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Abstract: [Objective]Pear is one of the important fruit species in the world, and pear growing has be-
come an important pillar industry in many places for its huge economic value, which plays a significant
role in farmers’ income and social stability. Pear’ s genome is highly heterozygous, which is resulted
from cross-pollination, bringing serious difficulties to the genetic transformation. Cell suspension cul-
ture is an important culture method for cells. It can not only provide raw materials for protoplasm prepa-
ration, regeneration, genetic transformation and somatic cell hybridization, but also be used for the pro-
duction of secondary metabolites. In this paper, we firstly obtained calluses by inducing the anthers of
Xinli No.7 pear and then studied effects of culture medium types and hormone combinations on the
growth of pear callus under suspension culture conditions by selecting the loose calluses from the vigor-
ous growths after induction as materials, in order to establish a suitable suspension culture system for
pear anther calluses, obtain pear calluses of high quality and provide good materials for pear protoplast

preparation and pear genetic transformation. [Methods]Pear anthers were taken as the callus induction
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materials. Flower buds at the “small-balloon stage” (transverse diameter = 2.7-3.0 mm, longitudinal di-
ameter = 8.0-8.5 mm) of Xinli No.7 pear trees were selected, cleaned and soaked in 75% alcohol for 25 s
and 0.1% HgCl, for 8min successively, and then the petals were removed and the anthers were taken
out. The anthers were cultured on the induction medium (1/2 MS + 1.0 mg-L"' 2,4-D + 04 mg- L™
NAA + 30 g- L' sucrose + 7 g- L' agar powder, pH 5.8-6.0) for 30 days. After several subcultures on
the medium MS + 1.5mg-L"'24-D+ 0.5mg-L"' 6-BA + 30 g-L"' sucrose + 7 g- L' agar powder),
loose calluses were selected for the suspension culture experiments, in which the basal medium was MS +
30 g-L' sucrose (pH 5.8-6.0), and the suspension medium was prepared by adjusting the concentration
of 2,4-D (1.0, 1.5,2.0 mg-L") and 6-BA (0.5, 1.0, 1.5 mg-L") in the basal medium. Then 1.5 g calluses
were put into 40mL liquid suspension medium and cultured for 8 days (28 ‘C, 200 r-min”, dark) as for the
initial culture. The calluses were subcultured every other 7 days, and the growth quantity and mortality of
suspended calluses were measured after 28 days. In order to verify whether the callus obtained by suspen-
sion culture could be used as genetic transformation material, agrobacterium GV3101 solution contain-
ing pROK2-GFP plasmid (ODg=0.5) was used to infect the calluses for 15 min. Subsequently, they
were cultured on the symbiotic medium (MS+30 g-L" sucrose+1.5 mg-L"' 2, 4-D +1.0 mg-L"' 6-BA+
7 g-L" agar powder, pH 5.8-6.0) for 3 days, transferred to the screening medium (MS+30 g- L™ sucrose+
1.5mg-L"'2,4-D+1.0 mg-L"' 6-BA+20 mg- L' Basta + 300 mg-L"' Cef + 200 mg-L"' Tim+7 g-L"
agar powder, pH 5.8-6.0) for 20 days, and the transformation efficiency was calculated. Transformation
efficiency (%) =number of green fluorescent calluses/total number of infected calluses x100. In order to
identify whether or not the suspension cultured calluses (cells) could be used to extract high-quality pro-
toplasts, we collected the stable suspension cell lines on the 4th day by centrifuging them at 6 000 r-min’'
for 5 min. Then we split them in the lysis buffer for 10 min at 55 ‘C. 10 mL lysis buffer contained 1.0%
cellulase, 0.5% macerozyme, 1 mL MES pH5.7 (20 mmol- L"), 5 mL mannitol (0.5 mol-L") and 2.5 mL
KCI (20 mmol - L™"). Thereafter, we cooled down the splitting mixture to the room temperature, and add-
ed 10 mmol - L' CaCl, and 0.1% bovine serum albumin (BSA) into it. Protoplasts were obtained by fil-
trating the mixture with a 0.45 um filter. Moreover, the yield and vitality of the protoplasts were deter-
mined. [Results] The induction rate of calluses induced from Xinli No.7 pear anthers during the “small-
balloon stage” was 45.80%. When the concentration of 6-BA was constant, the status of callus struc-
tures ranged from compact to lose and the status of calluses became better with the increase of the con-
centration of 2, 4-D. After 4 to 5 times of subculture, yellow and white granular and loose calluses
could be obtained. Then the obtained loose calluses were cultured on the suspension medium under
28 C and dark conditions, and after 4 to 5 times of subculture suspension, cell lines were gained. When
the concentration of 2, 4-D was 1.5 mg- L' and 6-BA was 1.0 mg- L', the living cell rate and the near-
round cell rate reached 81.98% and 83.66%, respectively. Both of them were significantly higher than
that of the control, and the suspension mixture was milky white and very stable. Therefore, the optimal
suspension culture medium for pear anther calluses was MS+1.5 mg- L' 2, 4-D+1.0 mg-L"' 6-BA +
30 g- L' sucrose (pH 5.8-6.0). The growth of pear suspended cells showed a sigmoid curve. From 0 to
2 days, the suspension cells were in the lagging-growing phase, the growth increment was quite low and
the cell mortality ranged from 13.97% to 22.50%. From 2 to 4 days, the suspension cells were in the log-
arithmic-growing phase, the volume, the fresh weight and the dry weight of them increased significant-
ly and the cell mortality was the lowest, ranging from 13.97% to 15.40%. From 4 to 6 days, the suspen-
sion cells were in the plateau-growing phase, the growth increment of them was stable, and the cell mor-
tality ranged from 15.40% to 19.14%. In addition, in this stage, the fresh weight was about 0.22 g and
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the dry weight was about 0.05 g, both of which reached the maximum value. After 6 days, the suspen-
sion cells were in the senescence-growing phase, the growth increment of them decreased and the cell
death mortality ranged from 19.14% to 19.18%. Simultaneously, it was observed that a thick layer of se-
nescent cells deposited at the bottom of the bottle, which was adverse to the growth of suspended cells.
It was obvious that the survival rate of the suspension cells was all above 77.50% during one subculture
cycle of 0-8 d, and the cells had the fastest growth rate and the highest activity during 2—-4 d. After the
suspension culture, calluses were moved onto the solid medium. They also had the fastest growth rate
and the highest activity, and could propagate to the required amount within 15-20 days, which was sig-
nificantly faster than that of the calluses without suspension culture. Moreover, the transformation rate
of calluses with suspension culture was 20.00%, the yield and the vitality of protoplasts separated from
the calluses was 3.67x10° per milliliter and 92.00%, respectively. [Conclusion] A suspension culture
system suitable for pear calluses was established, and pear calluses of high quality were obtained by

