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Introduction

There has been no information on osmoregulating
compaounds in sago palm even though sago palm can
grow in brackish water areas. Among osmoregulating
compounds proline (Pro) and glycinebetaine (GB)
are familiar in plants and microorganisms. Pro is an
important free amino acid in plants and is induced
very much under the salt-stressed condition, result-

ing in accurmnulation of Pro in cytoplasm (Stewart

#Sago Industries Limited, Port Moresby, Papua New Guinea

and Lee, 1974). On the other hand, GB forms an
inner salt with a quaternary ammonium group and a
carboxyl group and has the function of acceleration
of DNA transfer and reproduction as well as of
controlling the inside pressure of the cell against the
outside pressure (Nishimura et al., 2001a). T'o make
a balance of the osmotic potential between the cyto-
plasm and the vacuole GB accumulates in the cyto-
plasm (Storey et al., 1977) and remains fairly con-
stant throughout the plant growing season.
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Table 1 Pro and GB concentrations in sago palms
Species Common Pro GB Pro/GB Literature
name mmol kg™ DW
Leaf sample
Metroxylon sagu wild 92 sago 12 15 0.80 this study
Metroxylon sagu semi-wild 83 sago 36 nd — this study
Metroxylon salomonense 1-1 sago 290 4.3 67 this study
Metroxvion salomonense 1-2 sago 260 2.6 100 this study
Spartina alternifiora 11* 130* 0.0077  Cavalieri
4.3* 110* 0.039 and Huang (1981)
Spartina anglica 3.01* 49* 0.063 Mulholland and Otte (2001)
Root sample

Metroxylon sagu wild 96 sago 70 4.0 18 this study

*[F'W bases

The objective of this study is to determine GB,
Pro and Pro/GB ratio in sago palm in comparison
with those of other halophytes (salt-tolerant plants).

Materials and Methods

1) Sago palm samples

Sago palm seedlings were collected from Papua
New Guinea in Oct. of 2001 and are growing in a
temperature-conditioned room of green house with
an agricultural heating system, which can control
more than 25°C. There is no salt-stressed condition.
Fresh leaf and root samples were taken from the
seedlings with several leaves (7 months after germi-
nation).
2) Extraction of osmoregulating compounds
from sago palm samples

About 1 g of fresh samples was extracted with 5
mL water in a 10 mL glass tube in 80°C water bath
for 20 min. After cooling, the supernatant was filtered
with 0.22 um Milipore filter. To 0.2 mL of filtrate,
0.05 mL of 500 mmol L-! sodium dihydrogen phos-
phate solution (filtered through 0.45 um Milipore
filter) including 0.25 mmol L' benzylamine (BA)
solution as an internal standard were added (Nishi-
mura et al., 2001b).
3) Determination of osmoregulating com-
pounds in sago palm samples

The osmoregulating compounds were determined

by capillary electrophoresis (Waters Quanta 4000E).
It was used with a fused-silica capillary of 75 gm in
diameter, total length of 75.5 cm (effective length
68 cm) at 25°C. The samples were injected in the
hydrostatic mode. Applied potential was 25 kV. Peaks
of the samples were monitored at 185 nm with posi-
tive power supply by direct UV method. A hundred
mmol L' sodium dihydrogen phosphate solution
at pH 2.3 was used as electrolyte solution. Pro and
GB were determined by calibration curves with good
linearity.

Results

The concentration and composition of osmoregu-
lating compounds in leaf and root samples of sago
palm are shown in Table . The great difference of
Pro concentrations between the wild and semi-wild
type of Meteroxylon sagu was indicated. Relatively
low concentration of GB was observed in the wild
type and semi-wild type of Metroxylon sagu. The
Pro concentrations of Metroxylon salomonense were
at least 7 fold higher than those of Metroxylon sagu
and other halophytes. However, the GB concentra-
tion of Metroxylon salomonense was markidly lower
than those of Metroxylon sagu. The Pro/GB ratios of
all of the samples varied from 0.80 to 100.

GB concentrations in sago palms were lower than
those of other halophytes (Cavalieri and Huang,
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1981; Mulholland and Otte, 2001).

Meanwhile, the root sample of wild type of
Metroxylon sagu gave higher concentration of Pro
and lower concentration of GB than those of the leaf

samples.

