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Abstract - The in vitro organogenesis is one of important issues in plant embryology, and somaclonal variations are existing
in calli and/or regenerants induced from a process of the organogenesis with in vitro circumstances. In this study,
expressions of organogenesis-related genes were evaluated and genetic stability of regenerants derived from the process of
in vitro organogenesis were measured using ISSR markers in Imperata cylindrica ‘Rubra’, Poaceae. The expressions of
organogenesis-related genes were detected all of regenerants at the process of the organogenesis. All ISSR markers
produced with an average of 71 bands per in vitro-cultured regenerants, and the scorable bands were varied from two to eight
with an average of 5.14 bands per a primer. The polymorphism rates of the in vitro regenerants were higher than that of
mother plants (1.4%), showing 4.1% (pot-cultured regenerants), 4.3% (field-cultured regenerants), 4.2% (in vitro-cultured
regenerants), 5.6% (calli with green shoots) and 1.4% (calli), respectively. The genetic similarity matrix (GSM) among all
accessions ranged from 0.747 to 1.0 with a mean of 0.868. GSM of the regenerants showed differences (from 0.972 to 1.00)
compared with that of mother plants (0.991). According to the clustering analysis, two independent groups were divided
into; the one is mother plants and regenerants cultured at room and open field, the other is regenerants cultured in vitro. The
results give a new insight for understanding the dynamics of organogenesis in monocot plant.
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Fig. 1. Fifteen individual plant-materials used in reverse transcriptase-polymerase chain reaction (RT-PCR) of organogenesis-related
genes in Imperata cylindrica ‘Rubra’. “A: Mother plants; B: Calli; C: Calli with adventitious roots; D: Calli with shoots; E:

Regenerants with green. *Bars represent 10 mm, respectively.
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Fig. 2. Twenty one individual plant-materials used in ISSR analysis of Imperata cylindrica ‘Rubra’. “A: Mother plants (control); B:
Green-regenerants cultivated at culture room; C: Green-regenerants cultivated at field condition; D: /n vitro regenerants with red
shoots; E: Calli with green shoots; F: Calli with red shoots; G: Calli only. *Bars represent 10 mm, respectively.
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712835} 7 -8 A A} Reverse transcriptase—polymerase
chain reaction (RT-PCR)

7|23} 4 §-AR}= NCBI (National Center for Bio—
technology Information; NCBI)oA] E-A15F & MacrogenAl
(Korea)of| ©]|5}o] primerE 3HJ3I3itt.

RNA 25! RNAZ 22317] $J3to] 44] 22 40
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SuperScriptTM IV First—Strand Synthesis System (Thermo
Fishrer) wi+&o]l whe} cDNAE $H433F3itt, 553 cDNA=
Nanodrop Spectrophotometer (Thermo Fisher Scientific,
Netherlands) 2 =5 =245}0] 50 ng/pl2 3|48,
1.5%2] agarose gelol| A 27| g-55to] HES E1sHql.
RT-PCR ¥ $EAME 3911 PCRS PCR Master Mix Kit
(Promega Co., Madison, WI, USA)E o]&3}o] 43§5}911L, At
-8-%! primer<= Table 10]4]€} o] 733t el F-AAE o
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gDNA= 21542 9] £-915 CTAB W' (Fang et al., 1992)
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£ 3FI5}al, Nanodrop Spectrophotometer (Thermo Fisher
Scientific, Netherlands)®2 xS 2743t} HEerl 50
g/l S

ISSR 242 2187[19] ISSR Z&}o| W (UBC primer Set No,
9, University of British Columbia, Canada)& ojJu]A1%] & Wi
E7} g3t 14719 eto|m S Adste] ISSR #4of o8-}
%AcHTable 1), PCR ¥hg-9H-2 23 DNA 50 ng/uL, 2X PCR
Premix (Lugen™), 10 pmol Z2}o]H& & 20 yL& E3}5}o]
ARE-5HTE, PCR HES-2 Gene Amp 2700 (Applied Biosystem)
2 Ag3le] 0470 557 27] WA T 04ColA 452
7} denaturation, 52°C0)| A 4527} annealing, 72°C o)A 90z
7k extension TS 403] 4235 - XFH O 2 72T o)A TH
TMSAIZ] T ERFT, PORO| B T ZEAME 15 41
£ RedSafe Nucleic Acid Staining Solution 20,000X (Intron

