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Alfalfa (Medicago sativa L) originated - sJuthwest Asia with Iran as the o

geographic center of origin (ﬁolton et al 1972) Ih has become widely !
_' adapted mm xxi South Am‘érlca. South Africa. g&ustralia New Zealand
and Europe and represents the most important forage legume crop on a
world-wide basis (Bolton et al; 1972 Klinkpwski 1933i In Cang:la alf'llfa is

grown in pure and mixed stands on an estimated area of 4 to 5 m.illion ha
The alfalfa seed industry is centered In western Canada. with Alerta

(Goplen et al. 1982)

Saskatchewan and Manitoba as the main producers of certiﬁed seed Cross- -
pollination by bees is essential for attaining high seed yields The
h introduction of the a]falfa leafcﬁtting bee. Megachde rotundata of Euroasian
origin to replace the declining ‘native species. has revived alfalfa Seed a . .'

industry in Canada Thus.‘;the seed psoduction has doubled in the past\

twenty years to 3 5 million kg with Alberta alone. producing 2 million kg of \
' certiﬁed aii'alfa seed (Anon 1987) e «

,~_,’ ,‘ :. - \ ' L L : _».}_"_’,' Py L
12 Flora.lmorphology ” S I» |

_ Alfali'a ﬂower has a unique morpholoyénd tripping meéhanism Flowers
4 , grow from leaf axis in clusters of ld to 20 ﬂorets They are usually blue or |
| purple (M. sativa) but may be white or yellow (M falcata) The pistil consists
of a single carpel that develops a superior 0v‘ary Campylotropous ovules are "
', formed in alternate positions along the ventral suture of the ovary The

number of ovules per ovary may range from 6-18 (Bamw et al 1&2) The

» 10 stamens form a diadelphous tube in-which 9 are fused and 1 is ﬁ'ee

Alfalfa pollen is binucleate with three‘ g,ermination pores The pollgn

\—/ DR SE AR -t e “ REE B O R
B N e F



? the presente of a \%ariety of partlc s, ranging from pOlyhedral 18nm ln e

(S
A Lo

e

| ,,‘genomlc RNAs (van Vlot@‘x—Dotlng 1975) EAED

e dlssociate at 10w concentratlons of

germlnates in a Stigmatlc ﬂuld and fertilizatlon of alfalfa owles occurs in 24— S
| \ 36 hours’ (Bames etal 1972) |

18 Alfalfa;nosalcvirus

',' Alfalfa mosaic virus in the only member of its: own group Virus. partlcles:_.;_-' T
are built from a single* polypeptide. MW 24 3 % 103 , and posltive, sense

single stranded RNA (Hull 1969 Jaspars 1974) L ;_'- o

Electron microscOpic examination of puriﬁed vlrus preparations reVealed :-. b o

dlameter to bacﬂliform 56 43 35 and 30 nm, lo g (Hull 1969 Jaspars & Lo
Bos 1980) Four components of AMV were separated by analytlcal{
ultracentrlfugation bottom (B) middle (M) and two top components (Ta “and { o

e
106 (Ta)(Jaspars & Bos 1980)

The trlpartite genome of AMV cons;sts of RNKE 1, 2 and 3 o ' l"‘ of
1@4 X 106 : 'f_'.‘73 x 105 and 0. 62'.x’fi06 |

proteln found in .Ta is encapsidated two molecules pér particle (Heijtlnk & - :
Jaspars 1974 Gerlinger etal 1@77) In plant cells moculat.ed wlth four

RNAs RNA 4 is translated into«:oat proteln that activates the genome (Bol e" :

AMV speclﬁc The coat proteln of tobacco streak vlrus (Ilarvirus) whlchf'ls
serologically and ehemically dlfkrent from AMV proteln activatedf 'AMV

. ,_-:.'_l .

