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ADSTRACT

Several mutants have been sclected and denved from protoplast colomes of haplosd W
phumibarginfolie leaves. The mutants were charactenzed resistance agamst NaCl, KCL (200 mM) or
polyetylene glyeol (PEG) 6000 (25%). The selection was started at single cell euloere of fresly 1selated
protoplasts. The frequency of resistant colonies ranged from 107 ta 107, All resistant callus were
repenerated into plants and produce 10-235 times more proline than the wild type when grown on a-non-
selective medium.  Clear penetic basis was found as single dominant nuclear gene after progeay F2
aeneration crosse between resistant wild type plants.

INTRODUCTION

There 15 considerable  potential  in the
applicanon of cell culrure technigues 1 plant
biotechnology and penctic  cngineering  for
future plant fmprovement.  Cellular talerance
from single cell culture 3= approprate method
o isolate mucant resistant to salt and water
siress, Plant cell cultures and biotechinology 1z
a ferile arca for basic research, with passible
applicetion for breeding proposes (Sumaryati
et al, 194923,

The specific mechanisms conferring
tolerance 15 not yel understood and raditional
bresding  approaches to =sult tolerance have
penerally faled fo identify a clear gpenetic basis
for the wait. Several report on salt-tolerant cell
lines oblained by invitro selection methods gre
available and WaCl-lolerant tobacco plant has
been regenerzted. In a few cases, relatively
stable  variants have been  obtaned  and
telerance has been retained tn the progeny of
regenerated plants (Bhaskaran et al, 1980}
Howewver, the genene basis concerming tolerant
trait was oot clearly esteblished in any af these
investigalions.

The development of  sophisttcated
cellular mvitro techmgues based on single cell
protoplast culture comhined with mutagencsis
and  appropriate selection  methads  have
mesulted o owide gpectrum of ochemical
varianls of ootenl resistenl salt and  waler
stress condition  (Sumarvat, ot oal, 1993
Merrutiu, 19590). Such mutans have proved 0
be fruiful for studying metabolic pathways and
aene repulation in plants, In imporiant point is
that the resistant gene has (o expressed at cell
and whole plant  level transfer to next
generatian,

The aim of the investigation described
n this paper 15 (e select mulanl resigtant (o salt
and water siress from haploid protoplasts &
plumbanginygfolia. The  hochemical
charpcterization a5  praline  over-production
[rom the resistant mutants i< also determined,

MATERIALS AND METTHODS

Sefectivn Methods and Provoplast Culture

Protoplats from haploid N plumbarnginifolia
were  isolated  and  medivm  cultores  as
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desembed (Megruow, cf, al., 1981 Jacobs, el
al., 1987).  The mulpgenic eatmenl was
perfonmed | day afler protoplast isolatien. The
were exposed to UV hght st dose of 235
erg/mmisec for 20 seconds and then placed in
the dark for 2 davs. One week later 1he
surviving  oolomies were washed Dy
sedupentation and translecced at Gnal densiy
in MDOS medium - containing the  selection
gpents &t & concentration of 200 mM MaCl ar
KCland 25% PEG 6000, These concentration
werg ¢hosen on the basis of lethality cunve
established. for wild tvpe cells orowing on
mudia conteining such compownds {Sumarvan,
et al, 1992)  Actively growing callus lines
were used for e aming acids analysis,

Amiine Acids Analysis

Feee amune acids in callus end plantler were
wnalvzed by homogenizing | ¢ of callus with a
mixture of methanel, chlorofomr and water {2
30 D (Bielesk: and Turner, 19661 Asmno
goid  determination in callus  required  an
wldition all steps the materigl was boiled
T0% ethanal for [0 min.  chiorophyll was
recovered by adding two parts of chloroform
plus ong part of water o the extract. The
agueows  lever was tsken and  completchy
evaporated,  The residu was redissolved in
concentrated HCl  and  hydrolvzed  under
vacuem gt 110 Celcivs degree. The extracts
were subsequently cesuspesded in the loading
buffer (Na-citcate, pH 2.2) and anabyzerd by
aming acids snalvzer Biomonik LOC 3001

RESULT AND IMSCUSSION

Characterizolion of Resistant Mutans

Inkibiton curves in the basis of (LD = 90%) of
callus growth to e selection szents NaCl o
KL 200 mM and PEG 25% resulred three
diflezent resistant mutant, designated (RNa(l-
I, RRCI-1) a5 zalt resistant and RPEG-1 &s
waler stress. The salt resistant line prew beter
than the wild type in the presence of selection
agent, while a 1M mM zall conceontreiion
reduced callus fresh weight by 30% of the

control value in the wild type. both sali
reststant mutants prew  better only  slightly
affected.  Doubling the salt concentration 1o
200 mM the wild tpe cells were blocked
completely, while the murants fresh weiglt
omly reduced by 50% (Figur 1
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Figur L Crowth of salt-resistang Dees and wild-type
callus in the presence of ancrétsing cencentrations
of NaCl of KCI Mean fresh weights were
datermined after 4 weeks of culture on control and
supplamented media. The valuss are mesns af five
replicases {25 calli por plaged. Wild e —.
RNaCl-1 (..}, RECH | {-} on NaCl{=} or KOl (1),

