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ABSTRACT

INTRODUCTION

Rootstocks are of great importance in
the intensive cultivation of pear trees. The
advantages of using rootstocks include: the
avoidance of juvenility, uniformity of tree
performance, control of yield and fruit quality
as well as to develop tolerance to diseases,
pests and unfavorable soil factors.

Pear plants mainly propagate by
grafting the scion on the suitable rootstocks.
Large numbers of rootstocks may be used for
pear but the most suitable one is communis
pear (Pyrus communisn) rootstock. It had an
excellent vigor, adaptable to different soil
types, and compatible with most pear varieties

as well as it spread in most pear farms becausc
of producing high yicld and excellent fruit
qualities but not resistant to fire blight.

Recently, a new pear rootstock betu-
laefolia pear appeared (Pyrus betulaefolia)
rootstocks had an excellent vigor, adaptable to
different soil types, compatible with most pear
varieties and resistant to fire blight (Cameron
et al., 1969), but the fruit yield and qualitics
are lesser than ones grafted on communis

pear.

The only altemnative is finding out a
new rootstock effective in controlling fire
blight and encouraging high yielding as well
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as fruiting qualities. Establishing a breeding
program for producing a mew rootstock for
pear combine the best characters of communis
pear and tolerance to fire blight is the most
important step in overcoming fire blight prob-
lem.

Conventional  breeding  programs
needing high costs and long time to accom-
plish the required goal. The best altemative is
employing biotechnology in achieving this
goal through protoplast isolation and fusion to
establish somatic hybridization between
communis and betuleafolia pear rootstocks
and in turn produce new rootstock valuable in
producing high yield and fruit quality as well
as in the same time good tolerant to fire blight
disease. '

Protoplast technology has a potential
application in the genetic improvement of pear
rootstocks. Pear protoplast were also used for
studies of host pathogen interaction with
bacterium responsible for fire blight, (Erwinia
amylovora), and a novel methodology for the
precocious selection of plants according to

their responses vis the pathogen developed
(Brisset et al., 1990). Protoplasts are particu-
larly valuable for methods of plant improve-
ment since the cell wall is not present for
interfering during fusion and injection or
uptake of foreign DNA (El-Gindy and Gray,
1991).

Protoplastes provide the starting point
for many of the techniques of genetic mani-
pulation of plant in particular the induction of
somaclonal variation, somatic hybridization
and transformation (Cocking ef al, 1981;
Kinsara et al., 1986 and El-Gindy and Gray,
1991).

The ultimate goal of this study is
establishing a protocol for protoplast isolation
and culture of both communis and betuleafolia
pear rootstocks by using different experiments
in this respect. Also, studying the obstacles
facing protoplast isolation and culture as well
as utilizing of this techniques in future in
breeding program to product new rootstock in
pear by using protoplast fusion (somatic
hybridization) or genetic transformation.

MATERIALS AND METHODS

This investigation was carried out at
tissue culture unit, Horticulture Department,
Faculty of Agriculture Moshtohor, Benha
University, during the period from 2004 to
2007.

All the experimental studies conduc-
ted on two rootstocks. ie. communis
(Pyrus communis) and betulaefolia pear
(Pyrus betulaefolia). The mother plants were
planted in tissue culture nurserry, of the same
Faculty. In vitro plantlets of both rootstocks
under study were established, proliferated, and
rooted according to Bayuomy (2004)
methods.

Leaf sterilization:

The new emerged leaves of in vivo
Pyrus communis and Pyrus betulaefolia were
collected from the mother trees put, in
polyethylene bags and transferred directly to
the tissue culture laboratory where subjected
to the running water for 15 minutes to get rid
of dirts and germs followed by immersing in

soap solution for 5 minutes. Finally the leaves
immersed in 10% chlorox solution (0.5
NaOCl) commercial bleach with two drops of
Tween-20 for 10 minutes followed by wa-
shing - with sterilized distilled water 3 times
each for 5 minutes.

L. Protoplast sources and plasmeolysis:
Factorial experiment was conducted
between protoplast source (in vitro and in
vivo) and plasmolysis treatments of both
rootstocks. This experiment was carried out
mainly on certain fruit trees types for encoura-
ging cell plasmolysis before protoplast iso-
lation. CPW-salts (Frearson ef al., 1973) were
used as initial plasmolysis medium with the

- following additives for one hour:

1- Control: 0.0 mannitol + 0.0 sucrose.

2- 9.0 g/100 ml mannitol + 0.0 sucrose.

3- 13.0 g/100 ml mannitol +0.0 sucrose.

