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[Abstract] The species Linum usitatissimum(flax/linseed) has been the focus of both basic and applied research effort in
plant cell and biotechnology studies in recent years. In this paper, recent advancees in plant cell and tissue regeneration,
somatic embryogenesis, protoplast isolation, cell suspension cultures, anther and microspore culture, embryo and ovary cul-

ture, gene transfer and expression by genetic transformation about flax were reviewed. Finally the exciting proplem and fu-

ture prospects for this ancient, but still highly relevant crop were disscussed.

[Key words] Linum usitatissimum(flax/linseed); tissue culture; transgenic plant; somatic embryogenesis

W SR (Linum usitatissimum L)RBREEBENLFEY, LK
HERBEORYG RN, EEHREED P . ENRRAR T
o WRALRY XA, AARFNEE AU TRER, IR
GHRRUHMBENERBEZI KERENETR, ETHA
REXRERE, A XAEERESEE R, S4HVKAERE
R WA AEEREE 1.2 285, K2 HF R 75 RS 5
(www.jeffersoninstitute.org/pubs/flax.shtml) , F&f , FHFE R EE
KMWmEHEY , EL U RA ENMHE, PHESENEA 302
FR.EFENHHERAMBE DE . PEH. ML EHM
B Z ¥ (www.newcrop.uq.edu.au/newslett/ncn13-92.htm) . #i
BRATHE S o-ERBR(TARERRR) , o~ TR E AL F
BRRG AR, AR =% Ak B PRI | B AL AR 30 1 38 25 R
e ESEEER . BELENERFPHN o-TERRE
BAHITEMMAMRES TRRKOHER. Fo, EREESHYH
BEE AYITLE HY- A EENEED N A TR
iR,

1 AR AEAMBERER

ERHERBERMREARKNFHL . 1925 4, Laibach #
7T WARF A A S R SE SR B 5T, I SO AR B T SR Rk
WHRGTRRE EEEYERIFEEROEDHIE 2, Link FF
1946 £ 5 WHRIE T WK BT R R A B4 B A BE P, 1976
4F Gamborg FiE i KB ML, ik & F IR RK ARG 413
FRRAEFERENERE MR TIENTEROEREDEAR

KMARTEAEENISEXY, 1983 £, ST KL
RFH TEEAHH, EIASIEREB LMK, RERR
THE EFEHEEMNYHBGARBIFRRE AR
HEm, 2 TRENERER, HERE X 0% £, RE
AAZHMRFNANAANERAREALAERIBIELRD
BFRENEE, MEFERNERRAAR B0 % 3E TR
AN E BEH A DB S E A F,

YN EREEE N EAABELEKANTYEZ AMEE
ANGZERA  HYARBEEER BRI CNESIEIBRE
e K Y I P AR A 84 RO, Rutkowska—Krause % BF 3T T IR
X RGHSE B, AN 2 FER IR (2.5% ) BRI 2.5%
WA RGAARN T SEYGXHTE, R EEERK
BRI (2% ) B A 350, T 2B 4R B Ak SO 2 1% R BEM®,

2 GAREREE

AEL Y7 4 1 40 0 B G % £E (somatic embryogenesis ) 2 4% 865 {4
BN EENEARERERGT REARME MELSS
THEREEACHNEERTEFH N ENES K428, B
RIAK, AEXHABENMENEHAREREENBEESIRE
BRBEFARTEREMNDHDOHS L, BEEASEREY
FOXE., OEAERANAREZHN IS EPHETENIREY,

(R BEHE] 2006-01-05
[fEE®N] kEHO981- ), B WL PR 4E
[i@REHR] Bf5 3, (E-mail )chenxinbo@hotmail.com


http://www.cqvip.com

kEHE UREVMRABRER

000 http://www.cqvip.com|

835

TRREEMRERERETARAMZHEME, SERKARE
R BB 5 R R B R B, 2 1] 432 R Ak 440 D B R TS R

Cunha EHMHAR TP EISH LERER SR ATH
2 5 F0 T K 3K B4 3 LA P B i 4 X S R A e S A 4k 4 B
FE R T BB W 021 AT S S T A A 2 D S T2 S 1l
FROEML FEFRARES SR AYBNRYBERENET
BB A SR B, W LUE o (R o I BE & AR B 9 AR R, Teja-
vathi % fH#ZE N B EN ERAHHADFEF L AAKRE, B2
XA 40 40 I R R BE SE AR B 2 £, Dedicova % & B FRhl &
BE 5 F A= AR A2 fBLRE 2 9 25 44 (ELS)"Y, Pretova % [B] )8 T T Bk
FERE R KR, RENEREHEEERREMT — L ZH
B, B TEmMEHEY ELS BB RMINROARRSE, T
HEERTEHE,

