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Summary

Mesembryanthemum crystallinum L. (the common ice plant) has been used as a model plant to
study on the regulatory properties in Crassulacean acid metabolism (CAM) and tolerance to abiotic
stresses. However the transgenic procedure has not been established in this species due to recalcitrancy
for in vitro regeneration. Here we have assessed the effects of synthetic cytokinins N -~(2-chloro-4-
pyridyl)-N’-phenylurea (CPPU) and N-phenyl-N’-1, 2, 3, -thidiazol-5-ylurea (TDZ) on the induction
and the growth of adventitious shoot from hypocotyl and cotyledonary node in M. crystallinum. Al-
though callus formation occurred on hypocotyl explants, no adventitious shoots were regenerated. The
adventitious shoots were obtained only from the cotyledonary node. The TDZ were more effective for in
vitro shoot regeneration and morphogenesis of the adventitious shoots than CPPU and benzyladenine.
Exogenous application of cytokinin alone to the medium has resulted in the increase of the fresh weight
and the higher regeneration rate than the other treatments. We have found that the 2.5 mg/L. of TDZ in-
duced the highest number of multiple shoots from single explant. The regenerated shoots were rooted on
the MS medium within one month, and it produced more roots by the replacement of the agar medium
with vermiculite or Florialite. This simple, reproducible and rapid regeneration system may prove useful
for producing transgenic plants of M. crystallinum.
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B, HKERARBEOEBECOERICIA TV A/ Ve s TAATIVPOA MY
AWBEEZHOTVLEEDO—D2IZ, BEREOEBRIRITON S, ARBITEZERELEZ b L 2%
OBBIIBINLE, BERIE A X, AFHEOT) C IE L SBEMY O ) CAM BI~NE
L, AN VAWEEERT L. 0L hBEETEOLYD, BEREREE, RUEA LA
TS A I T 2 EF VA L LTI E TRA Zfge0 e &, BEEET L4 CHEES
NT& BICEETE, AMVARDOY 7V EEY, BLEE - WEOEE™, CAM D
FIEI B 2 B EHRETFI DY, 72 TRY V0, RUBHERICE I NI EELESRE ¥ R
ETDLT77A ML AT 4 =T a VICHT AR BED SN TVEY, Th6OWfECHEES
NBETEEEAENTFTAATT v MCHRN BT THL L INLY, FRETEY
250001 O FIZT OWARAAREINTEBY, 7/ 20EERN 2 RET D0 A H
HBEho2H 29, Mo VEY TR, BETERTECERLERTFEAMNBH S5 P,
WCERLTEOER YW 5 EET 2 HH L - BEREEROERSHR AL TS, F27
J LOERBETTAE S NIEY TR, SEEFN LR B RE T ORI S A L
fibhTwad, LeL, 7TAATT Y P TRBEBRESHBZLEN TR WD I L) 2§
HiZfTF b Tnizwn,

TARATT v FTEINETREME, RO NVAVICBEFEEALRE XS 57,
FNO OIMEED SRR L A L RERIBRIIEO ATV, TAAT TV MIBITS
BEREHARIVOPHREZEIR TV BV wFn L B RzMR V2o EimR
AOMFERETH L. AEFOFEIET A P A v OBECERENEETH L. B,
TTFovR YA Ay TEELVEENRTWAKRAEOFMUC T VTR A P42
DEMEDPREN, WL OPOREETHSLESR L SN TH LYY, FIZZ0—D2TH S
FUTAO Y OFEYERELFE SR, RETEREKOALZLTHEATLHVLNE L)
LGol®, TARTS Y FOEBEARIE, SRITTPFVROFA P 0RETF
VERGIIRE SN TWAD, TLVTRYA MLV ORBEF RS TR,
T -AMERORE D B O IS BE T LAY T A AT 5 TIRER LIMEERORE
ALERE B L oS A% <P, Rz ESS .

AEFZE T, M FER 2RI TTA AT Y bOBFMBIERIZT Y LT R A
A=Y, FUTATL(IDZ), ROV /U7 2=y (CPPU)DEEEHAL
FFELEFEROERERPKRE S ZHRET L2 L THEBAOEFTCRITT IR S AR
HEMEORERHL 2T L.

