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Effect of Polyamines on Formation of Adventitious Roots, Trichomes and
Calli by NAA in Leaf Segment Cultures of Arabidopsis thaliana
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ABSTRACT In order to study the role of polyamines on the formation of adventitious roots, trichomes and calli, the
effects of putrescine, spermidine, spermine, cyclohexylamine (CHA) and methylglyoxal-bis(guanylhydrazone)
(MGBG) were investigated in the leaf segment cultures from ecotype Columbia of Arabidopsis thaliana. When the
leaf segments were cultured on the media for forming adventitious roots (0.1 mg/L NAA), trichomes (2.0 mg/L
NAA) and calli (10.0 mg/L NAA), and then each cultures was treated with 1-100 mg/L of putrescine, spermidine
ard spermine, respectively. On the adventitious root-forming medium treated with polyamines the trichomes were
irduced with adventitious roots. And on the trichome-forming medium with polyamines calli were induced with
tr chomes. In orther hand each cultures was treated with 1-100 mg/L of CHA and MGBQ, respectively. CHA
promoted adventitious roots on the medium for adventitious roots, was not effected on media for trichomes and
calli. MGBG inhibited adventitious roots, trichomes and calli in all cultures, and induced adventitious roots on
miedium for trichomes in high concentration.
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0.1mg/L NAA 2.0mg/L NAA 10.0mg/L NAA

Figure 1. Morphological observation on the effect of polyamines and polyaline
inhibitors on the formation of adventitious roots, trichomes and calli from the leaf
segments of Arabidopsis thaliana cultured on MS agar media supplemented with 0.1
mg/L, 2.0 mg/L and 10.0 mg/L NAA after 4 weeks of culture, respectively. A,
Control; B, 100 mg/L putrescine; C, 10 mg/L spermidine; D, 100 mg/L spermine; E,
100 mg/L CHA; F, 100 mg/L MGBG. CHA, cyclohexylamine; MGBG,
methylglyoxal-bis(guanylhydrazone).

of +gAHoE AHoe) e ACE F4H
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1988).

WNANe AEd 2oy BE9s
ANEE2A Ak Asiet 53 EAAET
o] AEZ Pol ol FHT gJom, HEH #
B3lo] st AEEE Ho] o]&Eo] g
ok 713t 2] AElEl Columbia' & ¢
AHE NAAZL @5 /8 MS
(Murashige and Skoog 1962) 7 &) z]o]l x|
st Arkdds RATT FARY,
=% Zyh) whd} B4 (trichome)d B
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Table 1. Effect of polyamines on the formation of adventitious roots, trichomes and calli from the leaf segments of Arabidopsis thaliana on
MS agar media supplemented with 0.1, 2.0 and 10.0 mg/L. NAA for 4 weeks of culture, respectively.

NAA (mg/L)
Polvamines 0.1 2.0 10.0
R T C R T C R T C
o j( mtrol +++ - - - +++ - - - +++
S 1 +H++ - - - ++ ++ - - +++
5 -+ - - - ++ ++ - - +++
Putrescine 10 +Ht - - - ++ ++ - - +H+
‘mz/L) 25 +++ + - - ++ ++ - - p—
50 +++ + - - + +++ - - +++
100 +++ + - - + +++ - - +++
o 1 +++ + - - ++ ++ - - +++
5 +++ + - - + ++ - - +++
Spermidine 10 +++ + - - + ++ - - +++
(mg/L) 25 ot - - - ++ ++ - - 4+
50 -+ - - - + ++ - - +++
100 +++ - - - + ++ - - +++
- ++++ - - ++ - - - +++
5 4+ - - ++ - - - +++
Spermine 10 ++++ - - +++ - - - +++
(mg/L) 25 o - - - 4+ + - - A+
50 +++ + - - ++ ++ - - +++
100 +++ + - + ++ - - +++
R: acventitious roots, T: Trichome, C: Callus.
++-+: Excellent, +++: Good, ++: Moderate, +: Rare, -: None.
Colurabia’ 2] 25 70% (v/v) ethanol3}+ 5% (v/v) NaOCl 4 o