Table 1. Sequences of oligonucleotide primers used for RT-PCR analysis of regeneration and dedifferentiation related genes in the

Imperata cylindrica ‘Rubra’

Gene name Sequence (5’-3%) Function at organogenesis Gene accession No.
RAP2-4(WINDI1)-F  AAGGCCAGAAAGGGTTGTTT Explants/Callus development XMO015770385
RAP2-4(WIND1)-R AAAAGGGGTGCTTTTTGGAT
FIE-F CATTCGGGTCATCAACTGTG Callus development AY456262
FIE-R CTCCTGCTCCAGCAAAAATC
OsSCR-F GCCACTCCCTCTACGATGTC Root development AB180961
OsSCR-R CTCGCTGTAACTCGCATCAA
WoXi1-F GTGCTCTTCTTCCAGCCAAC Root development XMO015790233
WOX11-R ATCTGATCCAACGGACAAGG
WUS-F TTCCACTCTTCCCAGTCGTC  Shoot regeneration/Somatic embryogenesis ~ XMO015779885
WUS-R AAGTTGTGCTGCTGCAAATG
BBMI-F TCTCGTGGTGCATCCAAATA Somatic embryogenesis XMO015780067
BBMI-R GCTCATGTCGAAGTTGGTGA
SERKI-F CTCCAACTCCTGTGCAGTCA Somatic embryogenesis AB188247
SERKI-R CAGCAGGCACATCAAAGAAA
LECIB-F GTACTACGGCGGGATGTACG Somatic embryogenesis AY062184
LECIB-R ATCTGCATGCGATACGTGTG
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Biotechnology, Inc,)E #1713t 1,2% agarose gel©]| loading3}
o] A719%(50V, 605)3t T2 GelDoc (GDS200D, Korea)S-
ARgste] 20 WHES SRISHITHLee et al., 2023b).
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ISSRE: SLATE DNA ML PR o) 1468 ol gto] M § -
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(Average linkage method) &2 352418 5}
A]2]+= SPSS V.12 (SPSS Inc,, USA)E o]-&
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off EAsRATE. Al Aot 9 A A T AR wus
oA &= 157]18] AlEA ol A B Eskglon, ZF Ae]tE =

H|SRk e MES A she A Selstqint. A4l Ty

AR LECIB= 157 AlE Aol A B dlshglaL, 2 A2
T HlSRE HFeR v ofshA WETE FAEHIL
100~300 bpell EA3}3ict,

7| Esel BE fAe) wEiste] AN zuAy B
O M7} 2) BFE-S. BRMI, SERKI, LECIB MEA 377 oA Bl
a1 (Hu et al, 2005; Lee et al,, 2003; Lewis et al., 2010;
Luo et al,, 2000; Nic—Can et al,, 2013; Ouakfaoui et al,
2010), SERK (Lewis et al., 2010; Nic—Can et al., 2013), WUS
(Gallois et al, 2004; Nic—Can et al., 2013)= AlZE3}o]| =
Holohs Aoz Huwleh, 2Esl A2l Aeloie
FIE, RAP2—4 (WINDD) 52347} ot Ao HiE gl on
(Iwase et al., 2013b), WUS (Gallois et al., 2004; Hans et al.,
2014)= A EA 2 AH A+AZGEA|, OsSCR (Kamiya et
al., 2003; Rebouillat et al, 2009), WOXII (Cheng et al.,
2018; Zhao et al,, 2009)- | A+FA A A HILE| AL 9]
o}, ek 2 At ERa) AlREst Y B RS}
oF Tsto] 7| TS} Sol A o2 WHsA] ofal A ARt
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Fig. 3. Electrophoresis profiles of reverse transcriptase-
polymerase chain reaction (RT-PCR) products produced by
organogenesis-related genes in plan-materials of the Imperata
cylindrica ‘Rubra’. Sequences of 8 oligonucleotide primers
were shown in Table 1 and plant-materials were in Fig. 1
(“Lane M: 100 DNA marker, Lanes A: Mother plants; B: Calli;
C: Calli with adventitious roots; D: Calli with shoots; E:
Regenerants with green; F: Negative control).
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ISSREAof] h2 7]k 5} A W AjRshA 2] DNA e
P4
5} ) RS AolH Al 37} AyRs
A 2R A A, 7ok AR
(=a0) AlgA] S, 54 A7 B A A A, A
A7k g Aes ), AdA ShA|, 1o gaTe
BAER A, % 20041 KRR slo] AEAo] & 147
o] ISSR Ze}o| g Asle] EAISIATH Table 2, Fig, 4).
ISSR B4 27, o2 371A0] A W= S 24 37)(UBC
824, UBC 853, UBC 866)°f|4] &1L 77](UBC 810, UBC 843,
UBC 847) 8 Ijoln] 23 W WS - 5, 1470900k, 1
) metolul(UBC 85494 172] TF Y Wew mejolujg

2

UBC 810
bp M At B C

J

S

S

0.07707} A<=tk Table 2, Fig. 4).

