American Journal of Agricultural and Biological Sciences9 (3): 261-269, 2014

ISSN: 1557-4989

© 2014 P. Plapungt al., This open access article is distributed und@resative Commons Attribution
(CC-BY) 3.0 license

doi:10.3844/ajabssp.2014.261.269 Published Onlig® 2014 (http://www.thescipub.com/ajabs.toc)

SCREENING FOR CUCUMBER MOSAIC
RESISTANT LINESFROM THE OVULE
CULTURE DERIVED DOUBLE HAPLOID CUCUMBERS

'Parichat Plapung, “Sirisupaporn K hamsukdee,
*NutthaPotapohn and 'Prasartporn Smitamana

Plant Biotechnology Program, Graduate School, ChidaigUniversity, Chiang Mai, 50200, Thailand
2plant Biotechnology Research Centre, the Royal Pré@endation, Chiang Mai, 50200, Thailand
Department of Plant Science and Natural Resoureesily of Agriculture, Chiang Mai University, Chiaigi, Thailand

Received 2014-01-24; Revised 2014-02-04; Accepted-p2128
ABSTRACT

CMV is one of the major destructive viruses worldeviand commercial CMV resistant cucumber is very
rare. Therefore we aimed to establish the ovuléve@rresistant lines used for the breeding program.
Haploid plants of sixty-eight cucumber lines wereaessfully obtained by culturing the un pollinated
ovaries harvested one day before an thesis on #ietbtS medium supplemented with BAP and IAA at
the ratio of 2:1 which was optimal to induce emlggoesis in most of the tested lines. For wholetplan
regeneration, another modified MS medium was usagplemented with a combination of 6-
Benzylaminopurine (BAP) and Indole-3-Acetic AcidAf) (2:1) or BAP and IAA/6-(gamma, gamma-
dimethylallylamino) purine (2ip) and IAA (5:1) arlppm AgNQ. Ploidy levels of the regenerants were
determined by cytological analysis. Thirteen out4® clones derived from 14 accessions showed a
chromosome number of n = 7 and chloroplast numbé/mair of guard cell, 24 lines were auto-dihagloi
with n = 14 and a chloroplast number of 11-12/jpdiguard cell. Twenty-eight Double Haploid (DH)dis
were mechanically inoculated with CMV and the lep€lesistance was evaluated by using DAS-ELISA.
Ten highly Resistant lines (R) included %081e, 91.1, 9381, 9332-, 95S1,, 95S DHS,, 117S2-1-3,
136.1 and 194Sdid not show any virus symptom and gave negatiukSE results. Twelve moderately
resistant clones were identified including two @srfrom line 11, three clones from line 93, fowngls
from line 91 and one clone each from line 11&% 123, whereas clone 11.4 was moderately subtepti
Five DH clones; 11781-1, 117%2, 117%-4, 117%-7 and 117g8were classified as highly susceptible.
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1. INTRODUCTION other countries and made the income of 260.19 amilli
baths which less than 201105.47 tons, 298.47 million
Cucumber Cucumis sativus) is one of the most baths) (OAE, 2014). The OAE data, indicates that th
economically important vegetable crops in Thailarebre guantity of exported seed has decreased eactpymaayily
it is grown intensively all year around. In 2008e ttotal due to outbreaks of many diseases in the cucumber
cultivated area of cucumber was 43,063.5 hectaregroduction areas. Cucumber varieties are sevefielgted
producing 193,170 tons, for an average of 4.45atwa/ by several diseases caused by fungi, bacteria, todesa
Most of the cucumbers in Thailand are producedrfsh and particularly viruses. The Cucumber Mosaic Virus
consumption and seed sold in our country and foreig (CMV) is one of the important viruses in temperéatepic
countries. In 2012, a total of 87.82 tons was eegoto and sub tropic regions of the world which couldseacrop
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losses on average of 10-20%itter and Murphy, 2000
Most of the commercial cucumber cultivars are Sutiizle
to CMV and show mosaic, mottling and distortioneafves

and fruits. Moreover, CMV is one of the most widely

10% calcium hypochlorite and 3% sodium
hypochlorite for 20 min. Each, followed by rinsing
three times with sterile distilled water.