Vlrus partlcles are malnly st@lllzed by pmteln-RNA lnteractions. and
.um dodecyl sulphate (Kaper, 1973) :

| o), with the MWs - of 6. 9x, 106 (B) 5ax 106 (M) 43 106 (rb) and 3, 8 X,

: ..encapsmate'd m B. M and Tb O o
partlcles. respectively The subgenomlc mRNA (MW O 25 x 106) for coat i

.However. .the acﬁvaﬁon of genomic ﬁNA by the coat protein 15 not e



. that vary in- host range. symptomatology and patl"ogenicity have been ’

.' ribonuclease th.e

structures (Bol & V

- ":_(Jaspars & Bos 1980)

"articles lose RNA fragments and degrade into smaller
stra 19997f AMV RNA has the capability of removing

| B coat protein subunits from intact nucleoprotein partricles (Verhagen et al' k '.i :
'j*-;19:76)~ B S MNE EEet ISR E 0 SR " o
e AMV is moderately immunogenic with antibody titers of up to 1/ 1024
L (BancroYt et' al 1950) and is not serologically related to any other virus

In crude sap.. AMV’ has a dilution end point oi) 10'3 10 4 thermal |
o "»"inactivation point between 50 and 70 C and 1ongevity in UltTO from°1 to 4 T
A »”days (Jaspars &Bos 1980) g‘ ER t

S TURYL

}4 Eﬂ'ect ofAMVon its hosts __. ; E ‘ '_
: AMV vmas ﬁrst re%orted by Weimer (1931 1934) in the U§ and has been "_‘
. 'found since in most parts of the world It occurs naturally in 150 species of ; .
o ;'ﬁherbaceOus and’ woody plants belonging to 22 families (Schmelger et al B
' .1973) Under experimental conditions the virus has been h’ansmitted to-
'_',."‘nover 430 plant species (Hull 1969 Schyielzer et al 1973) AMV causes..*.' R

R

_'diseases of economic importance in alfalfa. clover. pea. potato. tobacco, -

: '_"pepper tomato and celery (Jaspars & Bos 1980) Numerous strains of AMV L |

g ‘,.",'"'Characterized alfalfavirus 2 (Pierce 1937) alt'alfa mosaicvirus 1 (Zaumeyer"":ff
e ;‘1938) ‘potato. calico strain (Black & Pﬂce 1940) celery m°sal° strainv_‘
| (Snyder & Rich 1942)‘pepper strain (Berkeley 1947) POtatO ne°r°31s"v"':.‘_

/$ tI‘airi (Oswald 1950) alfalfa yellow mosaic (Zaume)’er 1953) severe red‘{:‘.

/ ;_‘
N

clover strain (Hagedorn & Hanson 1963) and tobacco strain (Silber &

Hegestad 1965)




_-._:,1980) Working with dlfferent cultlvars and AMV stralns they found a ,
l..,variabmty in’ responses of alfalfa genotypes to AMV infectiqn, ranging from
'masked and mﬂdeymptoms to severe stunting. Froshelser (1969) and Crlll
| et al. (‘197013) reported that selected clones pf alfalfa were/resistant or
i tolerant to somelsolates of AMV ' - Cle

" j"Recently. .. the coat prot__-"‘_"
o ‘immunocytochemistly 1n the“cytoplasm and nuclel of l.nfe&ed tobacco lw,ves %'__"5' 7
A\.'(van Pelt..Heerschap et al 987) The presenee of a 32 K no i "structural

several umsugators (Balllis & Ollennu 1986 cnn et a:1. 197oa. Froshelsex:
1.'*“;1969 Gates & Bronsklll 1974 Gibbs 1962 ome et al 1986 'm & Honnc;/

In, inf 'cted leaves. AMV partlcles were found rarrdomly distributed or in

. 'aggregate_‘_ thrqughout thé cytoplasm (de Zoeten &' Gaard 1969 Hatta &
;;'.iri'frrén'cm foB1, ‘Hull etal 1970, Wilcaxson et al. 1974) and. m vacuoles (de” o
,"}_'iZoeten & Gaard 1969 Hull et al 1970) There 1s no conclustve evldence
regarding the presence of virus particles ln cell organelles However. the
. ', ~1nhibitory effect of actinomycln D on the synthwis of host-dlrected RNA. and
‘the incorporation of - 3H-1ab "ed urldlne into the nuclel and cytoplasm
".‘:;I_'suggest organelle mvolve:nﬁ% ' in AMV RNA synthesis (Ba%sl et al.. 197~O)

of AMV straln 425 .was:’ detected by

protein of AMV P# m the cell wall of ‘.‘:... ected tobacco cells suggested lts

role in facllitating céll-to cell transport 'of ’HMV (Godefroy-Colbum ,et al |

manner (Crlll et aL /1970¢). mechanloally by cutung equipmmt\(l-nrukt_' :
Mluynski 1987) through seed"(sem 1961 Froshelser‘_._1964 1970‘ -‘-197‘_