MRRUH &

1. BEEs

FETFIX2 %RHEEEREF V) VA TOHEEEL, 3% afE €4 U8 (100mg/L I 4
47 bh—=0, Img/L=aF VEE, RO lmg/L YY) Fvd VIEEBE RU0.8%EXEHM
L, pH 5. 7ICFRET L7 MS B 238 FE U /2. BIF L oWdid, HRI16FER, JLlmE70~
80umol m %™, RUEEBCICHAK L/ 0—AF v - CHE L7z,

2. BrETE L EAEROBL

ALK IS B L7, EA Rz R —F oy e H A P A, 3% akE, RU0.8%
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ERXA ST MS BEH#T, BEOBEMEmIcR T —F2 0L LTH 74 L VEEENAA) (0.1
F7231.0mg/L), A MHA = ELTHARF (KD (0.5, 5.0, F721310mg/L), €7 F
Y {(ZT) (0.5, 5.0, F721310mg/L), XY I VT F= U (BA)0.2, F/2i32.0mg/L), S ruan
7 x =20y (CPPU) (0.5, 5.0, FA2id10mg/L), B WidF V7 Xa v (1DZ) (0.5, 5.0, F72
310mg/L) % # N FAEbETRMLZ. FEHOFMEFEMICIT S ~F 2 & LTNAA
(0.0, 0.1, 7241, 0mg/L), WA bH A =& LTBA, CPPU, 5k TDZ (0.0, 0.1,
1.0, 2.5, $7-135.0mg/L) % # N F M A S DS T MS BRI L /2. 8L, REST,
B ET0~80umol m %™, MUHEIGERICHRE Lz o —AF ¥ V=N TITo 7.
RSP S BSL, FEF2HER LAY ETI Y y— ey L, BELN—
IF 2T MEANLEHL T T AF v 758 (200mn X 350mn X 100m) (CEEHE LEIME L7z, 82
BDPSRETLDICTIAFy 7% Ty TTEY, ElB LREEEREHICHE LS
H—AF ¥ 8= NIC3 HEBW. BULEBZR 2 HEADIE, T v 72572 ) 8 1O
RxEBy, 3HEICEZOBEULOREHT CHRICEEL:. 2OREBE~BREL, Bt
BUTL7:01 1 ARBEERSY CEXL:, BPESTLIACESDTIIRE 1 /28
BOR—75 NERES 2 TEEEL:.

3. BAELKOEEEOHE
M ERGE 2 RN LBl b BMMEL A HEIIoWT, MEAEREION HICEHE
OB, FE, RUEERLZEHIL -

] ®

1. FrssssE

Bt oFE I BEFBREOBE S, ORElT L HEWO RS, FZ2TF T NAA & 5EH
D4 A= (KT, ZT, BA, CPPU, KU TDZ) # WML 72 ClEmMEEEL, A%
BRI > CTRERFNVEVOMAELEEFAELS. dmg/l. ZT B LU0, Img/L NAA %
WML 7B TIEANAERERT S 2 L (EEEEY ML LML 1L KD - 7258,
DMFER DS EH LML o7z (Tablel). 3533 H B34 T o8 HC IR Eh o L)k
PR IVADERE N, Fig.l). KTTFALEZTE2HRMLER»SBR IV AEE
(RPBWEIRER L, BARIRMUAEHCRERTHEZ CRBEVWI VAR SN
A%, 10H BUIBEICIZRED A VADEE LG 72 (Tablel, Fig.1A). » IV ADMEREEIL Y L
THRIFAMIAZRFEMUERTEL, FICCPPU TEDR o /2. TDZ 2 M L 725
LELNTZ AN AGERE L 2 o7z (Tablel, Fig.1B). ¥3# 1 » AR ICIZ EOMEBR 25 R
EREABRTEINAPEEL., AVZENAAORM L8 A LTI L7 (Tablel,
Fig.1A). ZOLIWHELTA ALV THHINVADOIER PBIRICRIZTEZENELR - 2.
FLANAOBRIIXT LT RYA MIA S VORIBRNTH LI, R S EERE&Y S
BRLIEEINEETH L EEPHL N E LT

2. FEEIIEED L OREFHE

FEH TR E LTHEETL L, NAA L BA, CPPU, FLIXTDZ 2 ML 2T O
POREFEIES I (Table2). BB I I TCEHAEF EAEFELRNT L2012 2EEU LD
PEFZR L VAR 2 Btk e L CGREL 2. B34, 1~85.7% T, H®Im¥ 5
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Table 1. Morphogenic response of hypocotyls culture of M. crystallinum on MS medium
supplemented with the combination of NAA plus KT, ZT, BA, CPPU or TDZ