2.2. Ovule Culture

spread virus in the world infecting over 1,000 plspecies
belonging to more than 85 families (Roossinck, 200Bis
virus is transmitted by several species of aphi@ inon-
persistent manner which is an easy way to trarteeiirus
from the infected plant to healthy ones. Moreo&k]V
can also be transmitted by mechanical means. Dtigeto
wide host range, rapid spread by vectors and laskitable
resistant hosts, management of CMV is difficultdojtural
practices alone (Munslat al., 2008). Unfertilized ovaries
could be cultured on suitable medium for haploidnpl
production and chromosomes doubled by ianvitro
treatment with colchicines (Claveraal., 2005). DH lines
produced from ovule culture are obtained in a sihdimne
and show greater variability than those obtainedséif-
pollination. Moreover, homozygous double haploided
from new cucumber accessions could be used toesatel
breeding for new resistant commercial varietieer&fore,
the purpose of this study are to establish Douldpldid
(DH) plant lines by ovule culture and to screen liDids.

Ovaries were aseptically sliced in a laminar aimf
cabinet and cultured on the Cucumber Basal Medium
(CBM medium) supplemented with 5 ppm Aghfor 1
month. After that, embryoids were transferred to a
modified Murashigeand Skoog (MS) medium
supplemented with kinetin,6-Benzylaminopurine
(BAP)/6-(gamma, gamma-dimethylallylamino) purine
(2ip): Indole-3-Acetic Acid (IAA) at a ratio of 2;13:1
and 4:1 ppm for 2 months. The green embryos were
transferred to MS medium supplemented with BA/2ip:
IAA at a ratio of 2:1, 3:1, 4:1 and 5:1 ppm. Thdtates
were incubated at 25°C with 16 h day and 8 h nighe
regenerants were cultured on MS medium for rooting.

2.3. Ploidy Level Determination

2.3.1. Chromosome Number

Tendrils or root tips of growing plantlets were dse
for chromosome number counting according to the
method described.

2.3.2. Guard Cdl Chloroplast Number

Fully expanded leaves from the top of the ovule-
derived plants were collected. Epidermal strips ever
peeled from the lower leaf surface using tweeZ€he

pidermal strips were and mounted in sterile dhstil
water on microscope slides. The guard cell chl@sipl
numbers were observed under the light microscopke an
pictures taken for the later counting.

2. MATERIALSAND METHODS

2.1. Plant Materialsand Ovary Preparation

Sixty-eight varieties of cucumber seeds from
different origins as shown imable 1. Seeds of these
varieties were planted in seed trays. Seedlingshat
cotyledon stage were transferred to 30 cm pots an
kept under greenhouse conditions. Un-pollinated
ovaries were harvested 1 d before an thesis. Patals
styles were removed and surface sterilized twidegus

Table 1. Origins and accession codes of cucumbers usddHgsroduction

Countries of origin Number Accessions

India 2 P1 197086 and Pl 209065

China 6 Pl 432854, P1 432860, Pl 432868, Pl 432BT832895 and Pl 464873

USA 3 Tender green, space master and green dragon

Netherland 1 P1422182

Philippines 1 P1 426169

Japan 2 Pl 432852 and Pl 279466

Pakistan 1 Pl 250147

Malaysia 1 P1358813

Thailand 51 CSL 0001, CSL 0002, CSL 0003, CSL 0004, @®6, CSL 0007, CSL 0008, CSL 0009,

CSL 0010, CSL 0011, CSL 0012, CSL 0013, CSL 0014, a®lI5, CSL 0021, CSL 0023,
CSL 0026, CSL 0033, CSL 0035, CSL 0037, CSL 0040, 0®13, CSL 0044, CSL 0045,
CSL 0048, CSL 0050, CSL 0051, CSL 0052, CSL 0053, ¥4, CSL 0055, CSL 0056,
CSL 0060, CSL 0063, CSL 0071, CSL 0074, CSL 0075, %16, CSL 0078, CSL 0079,
CSL 0080, CSL 0081, CSL 0084, CSL 0085, CSL 0086, 0¥3, CSL 0097, CSL 0098,
CSL 0099, TOT1974,,Meechai and FJunior6
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2.4. CMV Resistant DH Lines Screening cultured on a medium with a ratio of 2:1 BA: IAA loth