Hemmati & McLean 1977 Hm.lki & Mi&ynski 1987 Tosic & Pesic 1975

9

McLean -197—7) Depending on \the alfa[fa cultivar a&id virus strain

transm.tssion rates of, AMV varied up to 55 % (Hiruki & Mmynhu 1987 - ‘_] L

Zschau & Janke 1962) in commercial seed n"‘_l v : v ";

- ;l'

The high incidence and lasting longevity of AMV in seeds allows or:"- )
primary infection from infected seeds (Frosheiser 1974 Hemmati &,-,' R
McLean 1977) Subsequent transmission of AMV within the ﬁeld is; by.

aphids with AcyrthosiphOn pisum and Myzus persicae as the most efﬁcientv"i- ':

vectors (Crill et al 19700. Frosheiser 1969) 'I‘hus. in 3- and 4-year-old_'.' L

o ‘:',4--ﬂ stands. up to 80% of alfalfa plants were infected with AMV (cnn etal 1970

. 7

168 SRR St

e Frosheiser 1964 Gates anq\Bronskill 1974 Gibbs 1962 Mueller 1965)

AT N

L 6 Objecﬂves : | ‘, - T T
L The objectim of this thesis were to study l) incidence and Iocalization of
AMV in alfalfa seed pollen and ovules 2) mechanism(s) of AMV transmissioni_‘j:" - i
tcr seed throuih pollen and ovules. 3) Eﬁ'ect off AMV on tht;—germinaﬁon an d i
growth of alfalfa pollen. and 4) response of se"lectgd alfalfa genotypes to..;_f.- T

o
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Bailiss. K.W and L.A.A. Ollennu. 1986 Aﬁ'g:t of alfalfa mosaie vlrus isolates on
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D

Zschau & Janke 1962) via pbllen and. ovules (Frosﬁ_eiser 1974, HE att &
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applications as dlagnostlc procedures ln plant virolog'

S

B - major aPplication ln diagnosis of«dlseases caused by viroids which are

Ty

1 2 COLIPARISON OE. ENZYNIE-LINKED IMMUNOSORBENT ASSAY

(ELISA) AND DOT HYBRIDIZATION FOR DETECTION OF. ALFALFA MOSAIC

L VIRUS lNALFALFA POLLEN 1 TR
e 21 Introduct.lon - o _ _ } D .
| Enzyme-linked immunosorbent assay (ELISA) (Clark & Adams 1977) and':_
dot hybridizatlon technlque whlch\utillzes a 32P labeled complementary R4

DNA (cDNA) probe (Owens & Diener 1981 Maule et al 1983) have wide L
The most commbnly used serologlcal assay. ELISA has been particularly%tv:"i-x_:‘f' -
useful for testjng large numbers of mdividual seeds and/or seedlings for the .,
presence of Seed-borne vlruses tobacco ringspot and soybean mosaic (Llster |
1978) cherry leaf roll (Cooper et al 1984) prune dwarf (PDV) and prunus -
necrotic rlngsrmt (PNRSVl (Kelley & Cameron 1986) blueberry leaf mottle

(BBLMV) (Chlldress“ & Ramsdel 1986) and alfalfa ‘mosaic. (AMV) (Pesic &*
,leuki 1986)‘. : Rapld and sensltive in quantifylng viral antLgen (Roggero~ l_ '
 Pennazio 1984 Burrows etal. 1984) thls method has also been used forv-:"'.;_‘.'f:.

locallzing viruses assOclated with pollen. such as PNRSV (Cole et al 1982 s

| _ Hamllton et al 1984 nKelley &tameron 1986) PDV (Kelley & Cameron'v'

1986). and BBLMV (Childress & Ramsdel 19qe) Ammugh nuclerp aci d
hybndmum has bee“ aPP“ed f°1‘ detecﬂng both RNA and DNA viruses m\ -
plant tissue ( Garger etal 1983 Maule et al. 1983 Sela et al. 1984) it has a

S Lo -;\~:_:

1 Accepted for publlcation 1n Can J Plant Pathol (1988) SR, R
Lo T ll S SRR



o undetectable by immunological tasts (Owens & Diendg 1981,. Flores et al T
RN 1935 Lakshmén et al: 1986 Schwinghamer & ScottSrSG)
| Previous comparison of dot hybridization and ELISA for detecting tobacco:‘ .'

