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Somatic Embryogenesis and Acclimatization from Anther Culture
of Panax ginseng C. A. Meyer

Jung Woo Lee', Jang Uk Kim?, Kyong Hwan Bang’, Dong Hwi Kim*, Ick Hyun Jo® and Young Chang Kim®'

ABSTRACT
Received: 2023 February 10 Background: Panax ginseng C. A. Meyer is a valuable crop in Asia especially in Korea and China.
1st Revi§ed= 2023 March 6 However, it takes over 3 years for ginseng to produce seeds due to its lengthy juvenile period. This
2nd Revised: 2023 March 21 hinders the industry development and limits potential propagation of new cultivars. Anther cultures
3rd Revised: 2023 March 27 could provide homozygous plants within a year, however, P. ginseng embryogenesis using alternative

Accepted: 2023 March 27 cultures have not been reported.

Methods and Results: Anthers were inoculated in the callus induction media supplemented with
various hormones including auxin and cytokinin. Callus induction occurred in all media, ranging from
Creative Commons Attribution 62.90% to 8% .8%, except for the medium W.ithout no hormone.. The embljyo formation rate was low
Non-Commercial License (http:// (0.4% - 4.2%). The highest embryo formation was observed in the medium supplemented with 1.0
creativecommons.org/licenses/ mg/ ﬂ. of 2,4-D in isolation. Moreover, addition of gibberellic acid effectively aided in embryo
by-nc/3.0/) which permits unrestricted ~ germination. After culturring for 5 months, plantlets with taproot roots were transplanted into the soil
non-commercial use, distribution, ~ and as a result high sprouting rate of approximately 80.0% was observed. The flow cytometry analysis
and reproduction in any medium, ~ revealed no difference in the ploidy level was found between the anther culture-derived and control
provided the original work is properly  plants.

cited. Conclusions: Embryogenesis and plant regeneration of P. ginseng could be contributed by the anther
culture to produce homozygous individuals.
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AHJAM (Panax ginseng C. A. Meyer)S F5LH-5-3ol ot (Kim et al, 2015; Lee et al, 2016; Lee et al, 2018).
Sote 224 thdA ZHEE gigRl=e] A<l ok A7 i BE Qi F5 oA B8 STHeE
o, = el T=9 v A, eixjoke] FEA| el SAEACE 7153k} o7 el g3t Alel B W A3}
A A=A Aok Q1Ake] dEAR] 7154 A FAEA d FEC] el QAN o]Hg FA
O|EE, oF 15001 F2] MAlAe] =7t AL H]oH (Zhao 2 7KA Adot e A BEE ol8d 5 S8

et al., 2015), T}Fst Aol st FA=Atel=e] o] 85 AV Jom AEE SEuhHel =90 Fasith (Lee er
o] AZEAT} (Shao et al., 2020). al., 2020).
A FARRe] tdde] HEgh, olyg 540 = <l AFWHE Fot wul §F52 B2 FE F5 S Al
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otk A A S 9oz ST
7Fssithal A Utk (Bang er al., 2020).
FA S F 39 ool Aok st 5
et al., 2016a). ©|2]3F EAo g olFuwn] Fo
YBIME A 30 d o] 9 AJ7te] Ag
1 el 50 70 Wele] S FApRte] Arteo]

o] e FUE A7) IEY (Lee er dl,

Jo 30 ok o

AL AXxATL w A2 T
gsto] vl B AEAE sk A
of WAl = w7t WAl T
T A= Fe] 3t} (Ahmadi and Ebrahimzadeh, 2020). Rk
A= Blakeslee 5 (1922)0)] 2Jsle] Fx= 2AFAEH,
AFAH N WA ] WA Rii= ulg- vlol 8550 AFAo =
ggo] oyt AMYES 53 B A == Guha$t
Maheshwari (1964)0] F vjfol] AFsPaA HZE H1HS)
bﬁﬂ oF w2 W2 FEoA SRHFA AEAE 47 9

Fto 2 FHAsHA AHEE Atk (Germana, 2010).