Cytokinin (mg/L) + NAA Number of Number of shoot  Callus Callus
(mg/L) explants induced per formation of color”
explant the explants”
KT(0.5+NAA(0.1) 36 0 + w
KT(5.0)+NAA(0.1) 35 0 + w
KT(10)+NAA(0.1) 41 0 + W
KT(O.5)+NAA(1.0) 48 0 ++ W
KT(5.0)+NAA(1.0) 10 0 ++ A\
KT(10M+NAA(1.0) 9 0 4+ W
ZT(0.5)+NAA(0.1) 38 0 + w
ZT(5.0+NAA(0.1) 40 0 + W
ZT(10)+NAA(0.1) 40 0 + W
ZT(0.5)+NAA(L.0) 40 0 ++ W
ZT(5.0)+NAA(1.0) 87 1 ++ W
ZT(10)+NAA(1.0) 46 0 ++ W
BA(0.2)+NAA(0.1) 55 0 + WorR
BA(2.0)+NAA(0.1) 35 0 + WorR
BA(0.2)+NAA(1.0) 57 0 ++ WorR
BAQ2.0)+NAA(1.0) 81 0 P WorR
CPPU(0.5+NAA(0.1) 50 0 -t WorY
CPPU(5.0+NAA(O.1) 50 0 +++ WorY
CPPU(10)+NAA(0.1) 50 0 ot WorY
CPPU(0.5)+NAA(1.0) 50 0 ottt WorY
CPPUG.0+NAALO) 50 0 bt WorY
CPPUI0)+NAA(L.0) 50 0 et WorY
TDZ(0.5)+NAA(0.1) 50 0 ++ G
TDZ(5.0)+NAA0.1) 50 0 ++ G
TDZ(10)+NAA(0.1) 50 0 ++ G
TDZ(0.5)+NAA(1.0) 50 0 bt G
TDZ(5.0)+NAA(1.0) 50 0 e+ G
TDZ(10)+NAA(1.0) 50 0 4+ G

) Level of callus production: +, a little callus on the edges; ++, moderate callus; +++, developed callus; +-+++,
well developed callus
b) Callus color: W, white; Y, yellow; R, red; G, green

HA A= OFEE BRI L o TRESEL L7 (Table2). BA 2EML2E#H T,
FLEBRILEI64. 7% Th - 72, NAA OEIEFEMNT 5 1WA ICHMEBEET LA
(Tabie2). CPPU % IRMIL 7285HIC BT 5B 5ERIEFEH36.1%TH D, Bzt A bbb (=
CORTRELE o2, SHICENT A NAA BT 2 L B EEMET L, 81210
mg/1 TR L 72385 0 b < (CF3H7.5%), 3MEMEM Eom &b L7243 mIEE
S o7 (Table2, Fig.2). HMEERIE TDZ # MM THIMIGRINL 2K TRLE {, ¥
LT80.3%, HE 2. 5mg/LTDZ # ML 72X T, 7% TH » 7z, THITMHEK PR L EVE
AR TH o 72, WD 2 BERO A5G0 L 72 %3R3 BA KOS CPPU i L 72K i T % W F
MiZd - 7295, CPPU & NAA 2 &bE TRML X TCREFRERFEIRE (ET L, NAA
Flog/LinmL oSl 3MEU EoELIEs o/, TDZEZHEML BB TIHS
FHERERCHEMUBEAMMOT A b A =2 EMLERL DS o7/ BABLD
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CPPU % & A7 Tl 4 A LB &IZES
NG o/z0lx L, 0.5mg/L, 1.0mg/L, % 7-
132.5mg/1L. TDZ % & A7 K &5.0mg/L TDZ &
0. 1mg/L NAA % & A 7B CIEER L 7225t
FERD40% LI EAY 4 KDL L D e 2 TR L 7.
FAEMICRIN L2 NAA IBEDE L 2 b L&
R A L (Fig.2), #7 ALz 8
My sEmAsAL R (F-FEK). ¥ AL
X CPPU R L 2B TRDLEL L, TDZER
MU TRL Vo7, DEOZ ol
S LR L OFE K LTI TDZ 2%k
R TH DL EEZ BRI,