Discussion

Sago palms can grow in the brackish areas con-

1 EnaEE

tinuously affected by sea water. High concentration
of salt in water gives a stress to sago palms with
respect to osmotic pressure. Sago palms may induce
Pro under salt stress. It should be required to try a
growing experiment of sago under the different salt
condition.
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Table 1 Research sites and plant materials in Micronesia.

Research site Lat. and long. Alt. {m) Sample Vernacular name

Moen 7°26°N 151°51°E 25 MON-1 Foun riipwung

25 MON-2 Foun riipwung

Uman 718N 151°533°E 40 UMN-1 Foun ripwung
Pohnpei 6°54'N 158°17°E 15 PNI-1 Oahs (Ohs)
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Table 2 Morphological characteristics indicating plant tvpe of M. amicarum.

Sample Plant ht. Inflores-cence T'runk Diam. Leaf !,ear' scar Leaf
(m) Igth. (m) lgth, (m) {cm) scar no. int. (cm) no."

MON-1 19.30 3,73 8.85 50.0 34 25.3 18 (2)

MON-2 10,95 3.55 7.40 54.1 40 18.1 18 (1)

UMN-1 20.69 1.56 14.00 34.6 78 17.7 12 (2)
PNI-1 16.20 2.34 12.60 40.8 79 15.8 17 (0)
Mean 16.79 2.80 10.71 44.9 57.8 192 16.3

Y Numerals in the parenthesis are dead leaf number.

Table 3 Starch and sugar yield and their components of M. amicarum.

Sample Pith f.w./U. DM. Y Pith d.w./ Starc.h cont. Suga.r cont.  Starch vield  Sugar yield
cube (gfcm?) of pith trunk (kg) of pith (%) of pith (%) {kg) (kg)
MON-I1 0.779 20.0 236.1 41.0 10.3 96.8 243
MON-2 0.794 14.6 182.6 51.0 10.0 93.1 18.3
UMN-1 0.813 12.3 174.7 21.0 7.7 36.7 13.5
PNI-] 0.789 16.9 208.3 42.3 12.0 88.1 25.0
Mean 0.794 16.0 200.4 38.8 10.0 78.7 20.3

RYMNTH B,

EICE

AL, BB EEF25mo, BRLAY Y IHIR
HOFPEHABRE LICVILTWS, BRIy o0/
REOWF %4 B, it lTthy, LRos
{Easiz b A LD Shhy, EEHI R T, A%
Inceptisols Téhd., PATEAT- ol BTN CMl
KRLTHY, ZOFHEOEBEEKIDT 5000 mm (2iET 5
LRI L T,

T B

AL, BEBIZ 40em UL, EREBO
E—HEAAE L, MTINCEEEEL T b, —3i
REEFHHRLTWIEIAEH 5. 25 B MR
BB, LBORBIERIT, PR 10 em BEEL
KE#., L, BEEEEoSRETH Y, BiE
HHRITEH D I &0 o BRIBIRE R LB I TH B &
HEE ARG, RTINS OKRSHS RIS TV5,
B EELE Inceptisols X3R5,

Rt B
FIAHEIZ, B 15 m RIEO LR AR OB
L, Uman O & FEEINEROT CINISZHBL TV 5,

RO S 50 om BIE, WA 1 mBESHLEZ
HHPEsNg, Hrogisawmd, Bt o 2 A0
W Ehh, REOBEERIIIRNEATVE I LN
FAOLIROERBME» SWETE 5, MEO—HIIE
BEHREAMENTND, LEOTRRKMKREEH T OE
(BwviifiEsns, IBEIRAOMILDOEAT In-
ceptisols IZMHEN S,

(2) #A

LY BTIEERCSLE LT T oANREZ DD Z 7
i &40 AR USS2) LANERFIE L RIBH S (1 4
US25¢) & LTOAIMBETH S, W e 0ldL
AERTORETCHDRTWS L WbRLIEEBHETY
FLRBSR T4, REHVERE &H & LTRED
ARSI BREBL LTV EOPERTH L. —),
BN T, ERNASIVDTFTIAT
b— & v LR G VTR HENGE & {5 7 BRI & 40
B flibhTwad, bl BryRAIBCE =L T 4H
)= EIEN WO ERLE TRSOME & LTHAILT
VA (USS4~ 12 DREDTE W),

HARBG e Y BT 607 7 I TD
iz ddhoid, BAETCHThOMBTLT 7>
DFAEAR SR,



84 11 EiEAYEE

(3) 4E4sE

AIFIETNEELL 039 mm B, EEA{SAN 20
W7 4 VERAT48.7 pgfom? LA, HEBRDEhtAE K
KW D EARChH 7. F70, REUIEEH L
OB LA ST 5 HATER e k& (B
5.