4- 0.0 mannitcl + 21.0 g/100 ml sucrose.

5- 9.0 g/100 ml mannitol for half hour then
13.0 g/100 ml mannitol for half hour more.

S
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Mannitol and sucrose were dissolved
in CPW salts. The medium was adjusted at pH
5-8. ‘

IL Protoplast isolation :
Il.a. Protoplast source and enzyme
mixture: ‘

Two sources of leaf mesophyll
protoplasts (in vitro and in vivo) combined
with different enzyme mixtures were eval-
uated to find out the most effective enzyme
mixture was able to induce the highest

protoplast yield.

The tested enzyme mixtures were as

follow :

1I- EM; : (1.5% cellulase + 0.5% pectianase
+ 1.5% Macrozyme)

2- EM;: (1.0% cellulase + 0.5% pectianase +
1.0% macerozyme).

3- EMs;: (1.0% cellulase + 1.0% pectianase +
1.0% macerozyme)

4- EMy (1.0% cellulase + 1.0% macero-
zyme)

5- EMs: (2.0% cellulase + 1.5% macero-
zyme+ 0.5% pectinase)

6- EMg: (1.0% cellulase + 1.0% pectinase)

7- EM; (1% cellulase + 0.5% macerzyme +
0.2% pectianase)

ILb. Digestive enzymes medium.

Murashige and Skoog (MS, 1962),
Kao and Michayluk, (KM, 1975) and CPW
(Frearson et al, 1973) media were tested to
sclect the most suitable one which has the
ability to disolve and promote the enzyme
mixture activity to the optimum level to digest
cell wall of leaf tissues of both pear root-
stocks.

IL.c. Effect of osmotic pressure factors:
Different carbon sources (Mannitol,

sucrose and glucose) were added to CPW

digestive enzyme medium (which had already

selected during the aforementioned step) as

osmotic pressure factors at the rate of 13, 21

and 7.9 g/100 ml, respectively to detect the

optimum osmotic pressure factor succeeded in
optimizing the osmatic pressure inside and
outside (medium osmotic pressure) protoplast.
This step lead to produce rounded protoplast
without occurrence protoplast plasmolysis or
rupture.

I1.d. Effect of incubation period: ‘

In vitro leaf ships of both pear
rootstocks were immersed in the suitable
enzyme mixture and ovemight incubated for
different period i.c. 12, 16, 20 and 24 hours to
testify the best incubation period induced the
highest protoplast yield.

ILe. Effect of shaking period and speed:
Afer stationary overnight incubation,

the Petri dishes containing digestive enzyme

medium and leaf strips, were shaked on a

. rotary shaker. Different combinations between

shaking speed (0.0, 50, 75 and 100 rpm) and
time (0.0, 15, 30, 45 and 60 min) were
employed in order to get the best shaking
speed combined with convenient shaking time
for, release more viable protoplasts.

II1. Purification:

After shaking the digested cell mixed
with enzyme medium, the incubated mixture
passed through a 25 u nylon sieve, the diges-
ted tissue pieces washed with CPW 13M
medium and spin at different speed (500, 1000
and 1500 rpm) combined with different times
(5, 7.5 and 10 min), followed by three washes
in CPW 13M. '

IV. Protoplast culture;

The isolated protoplast of either
Pyrus communis or Pyrus betulaefolia were
cultured on different liquid medium types i..
Murashige and Skoog (MS, 1962), Kao and
Michayluk (KM, 1975) and Gamborge et al
(B5, 1968) at different densities (0.5, 1.0, 1.5
and 2.0x10%ml) to select the best culture
medium and density which gave the highest
protoplast development. '

V. Effect of hormonal balance:

Hormonal balance in culture medium
between NAA (0, 1, 2 and 3 mg/L) and BAP
(0.0, 0.1, 0.2 and 0.3 mg/L) was investigated.
The isolated protoplasts of (Pyrus communis
and Pyrus betulaefolia) were cultured at
density 2.0x10%ml on KM and MS medium,
respectively, supplemented with the different
combinations of NAA and BAP.

Statistical analysis;

All data were subjected to analysis of
variance and significant difference among
means were determined according to Snedecor
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and Cochran (1972). In addition significant
difference among means were distinguished
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according to the Duncans, multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION

I. Protoplast source and plasmolysis:

Data presented in Table (1) and
illustrated in Fig. (1) show the effect of
protoplast source and plasmolysis treatments
on protoplast yield. It is appear that in vitro
leaf mesophyll protoplasts were more superior
in protoplast yield than those of in vivo source.
Meanwhile, soaking either in vitro or in vivo
leaf pieces in plasmolysis solution (5) (gradual
plasmolysis containing 9% mannitol for half
hour followed by 13% mannitol for further 30
min) increased protoplast yield. However, the
lowest value of protoplast yield was detected
with manmtol or sucrose free medium
(control).