3. WML LG EE, BE, ROEE

FRE»OFELEEE SUIMEROLEEE
Fig. 31IZn L7z, HEEAHIT 5 12w, & T
DB TEEITRT L (Fig.3). 2M#%E, 3
N EOF R TNV RONE v | AP AE 22 ND)
AEOFRAKMEIE, BA RiIL2HEBTERENR
0.27g, 0.23g, RU0.17g, CPPU Z iR L /-
! ) o i B ck, 0.21g, 0.15g, KR U0.17¢g, TDZ
Fig.1 Effect of different cytokinins on callus formation N = N
derived from 7-day-old hypocotyl of Mesembryanthe- ERMLIERCH, 0.19¢, 0.16g, K& U0.16
mum Cr)’Sla”in' o ' g T&® o 72, BAIEL. Omg/L, CPPU iZ1.0mg/L,
A el s desvod fom IS woth 008 L0 31 g1 40 BN & > RIS
from MS medium including 1.0mg/L and 0.1 mg/l. & -72. BA ML 72858 CE, &EIZRITT
NAA h: hypocotyl, ar: adventitious roots, bars: 5 mm. NAA 0)%2%‘5&;%\ X o 28 (Fig. 3) _ CPPU ])’LU‘

TDZ %3N L7-¥ Tk, NAA 2 &2 nE
POBEELLSFEOEENROEL, NAAZRNT 2 LAEET T2 EERHAS .
Z QML CPPU TE Lo 7: (Fig.3).

Fig Al FHORBROEEL R L. ZHFEORERCERELE SIS, YA M A =
& NAA DREAGHLEOMEPLREIC L > THELERIRO N7 L L BA KD
CPPU 2 & TR HIZ1. Omg/L NAA 26D TIRIML 28 TRER EEDVE 2 5 E[H°
Holz (Fig.d). INHOEMDPLB/OLNLLEHFRIN T AL E&BEDP o7, TDZ 2 &
ATEEEHITII TDZ 2 B TIRINT 2 &, RERCEEN LD ICREREFEIELNL. L
7L TDZ % & ARHHIZ1. Ong/L NAA 2 RIS 5 &, SR MIEL, ©RELRE LA
HEMEL NIz (F— 5 BE).

=4 =

TAATT 7 P TRIPEGRAROEREIEL SN TR0, KR TIE -
H o7 rumsNy 7))y bk Ao BERREOREEE & B invirro TORERIERN
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Table 2. Cultured cotyledonary node of M. crystallinum and frequencies of explants with
adventitious shoots formed directly on initial cultural media®

Cytokinin (mg/L) + NAA Number of Frequency of explants Total number of
(mg/L) adventitious with adventitious shoot explants cultured
shoots formation (%)
BA(0.0)+NAA(0.0) 0 0.0 115
BA(0O.5)+NAA(0.0) 83 727 44
BA(1.0)+NAA(0.0) 136 792 48
BA(2.5)+NAA(0.0) 170 754 57
BA(5.0)+NAA(0.0) 109 70.5 44
BA(0.0)+NAA(0.1) 0 0.0 43
BA(0.5)+NAA(0.1) 246 75.0 116
BA(1.0)+NAA(0.1) 208 70.0 100
BA(2.5NAA(0.1) 196 65.7 99
BA(5.0)+NAA(0.1) 279 55.0 111
BA(0.0»+NAA(1.0) 0 0.0 45
BA(0.5+NAA(1.0) 71 55.8 52
BA(1.O)+NAA(1.0) 81 64.0 50
BA(2.5+NAA(1.0) 88 65.3 49
BA(S.0)+NAA(1.0) 54 28.2 71
CPPU(0.5)+NAA(0.0) 20 23.7 38
CPPU(1.0)+NAA(0.0) 70 66.7 48
CPPU(2.5)+NAA(0.0) 112 76.0 50
CPPU(5.0)+NAA(0.0) 144 78.0 50
CPPU(0.5)+NAA(0.1) 4 6.1 33
CPPU(1.0+NAA(0.1) 38 36.0 50
CPPU(2.5)+NAA(.1) 84 65.4 52
CPPU(3.0)+NAA(0.1) 44 52.8 36
CPPU(0.5)+NAA(1.0) 6 5.9 51
CPPU(0.5)+NAA(1.0) 8 7.1 52
CPPU(0.5)+NAA(1.0) 4 4.1 49
CPPU(0.5)+NAA(1.0) 12 12.5 48
TDZ(0.5)+NAA(0.0) 142 82.4 34
TDZ(1.00+NAA(0.0) 149 74.1 54
TDZ(2.5)+NAA(0.0) 314 85.7 49
TDZ(5.0+NAA(0.0) 128 79.2 48
TDZ(0.5)+NAA(0.1) 85 62.2 45
TDZ(1.0)+NAA(.1) 110 79.5 44
TDZ(2.5+NAA(0.1) 91 66.7 45
TDZ(5.0+NAA.D) 167 75.0 44
TDZ(0.5)+NAA(1.0) 10 26.3 19
TDZ(1.0)+NAA(1.0) 24 37.0 27
TDZ(2.5)+NAA(1.0) 18 29.6 27
TDZ(5.0)+NAA(1.0) 28 27.1 48

