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Optimal Conditions for Transformation of Brassica Crops with

Agrobocterium rhizogenes*
He Yuke

(Department of Horticulture, Northwestern Agricultural University)

Abstract Light and temperaturc have had an important effect on in vitro
genetic transformation of cabbage, cauliflower and oilsced rape by A4, rhizoge-
nes, In the light more transformed roots were induced on hypocotyl segments
than in dark,In contrast to this, the hairy roof initials in the dark produced

more, longer lateral roots and larger hairy root lines than those in the
Light, With cabbage segments,the highest transformation frequency was attained
at 25°C whereas the highest rclative growth rate of hairy roots was reached at
28°C,Growth rate of hairy roots was not atfected by pH in the range 5,2,-6,7
but some outgrowth of A, rhizogenes occurred when pH was above 6,2, This
pattern of environmental responses makes it possible to divide such transforma-
tion procedures into two stages, a root induction stage and a root growth stage,
Subject words Agrobacterium, Brassica, temperature /. Agrobacte-

rium rhizogenes, genetic transformation

0 Introduction

Agrobacterium rhizogenes is able to insert a fragment of special DNA(T-
DNA)into the genome of dicotyledonous plants,giving rise to the initiation and
rapid growth of hairy roots, Despite a considerable amount of work on bio-
chemical and genetic aspects of transformation,little is known about the effects
of environmental factors such as temperature, light and pH, which certainly
contribute to the integration and expression of T-DNA in plant cells,

Hairy roots induced in this way can be used to study plant resistance to
obligate pathogens{!72)_  In recent years,transformed roots have been establish-
ed from Brassica crops such as cabbage, oilseed rape, cauliflower and turnip [2-8)
An attempt was made to infect transformed roots of cabbage with plasmodiophora

brassicae which causes clubroot disease!®?, All the transformations of Brassica
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crops were carried out in the light and no mention was made of the effects
of a range of environmental factors on transformation frequency, as seen in
many experiments of tobacco and tomato transformation,

In an effort to establish hairy root lines for the study of clubroot disease
resistance, we used hypocotyl segments of some Brassica crops to perform

genetic transformation mediated by A rhizogenes under different conditions,

1 Materials and Methods

Wild type A,rhizogenes LBA 9402(agropinc tvpe)was cultured at 28°C for
2 days on YMB liquid medium 2"

Three cultivars were used in the experiment; Septa (cabbage, Brassica
oleracea L, ,var _capitata), Toria (oilseed rape, B,napus L Yand Cervina
(cauliflower, B,oleracea L var botrytis) Sceds were sterilized in sodium
hypochlorite by threc rinses in sterilized water and sown on MS medium (Mura-
shige and Skoog 1962)without vitamins, inositol and growth regulators, Seg-
ments were excised from hypocotyls of 2-weck-old scedlings and placed up-
side down on MS20 mcedium(MS with 20 gL sucrosc)in glass pots, Inoculation
with A,rhizogenes was performed by applying 2 pL bacterial suspension on
the cut surface of each segment, The inoculated segments were cocultivated first
on MS20 medium for two daysand then on MS medium supplemented with 250
mg /L vancomycine, Some of glass pots containing the inoculated segments
were placed in the light and the others in the dark, Temperatures for the co—
cultivation were 20, 25 and 28°C, Scgments which were not inoculated were
taken as controls,

Twenty days after inoculation,1-2 mm of the top part of the segment,with
all induced roots on it, was cut off carefully with scissors and explanted onto
MS solid medium supplemented with 100 mg, L vancomycine, This is regarded
as the first transfer, After 10 days, the second transfer was carried out by expla—
nting all individual roots scparately onto MS medium containing 250 mg /L van~
comycine, From the [irst transler on. the roots were continuously cultured
in various combinations ol cnvironmental factors; the total dark or light of
2,7w/m?* with 16 h daylength; temperature of 20, 25, 28 or 30°C; medium
pH of 4,7, 5,2, 5,7, 6,2, 6,7 or 7,5 which was mecasured after agar was
dissolved in the medium,

The number and length of roots arising from segments or root initials were
determined every five duys, Relative growth rate of hairy roots was assayed
using length of roots instead of the weight as is usual!’), Agropine and

mannopine in hairy roots were determined to identily transformed roots {31




92 Results

It is useful to divide the transformation procedures into two stages; (1)root
induction stage during which the inoculation with A, rhizogenes and incubation
of segments are carried out, and (2)root growth stage during which the indu-
ced roots are explanted and transferred for subculture,