"4 HISFS o83k AFAQL v WAS fsiA 7Pg A oL
Eq{sﬂo]; [a3 }\].8]—.9. )(46‘1——5—]_ HHomHZ] o] A ‘QO]E]-. 2%—01] ,\1 = z_ql
gt s2R0] FH H|E9] 7V F83H aEs|of
3= @4olt}h (Qiao ef al., 2013). AF7HA] B ¢lat 24
Hjek A7} o]Fojx SEA|NE (Choi ef al., 1998; 1999; Lee
et al., 2019; Lee et al., 2021), ?l/% ok wjjoke #3 A=
2 7ivto] REQS W oF uiFS S5t ul BT} 2 EA 9

& 3= AR BRAEA| w}E} (Lee et al., 2009;
Lee et al., 2013).
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Hlegol AHEE oke 39 WRE 49 S Alolel 313L A

N 19 o

slod F=sigEt, Kim 5 (2016b)2] A7 232 vigo=w
=2 1 7] 9 shREg 7EAA QlE 233 mm - 2,51 mm
Atolo] slElE AlE AEE ARSI

slEl= WA 4T WAaelA 2 o 3t A2A2E e
o o]% F ] oA 70% okl 30 & B9 A53
T GTE 2 3] AFHSIN olF AolPLEF 2%

(NaOCl) (Daejung, Siheung, Korea)yS

Y 23H EEUA
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a3 - =5 - AHE

BH ARFS 20 & ¢ 3 & HAarE 5 3] 52k AlFEA
o 2 3o HiE Folefdel| &84 5 B9 19 3
= =715 33tk oF ol 23 + 2T #A)shs kel
A1 20 pmolm™s'e] ¥HF5E 16 A7+ Bt ZARIHEA 3
3Tt

2. e~ 7

A2~ FEAE= MS (Murashige and Skoog, 1962;

Duchefa Biochemie, Haarlem, Netherlands) ¥ A]ol] T =&
TS 2o g Hrtste] Az

acid (24-D) (Duchefa
Haarlem, Netherlands)®} a-naphthaleneacetic acid
Y7+ 05,
A benzyladenine
Haarlem, Netherlands), kinetin

5215  24-dichlorophenoxyacetic
Biochemie,
(NAA) (Duchefa Biochemie, Haarlem, Netherlands)y= Z
1.0, 20 mg/{ FEE ARESINT Al BT
(BA) (Duchefa Biochemie,
(KT) (Duchefa Biochemie, Haarlem, Netherlands)= &+

0.1 mg/{ =2 X839k 3220 A AR g
iR di&T2 ARSI A2 FEHIX = sucrose 3.0%

(Duchefa Biochemie, Haarlem, Netherlands)®} gelrite 0.3%
(Duchefa Biochemie, Haarlem, Netherlands)& #7Fstal pH

= 572 2 B 121CA 15 & 5ot 7 Hiske] &9
oPa’iE}.

oke 31X S AAT T AAMS o83l ANFHIA
o} ok A2 FEajR|d] HEZYA T 30 W F 90 7
& AR 2o o] S 3 3] vkESIY. X4
8 F Fol WYX =g, A 7], FAZ F=ss 24}
S
3. M=z &Y R%

vl AL FE5h] Y5ke] PYAE AAM| TN FEriR =

Xu] F=uiRl= MS viA]el sucrose
A7rele] RhEflom EEL 24-DS

Al stk A
3.0%%} gelrite 0.3%%

1.0 mg/ L o #5202 Hrlsta, BASE KT 22} 0.0, 0.3,
25,50, 7.0 mg/ £ o] o2 23} Xt T2Ho] A
5] AR 2 wiRle tIR TR ARSI