S A (057 A4t MEe & FFFE 53 FAsG

25 A FAE AEARZREAT FobEA %S MS

T A 7F 20 mL A Eo] g+ 100 mL flaskol] =3}

2:41°C, 2,000 3% 29 oA 3~4% S4F T, o A

< b AgrE 439 MS R0 X4ske 23+1°C,

¢ AoflA wiokstth BE 432 Petri dish (9 cm) & 4~5
< ANS A UYL 53] EE At

SolyamineZ} Polyamine X{ajikj| &t A}

5T g g AL EA glol =] fated A2
+ 0.1 mg/L NAAE A3, 82 2.0 mg/L. NAA,
cdlusE 10.0 mg/L NAAE %43 MS 34 w9
p.trescine, spermidine ¥ spermine E2] polyamine
polyanine $44A8A)2] CHAS MGBGE 77+ 1, 5, 10,
25,50 2 100 mg/L 252 A3tk 2 Aol %
v ARG 457 Mg $, 7 Ay pelMe] R B

o
S YA Y4 R B FAT 2ot 20)E 2AT

Polyamine2| ¢ist

3423} 58 0 2T FHHE NAA 2 S 04
o patrescine, spermidine @ spermine 52} polyamine2
Z1zt e dH AFE9 polyamined| A= Az 32
ojvf Bgol FIRINIY T vl maE BAZ Aol
AMe Biol, 83 BE PAFAE deizrt EA=
vEbg o A A gAges Wbt gl (Table 1
Figure 1B, 1C, 1D). #4Z% d45E 552 0.1 mg/L
NAAA 25, 50, 100 mg/L putrescine, 1, 5, 10 mg/L
spermidine ¥ 50, 100 mg/L sperminedi|A] BAZ 71 ot
& FastHA Bgo] FAHUAT, 28T FAHE xR
2.0 mg/L NAA©|A putrescine®} spermidine #2779}
25, 50, 100 mg/L spermine X&)\ A B 27} A A
Heow, 1, 5 mg/L spermine Azt M= 283 T B
H30) FHATh T Aeaw FYHE R 100
mg/L NAASAE EE polyamine X2 FoME 219}
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Table

2. Effect of polyamine inhibitors on the formation of adventitious roots, trichomes and calli from the leaf segments of Arabidopsis

thaliana on MS agar media supplemented with 0.1, 2.0 or 10.0 mg/L NAA for 4 weeks of culture, respectively.

NAA (mg/L)
Polyamine
inhibitors 0.1 20 100
R T C T C R T C
Control +++ - - +++ - - - +++
1 4+ - - +++ - - - +++
CHA 5 +++ - - +++ - - - +++
(mg/L) 10 +++ - - +++ - - - +++
25 ++++ - - +++ - - - +++
50 ++++ - - +++ - - - +++
100 ++++ - - +++ - - - +++
1 ++++ - - +++ - - - +++
+H++ - - + - - -
MGBG 5 +++ +++
(mg/L) 10 +++ - - +++ - - - +++
25 ++ - - +++ - - - +++
50 ++ - - ++ - - - ++
100 + - - ++ - - - +
R: Adventitious roots, T: Trichome, C: Callus.
++++: Excelent, +++: Good, ++: Moderate, +: Rare, -: None.
14 6
2 12
s [ 5 F
@ £
@ 10 § .1
o S
e <
£ ° 5
o S 3 A
% [ b ) - —@~ Putresine
[ . utresm'e' % 5 b Q= Supermmidine
S 4 % O— Supermidine 0 - Spermine
- ~~fli— Spermine o
[ —}-CHA
S 2| —o—om r &-VGBG
5 —a— MGBG
-4 0 . . . . . . 0 A i i L L 1
0 1 5 10 25 50 100 0 1 5 10 25 50 100

Concentration (mg/L)

Figure 2. Effect of polyamines and polyaline inhibitors on the
number of adventitious roots from the leaf segments of Arabidopsis
thaliana on MS agar medium supplemented with 0.1 mg/L NAA
after 4 weeks of culture. Bars represent standard errors of five
replicates.
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polyamine &} BRL 4= spermine9] 1
me/L S EAN 7 3330l ol AHel o 11042 o)
Z3 (0.1 mg/L NAA) ¢F 7.6709) Hjsle] oF 45%,
putrescineZ 5 mg/Lo|A oF 41%, 123 spermidine 25

Concentration (mg/L)

Figure 3. Effect of polyamines and polyamline inhibitors on the
length of adventitious roots from the leaf segments of Arabidopsis
thaliana on MS agar medium supplemented with 0.1 mg/L. NAA for
4 weeks of culture. Bars represent standard errors of five replicates.

mg/Lol| A ¢k 39% Z7leld ot =x Sl wal Fa 7
239tk (Figure 2). T3k 2429 B Zo]<= putrescine
o] 5mg/L gEolA 71 AA Aste] ¢ 45cmE =7
3.8 cmol] )3l 2k 18 %, spermidineS 100 mg/LoNA] <F
6.6%, spermine> | mg/Lo|A 2F 10% AEZ th2Fd H]
st tha B2 Zolrt AUk (Figure 3).