: rnosaic virus (TMV) in plant tisLSue and protoplasts indicated that the".f' :

sensitivity of the former method was a,bout twice as high as that of ELISA

| (Sela et al 1984) The present investigation was undertaken to compare o
“*Q‘ELISA and dot hybri dization - for ifying AMV i) |

apd m plant t:lssue and the applicability of these two methods for detecting.f' : !
e AMV‘@ smaﬂ amounts of alfalf, a ';pollen Assays of alfalfa pollen ar%» :
B COnSidered" to be important due‘ to the fact that AMV is transmitted to o

-: _.':; | embryos of alfalfa seed thr__gh polIen (Pesimet al 1988)

AMV isolate A-515 was prol;gated in Nicd’tiana tabacum L v, White " -y
. \ :'Burley in the greenhouse at 23 C, and ;Med as described by van Vloten- e o
i‘-v’Doting&Jaspars (1972) i o R 1

m

o 222 Source ofpouen R
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2 1223 ELISAproeedure _ i o . L
» Double sandwich ELISA (Ciark & Adams 1977) was used for AMV f‘.j.d
- ‘detection ELISA was performed in ﬂat bottom polystyrene microtest plates ,“".".f.

|

L (Flow Laboratories Inc

_ - Virg Plates coated with the -
| '_globulm fraction of anti A-515 antisemm :(Pesic {:i 1988) cross absorbed -
.with virus-free plant antigen (da Rocha et al 19 in coating buffer (50 o
- 5»‘-_"mM sodium carbonate. pH 9. 6 containing 0 02% NaNs) were incubated for E " f
E 4 h at 37 C After rinsing in 0 Ool'M phosphate buifered saiine (PBS) pl? R
" L7 4, containir;&O 05% 'I‘ween 20 and 0. 02% NaN3. 2001 of sample

e .'preparatio‘ns were. adddd vto*each well. All samples were prepared in 0 01 M .

e ‘

| "_PBS-'I‘ween pH 7. 4 coni:aining 1% polyvinyl" pyrrolidone 40 (PVP 40) and . .',_f'__'
0 1% ovalbumin (PBS-Tween-PVP ovalbumin) (Sigma) The plates With IR

.» :-.Samples were incub ted for 16 h at 4 c and then washed in PBS-Tween

s hosph“ tase-conjugated y-globulin diluted in PBS-'I\veen-PVP-"}T.

ovalbumin was -added _200 u.l/well"j'i Unless stated otherwise. the coating y-

,'-globulin and enzyme-conjugated y—globu]jn were used at a concentration of 2
L "."ug/ml and 1/ 1090 dilution respectively Following incubation for 4 h at 37'.?.:

'C the plates were washed in PBS ’I‘ween and 200 ul df freshly prepared '.-:
’_f_subsirate (0 8 rng of p-nitrophenyl phosphate/ml of 10% die':'_"_

-~ HCL ‘ﬁ 5. 8) was: added 0 each we]l and incubated for" 1';_ .at s7cC. The'_'jv_‘v:_ -

freaction was stoppﬁ by the addition of 50 ul/well of 3 N NaOH and the '.,'-:f‘.: .

:absorbance of each reaction mixture at 405 nm was determined in~aj"'-,",""ff?."

'Fitelj,ek Multiscan pH“tvmeter All tests werel repliwted four times‘ A"‘"The
‘ fELI'SA values were considered positive if the mean minus standard deviationf;*f‘_‘
;-f(x—SD) was greater than the mean plus standard deviation (x+SD) of virus-

) .v-free control values

.4.,0,-“.;-‘~ o . 7
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. Totai AMV Rmi was isolated according t6, Gould (‘1981) and Mhniatis et al |
(1982) To 1 ml/purified AMV (55 mg) l ml of 20 mM Tris buffer

eontaining 1 mM ethylenediaminetetraa&tate (EDTA). and 1oo mM NaCl

and 200 ul of IO% sodium dodecyf sulfate (SDS) were addedi The mixture

- was emulsified at*rooi‘n temperature and followi,ng centrifugation' the .