® Initial cultural medium: MS salts, vitamins, 3% sucrose, and 0.8% agar
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o [_rormgnas, B romnrn Fig.3 Effect of the combination of NAA plus BA, CPPU or

Fig.2 Effect of the combination of NAA plus BA, CPPU,  TDZ on fresh weight of shoot with explant of M. crystal-

or TDZ on the number of shoot formation in M. crystal- linum. Bars having differnt letters are significanily different

linum. at the 5% level (Kruskal-Wallis one way ANOVA on ranks
and Scheffe test procedure).

228 Y OFENDH., WV AERHEEETL LAHRERIRE. )T L IFLET2S
LonTHBYE, 77anxs57 )bzl ThNA»LETBEEREICAHREENA S
MBI EFREESNTVEY, LEPoTERODALRWTAATT » P OREERELE L
Wi, AMERD OHBEAER ML E R I ENEE LEEZ SR, RETHIHEERD S EE
WA SLEMUER T A LT L.

BEER R, SMEROBEEOAEFMLCEEY 52 2 ERNE LTEETH 09,
INFET, ShEE, HIE, OB, RIE, SRUR, BT, R, IR, T, X, FodnkEEs
&, BA BB ENSIMERE LTHWSNRT WA, — RIS LEEATE SR HREAS
BHTHLIEDPS, W OPORTFEEMIZBNWTH VAL FET L ERFEAROIFAL
LTILHOOREY, TAATT Y MIBWTH R AEAE LCERLBINS L, &
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8 A % B L7 R & 7 3 EF R
a a HEHENTWAETY® L Cushman et al!
L . aa BRLTWA LI, TAATT Y b OhHE
a, aa : . R & embryogenic % 7V A DR 6 WL BB

120.5~1.0% & #Eim | Z{Kv>. Wang and Lut-
tge® b Vv A HAER % FE U0
LRI Lz E LTWAD, FRICEAE
MIEHEL L UCHSEERIRENTBLTH
IR TH L. Meiners et al.® 3R EE2 &
| i HEME VRS (23~34%) TH&EEZEBETY

8 575, Tablel ChR L7 & 912, HEOE 1L
RIFEL KL, KB THEI G LE
HIFI200 Kb $ 0 LR TH - 72 F/2
W 72 AH IV ATRGALT B EFR DSBS
b 2B Er oz, AVADEE
136+ ARIEZE L7228, MIOBE & RER
DELEDSN IR EE AN o/
(Fig. 1). Meiners et al ® OFRE TIIHHEERD
s HEEEA I N TE LT, 42T o 7
L9 ICRE A ERBERET TUR Lo
THHTH L. 1o OMETHE» S DOHES
LA - 72D, GIER L 7R T 285

Multiple shoot length (mm)
B
1

Multiple shoot width (mm)

0051255 0051255
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0051256
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Fig.4 Effect of the combination of NAA plus BA,CPPU, or
TDZ on multiple shoot length and width of M. crystallinum.
Bars having differnt letters are significantly at the 5% level
(Kruskal-Wallis one way ANOVA on ranks and Scheffe test

AP EEINTHIWRENEZONS.
—IRIZRGALE 72 R, AL
PR & D TR ATE VW 20 L
A6 OFSALHEE L EYEOSMER L L
TERABLOTEHPHCONLHENH 5.
PIZAE, < ARMER I F LR C, B

procedure).