Conncerning the interaction, between
leaf mesophyll source and plasmolysis treat-
ments it is quite evident that in vitro leaf
mesophyll combined with treatment 5 (plas-
molysis for 30 min in CPW 9M + 30 min in
CPW 13M) maximized the protoplast yield
(Photo 1), followed by in vivo leaf explant
combined with the same plasmolysis treat-
ment.

These results assured the findings of
Power et al. (1990) they reported that isolated
leaf mesophyll protoplast of apple which were
already plasmolyzed for 30 min in CPW
medium with 0.5 M mannitol followed by 30
min in CPW medium with 0.7 M mannitol
increased yield to 4.5 x 10° protoplasts /g f.w.
with 60% viability. Moreover, Ochatt (1993)
reported that best protoplast yield and viability
of Pyrus spp. (pear) was achieved by
plasmolized tissue for at least 1h in the same
solution as used for isolation but devoid of

enzymes.

I1. Protoplast isolation:
ILa. Effect of enzyme mixture:

Data tabulated in Table (2) reflect the
effect of enzyme mixture on protoplast yield
derived from in vitro and in vivo leaf
mesophyll of both pear species. It is quite
clear that in vitro leaves were better than in
vivo leaves when protoplast yield was

concemed for the two studied species.
Anyhow, enzyme mixture EM1 (1.5% cellu-
lase + 0.5% pectianase + 1.5% Macrozyme)
maximized yield of leaf mesophyll protoplast
(in vitro and in vivo) of the two pear species.

It could be concluded that in vitro
leaves of both species combined with the
enzyme mixture EM1 maximized the proto-
plast yield, followed by in vivo leaves com-
bined with the same enzyme mixtures.

These results are generally in agree-
ment with the findings of Ochatt and Caso
(1986), who stated that protoplast yield of in
vitro leaf mesophyll of wild pear was higher
compared with those derived from field leaf
mesophyll plants. Moreover, Ping et al.
(2005) found that the best digestive enzyme
mixture for protoplast isolation of Vitis davidii
was 2% cellulase, 0.5% pectinase and 1%
macerating enzymes.

ILb. Effect of digestive enzyme medium:

Data presented in Table (3) revealed
that CPW medium surpassed the other two
investigated media, whereas it gave the
highest values of protoplast yield for both
rootstocks.

This result is in agreement with the
finding of Mehri (2003) who reported that
digestive enzyme mixture of prunus cerasus
was more effective when dissolved in CPW
13M medium.

IL.c. Effect of osmotic pressure factors:

Data of Table (4) show the effect of
different carbon sources as osmotic pressure
factors on protoplast yield. It is obvious that
adding mannitol to the culture medium prod-
uced the highest yield of protoplast as
compared with the other two osmotic pressure
factors. While the lowest number of protoplast
was obtained with glucose for two pear

species.
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viability. These results are somewhat in accor-
dance with the findings of Vardi and Esra
(1989), who isolated protoplasts of citrus were

filtered through 50 pm and 30 pm nylon
screens.

Table (4): Effect carbon source as an osmotic pressure factor on protoplast yield (x10%g
fw.) of in vitro leaf mesophyl of Pyrus betulaefolia and Pyrus communis

Ttent

Pyrus betulaefolia

Pyrus communis

Glucose

0.10+0.00

0.07+0.06

Mannitol

2.03x0.25

2.10+0.10

Sucrose

0.57+0.06

0.70+0.10

SD 2t 0.05

} Treatment

7 Pyrusbetulaq"olza

12

0.13+0.06

16

1.1740.12

20

2.03+0.21

24

0.90+0.20

0.28

HLDb. Effect of centrifuge speed and period:

Data presented in Table (8) show that
spin at 1000 rpm was more effective in
increasing the number of protoplast followed
by 500 rpm for both pear rootstocks. Mean-
while, increasing centrifugation period up to
7.5 minutes had a positive effect on yield
compared with 5 or 10 minutes.

The interaction between centrifuga-
tion speed and period revealed that speed at
1000 rpm for 7.5 min was preferable to
produce high protoplast yield of both species
(Photo 2).

These results are in agreement with
the findings of Qinghua et al. (2006), they
found that protoplast of citrus Unshiu were
further purified by centrifugation in 25%
sucrose/13% mannitol gradient for 6 min at
880 rpm.