"‘\

aquedus phase Was re-exl:racted twic"," % th- an; equal volume of phenol and

once with chlorofo y and isoamyl alcohol (?4 1 v/v) to remove prptein

from the preparation of nucleic acids 'h'aces of phenol anﬂd chloroforrn

were removed with water-saturated ether After adjusting the salt
o concentration to ZOO-mM with 3 M sodium acetate. pH 6..0 RNA was
‘:' precipitated with 2 5 volumes of cold ethanol for 30 min at % C The final

R

penet was . resuspended m 10 mM Tris 01 and 1 mlvr EDTA (TE"} pH 8 o

and stored at -70 C

: - _of 50 ul contained 5 p.gActinomydn D: O 5 mM each_ of dATP dGTP and
dTTP 125 p.g of calf thymus deoxynucleotide primers. 20 mM '
dithiothreitol 50 mM Tris-HCl pH 8 3_ 8 mM MgClz. 400 mM KCl 5 mM L




o concentration was adjusted to 200 ﬁiM with 4 M ammonium acetate Prior ‘ -,.";;"
o .'to hybridization the r“adioactivity incorporated into 32P—labeled cDNA was
B 'measured as deecnbed by Maniatis et al (1982) | |

v_ AMV capsid protein (Sela et al 1984). After centrifugation at 12000 g for \

v and 25% ch:loroform (Sela et al 1984) Following centrifug\tion and

_.»“}appeared to be clear nucleic acids were precipitated with ethanol and

-‘5: j;repeated extraction wi%h water—saturated 2p___enol until aie interphase

_resuspended m 50 uif 'f,TE pH 8 0. Serially diluted samples (10 1. 1o 5)

; of nucleic aclds anﬁ a s |

.227 Dot hybi:ldizat.ion '. IR dw

e The dot hybridization method applied in this study was adapted from

- _‘ﬂj,o 02% each of bovine semmnbunnn. Ficoll 4ochand PVR!40) 1oo Jg/ml of

:. ~. B s LAY o : g : . A ﬂ_
el __was precipita@d with ethanol using yeast tRNA as a can&i‘ and the salt' Lo

- 2. 2 6 Preparatlon of pollen?samples for dot hybridization

Crude extract was obtained by grinding 30 mg of pollen with a pestle and

."" mortar in 0 01 M phosphate buﬁ”er. pH 7 5 containing 0 1% SDS to remove\

. ‘,.\'\‘

10 min at 4 C tﬁe tﬂtal volume of the supematant was adjusted to 50 pl
Nucleic @cids were extracted from 30 mg of pollen .,in 0. 05 M glycine | \
buﬂ'er. pH 9.3, Qontainin%() M NaCl 0.01 M EDTA, 0. 19 SDS, 25% phenol :

5 p.l/dot

S :MMiiatis et al (1982) Garger eﬁ al (1983) | and Maule et:al (1983)
; : "'»Samples were manually spotted 5 p.l/ dot on a biodyne transfer membrane
(Pall Uln'aﬁne Filtration Co.. Glen Cove. N Y) Membranes were baked at 80

T Cfor 2kt and prehybridized at, 42 Ci’or ;18 h m plastic bags con.taining 50%

‘;."_;"formamide 5xssm«: (IXSSPE=0.12 M-NaCl. 0.015'M sodium cltrate, 0. 013 .
oM NaH2PO4, DH 65, 2mM EDTA), 4x Denhardt's solution (lxDenhardt's..

b




55 C for 48 h in a solution containing 50% formamide. _ 5xSSPE

lxDenhardt's solution 10% dextran sulfate. looug/ml of denatured calf
thymus DNA °0 1% SDS and a 326}’ labeled cDNA probe Unless stated \
otherwise a. cDNA probe of loscpm/ml was used for hybridization ..v '_" \
' Hybridized mernbranes were washed twice for 15 min at room temperature
',_ and twice at 55 C in 2x$SC (leSC-O 15 M NaCl '0 015 M sodium citrate. s
| pH70) andOl%SDS@,ndfourtimesatsscinO1xSSCand01%SDS
Dried membranes were autoradiogtﬁphed at- —70 c for 48 h using XAR 5 Gt
,. '_ Kodak X—ray ﬁlm and twgDupont Cronex Hi Plus XA intensifying screens B
Radioactlvity counts in the biodyne membrane dsts were taken seven days R
5 ; ;after autoradiographic expOSure Individual dots Were cut ancclpi’rmnersed in T
10 ml of scintillation ﬂuid (Econoﬂuor. New Englans Nuclear) in plastic
Iv vials Counting was done in~ the scintillation cou%er (Isocap/ 300 Searl\

