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Super roots in a legume species: A unique tissue culture and regeneration system : Tomoe KAWANO and
Ryo AKASHI (Faculty of Agriculture, Miyazaki University, Miyazaki 889-2192, Japan)

Abstract: Super roots of Lotus corniculatus are a fast growing legume root culture that allows con-
tinuous root cloning, direct somatic embryogenesis and mass regeneration of plants under entirely
growth regulator-free culture conditions. These features are unique to root cultures and are now
stably expressed since the culture has been isolated almost 5 years ago. Super roots switch from ex-
clusive root proliferation to shoot production upon transfer to light and stationary condition. Lateral
root formation continues at a reduced rate while embryos and shoots are forming. When infected
with Rhizobium Ioti, super roots carrying somatic embryos and small shoots, form root nodules. Re-
generating super roots provide evidence that root-derived somatic embryos and shoots of L. cornicu-
latus begin to form in a process related to the development of lateral roots or root nodules. When
treated with a low concentration of benzylamino purine (BAP) shoots form at an increased rate
matching the spacing typical for lateral roots. The super-growing root culture of L. corniculatus re-
generates plants that show no morphological differences as compared to wild-type regenerants or
seedlings. Roots dissected from plantlets derived from super roots or from super root-derived proto-
plasts express all super root qualities again when cultured in vitro. Super roots provide a favorable
experimental system for developmental studies that are sensitive to exogenous hormones such as
lateral root formation or nodulation in vitro.
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ZRRR D THBIBICRIS T2 Z & s, fE
MIZBIT DB L ORL 22535
JEEDA TN = X LEMRIT HH 2 THEALREKE
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1994; Morikami 2000). Z DI &b, vaA
XF XS TITEREREBEIEH L, T 52
L THERHEB LOREIGEICEE L -85+
DOEERANITIHOI TV D (Benfey 1999) .
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< NOBER A MR, RS LM — 2 RNl
RO RIRE CHEIRICART S Z L2 @G
L CLAsk, ZoOAFENE X UIERRFERIFZEIC

BOWTHWLLD X D127V (Holsten et al.
1971; Raggio et al. 1957, 1959), X &z,
Agrobacterium rhizogenes % FAV N 1= B InFHER{ER
iF CEIRIR  (hairy roots) 12X W ARDAFESRY
98, IR RICEDL L B FE2 S F L
~N)VTHETTE 5 X 9127 - 7-. (Chilton et al.
1982; David et al. 1984; Petit et al. 1986). L >
L2236, ZHabOFEMIIREEREICHE WV THE
WRNE B E T DD R E 2
BT 5 ERBREORITIITRA TS, F£7=,
FEIC L > TERIROFE S REE Creg LR L
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and Benfey 1991).
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WikESMERERE L, BHIIT2 N TAX R
HEECX, TORRLIEETH D L OR#%x
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HFORMEL MR L TV A (Akashi et al. 1998,

2000). Z SR IX, {ROAEBERFIICHEX
HiE0 Y TR, WHEERRIZL D2BEETFOH
RRFNTICLRIATAZ LN TES.

AR, SR OF RIS L OE OMERE - BETHETE
RFOREREME, S HICRBEERERIEICONT
BT 5.
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T R NTE L IRFEAE T CHI LR O B A SRR
L7 BB &2 R U7 in vitro FRRITERE 2 T
ST B TEHIT, LICRd & 9 72 s CIRES &
PRBI. Thbb, BEIVYaZY (Lotus
corniculatus L.) OFEF2EHE (0% < ¥ ) —
V153, 2% IRERFRBET b YU U A 20 53R
S XD BB LTk, MRV BRI
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1 BEIVIATHICEITHRIEREE
(Akashi et al. Theor. Appl. Genet. 96:
758-764. 1998 & Y —E&#LiK)
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HEE, WAL 10cm BEICHBEAR L2,
ZFD#%, TURALTDHMN SR LV HRE L

2 SROMRIBRE.
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FHRERERE &UTE#%ﬁ/ﬁi’d‘é EMT
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b) SRMDEIE.
¢) SR HI4E.
d) SR M E1EiE.
e) RILE TN NS BiFiEth THTE+F O SR
(aB & U e lE, Akashi et al. Theor. Appl. Genet. 96:
758-764, 1998 & VY —&R¥LKL)

5 filter paper &% Ml = SR ARFHLilEE
12811 2IRRRL.
a) filter paper i%.
b, ¢, d) SR AXRFSMLHEMEORERN.
e) filter paper ik Cif¥h D SR.
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(a, b, dB LU FZ, Akashi et al. Theor. Appl.

Genet. 96: 758-764. 1998 kU —ERaxik)

%72, SR IZBITHHEMEFS{LIX, BAP T
%%@éﬁé ENTER. B 7%, BAP 2
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[X) % BAP iRINEGHN THEE L7-BE, TEFD
R L (K 7d).

X 5T SR HMMEMEOE, XBIORICE
WTHEMEBEMERES THY, £, B
b L7 ORBIZEB VT L ERRIC SR OE
PEELTWE, Z0OZ2iE, SR Aot s
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SR DR HIERBERH T2 h ST A NEH
BECx, S LEMENESILT S (Akashi et
al. 2000). o NS5 R NOBEEEICIE, 4.0%
TAT—EBIWN 0.1%X7 N T —EE2ET
EE#RiR (0.25 mol/L ¥ > = h—/L, 0.25 mol/L
JIVE h—J, 0.1%CaCl,) ZHW=Z. HBEL
=78 75 A M, 0.05mg/L BAP, 0.1 mg/L
2,4-D B X 0.5 mg/L NAA % &¢p KMSP k5t
(Kao and Mychayluk 1975) IZBWTHEL,
BEEBEMAE 30 B EiCiL, E&EA 0.5-1.0 mm®D
YA I BRHNVAERR LT, A 7 2RIV ARI,
0.5 mg/L NAA IO MS R EE# TlImR % 431k
LHEMEESMLICESD. —7F . BAP iMND MS
FEREMTIEL =2 — FOERRIZREZ ST 5
BEEZBE-ZENS, SROT7a FFT A )
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8). &6, Fa b7 IR MLEMMELI-HE
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TV=,