3 RERKZ%E

WHBEERAKEFCREHEEER, XN EREARER
BT RBEE T HAl . B A3, T LA 52 IR 4 ¢ X B R 3%
fite, AR EHMARASHERERE TR BFAITRT &
kAR, AR IR AR SR AT LU TR AR R B T R AP T B K BB X 41
A Ak, HLULME THR 7-10 d WERHAR N ERIT.
FARENE B EAREMT B ARERENBAE
SEHER 107 BUR A& BRSO (Millam, R & R B o

Ling % /¢ 1987 5% — M E T ERAR R ERIKHN S5,
FEJRTE 1992 /070 T £ b 40 MU R G T BB 7 A BB 42159 1997
AT R R B2 Bk sR ) T B, AT T WA R A R AE
B AR BB S B FEP. David SBFT T AR 4T 4 0 JR A B B0 A A5
HAPHRER M ERER D, KN RE TR REZ
BAHEBRRE 0 WYEN™, Roger $ 2 I, WAKFRAERAKRT LR P
# ELS M ™,

BERERAEERZBRTREKPDRFERE RS, H
RURIRAERRE LN ZHNATHREEYAEMERY
MIBT ST o T LATUR , JRUAE O U ol L5 1 40 D e 50 JRUAE SR (A 3
EARARAR BN T REEMBEAR S HRZREY.

4 HRMEFER

HTSZHAMRMEREEMEREERSERS, EXHHEY
BEYRE SV, EEFASRARATHE. By SF4k
AR REEEAHALHES, KEA G S SRR 0
e AR HEEER MBEERKREEE . bkl
BOALAEYWBRARFARKES ARASYRL, TUS
HEAXBEAEANNBREREK, HFAHER, REEEHT.
Schaumann %57 W FK 40 MU B B R 3535 b B 25 T 0B PSR 3%
PERE (PMT) WG aE P EEE (PME) HIEHES,
Bourlard %42 #% Schaumann ) BF 5T , M T 5K B 7 40 O £ 40 i it o
BB 34 PMT W, B/ PMT #1 PME /™32 57 B F H b
/L B R S

VAR B FMMR R ESL, WA TEYETR,
FH R ARSI BOHREEEN. b TYRK T4
B, PRAEHYARBEMARENAR P - ERLEBR E

AR AN ELES, XET2AN T LKA ERE
FHIRRE

5 BHMEBRIER

TR FE 25 A0 TE R 3R 0T AR B R B o B A5 kB fu i &
HOAEYTHERT RENER B0 TIRICH TR S A AL
R .FEHELE P EAEEEFEARTE F ARM KRTUE
R B A PR . /MR FE B0 T A BB R AN 7E 25 B RE R R A2
R-THRAELZNIRE, ZFLHEEEIE, 1991 4, Nichterlein
SNEHAHGAAFERRBTE 1 FIERBFRESR, PR
THRERNERESEFFLEERNREAERNNE N B
WX - FEEERGAREXRRIET XRERERTER
B;1993 FEE — N A ERERRIF R R, HRT ERKE
RaTE B RGEM R, RBLAEHBITE B A0 S oh 40 %1
SREAGHEABMEBIEREIE R, AR &8 &
AR A - B REBRABRKNAHHARE R R BERIT
# HE R,

Chen % 3@ 13 FI 50 4% 1C 38 51 76 76 25 85 35 00 7 A # Bk b ok
WFMEL; EXRTBEIHRHELE KB ERRIERTE
W3 LE) SRR AL 25 3% 3R 9 47 T AR 52002 F XBT R T & ERIE S
BRPRESHNOUBNFERNEM, THEERRENE
W, JFEIXILAAREER TR T BEMEREPHHR
LK) R [A] B 2b BB A 5 T 3% — R R B, Obert % F 2004 458
L T B R RN A AR T BB T H4E
-0/ SaalR