L Anal:);tic Inc) over a period of 10 min and radioctivity was expressed in

S 28 Results . o T on i T e e

e LT e e
o 23,1 Sensitivuyofm.st L T e R

To determine relat:lve sensitivity of ELISA in quaﬁtifying AMV antlgen.’-, i
coating Y-globulin (’1 a\nd 2' ug/ mll and enzyme conjugated Y-globulin
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indicated that ELISA was responsive to both variation in Ay—globulin
'v concentration and enzyme conjugated y -globulin dilution (Fig 2 1)
greatest sensitivity of the ELISA for AMV detection 1 ng/ml was obtained |
" with the coating y-globulin at concentration of Q\Eg/ml and enzyme- G
. 'conjugated y-globulin at 1/ 1000 or 1/200‘0 dilutions (Fig 2 lA) or at 1 '
’ ;lf.‘_i 'ug/ml and 1,,/1000 dilution respectively (Fig 2 ]‘g) An increased dilutlon of
: v:"'enzyme conjugated y—globulin. 1 /4000 reduced the levels of detection of
AMV antigen to 16 ng/ml with th\e coating y-globulin in concentration of 2
: g/ml (Fig 2 1A) and to 250 ng/ml with y -globulin at 1 ng/ml (Fig 2 lB)
v’»232 Detection ofAMVinalfalfapollenbyEuSA ' S |
- The effect of sap constituents on sensitivi?y of détection of viral antigen -"f

L j.in pollen was investigated using a ten-fold diIution series (10 1000 ng/nil)

’, .

- of puriﬁed AMV and the equivalent dilutions of puriﬁed AMV added to the P

o ‘-ﬂ_crude extract from virus-freevpollen ELISA was ten times more sensiti\re
ll in detecting AMV antigen in puriﬁed preparaﬁons (1 ng/ml) than in orude
- ".',extracts (10 ng/ml) (Fig 22) %\, 'j',"__.i:: ,1',_‘(' f B | o _ |
. Detection levels of‘AMV in pollen were determined by testing serfal
\_‘dilutions up. to 10'4 of extract ﬁ'om 30 mg of infected pollen Pollen from
f‘ “"virus-free plants was hsed as\ a control The results indicated that 10’3 was
‘1 the highest dilution in which AMV was detectable in this study (Fig 2 3)
_'T"_According to the standard ‘curve, for AMV’ (Fig 2 3) a 10'3 dilution of
A’ infected pollen had about 10 ng of AMV (Fig 2 3) We also established by
,..,'testing samples containing varlous amoux% of pollen (1-5 mg) that 3 mg
g was the optimum amount required for the eﬂicient isolation of viral antigen
' In order to t&st the appltwbility of ELISA fo‘r g alfalfa pollen for
e l:_ ‘-’the presence of AMV under the conditions of this investigation. samples of

""-:?-u. .
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3 mg'o}pollen (30 50 ﬂowers) were collec*ed _at random from each of ilfty
alfalfa plants AMV was detected in pollen from thirty-three plants%vith
..'}'}; absorbance 'vaIues for indivi ual samples ranging from 0 3-0 7 (Fig 2 4)
- The absorbance readings for virustfree pollen were 0 015 0 045 The

additional testing of leaf extracts shov\red that only plgnts ﬁ-om which*_ S
infected pollén was collected were positive for AMV 0 - e '_

e T T e S A . 'P"—"

2 3 3 Sensitivity of dot hybrldiZation assay

' 8

‘ To study the sensitivity of RNA template detection.by 32P-labeled cDNA -

hykgridization. ' cDNA probes with final specific radioactivities oi'
0 -5x106(:pm/ml and loecpm/ml were compared Ten-fold dilutions of
puriﬁed AMV and puriﬁed A}VIV added to crude extract from virus-free _
pollen were\:\issayed in eoncentrations’ of 1 5‘pg “150 ng 15 ng. 1 5 ng 150
pg 15 pg and I 5 pg/spot and puriﬁed AMV RNA,%SO ng 25 ng. 2 5 ng, .