AUA ] AR} =2 Al Ao A e 4= 2] 37](UBC
824, UBCS53, UBC 866)0l| 4] X1l 87](UBC 843) & 3 Zzfo]
o 231 5.28709.01, o g HlE == A 07](UBC 810,
UBC 813, UBC 815, UBC 824, UBC 826, UBC 847, UBC 848,
UBC 853, UBC 857, UBC 862, UBC 866, UBC 889)°]|A] %1
27}(UBC 843) %It} 271 Zato|w](UBC 843, UBC 854) 0] 4] 371
o] thg/d e zeto|uied 0,217]7} & UTHTable 2,
Fig, 4),

LR A 2R3t =4 AlEA oA E 4= 2] 4] 27§(UBC
824)0l| 4] 31 77H(UBC 843, UBC 847) & 3 Zajo]w 23
4937|190, thEA W= 4~= Z#] 07]}(UBC 810, UBC 813,

UBC 857

UBC 899

Fig. 4. ISSR electrophoresis profiles of 21 individual accessions of Imperata cylindrica ‘Rubra’. Amplification products were
separated on 1.2% agarose gels in 1XTAE buffer and photographed using gel documentation system (Bio-rad, USA). Lane M: 1kb
ladder marker, Lanes A: Mother plants, B: Regenerants cultivated at culture room, C: Regenerants cultivated at field condition, D: In
vitro regenerants with red plants, E: Calli with green shoots, F: Calli with red shoots, G: Calli. All the primer names were Included
in Table 1.
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UBC 826, UBC 843, UBC 848, UBC 853, UBC 854, UBC 857,
UBC 862, UBC 866, UBC 889)0l|A] 21 17}(UBC 815, UBC
824, UBC 847)%it}. 371 Zeto]n|(UBC 815, UBC 824, UBC
84704 37119] T A W= Zefolm 0, 217171 HEE 3
CtHTable 2, Fig. 4).

71l S (M) AlEAA ME = 24 27)(UBC
824)0l| A 2|11 87]|(UBC 847) & 3t Zato|m 23H 5. 077092
o], Tk A Wle 4= 7] 07§(UBC 810, UBC 813, UBC 815,
UBC 824, UBC 826, UBC 843, UBC 847, UBC 848, UBC 854,
UBC 857, UBC 866, UBC 889)9l|4 2|11 27 (UBC 862) %It} 2
7l 2o (UBC 853, UBC 862)0l|4] 37119] thalAd Wic 2 =
gro|He 0. 21717} AEE QI tHTable 2, Fig, 4).

A A7 EgRE AR Ao A= WHE 4= 2] 27H(UBC
824, UBC 853)0]| 4 211 87 (UBC 810, UBC 857) & &} Zz}o]
o &35 14709100, Ty A wie S== 22 07}(UBC 810,
UBC 813, UBC 824, UBC 826, UBC 843, UBC 847, UBC 848,
UBC 853, UBC 854, UBC 862, UBC 866)°l|A] ZaL 27](UBC
857)¢It}. 371 Zeto|m(UBC 815, UBC 857, UBC 889)0]| 4] 471
o] t}g A Wit 2 Zatolwet 0297071 A& T Table 2,
Fig. 4).