AIWVAPHIFITEAEESLL 2D, &
27 - CTTERF BV THMUREREES 2
EWHLTWAY, FITARIE TIIRGMMEDETHSEMEM » & OAERBENO TEN %
SRR E L TR 22S, BEE S ~ 7T HBROARERBERNOT A AT 7 v F OFHEH & 8T
Bl, LHERLEEFECXLIEPHELI o7, FEHUSNOIMEELEETREL -
B, b Lol (F— 5 &), o, 237 A5 —D L5112, BEYRPoOR
EFBREIZIZIZI0% TH LD LT, FESLHM TR VE Y OBBECREZALSE
TOHUAREFRIFLALERENLWES H LY. FEL T 5T ThH L Mesembryanthemum
floribundum O Er, HED S EIARERITES RV, BUR T IAAFET TEET L LR
EREPFHEENLY, ZROEDXIIETAATT v b SIMEROREEIC X » THMUSESE
LA BRLEEZONS, B L7z &9, BEERICI/EA» b BE &2 HLEE5 2
ENEFLWIERD, TARATT Y FOFMUEAERBEMNOTERIROBEL TV
EEZLND,

RIEFA A= OFHEICOWTERY S, — iz, V1 M4 =V FERE7 7= R &
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DY LVTROFVPENE ENTWEDY, KRB THHEOMEZETI LT ROF VT
A0 PRLWRETH o7 (Fig.2). CPPURTLTRYA AL 0 THLEHFTDZO LS
BHSRSAS T AERIZE L, BA LD SRESMRCZ EPHEL ML B o/, CPPU RIS
FOoTKTFAEBALDTA M A ZVEEIBRVEVIFTEND LD, TARTT
T BA LY PBVAHLVIEFBREOHREEATLEEZZORD

AL AL = e —F L v ONT AL o TR ERI SN EI®, KT,
NAA ZEHZIRINY 5 &, BAEHERORD, ROEFEERO/NEEIFES N A EATH D
N, CTHIZBAZEATWLEMLIDS CPPUT X TDZ 2 EATWARMTCHEETH- 2
TDZ %I L 2B CREETREL 4 —F 2 20T, TDZ & BT L 288 T
BhEPo7, TDZET A b4 = VBT RL ST — 3 VEREE RO Z 8 ERE
ENTWET, F20OFFEIZCPPURBHT L L, BHHTONES—~FL 0 THBHA
R VEEE (JAA) PELCENTLZEPHESRTWLY, 0L LTV T7HRYA b
HAZEF - F L VREE R EDEROPH D VIS - F L Y BRENSE A LS,
FTARATT Y OB LT REA M Ay ERVBES, A= T VWML EVS
WRIVEVINT VAFEWEEZ GRS,

BHIGEDFERDP ST A AT FOBSMUICE T F2 v 2L v 4= L) 2 L7 R
A AL ZYDEHTH ST E, TRFICHEERIE TDZ PERNT, TORBESEIL2.5
mg/LChHrHIEDHLhE R o7, FIOFMUEEI ANV AEFRESTICEEN L HE
TAHY, BEEMMAEHTE, MREELEZILICCWwEZEZLNE. Dol bk
BEINFITOHELLRL TROEBEIL OMENTHL EEZ NS, KEGEET A A
77 v NOREERELER T ABOENLEERERICIED ) A LEZ LM,

] =

TARTT vy MIBRBREIC L 206 R, ROX N L ATERE 2R~ 2 £ 7V
e L TEORICHAVONTER, L L, BEMBRLIVERD S OB L WEER 720
WEEREE B fTbh kv, RIFRTE, 742792 FOFEOBWESL
BELTLO, Y4 M4 VEEOBEVI LT RS A A v THLEF I 7T AT
(TDZ), KRRV 7 a7 = auy(CPPU) % IRl & OV T ZEET VMBI L, FobxheE
REHSCVEROIIRELRE L2, I MERE LCEET 2 2 AV AEFEI N, H
FOGAITIZE AL AN o7, — T, FEREZIMERE LTEET L L ThoME KX
KBWTHHEEIGIL L. NEFIZTDZ ¥ &0 TRILELNL. BICESFERERK
Bl TDZ #2.5mg/L &LBMTRAE L o7, FLHEOT T AL TDZ # &L TRD
Ll hrotz, ZIFEOERE, HE, ROEETHEML 24 BRI LEEROECIZD SR
o lzds, WTENROY A b4 Z VLB RIZBWT L NAA BRI L 72 WES LT B L2,
KROHEENEGL B AEADBALNT, EFELTCEZES LG, SREANYEL ST R WE
HTHAREELTEBRE2HEL, N—3Fa254 b, Hr0iE70U 751 ba2&0Ry MC
ML TH b /2, ZOFMETEET L LHBEI M4 r ATHELL. FEOFHEFIZLD
TARTT Y ORI ERIREOWSI NI b L EZ 65,



26

EERFRFERR $01% (2006)

10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

5 A X ®

. Abou-Mandour, A.A. (1992). Der einfluf von phytohormonen anf die organbildung von gewebekulturen ans Mesem-

bryanthemum crystallinum L. und Mesembryanthemum nodiflorum L. Angew. Bot. 66, 187-191.