— °

MO ENE Metroxylon MO W TKIED M. salomo-
nense R M. sagu EHNXTHREVWH(E2K), V7 X
TNt B M. salomonense X2 M. warburgii & FlERL
SR L 7 v T BRI T Y T R
I3 Ao 7288, SR 10% & s -
72 (% 3 #).

Ty T EREY OFTEREEE 1) Caryota urens D H D H IV AFHE

FRHE TERLD - IO4y

DL RERB R RERRE - BIETFHFRL Y 5 -
W34 A5 o 70T — AP S

Molecular breeding of starch accumulative palms (I):

Callus induction from leaves of Caryota urens

Shinjiro OGITA!? and Yube YAMAGUCHIY

DResearch and Education Center for Genetic Information, Nara Institute of Science and Technology,

DResearch Association for Biotechnology

1. HL®IC

T ORHIR S AW, 3R O S BT T O
P A S R E TR ST L TR Y, BT
FCIIH 3800 EATFER ST A, SR SO PCHIEIC
FrTrrERT Y VRSBmO RATBY, EELY
D e LTk Arenga, Caryota, Eugeissona, Corypha 1
LU Metroxylon @ 5 BAFETbNE, #iiiHicB W
T, Fr7epiiEn, EKEMFY 7 ELTH
MahTwd, T4, BEHVT Y EEEINER &
h, THEERE L TOMBERAPHFIATWE, #lz
Y s 70D na— VERIZEA2HMCET AL
FLTOFHLIHEZON TS, Y IihoFoR]
- TERFELLTORT O v bid, KEfifpoh
THEOTEHCHER LWL OTH Y, FHBeAyIcFHHT
R4 AW RIEE L CTIRF I BERE,

Hobid, VYoo RELRIEGED o4 MRt
N=F 2 7 EERERBICRMT 572002, #8 - H
SR 2 WA ORBBEW OTSL, 253 TFEHR
PR EIGH L7 TR T 7 HEREYT &) O&iE
FRHELAZ & B RFIBBRWARGFOMEE BIEL T

5. KR T, ERPEMT Y 7o PRIBERICEN
HEVIIIERE LTHEASNZ 0O, BIIABRELE
- BREOFREFERTOWRWY VHIPO—TTH S
Caryota urens (¥ ¥ % 7 ¥ ) 2owC, BIELX COW%E
ERRIR T 5.

L BAFEE, T 14 4ERE HARZEAHRAELY 34
FHRFFEBN I TRFIH ST AR AR BB O T AEL B
O I-H DT HIELWOWEM: Application of Molecu-
lar Breeding for Sustainable Development of New Tropical
Bio-resourcesy O—ITIF-o> T\ 5,

2, HHEOFDH

e adEd 5128729, Sri Lanka, Coconut Research
Institute @ Vijitha Vidhanaarachchi KO ZHIEIZL D
Caryota urens DFET-% ANF L 742, flFiE 200049 A I
Sri Lanka OWWHRES, Kandy B2 EBHET % Caryota urens
g SRR S i,

3. EFORZE
M +RESEEH, DI 128, 2)Ret A
(REL(FR) J "= 3 %254 MERNC 128, 25



5 i eEs 85

2 Caryota urens DM - G » H)

1 Caryota urens Fi-T-DFMH - FIFIRR
(Hffitk o » B)

HEHlE REIEHT  BUSHT

HTHoa ZeH - 5er
m 6/12" 5/12 1112
eEL A 9/12 312 0/12
e+ B 6/18 5/18 7/18

JRA L AL OWTRTFRLOLIGEL, L%k
7z,
(k) SIS B I

23) BEL BIN-3F 2T 4 b E= PEA= LN
IBRAHRE L, MM TR L. R » D eieT
LG, HAEFROMENED S, 3-6 7 T
I BIT2ITRT LIS - 8H L 6 7 JIHOR
- SEHIKR AR 112 LT, Carvota urens D14,
SE O LARRLIFER A SN D IERRe, Bl Ao

E3 At B THEH L7 Caryora urens

4 JEBHEEL DML 7RG » A)

ERCHVY STV B RET A IZILRT, W—3F%2
FA4 b E=FER =11 ORELICBOTEIF IR -
B L.