RE WA= pHE 57 AAT £ autoclaveS ©] &8t
121CeA 15 # &<t 35k B Igeisint. Aejae v
AR 747} 60 74 2dEiA e o] HgE 3 5 e

ok Xd 8 F ol vl YAE, A8 AAER IS AL
1ok
4. MIMIZZol 2ot

PAE AA = Ae2ox 28t sucrose 2.0%, agar
0.5%, 1/2 SH (Schenk and Hildebrandt, 1972) ¥j=]7} &7}
H doplix 2 24t woliAlE 121Ce0A 15 & &9t
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I} Ht AE] F gibberellic acid (GA;) (Duchefa Biochemie,
Haarlem, Netherlands)E 212} 1.0, 5.0, 10.0 mg/ £ o] 2
2 F7tete] Azt 32#o] e H7bEA] 2 uiA]
= HE2TE ARSI fed AMEE uiAER 10 A4
APFetaet o] HAL 3 3] WHESIGloH, A4 4 = 5 )
Polg-S ZARSIAT o3k A= Lee 5 (2021)2] Aol
A ARESE AS8IA] (1/3 SH, sucrose 2.0%, gelrite 0.5%)%
Al Fatel F7HAQ1 AAES frEstich
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Ao A 5 Mg S WY -, FAEAE AR
=3lehA] Zhols 7L e & FElE ISl ¢
gk 20 7He] ¥l GA; 25 mg/d ok
AAS & 3.1 ¥&2 23¥ JE (Nonggyung, Jincheon,
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6. i HA

2013t 16 7M9] AES} A EA= FH2E7] (flow cytometry)
£ ARgale] i S AT tiRTR dF Bald &
ofgt AEAE AHEsITt

AFAAS 7efsiAl A, A AREsh AEA 9 dix
AEA A Qs AF T F HEZHH] "L CyStain UV
precise P 921 & (Sysmex Partec, Gorlitz, Germany)
500 5 A7FIAT S o83t oS ddsie] DNA

& FZ310L DAPI gAstslen, Y& HA] (50 myll 2
Atk WSt AEA e AEsE AEAS ¥ AEE
H| ko] A48T

St A2 Khiest

~

T4
o]“

for Statistical Computing, Vienna, Austria)s ©]|-&3}
4 (ANOVAYS Fat oS AAsisleh fe
HE|9S Wl Duncan Multiple Range Test (DMRT)E ©]
sto] AR AAS SisiTh (p < 0.05).
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1. A 7S

slEloflA st ok Ay fFEulX]e] XSttt (Fig.
1A - 10). 2% 10 & 5, AHAY Hole Jei7F HEx=E
UeRder (Fig. 1D), 2 7 Foll= F3l8 Ay JuE B
AL (Fig. 1E), 4 T $ol= Stozn 3ld A= 2
27} 2378kt (Fig. 1F).

i 8 F ¥, AP fEujRe] TEE FF P 3l
oJgt P AR 1 A3}, 32#0] A H kA &
2 wjReA = ATt FAEA] %S H, NAA 0.5 mg/ L
o BA 0.1 mg/ £ 7} 71 wiA] oA AeE FEES 62.9%
2 U2 s2F0] Hrie vjxe] vjste] foushA Wt
UeA] s8] H7bE wiAe] s fFEES 749% -
83.8% W=, M2 MR Fou|gt zlol= WA Fuh
(Table 1).

AYx A7s 2829 FTHE = ut T3 zo|7t
HEE AT 2,4-DSF NAAS] 557t S7HrS el 27)
= AA Z7FIE, NAAY Hlste] 24-DE 78IS o,
A H7)7F ARkA o2 T} (Fig. 2A and 2B).

Al E7)H-S A2 iAol H7EsIe o, H71skAl
2 7T AYx A7)t SV, 2,4-D 1.0 mg/ L
o} BA 0.1 mg/ L& F7FsH i feuix]oA] Aejs 77
7} 7P Zlth. BAE 37K Aels fFEeiA7F KTE 37kt
HjA] B A s A7)7F AN o g FATE Al Ed F
Foll oJgh foujgh xfol= {IATH (Fig. 2C and 2D). 7%

Fig. 1. Callus induction from anther culture of P ginseng. (A) collected flower bud, (B) flower bud with petals removed to collect
anthers, (C) inoculated anther, (D) callus-like structure 10 days after culture, morphology of callus 20 (E) and 30 (F) days after

inoculation, respectively. Scale bar; 1 cm.
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Table 1. Effect of hormones on callus induction from anther culture of P ginseng.