) . . the induction and regeneration stages. The Thai
_ Twenty-eight I|_nes of DH lines plantlets Were grown accessions, e.g., 86 SSL 0006, 91 CSL 0011and 93S
in pots under the insect proof nursery conditidaves  cg| 0013 responded best to different hormone ratios
at 2-3from top were lightly dusted with carborundum the jnduction and regeneration stages. It could be
(400 mesh and rub-inoculated with virus-infected sap ¢oncluded that cucumber ovules reacted differemtine

(approximately 1:5 dilution leaf material: 0.1 M phormonal concentration and ratios based on genetic
phosphate buffer pH 7).0After 15 min, the inoculated background as shown eble 2.

leaves were rinsed with tap water and kept undezcin _ o

proof net house condition. Inoculated plants were 3.2. Ploidy Level Determination
monitored at 4 weeks after inoculation; symptomd an : . .
disease severity were recorded and tested for uising Direct chromosome counting of the plants derived

DAS-ELISA. Resistant levels based on the ELISA from the ovule culture showed abasic chromosome
reading weré modified from Daryorbal., (2003). number of n = 7 in all haploid plants which wasretated
’ strongly with the chloroplast number in the guaetl 6

3. RESULTS chloroplast/pair of guard cell). From all 42 clorEsived
from 14 accessions, 11 had a chromosome numberof n
3.1. Cucumber Ovule Culture 7 and were haploid plants, 24 clones were idedtifis

auto-diploid plants with a chromosome number of2i
and the chloroplast number of guard cell were 11-12
chloroplast/pair of guard cell. The other sevemethad
slightly lower chromosome numbers than the dipjdaht
(Fig. 2 and Table 3). Besides the difference in
chromosome numbers of the haploid and auto-dihdploi
plants, different phenotypes were observed. Thetlpta

Ovaries from 68 cucumber accessions from various
origins were collected 1 d before an théBig. 1A). After
surfaced sterilization, thin ovary sections werkuted on
a CBM medium and subsequently transferred to inoluct
and differentiation medium respectively. One weékra
culture, the growth of ovules protruded from thees and

lobular embryogenic tissue formeeid. 1B). The tissues S
\?vere subsequ)(/angtlly transferred to MquIus) BAP anklaa after transplanted and kept under the nursery tondi
a 2:1 ratio for the further regeneration. The fiitual ~ Showed slower growth and had smaller size than the
shoot-like organogenesis appeared as cotyledon-likg’0mal parent line plants which later one charasdras
structures Fig. 1C) found at 2 weeks after setting on the Naploid plants. For the auto-dihaploid plants, they
medium. New shoot, mostly 2-5 elongated ones, developed into normal plants like the parentaldine
developed from each callugi§. 1D). These plantlets ; ; ;
rooted after transfer to MS mediugiig. 1E and F) and 3.3. CMV Resistant DH Lines Screening
were ready to be transplanted into the pots wizghiveeks The 28 DH clones were screened by mechanical
(Fig. 1G and F). Forty-two clones from fourteen inoculation with virulent CMV lon cucumber leavet a
accessions were obtained namely: 1 clone from P08®  the second to third true-leaf stage. CMV resistamls
(India), 11 clones from Pl 209065 (India), 1 cldrem PI were determined by using DAS-ELISA; it was foundtth
464873 (China) and 29 clones from the Thai accassio DH cucumbers had different levels of resistancéhto
which consisted of 1 clone from CSL 0006, 7 clofnem virus as shown ifmable 4. Ten clones that showed no
CSL 0011, 4 clones from CSL 0013, 2 clones from CSLCMV | symptoms 30 days after inoculation and had
0015, 1 clone from CSL 0021, 9 clones from CSL 0037 negative ELISA compared to the healthy control fdan
and one clone from each of CSL 0043, CSL 0052, CSLand the negative control probe, were identified aas
0056, CSL 0059 and 1.F1 Meecliaable 2). highly Resistant (R) group which include®s,, 91e,