6 RAFNSHFEEHZER

B 1983 4558 | ¥ B EMEYEA VR . E4 BRI EA
AEEFEOHEYKAH 130 2H, RERTENC SEEHYR
EREATFRABRY RN —MAE, XRRTEETRMEEEL
PHREARK, HREMAARHENSHRELEHYNEE
FUREROEEKRRWET  Zhan £ T 1988 FHETH 1 41
KB SFHOUREERER, BIET TREERBEARORD ;
[l 4 ,Basiranet ¥ X R EM A KT EN FERB T EKRERR
MRS, QTR T UAREYRE T BN E TS, 7 et i 5
FARBRHAEN S RERFNERERT - RENES.,
1988 4F Jordan R RN E M SR BB EN S HE MR
LEBERBEESAMLVAHERSE /D, HFHTH 88
R r A E RS R AP ERREW R RITEB R AHH
HMERMARFENSERMXLE, Fl0, HYEZXEITE
b, AHARCERNME—EOTE BB B SR RE TR
B HREETRN S FAEYESN , BNEEFBBEARA
B AP BT XA B, McHughen £ RERTEH N FHER
ENBEhEd -BNEHBAEERESALEN, XTUKRK
B2 B B S R Rakousky ZE# T THI B E RS0 MHE
FER O Ling EMBETESRZ B HEE AN EERE(A-
grobacterium tumefaciens ) 4 5 ) JR A B U B 5 B 5 T A 4B BR P,
Wijayanto S8 TH AN FREMEREL, X—FER TR
[ Fh B} R P B B R B B TR T — MBI K FE ™, WA


http://www.cqvip.com

836

000 http://www.cqvip.com|

£ 0 H A # R
LETTERS IN BIOTECHNOLOGY Vol.17 No.5 Sep., 2006

EEAB I A BT RR , AT LRI (PO LR SRR
B)BMOMATRT —AHEHNER EEREHEATRH
TARBA

7 INGEHRE

ULEEB#HRT M ERNTRIL ., FMESHEEMELEY
WARBRBR, SEHRARE L EHTHBFSERAR
MBS XK FR BARRRE S X BB ST MR R R
BEAM LR, B ERPFRN T4 ERARE KRR Y (1
YBAE-ERHEIE L TR IR OZEETRE KR
R WREANERNZFEY, KA MN AR —RIER L
B,

2% 30k

[1] Dietrich K.Uber die Kulturen von Embryonenausserhalb des Samens
[J). Flora, 1924,17:379

[2] Laibach F. Das Taubwerden von Bastardsamen und die Kunstliche
aufzucht von fruh absterbenden Bastardembryonen[J). Z Bot, 1925,
17: 417

[3] Link GKK, Eggera V. Mode, site and time of initiation of hypoco-
tyledonary bud primordial in Linum usitatissimum L.[J}. Bot Gaz,
1946,107:441

[4] Gamborg OL, Shyluk JP. Tissue culture, protoplasts and morphogen-
esis in flax[J]. Bot Gaz, 1976,137:301

(5] 7Y, BIFE, HWHE, ¥ EMER.TH . THEHESEAME
BERRFJ]. BH#E R, 1983,28(21):1332

[6] Bretagne B, Chupeau MC, Chupeau Y, et al. Improved flax regen-
eration from hypocotyls using thidiazuron as a cytokinin source [J].
Plant Cell Rep, 1994,14:120

[7] Jain P, Rashid A. Stimulation of shoot regeneration on Linum
hypocotyl segments by thidiazuron and its response to light and
calcium(J]. Biol Plantarum, 2001,44:611

[8] Rutkowska—Krause I, Mankowska G, Lukaszewicz M, et al. Regen-
eration of flax (Linum usitatissimum L) plants from anther culture
and somatic tissue with increased resistance to Fusarium oxysporum
[J]. Plant Cell Rep, 2003,22:110

[9] Sharma SK, Millam S. Somatic embryogenesis in Solanum tubero-
sum L.: a histological examination of key developmental stages [J].
Plant Cell Rep, 2004,23:115

[10] Pretova A, Williams EG. Direct somatic embryogenesis from imma-
ture zygotic embryos of flax(Linum usitatisimum L.)[J]. Plant Physi-
ol, 1986,126:155

[11] Cunha AC, Fenandes-Ferreira M. Somatic embryogenesis, organo-
genesis and callus growth kinetics of flax [J]. Plant Cell Tiss Org,
1996,47:1

[12] Cunha AC, Femandes-Ferreira M. Influence of medium parameters
on somatic embryogenesis from hypocotyl explants of flax (Linum
usitatissimum L.). Effect of carbon source, total inorganic nitrogen
and balance between ionic forms and interaction between calcium
and zeatin[J]. J Plant Physiol, 1999,155:591

[13] Cunha AC, Femnandes-Ferreira M. Differences in free sterols con-
tent and composition associated with somatic embryogenesis, shoot
organogenesis and calli growth of flax[J]. Plant Sci, 1997,124:97

[14] Cunha AC, Fernandes~Ferreira M. Ontogenic variations in free and
esterified fatty acids during somatic embryogenesis of flax (Linum
usitatissimum L.){J). Plant Sci, 2003,164:363