4. AL IFHEHOBRSE

REL B XIKIDLIHEE LI Caryota urens
oo & JRBAREORARE), RIBHRRE RN, EEIFI
L7, ThoiimMekiahko LS 2 RNCm e
T 7z, P PEERRI LT LGRS T 5 Rk Lo,
% L5 ) = N T S 3, KT, FRRIRE 2% 0



86 5511 ol

B5 REBHEIETO GFP 3330 KBl fv Al GFP
THRBLL AR %R,

NaClO (tween 80 i TR T 10 SRk L. 20
WELZEL Y, [BEAL OB LT

NN AFEBEMEOREITIE MS, BEEDZ 12108
5 LB MS (m1/2MS) BL U7 3 7B+ 44t
HLAUET I /B (mAA) BV, BB, T
DEHIASIRFEIEE LTH y 20— 2% 30¢/l, KR
FIVEZENMR T, pH % 5. 6 (L 72:1%, BE L
MELTH I HLEIgIMATH— b2 L =728
THE LA

£, A b A OB ERERRELL, 7T
84 TDY A b 4= Tdh B 2-isopentenyladenine
Qip) BLU 7LV TH L 70H L 2 H L =0 Th
% N-phenyl-N’-1,2,3-thidiazol-5-ylurea (thidiazuron:
TDZ) % 1, 10uM OBRETERFAORIIHRML,
REEEE 28°C B BRITTRIEL /.. #O#E TDZ #°
FOYIRTI A2 & DML I TH A HAHHRD S5
72 ROCTTDZ % L uM 2 A — %3 ¥ Tdh B 2 4-dichlo-
rophenoxyacetic acid (2,4-D) % 1, 10, 100 uM DR)E
THIAGbY L2 iE L, BIE, RBRYE B
DY AR A4 (lo IIBILH B, 80%H8I 30-35-
mol m2.s ) TR L 72,

10 uM LLEOFGHEEE S — % & » it & - THifp il
HIHEII R o7 Fh, BV ThoRETHIRTE
BIGTH - 72, TDZ BLF24-D % | uM

M LT,

HREE

SOMAGHETEMLA MS £7213 mAA Kb, B
Sl cBREE, REMEL 13- HEETHIEIZE
T, BRI MIE &R & RS 2 ICUIEE X DM
Jads Rl TL B Z & D57z 4). LaL, BE%x
BT B & 6 4 FIRRE CRCHIR L 2R as8 a1 KR
LT, iz gioy « /- vmEsSii 3h, #
NAOWIE BBIHET S L bWo Mot 4
%, PVP RiEMRAE LORINZL VBRI,
7 S =W HOREEITI LENH D LHWT S,

5. IN=F 1 JNH AL B GFP EHEFOHA

Caryota urens D5 THHIZWI UL 2 HI»> T, K9
IZN—=F 4 7 W 23S & 2 T GFP (Green Fluorescent
Protein) MIZFOEAZITVy, —BUOBRIETEBLE M
BLA WHWA7I5XA3IF DNA W pUCIBIZAY 7T
7 —EH AL 207 4 WA CaMV3SS FTTE- Y —, sGFP
(565T) BL I NOS3' ZHARALLDTHD. &H
T~NTFAIFNDNARI—FT 1427 L, RN=F47)
# > (Bio-Rad #t, PDS-1000/He) 12 & - T Caryota urens
DRMANE (RS, REMECRENRIE), % Fdko
el A LA,

M, 3-6 BRHIRGAYT 5 L, RERED L UG
BT GFP O#EIEHRIBE N, T, REERE
R&, LR LHEIIBVYTII ZORST GFP 4
RO IR T A R d o 2295, 30 BEIRNA G
WAt GATEATEIZE S, RERNEES L URHEIR
T2 GFP LS EEE SN (M s), sy,
CaMV338 TOE— & —OFRENREN, Carvota urens
DR FHMATERTH DL Z LHRE SN, 48, MR
Lz Ahoomabfein L, BHERET) T
ETH5D.

6. HiEe

ARZFITHIIZHIY Carvota urens Y =71 ¢
R W7 72wy Sri Lanka, Coconut Rescarch Institure
@ Vijitha Vidhanaarachchi %, #7038 3812 T
feiciieds, ARSIk S
B 7 v — 7 PRERIBIS G s L £