Induction and regeneration of cucumber plantletewe 91.1, 93S,-1, 93S2-, 95S1-,, 95S,DHS,, 117S3-1-,,
successfully achieved when ovule slices were edtum 136.1 and 194S,. Of twelve Moderately Resistant (MR)
the MS medium supplemented with cytokinin (BA, Bip  clones91a,91b,91c, 91d,93S2, 93.1,93.3 and 11749
kinetin) and auxin (IAA), however the number of the 2 showed mild mosaic, while 11a, 11.3, 123 and 35/S
derived clones varied with the different ratioxgfokinin showed no sign of virus infection but had ELISA
and auxin used. The accessions Pl 197086 (Ind@)Pan readings slightly higher than the healthy contrizings
209065 (India) showed good sprouting of the embryoand negative control probe. Clohé. 4was classified as
when cultured on MS medium plus BA: IAA ratio ofl2: Moderately Susceptible (MS) and exhibited mild to
and new plants were obtained after transfer to MS p severe mosaic symptoms and malformatidrable 4
BA: |AA at a ratio of 4:1. New plants were obtainedm and Fig. 3). Five clones, 117S2-1-1, 117S2-2, 117S2-4,
the China accession 70 Pl 464873 when ovules werel17S2-7 and 117S2-8, were classified as Susceg8ple
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Fig. 1. Embryogenesis and regeneration of plantlets debrfirean ovule cultur€A) Un pollinated ovary of cucumber 1 day before an
thesis;(B) sprouting embry@C) shoot-like organogenesi€)) elongated shooi& and b regenerated plantlet&) in vitro
grown regenerated plants; (H) ovule derived plé&et aransfer to the insect proof net house

Fig. 2. Chromosome and chloroplast number of haploid artd-dihaploid cucumber plants derived from ovuleturd A 1-2
Chromosome (n = 7) and chloroplast (6) of haploid-BChromosome (2n = 14) and chloroplast (12) ed-alihaploid
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Fig. 3. Different resistant levels of double haploid cutems as infected by CMV I. A = Resistant B = Modesatekistant C =

Moderately susceptible D = Susceptible

Table 2. Number of clones derived from the ovule culturaiffierent cucumber accessions and ratios of horsmaised in different
culture stages

Induction stage Regeneration stage Number of
Accessions Code (mg/L) (mg/L) clone(s)
PI 197086 10 BA:IAA2:1) BA:IAA (4:1) 1
Pl 209065 11 BA:IAA2:1) BAIIAA (2:1) 1
Pl 209065 11 BA:IAA4:1) BA:IAA (2:1) 10
Pl 464873 70 BA:IA2:1) BA: IAA (2:1) 1
CSL 0006 86S2 BA;:Af2:1) 2ip: IAA(5;1) 1
CSL 0011 91 BA;:IAA2:1) BA: IAA(2:1) 5
CSL 0011 91 2ip Img BA: IA®:1) 2
CSL 0013 93s1 BA!IAAR:1) BA:IAA (2:1) 2
CSL 0013 93384-2 Kinetin 2mg 2ip:IAA:1) 2
CSL 0015 95382 BA:IIAR2:1) Kinetin 2mg 1
CSL 0015 95 S1 BA: NA£2:1) 2iP: IAA(5:1) 1
CSL 0021 101 BA:IAA4:1) BA: IAA (4:1) 1
CSL 0037 117S2 Kinetin 2mg BA 1mg 4
CSL 0037 117S2 BA1lmg BAlmg 5
CSL 0043 123a BA: IAR2,1) BA: IAA (5:1) 1
CSL 0052 132 82 BA :IA8:1) kinetin 0.5mg 1
CSL 0056 136 BA;IAA3.5,1) BA: IAA(5:1) 1
CSL 0059 139 BA:IAK4:1) BAIIAA (3:1) 1
F1Meechai 194S1 Kinetin 1 mg Kinetin : 1AA:1) 1
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Table 3. Chromosome and chloroplast numbers of regeneratdnber plants derived from ovule culture