[15] Tejavathi DH, Sita GL, Sunita AT. Somatic embryogenesis in flax

[7]. Plant Cell Tiss Org, 2000,63:155

[16] Dedicova B, Hricova A, Samaj J, et al. Shoots and embryo-like
structures regenerated from cultured flax (Linum usitatissimum L.)
hypocotyl segments[J]. J Plant Physiol, 2000,157:327

[17] Pretova A, Hajduch M, Obert B. Some characteristics of flax em-
bryo development in situ and in vitro [J]. Acta Biol Cracov Bot,
2000,42:45

[18] Pretova A, Obert B. Flax(Linum usitatisimum L) A plant system
for study of embryogenesis[J]. Acta Biol Cracov Bot, 2003,45:15

[19] Ling HQ, Binding H. Plant regeneration from protoplasts in Linum
[J]. Plant Breed, 1987,98:312

[20] Ling HQ,Binding H. Improvement of plant regeneration from Linum
protoplasts by the induction of somatic embryogenesis [J]. J Plant
Physiol, 1992,139:422

[21] Ling HQ,Binding H. Transformation in protoplast cultures of Linum
usitatissimum and L.suffruticosum mediated with PEG and with A-
grobacterium tumefaciens[J). J Plant Physiol, 1997,151:479

[22] David H, David A, Bade P. Cell wall composition and morphogenic
response in callus derived from protoplasts of 2 fiber flax(Linum
usitatissimum L.) genotypes[J]. J Plant Physiol, 1994,143:379

[23] Roger D, Gallusci P, Meyer Y. Basic chitinases are correlated with
the morphogenic response of flax cells[J]. Physiol Plantarum, 1998,
103:271

[24] Schaumann A, Bruyantvannier MP, Goubert F. Pectic metabolism in
suspension cultured cells of flax(Linum usitatissimum)[J]. Plant Cell
Physiol, 1993,34:891

[25] Bourlard T, Bruyant-Vannier MP, Schaumann A, et ol. Purification
of several pectin methyltransferases from cell suspension cultures of
flax (Linum usitatissimum L.J)[J]. Comptes Rendus De L Academie
Des Sciences Serie Il Sciences De La Vie Life Sciences, 2001,
324:335

[26] Nichterlein K, Umbach H, Friedt W. Genotypic and exogenous fac-
tors affecting shoot regeneration from anther callus of linseed
(Linum usitatissimum L.)[J]. Euphytica, 1991,58:157

[27] Nichterlein K,Friedt W. Plant regeneration from isolated microspores
of linseed(Linum usitatissimum L.){J]. Plant Cell Rep, 1993,12:426

[28] Chen Y, Kenaschuk E, Dribnenki P. High frequency of plant re-
generation from anther culture in flax, Linum usitatissimum L [J].
Plant Breeding, 1998¢,117:463

[29] Chen Y, Hausner G, Kenaschuk E, et al. Identification of mi-
crospore—derived plants in anther culture of flax (Linum usitatissi-
mum L.) using molecular markers[J]. Plant Cell Rep, 1998a,18:44

[30] Chen Y, Dribnenki P. Effect of genotype and medium composition
on flax(Linum usitatissimum L.) anther culture[]]. Plant Cell Rep,
2002,21:204

[31] Obert B, Dedicova B, Hricova A, et al. Plant regeneration from
flax anther culture: genotype, pretreatment and media effect [J].
Plant Cell Tiss Org, 2004c,79:233

(32] Basiran N, Armitage P, Scott RJ, et al. Genetic transformation of
flax (Linum usitatissimum) by Agrobacterium tumefaciens regenera-
tion of transformed shoots via a callus phase [J]. Plant Cell Rep,
1987,6:396

[33] Jordan MC, McHughen A. Glyphosate tolerant flax plants from A-
grobacterium mediated gene transfer[J]. Plant Cell Rep, 1988a,7:281

[34] Jordan MC, McHughen A. Transformed callus does not necessarily
regenerate transformed shoots[J]. Plant Cell Rep, 1988b,7:285

[35] McHughen A, Jordan M, Feist G. A preculture period prior to A-
grobacterium tumefaciens inoculation increases production of trans-
genic plants(J]. J Plant Physiol, 1989,135:245

[36] Rakousky S, Tejklova E, Wiesner I, et al. Hygromycin B an alter-
native in flaxtransformant selection[J]. Biol Plantarum, 1999,42:361

(37] Wijayanto T,McHughen A. Genetic transformation of Linum by par-
ticle bombardment(J]. InVitro Cell Dev—Pl, 1999,35:456


http://www.cqvip.com