. Androfatto, P., A. Bornhouser, H.J. Bohnert and J.C. Thomas (1994). Transformed hairy roots of Mesembryanthemum

crystallinum: gene expression patterns upon salt stress. Physiol. Plant. 90, 708-714.

. Boxall, S.F, I.M. Foster, H.J. Bohnert, J.C. Cushman, H.G. Nimmo and J. Hartwell (2005). Conservation and diver-

gence of circadian clock operation in a stress-inducible Crasslacean acid metabolism species reveals clock compensa-
tion against stress. Plant Physiol . 137, 969-982.

. Bregitzer, P. and D. Tonks (2003). Inheritance and expression of transgenes in barley. Crop Sci. 43, 4-12.
. Brown, D.C.W, K.I. Finstad, and E.M. Watoson (1995). Somatic embryogenesis in herbaceous dicots. In vitro em-

bryogenesis in plants. ed. Thorpe T.A. Kluwer Academic Publishers. Dordrecht. p 345-415.

. Chandra, A., and D. Pental. (2003). Regeneration and genetic transformation of grain legumes: An overview. Curr.

Sci. 84(3), 381-387.

. Choi, HW,, P.G. Lemaux and M.-J. Cho (2000). Increased chromosomal variation in transgenic versus nontransgenic

barley (Hordeum vulgare 1..) plants. Crop Sci. 40, 524-533

. Chee, P.P. (1990). High frequency of somatic embryogenesis and recovery of fertile cucumber plants. Hort. Sci. 25,

792-793.

. Cushman, J.C. and H.J. Bohnert (2000). Genomic approaches to plant stress tolerance. Curr. Opinion Plant Biol. 3,

117-124.

Cushman, J.C. and H.J. Bohnert (2002). Induction of Crassulacean acid metabolism by salinity molecular aspects.
Salinity: Environment-Plants-Molecules. ed. Liuchli A. and U. Liittge. Kluwer Academic. Publishers. Dordrecht. p
361-393.

Cushman, J.C., T. Wulan, N. Kuscuoglu and M.D. Spatz (2000). Efficient plant regeneration of Mesembryanthemum
crystallinum via somatic embryogenesis. Plant Cell Rep. 19, 459-463.

Dodd, A.N., H. Griffiths, T. Taybi, J.C. Cushman and A.M. Borland (2003). Integrating duel starch metabolism with
the circadian and environmental regulation of Crassulacean acid metabolism in Mesembryanthemum crystallinum.
Planta 216, 789-797.

Ghuna, T., I. Nouairi, I. Slama, D. Messebi, C. Grignon, C. Abdey and M.H. Ghorbel (2005). Cadmium effects on
growth and mineral nutrition of two halophytes: Sesuvium portulacastrium and Mesembryanthemum crystallinum. J.
Plant Physiol. in press.

Hayata, Y., X.-X. Li and Y. Osajima (2002). Pollination and CPPU treatment increase endogenous IAA and decrease
endogenous ABA in Muskmelons during early development. J. Amer. Soc. Hort. Sci. 127(6), 908-911.

Huetteman, C.A. and J.E. Preece (1993). Thidiazuron: a potent cytokinin for woody plant tissue cultare. Plant Cell
Tiss. Org. Cult. 33, 105-119.

Ishimaru, K. (1999). Transformation of a CAM plant, facultative halophyte Mesembryathemum crystallinum by
Agrobacterium tumefaciens. Plant Cell Tiss. Org. Cult. 57, 61-63.

Kirch, H.-H., R. Vera-Estrella, D. Golldack, F. Quigley, C.B. Michalowski, B.J. Barkra, and H.J. Bohnert. (2000). Ex-
pression of water channel proteins in Mesembryanthemum crystallinum. Plant Physiol . 123, 111-124.

Larkin, P.J. and W.R. Scowcroft (1981). Somacronal variation-a novel souce of variability from cell culture for plant
improvement. Theor. Appl. Genet. 60, 197-214.

Lorz, H., E. Gobel and P. Brown (1988). Advances in tissue culture and progress towards genetic transformation of
cereals. Plant Breeding 100, 1-25.

Lu, M.-G., L. Ogiwara, N. Hakoda, and I. Shimamura (1994). Effects of BA, TDZ and CPPU on formation of adventi-
tious shoots from callus derived from apple cotyledon. J. Jpn. Soc. Hort. Sci. 63, 505-514.