Chromosome Chloroplast number

Clones Origin number (pairs of guard cell
10a India ND 6+1.15
11.1 India ND 7.910.74
11.2 India ND 8.80+1.03
11.3 India 14+0 10.30+0.68
114 India 8.50+1.18 6.10+0.57
11.8 India ND 7+0.677
11.9 India 13.20+1.79 7.20£0.79
11.10 India ND 8.10+0.88
11.19 India ND 8.70+0.82
11.20 India ND 8.40+0.70
11A India 8.57+0.98 7+0.67
11B India ND 6.10+0.88
70S China 14+0 10.40+0.84
86S Thailand 14+0 14.50+1.43
91Sa Thailand 14+0 10.50+0.53
91Sb Thailand 14+0 10.90+0.32
91Sc Thailand 1410 9.904+0.74
91Sd Thailand 1440 11+0
91Se Thailand 1440 10.30+0.82
91.1 Thailand 8.25+0.71 7+0.47
91.2 Thailand ND 10.10+1.37
935, Thailand 13+£1.00 10.80+0.42
935-2 Thailand 14+0 1140
93.1 Thailand 12+1.05 11+0
93.3 Thailand 12.60+0.74 11+0
95S Thailand 14+0 11+0
95S5-1 Thailand 14+0 1140
101 S2 Thailand 13.70+0.48 12+1.33
11791-1 Thailand 1440 11+0
11791-2 Thailand 1440 11+0
117$1-3 Thailand 1440 11+0
1175-2 Thailand 1440 10.80+0.63
117S-3 Thailand 1440 11+0
117S-4 Thailand 1440 11+0
117S-5 Thailand 14+0 11+0
117S-7 Thailand 14+0 11+0
117S-8 Thailand 14+0 11+0
123a Thailand 1440 13.5+0.97
132S-5 Thailand 14+0 12.6£1.27
1363 Thailand 14+0 11.74+0.95
139§ Thailand ND 10.8+0.63
194 Thailand 1440 11.1+£0.99
(ND = Not determine due to no root formation)

4. DISCUSSION hybrid melon which showed resistance to various

viruses as a donor for the production of DH melons.
The production of DH lines can be effectively used DH cucumber is produced by culturing the ovaries at
for the development of homozygous varieties in one day before an thesis to induce new plants girou
breeding program by the doubling of a set of cytogenesis. We found that this stage is suitable f
chromosome from haploid plants to produce aharvesting as reported by Bhagyalakahmi (1999).
completely homozygous individual. DHs can faciktat Ovaries with yellow stigma were the best explamts f
the selection of desirede.g., disease-resistance direct shoot regeneration, while explants from
genotypes for breeding. Lotfet al. (2003 used a  blooming flowers fail to respond.
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Table 4. Evaluation of CMV resistance in double haploid auber plants generated via ovule culture

Infection percentage ELISA
Code Symptorﬁs (30 days after inoculatign (30 days after inoculatigon Resistance leveél
11.3 0 0 + MR
11aS1 0 0 + MR
11.4 M, Mm, Ma 33.33 ++ MS
70S2 0 0 - R
9la Mm 25 + MR
91b Mm 25 + MR
91c Mm 25 + MR
91d Mm 14.29 + MR
91e 0 0 - R
91.1 Mm 13.63 - R
93.1 Mm 33.33 + MR
93.3 Mm 75 + MR
93S2 Mm 40 + MR
93S4 -1 0 0 + R
93S4-2 0 0 + R
95 S2-1 0 0 - R
95S2 DHS1 0 0 - R
117S-1-1 Mo 100 +++ S
117S-1-2 Mo, Mm 50 + MR
117$-1-3 0 0 + R
117S-2 M 100 +++ S
11754 Ma 100 +++ S
11755 0 0 + MR
11757 Mo 68.18 +++ S
1175-8 Mo 100 +++ S
123 0 0 + MR
136.1 M,Ma 60 - R
194 S1 0 0 - R
Positive - - 2.65 -
Negative o] 0 0.31 -

D Symptom on leaf 0 = No symptom, M = Mosaic, Mm #Hdvimosaic, S = Stunt, Y = Yellow, IV = Interveirehlorosis, D =
Distortion, Ma = Malformation

