 0 0 50.0x7.1 22.2+5.4 22.214.8
no 0.1 0 27.8+7.8 13.3+3.3 81.7%£10.9 6.3+2.5 27.8+1.7
no 0.5 0 5.6*1.1 13.3*0.4 55.2%6.5 12.5*£3.5 11.1+2.2
1.0 0.1 no 0 16.7*7.8 68.0£8.5 84.80.4 5.6+t3.5 16.7+1.3
0.5 no 0 0 10.0x£3.6 76.7%3.3 0 0
no 0.1 0 44.4+9.3 33.3+3.3 87.8*£5.9 0 72.1+4.9
no 0.5 19.1*t4.1 5.6*0.8 10.0£2.5 35.0+4.2 5.6*0.8 50.0T4.1

PGR: plant growth regulator, NT: not tried, no: not added



Table 2 Shoot regeneration rate from hypocotyl of

long—day conditions.

‘Dayu’

Plant growth hormone (mg/L)

Shoot regeneration rate (%)

Dark Long—day
0.0 NAA 0.1 BA 0 0
0.5 BA 0 0
1.0 BA 0 0
0.1 NAA 0.1 BA 26.71£9.4 56.7t14.1
0.5 BA 84.4*£9.4 86.7£8.5
1.0 BA 0 83.7%£9.3
0.5 NAA 0.1 BA 0 0
0.5 BA 6.7t1.4 46.7*9.6
1.0 BA 0 76.7%9.8

- 40 -
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Table 3 Frequency of normal plant regeneration from

according to changes in NAA concentrations.

‘Dayu’  callus

Plant growth hormone (mg/L)

Plant regeneration (%)

Normal Abnormal

0.5 BA no 70.5*£3.2 19.3£8.0
0.01 NAA 42.1*8.1 42.3+4.5

0.1 NAA 25.0-2.4 60.0+9.4

1.0 BA no 51.11.5 37.814.3
0.01 NAA 31.8+6.4 48.9T1.6

0.1 NAA 33.3+4.7 48.31+7.1

no: not added
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Table 4 The callus survival rate of perilla c.v. ‘Dayu’ hypocotyl after

selected 3 times.

Resistant callus

Callus
OD600  Conc. PPT No. of callus after I
survival rate
value (mg/L) Infected (A) selection
(%)
(B)
0.5 0.5 745 191 25.6
1.0 778 66 8.5
0.6 0.5 790 277 35.0
1.0 925 201 21.7
0.7 0.5 635 45 7.1
1.0 634 25 3.9

Conc: concentrate, Callus survival rate (%) = B/A X 100
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