CHA2} MGBGS| &t

w2 BE 2 AHAY FHEE NAA Z 559 A
«] CHA% MGBGE 7 =¥z AHjd 23, 50, 100
mg/L MGBGE HE@ & FATolMTt $AIFH BEol
E ¥ Aiy)l Jeldtt (Table 2; Figure 1E, 1F). CHA
JelE BE AT Aex FgATdME F st
A7, BAT FATAAE 25 mg/l ol FRelA FAL
4490] thi Z7lskych L2y MGBG A Al #82 84
LoAE 1,5 mg/L FEAA thRFol Hlgte FATol o
s Z7letg ot 25 mg/l ool syl Al&ak]
00 mg/Lo|AE ALl BAZo] AR gtrh Z& I
1o A= 50 mg/L o)A FxolA Ego] ZAashiA FAL
] EA FRENeH, A2 AT E MGBG 5% 5
1ol wheh A2 FATE tha A E ATt (Table 2).
sha, B AN g ek Aol gk CHAS
UGBGY 9FE 2AG 23 #42 4= CHA 55 SVt
] wg B2 7} A% F71ste 100 mg/L sEoAE
z 3ol v)ate] ok 43%7HA Bkoy MGBGE 1 mg/ll 5k
A= gzl ¥sle oF 36% A% R =7t St
ol whet A2 74238k 100 mg/Lo| A oF 50%74A] 74s)
Ack (Figure 2). £ F42e] Fa Dol 100 mg/l. CHA
4] oF 4.22 cm®E t)ETol| Histed < 33% Aoy
VIGBG A2Alole 557t Z71gl uheh H4ashr] ARt
4 100 mg/L A AellE 2o Higle] oF 67%7HA] &Sk
3 (Figure 3).
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Pclyamine-2 auxinol} cytokinind @ FiHol] we} 7]
ge] Bajo] [AFog Fojsl= o] o} 2344 oR #
A, BALT B2 FAA] I ) webd Aot
7 A 21} (Desai and Mehta 1985) o}2] w&H8] 43
A vk gk Auxin 11 FE 7kl o AL 2E R
B~ gl FoatA|gt olof #HoIshE polyamined] &
AA & dHA JX vk 2-E H7EY AEE
‘Columbia’ ¢ & FHL NAAS @=0F g o T
A whal B (0.1 me/l), RE (2.0 mgL) 2 BAX (10.0
ng/lL)7F FAEEE (Han et al. 1999) auxin FXo @& 7]
# A7} polyamined] ##HAS B3l o AT 4F A
gela Az ¥ polyamineo] o #3} 2| A4
x Q] 938k2- auxinol 93 AOE HoXW E Ay A=
solyamine 8] 98 Zdo] BAIL K& 9 A P42
RAog ZH3le 20 Yepyth
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= 292 ettt (Table 1; Figure 1). 34 @471
putresceine2 5 mg/L, spermidine 25, 50 mg/L =X
Yz7ET 242 84S 289 L spermine 1, 5, 10
mg/L EEolA BAT AL AR, gl o 29
7%= 100 mg/Le] putrescine} spermidine F-73 A
Z231} 0.1 mg/L )48 spermine-< A3 (Jeon et
al. 1998), CHA (Han and Jo 1994)1} MGBG (Han et al.
1994)¢} 7+& polyamine FAA Aol oJ3te] FAHZL FA4
o] ANE T =g AHAAE spermidine} spermine©]
putrescine B.ot 453 #AZL S FEA Aoz v
2o B 3} 24 FH we} A4 I Ak
polyamine®] £75% & ZoZ FAAch &%
Aol A putrescine#} spermine =7t FETE B
AL 2351901} spermidine > AFEolAd 24 A
A A0 Ko} polyamined| FH% w7t F3het A4
of HXE gio] EE ¢ & Utk BE FAFAME
ti# 2 polyamine?] ¥ Z7iol wtat B8 FAo] AsH
ma A A Ao Z7}E UL, spermined] A5 10, 25
mg/L FEME ZE A4S F7HALY T S ®
g} 8ol ZAasiEA Aart FUHEAE, ol BT
Q7o NAA 5EE Z7M719 2AT0) ass B
£o] Z71612, B4 Q470 NAA ¥EF S/MI71E
mgo] Zasin Azt Z7le s A0E wRol
(Han et al. 1999) polyamineo] o= 44 FLoxs F&3
©F NAA 55 Z719} fAe 235 vepd o= vyt
t}. E3] putrescine} spermidined] H|3}o] FEo
spermine©] A2~ FAL Z7HAZ AOR wFo] NAAY
48 Eole A= polyamine®] FH Frol wet o
e ¢ T U