1V. Protoplast culture:
IV.a. Effect of medium type:

Table (9) reflect the effect of different
culture media on protoplast development. It
obvious clear that MS medium surpassed the
other two investigated media, whereas it
enhanced and developed protoplast division of
P betulaefolia. Meanwhile, KM medium

came in the second rank in this respect. The
protoplast behaviour of P. communis took the
other way around regardling the culture
medium, whereas, KM medium was superior
in this respect followed by MS medium. How-
ever BS (Gamborge) medium showed the
worest effect on protoplast development for
both species.

These results are in agreement with
the findings of Saito and Suzuki (1999) they
reported that the best results of protoplast
division of apple (Malus domestica cv. fuji)
were appeared when cultured on MS medium
supplemented with (2 mg 24-D and Img
benzyladenine BA/liter) and 0.8% agar as well
as subcultured in a liquid medium.

IV.b. Effect of protoplast density (x10°/ml):

Fig. (2) shows the effect of cultured
protoplast densrty on protoplast development.
It is clear that increasing cultured protoplast
density from 0.5x10° to 2. 0x105/ml resulted in
enhancing protoplast development for both
pear species. The best protoplast density was
able to maxnmzc division and reduce brow-
ning was 2.0x10° protoplast per ml. Mean-
while protoplast density at 2.5x10° had an
adverse effect on protoplast development of
both species.
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Table (6): Effect of shaking speed and period on protoplast yield (x10%g f.w.) of in vitro

leaf mesophyl of Pyrus betulaefolia and s communis (meantS.D.
Shaker period Pyrus betulaefolia
min (A)
Shaker speed 15 30 45 60 Mean
rpm (B)
0 (control) 0.1320.03 | 0.13£0.12 | 0.13+£0.10 | 0.16+0.06 [ 0.1440.08
50 1.07+40.17 | 0.80£0.10 | 0.73:0.14 { 0.21+0.03 | 0.7040.11
75 1.1320.16 | 2.162020 | 0.98+0.16 | 0.40+0.08 | 1.17£0.5
100 0.900.12 1.43£0.18 | 0.53+0.10 | 0.16:0.03 | 0.76:0.11
Mean 081+ 1.1320.15 | 0.59+0.13 | 0.2320.05
LSD for A at 0.05 0.30
LSD for B at 0.05 0.18
LSD for AxB at 0.05 0,25
Pyrus communis
0 (control) 0.16£003 | 0.13:0.04 | 0.16+0.08 | 0.1330.03 | 0.1540.05
50 0.98+0.16 | 0.80:0.08 | 0.67+0.12 | 0.40+0.03 | 0.71+0.10
75 0.11£0.06 | 2.13+0.17 | 0.80+0.16 | 0.40+0.06 | 0.8610.11
100 0.86+0.12 1.40:0.12 | 0.5020.10 | 0.1640.14 | 0.7340.12
Mean 0.53+0.10 1.1120.10 | 0.53+0.12 | 1.09+0.07
LSD for A at 0.05 0.26
LSD for B at 0.05 0.18
LSD for AxB at 0.05 0.025

Table (7): Effect of sieve pore snze on protoplast yleld (x10%/g f.w.) of in vitro leaf mesophyl

ijrus betulaefoha
2.1040.10
1.53+0.25

Table (8): Effect of centrifuge spead and period on protoplast yield (x10°/g f.w.) of in vitro

leaf mesophyl of Pyrus betulaefolia and Pyrus communis (meantS.D,
Centrifuge period Pyrus betulaefolia
min (A)
Centrifuge speed 5 7.5 10 Mean
rpm (B) '
500 1.30+0.06 1.60+0.10 1.50+0.12 1.4740.09
1000 2206006 | 2.25+0.12 2.10+0.15 2.1840.11
1500 1,10+0.10 1.20+0.08 1.10+0.15 1.1340.11
Mean 1.5310.07 1.68+0.10 1.57+14
LSD for A at 0.05 0.14
LSD for B at 0.05 0.10
LSD for AxB at 0.05 0.20
Pyrus communis
500 1.10£0.12 1.30+0.08 1.20+0.10 1.20+0.10
1000 2.20+0.15 2.100.12 2.00+0.18 2.1040.15
1500 0.90£0.15 1.05+0.10 1.1020.16 1.02+0.14
Mean 1.40+0.14 1.48+0.10 1.43+0.15
LSD for A at 0.05 0.13
LSD for B at 0.05 0.08
LSD for AxB at 0.05 0.22
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