Growth regulators (mg/ ¢ )

Callus induction Adventitious root

Callus size (cm)

2,4-D" NAA2 BAY KT rate (%) induction rate (%)

- - - - 0.0+0.0™ 0.0£0.0"" 0.0+0.0""
0.5 - - - 74.9%15.5 1.9+1.5f 5.5+2.3
1.0 - - - 80.7x13.4 2.0+0.4% 3.4+22b
2.0 - - - 78.6+19.0° 2.1+0.4% 0.4+0.4%
0.5 - 0.1 - 79.5+16.0° 2.5+0.5% 1.6+1.39
1.0 - 0.1 - 83.8=11.7% 2.6=0.5° 1.6+1.3¢
2.0 - 0.1 - 79.0+16.0° 2.6+0.5 0.2+0.2
0.5 - - 0.1 77.2+15.12 2.2+0.4% 3.0+1.7%
1.0 - - 0.1 78.7%13.7° 2.4+0.4" 2.6+1.9°
2.0 - - 0.1 81.0£13.2% 2.5%0.4% 1.1+1.19

- 0.5 0.1 - 62.9+17.0 1.3+0.3" 0.0+0.0f

- 1.0 0.1 - 75.5%12.4 1.7+0.38 0.1+0.1"

- 2.0 0.1 - 77.2+12.12 1.9+0.4f 0.1x0.1f

Data were collected 8 weeks after the inoculation of anthers onto callus induction media. The values represent the mean of three independent
experiments. "'2,4-D; 2,4-Dichlorophenoxyacetic acid, ?NAA; a-naphthaleneacetic acid, ¥BA; benzyladenine, “KT; kinetin. NS; Not significant.

* xE EEx
o

different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Fig. 2. Callus induction from anther culture of P ginseng. (A)
callus derived from the medium containin 2 4 D1.0
mg/ ¢, (B) NAA 1.0mg/ ¢ and BA 0.1 mg/ C) 2,4-D
10mg/£ and BA 0.1mg/ ¢ and (D )24D10mg/€
and KT 0.1 mg/ ¢. Scale bar; 1 cm. 2,4-D; 2,4-
dichlorophenoxyacetic acid, NAA o- naphthaleneacetlc
acid, BA; benzyladenine, KT: kinetin.

< fEE 24-DE @02 UK wiR|7F v wiA] Hrh
A Eon, 24-D HEo] F7hs B4 fiol 243
l FFE UEpiITh
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indicates significant differences (p < 0.05, 0.01, 0.001, respectively) as revealed by One-way ANOVA. Different letters are significantly

e
Aeig AN G A § T F A
W) B4 R EABEON, 1 Ao Table 29} 2ok
sEE Pzt eI AN A5 B4EA ek
o, SRR AR eI A ZE s e

— v,

Table 2. Effect of hormones on embryogenesis from anther
culture of P ginseng.

Growth regulators mg/ €) Embryo formation Number of embryo

2,4-DV  BA? KT? rate (%) per callus
- - - 0.0+£0.0°™ 0.0=0.04
1.0 - - 4.7+1.1 6.0+2.7%
1.0 0.3 - 0.5+0.9¢ 1.0%0.0°
1.0 2.5 - 0.5%1.0° 2.0+1.0°
1.0 5.0 - 1.22.4% 2.0+0.0°
1.0 7.0 - 0.6x1.2° 2.0+0.0°
1.0 - 0.3 2.2+1.9° 3.5+1.8%
1.0 - 2.5 2.0+2.8° 2.3+1.9°
1.0 - 5.0 0.0%0.0¢ 0.0=0.0¢
1.0 - 7.0 0.0+0.0¢ 0.0+0.0¢