Mehra, A. and PN. Mehra (1972). Differentiation in callus cultures of Mesembryanthemum floribundum. Phytomor-
phology 22, 171-176.

Meiners, M.S., J.C. Thomas, H.J. Bohnert and J.C. Cushman (1991). Regeneration of multiple shoots and plants from




23.

4.

25.

26.

27.

28.

30.

3L

32.
33.

34.

35.

36.

37.

38.

39.

WG D TART FNOBFSER P HEEE EOERICRITTILT R YA M A= O 27

Mesembryanthemum crystallinum. Plant Cell Rep. 9, 563-566

Millan-Mendoza, B. and J. Graham (1999). Organogenesis and micropropagation in red raspberry using forchloro-
fenuron (CPPU). J. Hort. Sci. Biotech. 74, 219-223.

Murashige, T. and F. Skoog (1962). A revised medium for rapid growth and bioassay in tobacco tissue culture.
Physiol. Plant. 15, 473-493.

Murthy, B.N.S., S$.J. Murch and PK. Saxena (1998). Thidiazuron: a potent regulator of in vitro plant mophogenesis.
In Vitro Cell Dev. Biol. Plant 34, 267-275.

Okamoto, T., K. Shudo, S. Takahashi, E. Kawachi and Y. Isogai (1981). 4-Pyridylureas are surprisingly potent cytoki-
nins. The structure-activity relationship. Chem. Pharm. Bull. 29, 3748-3750.

Punja, Z.K., N. Abbas, G.G. Sarmento and FA. Tang (1990). Regeneration of Cucumis sativus var. sativus and C. sa-
tivus var.hardwickii, C. melo and C. metuliferus from explants through somatic embryogenesis and organogenesis:
Influence of explant source, genotype and growth regulators. Plant Cell Tiss. Org. Cult. 21, 93-102.

Skoog, F. and C.O. Miller (1957). Chemical regulation of growth and organ formation in plant tissue cultured in vitro.
Symp. Soc. Exp. Biol. 11, 118-130.

Sleak, 1., Z. Miszalski, B. Karpinska, E. Niewiadomska, R. Ratajczak and S. Karpinski (2002). Redox control of oxi-
dative stress responses in the C;-CAM intermediate plant Mesembryanthemum crystallinum. Plant Physiol. Biochem.
40, 669-677.

Szabados, L., R. Hoyos and W. Roca (1987). In vitro somatic embryogenesis and plant regeneration of cassava. Plant
Cell Rep. 6, 248-251.

Takabashi, S., T. Shudo, T. Okamoto, K. Yamada, and Y. Isogai (1978). Cytokinin activity of N-phenyl-N’-(4-
phyridyl) urea derivatives. Phytochem. 17, 1201-1207.

BARE (1984). FHEF OABAYKEE L B ESMUE. MYRMSETE 1(128-29.

Trolinder, N.L. and C. Xhixian (1989). Genotype specificity of the somatic embryogenesis response in cotton. Plant
Cell Rep. 8, 133-136.

Taybi, T. and J.C. Cushman (2002). Abcisic acid signaling and protein synthesis requirements for CAM induction in
the common ice plant. J. Plant Physiol . 159, 1235-1243.

Taybi, T. and J.C. Cushman(2000).A minimal serine/threonine protein kinase circadianly regulates phosphoenol pyru-
vatate carboxylase activity in crassulacean acid metabolism-induced leaves of the common ine plant. Plant Physiol .
1283, 1471-1481.

Vasil, LK. and V. Vasil (1986). Regeneration in cereal and other grass species. In: Cell Culture and Somatic Cell Ge-
netics of Plants, Volume 3, Plant Regeneration and Genetic Variability. ed. Vasil, 1. K. Academic Press. Orlando. p
121-150.

Visser, C., LA, Qureshi, R. Gill and P.X. Saxena (1992). Morphoregulatory role of thidiazuron. Plant Physiol. 99,
1704-1707.

Wang, B. and U. Liittge (1994). Induction and subculture of callus and regeneration of fertile plants of Mesembryan-
themum crystallinum L. Polish J. Environ. Stu. 3(4), 55-57.

Williams, E.G. and G. Maheswaran (1986). Somatic embryogenesis: Factors influencing coordinated behaviour of
cells as an embryogenic group. Ann. Bot. 57, 443-462.