2.1 Root Induction Stage

Although the first roots were secen on the infected sites of segments at
different time, the whole root induction stage for the varieties of Brassica
‘oIeracea was about 20 days, During this stage, exposurc to light and differ-
ent temperatures influenced the number of rooted segments of induced roots
and of transformed roots(table 1),Segments from cabbage and cauliflower gave
rise to more roots in the light than segments in the dark, In the light were
a higher percentage of rootcd segments,higher root induction frequecy (num-
ber of induced roots per segment) and higher transformation frequencny (the

number of transformed roots per segment), This was not the case with oilseed

rape,
Table 1 ,Root induction frequency of segments from
some Brassica crops when incubated in the light or in the dark
genotype treatments percentage of root induction transformation
rooted segments frequency frequency
(%)
light dark light dark light dark
cabbage inocula, 92 86 3,6 2,9 2,5 0,7
control 2 33 0,1 0,1 0 0
rape inocula, 17 58 0,5 1,5 0,3 0.2
control 14 50 0,2 1.3 0 0
cauli- inocula, 100 41 4,4 0,8 1.3 0.5
flower control 13 33 0.1 0,3 0 0

1 .Segments were incubated at 25°C,
2 ,A minimum of number of segments per treatment was 36 in the light, 26 in
the dark and 15 for controls respectively,

8 Measurement was made 20 days after inoculation with A - rhizogenes,

It should be noted that some control segments were also able to differen-

tiate roots, The control segments from cauliflower and oilseed rape differen-

“tiate more roots than those from cabbage, Such root formation of control
segments from all genotypes was apparently prohibited in the light,

Usually, only one or two roots were observed on one control segment
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if this segment differentiated root(s), In contrast to this, segments inoculated
with A,rhizogenes usually differentiated more than thrce roots if they were
induced, Among these inoculated scgments, some exhibited a high capacity of
root differentiation,with more than 30 roots per scgment, Inoculated segments
also produced much more untransformed roots than control segments, The
untransformed roots differed from transformed roots in growth behaviour, They
grew rather slowly or cven stopped growing, and scldom differentiated lateral
roots and losi geotropic responses,

When temperature was raised from 20 to 25°C, there was a large increase
in percentage of rooted segments, in root induction frequency and in transfo-
rmation frequency(tabale 2), A further increase in temperature only had a
minor influence, If the segments werc incubated at 30°C in the dark,only 15%
produced roots at very low root induction frequency (0,3). In the dark, the
optimum temperature for root induction of cabbage was about 25°C, The highest

transformation frequency was obtained in the light,

Table 2, Root induction frequency of cabbage

segments when incubated at different temperaturess

temperature percentage of root induction transformation
rooted segment {requency frequency
O %)
light dark light dark light dark
20 45 50 1.0 1.0 0.5 0.1
25 92 86 3.6 2.9 2.5 0,7
28 82 45 2.5 1.0 0,9 0,2
30 15 0.3 0.1

«Measurement was made 20 days after inoculation with A+ rhizognes,

'

In the dark, all inoculated segments lost their grecn color and progressively
turned brownish during root induction stage, This became more pronounced at
higher temperature, However, control segemets lost their green color, but did
not turn brownish, The inoculated scgments lost grecen color faster than contrel
segments,

2,2 Root Growth Stage

Transformed roots grew faster in the dark than in the light (figure 1),
Hairy root initials, when cultured in the dark, tended to producc more lateral
roots than untransformed roots,

When temperaturc wes raised from 20 to 28C, the significant increases
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(Duncan’s Multiple Range Test , data not shown)were observed in number and

length of hairy roots respectively both in the dark and in the light,
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Figure '. Growth responses of hairy roots to light and
temperature during root growtlt period. lhe hairy roots
used werc Ceitived from cabbage segments.