6. MHRiR

SR OFE#r#i, SR »5Hok L-flwik
WWBITAELXRHWVWA I L THAETH- -
(Kutsuna et al. 2002). FREH:zHLICIY,
RIVE ERRN 1/2MS FEREEM A ATz i
Ay b (K 9) T2 BHEETIEERA—/—
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N— NEEBRS(GEMEDES AV, BUR
1%, Agrobacterium tumefaciens LBA4404 (277
A I K pBlI2] ZEA L7 ERBIRIRE S,
BHFTC | BRI ORFEERLZITY, TO%EEES
HCHE L7, 5224 LT 30 BEE®D
YR O BE S IV ABER S 208,
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(Akashi et al. J. Plant Physiol. 157:
215-221. 2000 & Y —#REz#k)
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in vitro R AWV BERWELEEO FREE H T

[ R g Wil
S, SR TR O A FRIBIERZ OEREMR

., EOICIERMELEER O AT

7 ) a B TR TELIEERMEITH D

LEZLRB.

SR

Akashi, R. Hoffmann-Tsay, S.-S. Hoffmann, F. 1998.
Selection of a super—growing legume root culture that
permits controlled switching between root cloning
and direct embryogenesis. Theor. Appl. Genet. 96:
758-764.

Akashi, R. Harris, S. Hoffmann—Tsay, S.-S. Hoffmann, F.
2000. Plants from protoplasts isolated form a long-
term root culture (Super Root) of Lotus corniculatus.



A8 - BAH AR OIFZE (Root Research)

12(1) :3-8(2003)

J. Plant Physiol. 157: 215-221.
Akashi, R. Kawano, T. Hashiguchi, M. Kutsuna, Y.
S.-S. F. 2002. Super

roots in Lotus corniculatus: A unique tissue culture

Hoffmann-Tsay, Hoffmann,
and regeneration system in a legume species. Plant
and Soil. (in press)

Benfey, P. N. 1999. Is the shoot a root with a view?
Cur. Opi. in Plant Biol. 2: 39-43.

Bergersen, F. J. 1961. The growth of Rhizobium in syn—
thetic media. Aust. J. Biol. Sci. 14: 349-360.

Chilton, M. D. Tepfer, D. A. Petit, A. David, C. Casse—
Delbert, F. J. 1982.
rhizogenes inserts T-DNA into the genomes of the
host plant root cells. Nature 295: 432-434.

David, C. Chilton, M. D. Tempe, J. 1984. Conservation
of T-DNA in plants regenerated from hairy root cul-
tures. Bio Technology 2: 73-76.

Tempe, Agrobacterium

Holsten, H. D. Burns, R. C. Hardy, R. W. F. Hebert, R.

R. 1971. Establishment of symbiosis between Rhizo—
bium and plant cells in vitro. Nature 232: 173-176.
FRER, WHTEF 1994, ROBKICE 54 50E
oo % W, wWHEGR, BA D, WNiE W
BEfe MO & 6 5 0 T-HAb— BIn 1 b %
T~ WA T ) — X 1 i, i)
. pp24-33. )

Kao, K. M. Michayluk, M. R. 1975. Nutritional require—

ments for growth of Vicia hajastana cells and proto—

plasts at a very low population density in liquid media.

Planta 126: 105-110.

PR, B ER], WA B, 770 kT~
v 2001, PWEIEI Y ZHmkRA——— KiZ
B AEENE IO ERE. W ED

WS 11 PIFFEACi ol 2 H 4. ppl31-132.

Kutsuna, Y. Hashiguchi, M. Akashi, R. Hoffmann-Tsay,

S.-S. Hoffmann, F. 2002. Agrobacteriummediated
transformation of super roots of Lotus corniculatus.
In proceeding of 10" The international association for
plant tissue culture & biotechnology congress. Or—
lando. pp136A.

PR, MO R, A B 2002, 77 aRg
TV LEEHWNZAA—=XT7 y N LT A VH
kA== b— F O e, A REE 48 ()
340-341.

AL 20000 RO WA, BH AR
20 ASEE WO 2R Do) it TETE

JERkZ KB Bl s D17 b & 120 5 Kt
fa v ) =212, FHife, sal pp94-102.
Murashige, T. Skoog, F. 1962. A revised medium for
rapid growth and bioassays with tabacco tissue cul-

ture. Physiol. Plant 15: 471-497.

Petit, A. Berkaloff, A. Tempe, J. 1986. Multiple trans-
formation of plant cells by Agrobacterium may be re—
sponsible for the complex organization of T-DNA in
crown gall and hairy root. Mol. Gen. Genet. 202:
388-393.

Raggio, M. Raggio, N. Torrey, J. G. 1957. The nodula-
tion of isolated leguminous roots. Am. J. Bot. 44:
325-334.

Raggio, M. Raggio, N. Burris, R. H. 1959. Nitrogen
fixation by nodules formed on isolated bean roots.
Biochim. Biophys. Acta. 32: 274-275.

Schiefelbein, J. W. Benfey, P. N. 1991. The develop-
ment of plant roots: new approaches to underground
problems. Plant Cell 3: 1147-1154.

White, P. R. 1934. Potentially unlimited growth of ex-
cised tomato root tips in a liquid medium. Plant
Physiol. 9: 585-600.