The addition of 3% PEG in the culture
medium resulled noa fresh weight morease or
beth the wild tvpe and the resistants line (Fipur
21 The inhibitory effect of PEG was onby
noficealde  al  concentrations  ahowve  10%,
Coder fhese conditions the RPEG-1 line was
grew sigmificantly faster than the control line
and maimained & 30% growth rae on 25%
PEG while the wild type was completely
infuibited,
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Figur 2. GUrowl of PlG-resissant and wild-lype Figur 3. P'rolime content s percantage of 1ol free
cailus in the presence of creasme COnTeniratiens aminn acids in callug from wild Bype. ¥4aCi-1 and
of PEG. Mean [resh weights were determined afier M1, Callus were subepliured for 4 weeks in the
4 weeks of culture on control and PEG-suplementsd presence of Incresing salt concentration
miedia, The values are meams of Mive renlicates (25
calli per plate).
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Wwild nype callus cultures prawn in the presence 10
of salt coneentration showed 2 parallel increase -
i their free proline conlent. which on 130 mbd P .
salt reached 6 1o 8 fold the values determined B
o the nor-sahing medinm {Flaur 3] The same 1i 15
responge could be abhserved for the tolesant no 102
lines, however ey aceumulated 10t 13 tmes LI
mare proling than the wild type callus on non o mﬁfg
caline medium {Table 13 Nery Tigh . proline o i
comtont valwes were obtained for Tesistant line ' PEG caasenirations (%)

prawing on 20 to 25% PEG {Figue 4}
Figur 4. Proline content as Pereeniage of 1ol free
amina acids in callus fom wild type anl BFEG-]
Callus cultures were subeultured for 4 weeks i the
presence ol increasing  PEG coneentration.
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Table 1, Free amino acid analysis of wild-type and resisiant callus from the lines BMNaC-1. RECI-L
and RPEG-1 grown on non-selective medivm. Abselute values (in nmel ¢ fesh welght)

and percentrpes,

| Amino Acids : Wild Type RMall-1 RRCI- RI'EG-1
| = - T S I
! ameliy (%) HHEA R (%) nrmalE : () ol | (4=

Aspaniale BT 05 (R T2 TR 77 .20 1o 1
Threanigsa (LN .Y L TulH] .1 I 030 R i21 1.2 :
S A2 it 245 37 ) 350 ih a0z o |
Clutamre 3609 405 1844 414 | 3800 41.5 3.742 | 303 |
Pralite 6% 0K a5 102 | 784 %6 40 | 50
Cibveine P38 1R L] 0z T2 ny 197 1 0
Alanine [ 40 .5 | 47 1.3 L5 el 480 | 34

| Cwsieane i ERR R A R 1 0.1 10 8 S (R S N/
Yaline | arR T3 590 4.5 R0 T T 7 L8

| Methronine N | ND e R U T | o 0.l
Isaleucine 137 21 . | 63 M e | 7 o1 |
Leucine Y £ 3.5 gk | |G 1441 |.i: 58 0.
Tyrosine 211 23 1-17 I.5 40 IS 17 1.2
Phenylafapmine 134 s e 2 ER LA 25 356 37
Histidine 1.057 b7 e | b R{ERM] [1.5 073 foz2 |
Lysine 57 i & 34 37 S B G 502 g1 |
Arginine L4 24 ilh 4 10 1.4 450 &5 |

| - |

| Tutal BOES 0.26% | |19 9512 I

Neabilivy of Tradl v vhe Resistand Lines

When selected erllus hnes were transtorred
from the selective medium to a non-selective
pne for the thres successive subonlieres of 4
weeks each and then put back an a medium
with the onginal concenirabion of salt or PEG,
they mainizined an active prowl compaerahle 1o
the one abservd onginally,  These data was
priblished (Sommarva. eoal, 19921 The
penetie basis concerning  clegr mulalion wias
also reported as o dominant pene segregate as
single mandelian gene.  Seceds from  secand
peperation showing resistant against very izl
concentration oF 2all (200 b)) and 20% FEG

CONCLUSION

Selection [rom single cell protoplast  and
mutagenic freamment ereated useful sall amd
water siress mutanta of A pfusrbarringfofio,
This method of selection mutsnt could he
impontant o apply in other cconomic plangs,
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