Data were collected 8 weeks after the inoculation of anthers on
embryo induction media. The values represent the mean of three
mdependent expenments Y2,4-D; 2,4- dlchlorophenoxyaceUc acid,
“BA; benzyladenine, *KT; kinetin. NS; not significant. """ indicates
5|gn|flcant differences (p < 0.05, 0.01, 0.001, respectively) as
revealed by One-way ANOVA. Different letters are significantly
different by Duncan’s Multiple Range Test (DMRT, p < 0.05).



Fig. 3. Induction of embryo from anther culture of P ginseng.
Embryos derived from the medium containing (A) 2,4-D
1.0mg/ ¢ and (B) 2,4-D 1.0mg/ ¢ and BAO3mg/€
Scale bar; 1 cm. 2 ,4-D; 2 ,4-dichlorophenoxyacetic acid,
KT, kinetin.
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3. HMAMIZu] 2ot Y A=A 57

T vle Al 7R T GAyE H7HE wolulx] e}
GA; 737} o]l 2dalslon, 4 F o do} o
ZARIETE 2 A3 GA; FAE] viA M= 11.4%2] Al
Alszal doke-S B3O, GA; H7F wiAleM = Tolgol
78.1% — 84.8%= x| thy] 7 wj o]} Z7I5IAT) (Fig 4A

=

=

(A)

Somatic embryo germination rate (%)

GA; (mg/f)

Fig. 4. Germmatnon of embryos from anther culture of P
ﬁlnseng ) comparison of embryo germination rates

ased on GA; concentration. (B) formation of shoots and
roots after 4 weeks of culture on germinaton media.
Scale bar; 1 cm. GA;; glbberelllc acid. NS; not significant.
" indicates significant differences (p < 0.05, 0.01,
0.001, respectively) as revealed by One-way ANOVA
Different letters are significantly different by Duncan'’s
Multiple Range Test (DMRT, p < 0.05).
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Fig. 5. Plantlet formation from anther culture and acclimatization
of P ginseng. (A) plantlet formation after 12 weeks of
culture on the growth media. (B) harvested in vitro grown
roots after 5 months of culture on elongation media. (C)
shoot sprouting after acclimatization. Scale bar; 1 cm.

and 4B). GA9] F=7} S71EE Wwolg-e dAl F716kd
Ot FAFCRE FolZAQl Alol= HolA] eFdTh.

4 SRMSH B U U5}
ol Azt AR A & F A%Ho 4

SIATH (Fig. 5A). Althui<F glo] ASuli=|ollA oF 5 714 o]
SRS W A= wslE AT o, ujA] oAl Bt
S FEeisiet], oks 7L e F Fo] ek P
ATt (Fig. 5B). 83 Hel= GAE AT & JE=Z o]
stom 20 7 5 16 7He] Byt Zolete] ZolE-2 80.0%
At} (Fig. 5C).

5. MEst A2H1Q] vied HA

FAIE7)E o]&ate] wolgh AlEst =49 wirdS A
Aaict. 2 A3 16 719 AREst A EAS tix AEAE =
T A4 ¥ 7= (flouorescence intensity)?} 2F 400 A
peaks RS tH(Fig. 6A and 6B).
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Fig. 6. Ploidy level analysis of the regenerated plants derived of anther culture using flow cytometry. Histogram fluorescence
intensity documenting the relative DNA content of the nuclear suspension from young leave of (A) regenerated plant and (B)

control plant.

R

2=
. F

A7] st ARgEE 2AuE 7o)t (Germana, 2011).
oF wjgell AF3] faiMe AEs sEES AF o
ALE-Sl= Aol F4Aolt} (Li et al, 2013; Qiao et al.,
2013). QI4te] ko 2 RE] AeAE fF=al7] 93] 7P ol
AREEE Sl TEES 24-D9} NAACIH, AR|EZ T T2
2 A3 A AR o, AE2e] fe] &Aool
2oL kTt (Lee et al., 2013).