&3 polyamine A8 #12] CHASF MGBG A2/
Z 8474 CHAE 25 mg/L o|AollA AL 3
2772, MGBGE 1, 5 mg/L AgZox F4L
Z7Z oY FErt St whEt RS 34

t} (Table 2; Figure 1). B£3F 24 34y A
A CHAE 2 9%°] gle W MGBGE
Ae)~ FAT BE 50, 100 mg/L ZEEoNA
42 Asstdtk ol#d MGBG A2 Al &
Friedman = (1985)°]1} Shyrg} Kao (1985)2] =% 3=
A48l Azt fAEISI MGBGE $5 2719 wet 28
F A2 FAL AEtr 50, 100 mg/L FEAME B4
A e} A RAIES AT, ol A= A
FATET NAA 352 7ZaA7d Asiirt ZasiiA
wgo] Z71aT B8 BATUT NAA SEE 4aA7E
A ol ZastEA FAT0 27k sk A0E
2o} (Han et al. 1999) MGBG¥= oj= 4% % o]AbolA]
polyamine A& ZHAA A REHOZ NAA FEE A
2 R} FARE 245 JEd AR Btk
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794 polyamine S7HA) B GA oA F 20
A REo) YAE T TE AP s Ego] Zh
F NN

2
WA Wel2sh §48 Aol Tz MGBGYL #32,
a
[5
3|

=

% el BEE AARL BE BTN BEE o

& AN A& 717 234 polyamine 9
3l

1
r_ﬂ&l-

) spermidine AT 2)#|3le 7)Z<) spermidinec)
decarboxylated SAM9l| ¢]3le] spermine©] o= A% AYA
g 4 9l Aol ulsled (Smith 1985) MGBGE SAMY] tf
Aol 2k 549 SAMDCY 848 Ao zH
spermidine & spermine A2 FAlo| X33t polyamine
o] gheklol] G3S IA vF] WEY Ao FHHET.

olatel Ay At F2& F3la o713 I HHel gL
o} NAA 5% F7i g RAL, B8 2 s P49
polyaminee] BE2Zo 7 NAAY A4S tiAshs 7R
UeR) polyamine ) Z71= NAAS 27t 238 VM4 oY
MGBGS$} 72+ polyamine gH4A|siAl= NAAS) 74 a3}
g 71" & A2 Yepdth § polyamines ¥4 4T
oA BES Z7HAF| I BE FAToA AeaE APNA
o, polyamine Asj#]¢] MGBGE ¥4, B8 9 A

T2 A7 B3 BE AN E &S ZAaAT
A BAZE HAEA A 3 ASE un|Fo] polyamine
BAZol Bl 54 waiyto] ohal £33l o= A
Fodah= AL 2 Jelgth T18|E 2 polyamined s
auxine] ¢j3led =¥ 718 F4E 337l H HEFE
A €37 (Hausman et al. 1995) auxin®) 422 o ¥ <t
oA BEHOZ JAAY auxing] EHE ZHIE AL
2 ZA9ch I8y polyamine©] auxin®) 248 A3 A
T £9el7)E o) H$RE &% F ] o] AFEo ok
RoF Aagrh

K rlo (& |d

=

e rg

=)

o 71Z (Arabidopsis thaliana) 4e1% ‘Columbia’ ¢ &
Ao oaeA $A2, 2E 2 Az gy oA
polyamine®] ¢&-& YolE A} putrescine, spermidine,
spermine, cyclohexylamine (CHA) ¥ methylglyoxal-
bis(guanylhydrazone) (MGBG)9] ¥3FS ZARIATE of7]
) 9 AHg FADZ (0.1 mg/l NAA), 2§ (2.0 mg/L
NAA) 2 A&A (10.0 mg/L NAAYE BAsk= MS A z+
Ztoll putrescine, spermidine @ spermineS- 1~100 mg/L
]34t Polyamine AgA] FAZ AT FAD
3 37 Zgo] YAHNoY, B8 YAFIME B F

7 A2 FAEAT 3 CHAS MGBGE 1~100
mg/L HYoA] Mejgh A3 CHAw FH2 FArddA o
& FA ) ZTMIF LY Bgoly Arx FA P+
S uAA) ekgith MGBGE $4& 28 2 AA B

|

)
AR AL BE FATANNE LgEdA FHILS 44
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