2 DAS-ELISA reading at 405 nm of extracts of inocathieaves -: $H, +: S>H<2xH, ++: S>2x<3xH +++ S>3xH (S = tabte
sample sap, H = healthy plant sap)

®Reaction R= resistant MR = moderately resistant MSoderatelysusceptible S = susceptible

Using the combination of calcium hypochlorite and with a high concentration of growth regulators deqbt
sodium hypochlorite for the surface sterilizatiorasv  under light. Ovule cultures from 69 varieties of
found to be an effective means to eliminate baateri cucumber resulted in 42 clones from 14 accessioas t
and fungi from tissue culture, most likely due to were successfully induced to form whole plants.hEafc
synergism. Moreover, calcium ions helped harden thethe varieties showed a different response to thureu
ovary tissue which made it easy to get thinnereslic media. We found that an induction medium consistihg
from which the ovules could contact to the medium MS supplemented with BAP and IAA ratio 2:1 was the
directly. Moreover, the culture medium composition most suitable medium for embryogenesis in13 clones.
was critical for the induction of embryogenesis and Some clones required a medium with a high hormone
could be separated by formula into induction and concentration (BAP: IAA at a ratio of 5:1) for
regeneration media (Chest al., 2010). Gynogenesis regeneration, while some accessions were regederate
consists of two stages, firstly, the induction staig this using the same low hormone level (BAP: IAA at dorat
stage ovaries required a low level of growth regua  of 2:1) used for the induction stage. Chetral. (2010)
and were kept in the dark; and secondly, the ragéine also reported that the donor genotype was one ofyma
stage, in this stage ovules were transferred tedium factors important for unfertilized ovary/ovule aui;
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gynogenesis efficiency in plants was highly depende
on the variety used. Moreover, the quality of donor
material and the growth condition of plants affecte
ovule gynogenesis. Abdel-Maksoet al. (2009) also
reported that growth hormone concentration affetied
anther culture response traits in cucumber.

The ploidy level of the regenerated plants waslgasi
and rapidly evaluated by counting chloroplast humbe
instamatic guard cells(Jacobs and Yoder, 1989

5. CONCLUSION

Factors affecting the success of the cucumber ovule
culture were identified as the genotypes of theodon
plants and the hormonal balance of auxin and cigioki
A modified MS medium supplemented with BAP and
IAA at the ratio of 2:1 was optimal for the ovulelttire
of most cucumber lines used in the current reseanch
embryo induction was successfully obtained by fiems

However, chromosome counting from root tips was the Of the cultured ovules to MS plus BAP and IAA op2i

most reliable and precise method (Sheeghl., 2002).
Forty-two clones of 14 lines were obtained via evul

and IAA at the ratio of 5:1. After transplantatidine
plantlets were kept under the nursery conditiords fzad

culture, eleven clones were haploid, the chromosome? slower growth rate were smaller than the norraagipt
number was n = 7 and chloroplast number of 6/guardlines which are characteristics of the haploid tslafor

cells, while 24 clones were direct doubled haploids
having a chromosome number of 2n = 14 and chlosbpla

the auto-dihaploid plants, they developed normbkg
the parent lines. Most notably, 10 cucumber clomese

number of 11-12/guard cells. Another seven clores h found to Dbe highly resistant to CMV showing no
chromosome and chloroplast numbers less than th&YMPtom of virus infection and negative ELISA resyl

diploid plants. Our research agreed with that om@g-
Juhaszt al. (2002) and Diaet al. (2009) who reported
that cucumber ovary slice culture was successfugigd
to directly produce doubled haploids.

Of 28 clones from 9 lines of DH cucumber plants
were screening for resistance to CMV, 10 clonesewer
found to be highly Resistant (R) based on the atseh

virus symptoms and negative ELISA results. The R

cucumbers included 1 clone of accession 70, 2 slofie
each 91, 93 and 95 and 1 clone of each 117%.1 and

while 12 clones were moderately resistant to thesvi
Future research should include screening the aeist
lines for field resistance and their inclusion ihet
cucumber seed cluster program of the National Cente
for the Science and Technology Development and make
available to the private companies.
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