2 AN Z2ES HUBHA Hj ol A= e 27t
FEEA] Fdtt. olelst A= Hol Qlake] of wiYg Al &
2R Hrle AR fxd T4E e4h7 Addn
(Table 1). oI A7 A9} YXHOZ Lee & (2009)> &
2 H7} glo] eite] oF ujollA 31.8%2] AHAE F=
st o] A5 AQlsta o Qs A AelM=
FaEo| Hrpt A2 fro 4 QAN (Zhang er
al.,, 2014; Kim et al., 2019).

Ao A FEES NAA 0.5 mg/ L < BA 0.1
mg/ £ 7} A7V wjR|ol A ohE wjH]e] H]Ete] foju]stA| B
U=, NAAE 2,4-Dol| BIste] A frmgo] Ay os
ZAgko] YAt (Table 1). 2,4-D 1.0mg/ L 2} BA 0.1
A7ret A FEolR o)A 83.8%2] 7 =2 A
FEgS YeSl=d, AlolE7]do] 7t ot <]
ztoli= AR Ut olef FAFSHA el S
o] &3 A28 fe AFolA 24-DE GECE 2.0 my/ L
— 40 mg/ L FH7EF viRIA 100%01] 77He- e FAJo)
HIFEAG (Kim ef al, 2019). o|H A7 Ao} tjzzoz
e} ZHEo] oF ujF AFolA NAAE A3 G344 Aes
% (Qiao et al, 2013; Blasco et al., 20152} BA 2
ALlEZIT A7t ofgh Aels fEg&o] F7PF HaEct
(Wang et al., 2018).

AY2 FEgI= g2A 2AY2 e S22 TR 5
Lo oJste] A zpol7 WA Al FEA] W &

oko
o

11O
AN
mg/ £
(e

o]k

=

=
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o] & Frhe Al A4 SARAR] Y 71HoH,
24-D7F NAARTH s =7] F7tel] a3 oIt (Fig.
2A and Fig. 2B). B3 BA®} KT 2 Alo|E71dR/9] H
7Fe A~ 3718 S7R1FHT (Fig. 2C and 2D). ©]9} &
AVl Lee & (2013)2 233 24-D9} BAE H7I3E A
o] Aelx A7]7F NAAHIA| &) Aol A7]ee Ioky By
gk ub Qloh

AYs e AYs 2718 1S9 o, 24D 1.0
mg/ £ 9 BA 0.1 mg/ £ & F7IsE AL FmulA| 7t Q14 oF
wj el 7HE A3het Aoz k)

A%t oF wigellA A2 FPEC] 60% olFoRE =9kd
Zde g2A v FHES 47% PR wjg- ukgitt
(Table 2). 3225 H7FHA] e8> WA oA = wf FAdo] A
& WA @9kt olek AR Kim & (2019)9] Al
Al B vl=te] A AE 2] HrbER] 92wl
Aol AFetdS o w7t FAEEA] Tk S & A
oA 24-DE THEo2 HUieh v FEujA|e] Ae=E X%
AL o), v FAEC] 47%= 7FF w=kem TP B 6.0
7He] v @do] SRIEUTH (Table 2 and Fig. 3A).

BAS} KTE H7ksh wjx]ellA 2.5 mg/ ¢ FE7H= KTE

A7Fek iAo v FE vie] FA ANFTE Bkeu Alel
E7Id 3229 il o3 v} Y45 S 1
AT} (Table 2 and Fig. 3B). ©]#3 A& Hol ¢lite]
of wiF Al Wi A A TEE £ 24D 1.0
mg/ £ o] TEAQ AMg-OoZ )
Hu (1997)y= °F v A SAF= o IS S7HI7IARL
Alo|E7IHe A2 498 Xt Bargh vt Qi o]
H A A iz or BEjRe] of Mg AeMe &
2#o] HrtEA] ¢k wiA AT w7 FEEASH 24-D
20 mg/ £ 9 BA 1.0 mg/ £ & 3 71 viR|Y vl f= &
&40] 7P =L SFTt (Eshaghi er al., 2015).

l
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ol gt AMae oF ik Al v fEo] A AL FEERE
t2m s 2hEe] AFAQl of uidS flEike A7 uiA|
A8 oAl gsliol T AlALgITE o] el Q1A oF Mg B
gk 2 EA] AlEske 4ufA] B P4 Ba =AY v §
23e HaE vl §IQlTt (Lee er al., 2009; Lee et al., 2013).