this suspension culture system. The pear calluses could be used as materials for genetic transformation

or protoplast preparation.
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Table 1 Hormone ratio of pear callus liquid medium
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Culture medium 2,4-D 6-BA
L1 0.0 0.0
L2 1.0 0.5
L3 1.0 1.0
L4 1.0 1.5
L5 1.5 0.5
L6 1.5 1.0
L7 1.5 1.5
L8 2.0 0.5
L9 2.0 1.0
L10 2.0 1.5
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Fig. 1 Callus induction and proliferation of pear
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Table 2 Effects of different hormone concentrations on subculture of pear callus

ik p/(mg L) TGRS
Culture medium 6-BA 2,4-D Callus status
L1 0.5 1.0 [, ik (+) Yellow white, grainy (+)
L2 0.5 1.5 A, FABL(++) Yellow white, loose(++)
L3 0.5 2.0 A, AR (++) Yellow white, loose(++)
L4 1.0 1.0 AW, B () Yellow white, wet and soft(+)
L5 1.0 1.5 A, B+ Yellow white, loose (+++)
L6 1.0 2.0 WA, A+ Yellow white, loose(++)
L7 1.5 1.0 KA, EE(+H) Grayish white, firm (+)
L8 1.5 1.5 4, % (++) White, hard (++)
L9 15 2.0 WA, it (++) Grayish white, hard(++)

RO E R D RN R R R RN R 2

Note: “+” indicated that the number of callus was small; “++” indicates a large number of callus; “+++" indicates the number of callus generated.
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Table 3 Effects of different hormone concentrations on suspension culture of pear cells

Bkt T4 2R I [ 41 % BIRICRE

Culture medium Living cell rate/% Suborbicular cell rate/% Suspension state

L1 16.56+0.79 f 25.66+1.64 f 14k Fa € P #2 Browning, poor stability

L2 54.79+4.46 ¢ 69.33+0.75 ¢ FLA M e PR Milky white, poor stability
L3 65.38+4.36 d 70.84+4.01 de FL A FasE M8 2 Milky white, poor stability
L4 66.41+1.96 d 73.68+2.20 cde FL A e PEE U Milky white, better stability
L5 79.23+0.63 ab 80.00£0.57 ab LA e LT Milky white, good stability
L6 81.98+0.74 a 83.66+1.67 a FL e MU Milky white, good stability
L7 73.38+0.50 ¢ 73.25+2.78 cde L F e YU Milky white, better stability
L8 75.34+2.63 be 76.62+3.51 be FLHE € FaE RS Milky white, better stability
L9 72.09+4.28 ¢ 73.78+0.63 cd FL A e PERT Milky white, better stability
L10 71.84+3.08 ¢ 71.92+2.49 de LA Fa s PERF Milky white, better stability

7% & Ducan’s multiple range test 777573 H7, A F/NG FEEAFRIFRIRE p<0.05 KFZEREE. .

Note: The different small letters mean significant difference at p<<0.05 by Duncan’s multiple range test. The same below.

ooml ¥

APPROX-

(L6);F. Bt ke e BT A (L6) .«

Fb s patir] ; L
a0 o A
(T s Ry * - AL

PUEF AR A ORI ; D. R g B RAMIL(L6) s E. R B R 40

A. The appearance of Browning suspension system (control); B. The Browning suspension line cell (control); C. The Browning suspension line

cells after staining (control); D. The appearance of stable suspension system (L6); E. Stable suspension line cell (L6); F. Stable suspension line cells

after staining (L6).

2 HMMERIFARARNE

Fig. 2 Observation of pear cell suspension system
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A. The callus with stable proliferation; B. The appearance of stable suspension system; C. Stable suspension line cells; D. Suspension cells cultured
for 1 week; E. The suspension cells after 2-3 weeks of culture; F. Suspension cell with rich content; G. Suspension cells cultured for 1 week (control);
H. The suspension cells after 2-3 weeks of culture (control); I. Stable suspension line cell (control).
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Fig.3 [Establishment of pear suspension cell line
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Fig. 4 Growth curve and mortality of pear suspension cell line
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