A Az 7} dAgst Aol b= e = 24 271(UBC
824, UBC 853)0]|A] |11 87](UBC 810, UBC 847) & 3} Za}o]n
zshjgg 007Hod ou:] 1:]-65/\4 Hjc= 7—17\5111 oLo]— (Table 2,
Fig, 4),

A Ao A= M= 4= 2]7] 27](UBC 824, UBC 853)0]14]
3 87H (UBC 847)& 3t Zato|t] 2314 937§, s
A AlE 4= 2] 07)(UBC 810, UBC 813, UBC 815, UBC 824,
UBC 843, UBC 847, UBC 848, UBC 853, UBC 854, UBC 857,
UBC 862, UBC 866, UBC 889)°l|A4] |1t 17}(UBC 826) %t} 1
7 Zeto|u{(UBC 826)0ll4] 1719] thdd W= Zefolugd
0.07717} A<&E % tHTable 2, Fig. 4).

oAk} Zro] 9 A thE Al | S-O A5} HhAY ELo) v xjE
S 9 w3 RS EZE A A EA] 4.1%, =A] A4
A 4.3%, 7| el B0 (A A=A 4.2%, =242 WA A
A 5.6%, AT 1.4%)0) A t)Z2TLe] MAJEA| (1.4%)H Tt
LAY A ebton], AMalz A e 0,0%2 i
TETE A UEsiTh

o]&st A¥}= 2<<>(Ramakrishnan et a/,, 2014), B Lt
ARSI (Ray et al,, 2006), 3,1%~4.1%2] Z1] HE3H) (Kang
et al., 2021) o)X e} AR oke H et AEskA oA KA

AepAe] 71Eeh we

J

S

Az} 9Ha 3} ISSRo)| 74kt G412 oA

T

A E Mool #& olfrZe AgEE=E A2 (Garcia
et al, 2019)} =X QF= T} 7|87 (Bednarek and Renata,
9020: Goh et al., 2011; Ramakrishnan ef al., 2014) S0]| 7]2]
SRS R AlmE, JHE FA Ao AESHA) 17% (Ryu
et al., 2013) BT} ko Ank2 A Zx}0] thoFsl 8-/ w7
R T

gt A AR FAE FAE 4

2 9170A| 7Fe] SA A QANE R]4== 2|4 0. 747(5W 7} 13H
/AR AR A Al A 2 A Az Y e s 1)
oflAf Z[d} 1,000 (1:12} 2%, TR} 9R 9f) Afo] = 217]AZE
A AL Z|4=0] B 0.8680]%ch BAEA 7F S-A 7
AR A9z 0,991, AR AfEeh =4 A2 A 7H0.973,
SR AR A2t =4 AlEA] 710,981, Z1UfEieF S Al
740,972, =M Al WA AT A 7H0,972, ZA Al HhA Y
2 711,000, A2 71 0,9900.2 YERGTHTable 3),

ol ot ©AME S|l Fe AC R Kang et al,
(2021)0] HI1h 22 AFoll A iRt =4 A3} Aol A
Hrhs ok W) ekt Aafolth E5k AREAIRR 2
(Aversano et al, 2009; Liu et al, 2011) ¥ ZHo] Ay}
(Vijayan et al., 2015)Rth= W2 Axjo|c},

71823} 9AE A E3A o S EA

ISSR H}A HHE QFARS: 7|HEo 2 oA H(Average linkage
method) &2 3] B4I8F Ail(Fig, 5), LE A= FAE A
4>0,809~1,000 ol #-23F3Th F-44] FARE Z]4= 0.8090]]
A 27 AEe® FAE e, RAEA(1~35) 2} Al
(4~6%1), =R A At M AZA| (T~9/) 7L oA LEst
EJQUaL, 71l $91 Zw AEA|(10~127), =4 AlZ(18~
158), ZAAZ U A A(16~18H), A A19~218) 7} &5
Sk 5 FAA FARE A9 0.8690014 = 719] T1E 0= Al
sp=i9ie)

ool Kt o] RS 5 A EAE sHACE f
e AL AgxAEd Heu 543 7|2 (Bednarek and
Renata, 2020; Garcia et al,, 2019; Goh et al,, 2011, Ramak —
rishnan et al,, 2014) Sof T2 Ho| 9] ZZof 7|25t Ao =2
Al =} E3SF 7[R Aversano et al, 2009), 24>(Ra—
makrishnan et al., 2014), Innula AE4|(Amin et a/,, 2018)
PR IS A A R 1 2

2 Ry Zuieks t2 Axolrt
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Fig. 5. Dendrogram illustrating genetic relationships among 21 accessions of in vitro cultured Imperata cylindrica ‘Rubra’ generated
by cluster analysis with average linkage method. “1-3: Mother plants, 4-6: Regenerants cultivated at culture room, 7-9: Regenerants
cultivated at field condition, 10-12: in vitro regenerants of red plant, 13-15: Calli with green shoots, 16-18: Calli with red shoots,

19-21: Calli, *Genetic distance.
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