Ao R fFrE 14t Hle] HolE fJEiM = GA; AE
7} "Holglr dElA Uth (Zhang e al, 2014; Lee et
al, 2019). ¥ AFANNE FARE A7 ERIEA=T, GA;
A7VeHA] oL Wop R o= 11.4%2] Hl7} Zolat Ao
H|3le], GAsE 1.0 mg/ £ o 7S wix]eA = Holgo]
78.1% oo 2 FAHATH (Fig. 4). AT GA; sl 2
g Wolg Aol ERIERA] &okth. 2] A= fx
Qo] e FHdE ] o, o] FHS el
A= GA; A=Y Aexgrt deAeler At
(Choi et al., 1999).

Ao JAE A AEs AEAE =3kEo] m-
vk Holt}h Choi & (1998)2 AEsl AEAE EYoz o]
21319 uf, AEEC] 23% Esitial St GAE A
g F EF] olslS ME 3 59.6%% W T
oItk (Kim et al., 2013).

ZAwgo 2 FAE FEAE 1Y B9t =
o, FolE Zte F2 WE7F AdEed, o] BYE
olg3hd £3l&o] IdgHEThE APt HZol HuHo
(Kim et al., 2016¢c; Lee et al, 2021). |8} FAFSHA|, ¥
AN T oF vigS Sal] AAEE FAEAE 5] F
7 wF ol F2 HErt F4ERNSH (Fig. SA and 5B),
AL EYOE A AL uf, o2 80.0%= E3dTH
(Fig. 5C).

SR L TS wkeA] F ourheAe] IS B A
oM RIFEAJTE (Li et al, 2013; Wang et al., 2018; Lee
et al., 2022). Q14te] Afol= oF wjYgS Fsled A 4
29| =71 BE vb ) (Lee er al., 2009). A £
71e Al&siar Aglste] A Rl g 2eEe 77E
A& A Atk (Rebelo e al., 2022).

B A E FAE BA7)S o]gsle] oF
H ARt AEAe] wede AT L A3 16 719
AlEsh A=A e iz 2EA] Alolol] frojn]gh xjolg WS
F ATt (Fig. 6). BF ZHEolA] oF wjke g FAH Uk
= 31 A glole AAA R w7t vrAlE IS
ATHL 3T (Hoveida er al., 2017). ©]#3F AR Z Ho}
Ak oF wiko g FAE AlEst AEAS] I w7t v
A 7Fs/del Arkal T SEANE oF W ke A2
ZAAM A2rt FHE TFeAE JoBE vlE &8
F7HARQ1 A7F B g aitt.

2 AFers dake] oF widS o]&-3te] nie] WAt 2
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W] AR SRt e
o= YyE AR 42A9 SYHLIL DNA PHAE 8
A S Pk E, FAE B9 B4 Ak, 0A R
HjEAlS) BAE S Yk AT B ATE Y
QUi o Wil Wl Y AR 4EA] B w5} 2AL
QU of Ml B FHAYY HuA] Gy =27 7]
@ oz JgEh doze ATE FF 2 w2 YYE
[e)

32
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F| A%%S oF migste] 3HAE e sl o8 &
ehs Hl FHE & oot
AR =
B AtE sEIEHANN FHsE it $5aE XS
A3 & AEEAIME: PI01018702)2] A1) X Lo)
ofg] o]Foixl A= ofof TAL=HUL).
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