During the first 5 days, hairy roots grew very slowly, Then there wasa

rapid increase both in number and
length of hairy roots, particularly at
higher temperature and in the dark,
Growth was optimal around 10 days after
transfer, and after 20 days growth of
hairy roots cultured at higher tempera-
ture slowed down, Hairy roots cul-
tured at 20°C maintained the steady,but
slow increase in number and length,

Hairy roots of cabbage reached the
highest relative growth rate at 28°C
while those of oilseed rape and cauliflower
did this either at 25°C in the light
or at 28°C in the dark (figure 2),

No significant differcnce was ob-
served in number and length of hairy

roots when medium pH was changed
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figure 2 Aejolive growth rate (RGR} of nairy roots derivea

from

three cultivars 4t different temperatures. It g

caloulateo using the equation Rc=l/L- (L1al )/t where initial

root
time

length (L) and flnal root length (L1} are taken at
interval It} of 10 days

from 5,2 to 6,7, But, hairy roots grew slowly if pH was above 7,2 or below
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4,7, On the medium . without antlibiotics, some outgrowth of A, rhizogenes
was found around hairy roots al pH higher than 6,2, cven after third trans-
fer, Outgrowth of bacteria was faster in the dark and with rise in temperature,

Some transformed roots cxhibited extremely high relative growth rate at
different temperaturcs, Roet line B12212, cultured for 20 days at 28°C in the
dark, gave rise to 120 lateral roos with 3075 mm of total length, Root line
B11235, cultured for the samec period at 20°C in the dark, produced 64 lateral
roots with 1823 mm of total length, On the other hand, some root initials
formed long roots with few lateral roots, Root line BI4334, for example,
produced only 12 lateral roots, but with 2236 mm of total length, These spe-
cific features of different lines did not change after several generations of

subculture,

3 Discussion

The various procedures used to transform plants with A, rhizogenes are
different, but they all have the same two stages in common, The first step
(root induction stage)involvesthe infection of A,rAhizogenes and the integration
of T-DNA into plant cells which in turn give rise to initiation of transformed
roots, On the other hand, thc exprssion of T-DNA which causes fast growth
of hairy roots is the characteristic event during root growth stage, The results
in our prescnt cxperiment indicate that these two stages have different requre-
ments for temperature and light conditions,

3.1 Root Induction

Comparcd with control segments, inoculated scgments differentiated more
untransformed roots, This fact shows that the infecticn of A,rhizogenes sti-
mulates the differcntiation of both transformed and untransformed roots, Obvi-
oursly,the roots from inoculated segments arc a mixture of transformed and
untransformed roots,

Control segments produced fewer roots in the light than in the dark, In
contrast to this, exposurc to light stimulates the induction of transformed roots
on inoculated segments,

In the dark, the inoculated segments gradually lost their grcen color and
turned brownish, concomitant with decrcasing frequency of root induction and
transformation, These changes became morce visible and faster with a rise in
temperature, This observation forms an indication that light plays an important
role in induction of transformed roots, Possibly, the heavier infection of A,
rhizogenes, usually at high temperature (30°C) in the dark, terminated pho-

tosynthesis of segments and damaged the original tissues to the extent which
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made the segments not suitable for root induction, However, direct effects of
light on the transformation process can not be excluded,

The previous research workers found that at temperature of 30°C or higher,
therc was a thermosensitive phenomenon on plant tissues infected with Agrobac—
terium tumefaciens® 1 Morc recently, Alt-Moerbe and his collegues stud-
ted temperature-sensitive step in Ti plasmid vir-region induction and observed
that tumour induction was temperature-dependent and induction of virD2 was sig—
nificantly reduced at 28°C ['?? ,In our present experiment,hairy root induction on
segments, took the form of similar sensitivity,

3.2 Root Growth

Among transformed roots, there were the long” typc hairy root lines which
had fewer, long lateral roots, and %hushy” typc hairy root line which differ—
entiated many short lateral roots, Also,large differences in relative growth rate
were observed among transformed root lincs, Unlike the hairy roots which had
extremcly high potentials in root growth, some hairy roots grew rather slowly
although they werc confirmed by opine mcasurement, These differences appeared
to be stable through several transfers, One possible explanation for this diversity
in root growth might be the hecicrogeneity among plants, If this were the case,
‘then it would imply that all the hairy roots from the same seedling or the same
segment behave similarly to each other, However, the fact is that the trans-
formed roots from the same seedling or the same segment behaved differently,and
only a few of them exhibited high potentials in root growth, while the others
did not, It is clcar that plant genotypic difference was not main reason for the
diversity in growth behaviours between these root lines, Rather,thesc difference
might be explained by variation in the integration and expression of the T-DNA
in the plant genome, Some analysis of cxperiments implicate abnormal T-DNA
insertoin and minus changes in the border ends of T-DNA U!?2 141 'These transgenic
abnormalities may affect morphorlogical features of transformed roots, Therefore,
it is reasonable to deduce that the diversity in growth behaviour of transformed
roots is mainly caused by the variations in expression of T—DNA,NeVertherIess,
tempcrature and light influence such variations,
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