250 ‘Pg 25 Pg. 2 5 Pg and 0 25 pg/ dOt Crude extract from virus-free

pellen was spotted as a control

-

Although AMV RNA wﬁ detectable in quantitiee of 2 5 pg in\puriﬂed AMV -
L and RNA preparations by both cDNA probes differences ’b een the two "

probes were observed in the intensity of hybridization (Fig 2 5) e
radioactivity (cpm) in the biodyne membrane dots was greater i’or‘_ all

samplw hybridized with the cDNA probe of loécpm/ ml than with the probe
of o. 5x106cpﬁ17\;n1 (Table 2.1). The assay was, less sensitive m detecting
viral RNA in preparations of crude pollen extracts and puriﬁed AMV (1 5 ng
AMV/dot) Co iderable reduction in hybridization or radioactivityi';was

",-;.- observed for .ﬁ he lowest dilution ;of_ crude _.hon’iogenate oontaininé "
M/dot h ,' '. ever. at the higher dilutions the responee was linear (Table

21)




g z 3.4 .n;tecuon ofAMV mm in alfalfa pollen by dot-hybﬂdiz&tlon

To test whethe’r' vost components interfere with the-sen%vity of

: detection of viral RNA in alfalfa pouen. series of dilutions (10 -1- 10 5) of e

= crude and nucleic acid extracts fro:' inf ted pollen wer e COmPaf\ed The

highest dilutions ,of pollen in which AMV RNA was detected were 10'3 for . o
2 _' crude and 104 for nucleic acid extract (Fig 2«6) Diﬁ’erences n quantitie§ o .
" of detectable AMV RNA were also observed between.the two pollen extracts R

3,0 o
' -,_»'for the equivalent dilutions The radioactivity 11’1 the membrane «dots A

| '_ '-,:.;indicated that nucleic aclds and crude extracts at 10'3 dilutlon contained
:.j"""f'.__'»-,"about 250 pg and 25 pg of AMV RNA, respectively. corresponding to
- ':"‘:approximately 1 5 ng and 150 pg of iAMV ('l‘able 2 2L -";. 'f_. (
- .A Although dot hybridization assay was ten times more sensitive in "
-‘?z‘;..':.‘,.‘detecting AMV RNA in nucleic acid than in crude ectracts thq applicability""»-‘.;-:}_:J:I...f»-" '-;- 1-'
2 .:-iof crude extracts for screening of alfalfa pollen for the presence of AMV was PEEE
-v:_further tested because of the considerably faster and simpler procedure{_ “’" "o
for sample preparation. Crude extraa:ts from 3 mg of pollen clllected from

s ev'].,‘,- :
N eight infected and four virus-free alfalfa plants were assayed with the cDNA , o

probe of 106cpm/ml AMV RNA was detected in all samples of pollen from

L -_"infecteg plants but no, reaction was observed in- pollen from virus-free

_ _'24 Discussion N , N SO e
In this investigation we have evaluated and compared direct doub .
I : ;sandwich ELISA and dot hybridization method using AMV-speciﬁc 32P--‘_.

labeled cDNA probe for detection of AMV isolate A-515 in puriﬁed

R preparations and in alfalfa pollen o

Y



L',

: .,"other plant viruses with the coating antibody 1-2 ug/ml (Converse 19 _' el
:"'Romaine et al. 1981) and low dllutions of enzyme-conjugated IgG (Clark SRR
”‘.\.I-'”j.-Adams 1977 Lister & Rochow 1979 Hewmgs & D'Arcy 1984) \
v:‘-:..correlation between the sensitivity of ELISA and variation in coatin and o

‘;-conjugated immunoglobulins established in this study. and previ ._usly"i_f"':

",._‘Z-et al 1981 Hewings & D'Arcy 1984) suggested that optimization of ELISA
: cohditi should be done for each Virus-host cqrnbination Detection level 5 N

B few hundred times ‘_‘___sing the coating y-globulin at 2 ug/ml and enzyme-

cojugated -globulin 1/ 1000 dilution. compared to 1 ,ug/ml and 1/4000 g

l—;

.“reported for other virus-ELISA systems IClark & Adams 1977 McLaughlin R

& j ,,'Arcy) and CLRV (Massalski & Cooper 1984) Lower levels of detectablel,f:. ‘_

antigen (10 ng/ml) in extract from virus—free pollen containing purified 'j':
AMV and in extract from infected pollen provided evidence that the
presence of sap constltuents reduced the sensitivity of EUSA for detecting :

AMV i alfalfa pollen In a similar study SMV was detectable at 2.5 ng/ml mz :
i ‘puriﬂegl preparations or added to virus-free leaf and seed extracts however»'i:




\ applied in this study enhanced binding of nucleic acid to the biodyne )

membrane According to Hull (1984) baking of membranes also released

“

viral°RNA. erter sensitivity of detectlon of viral RNA was found in nucl”' c

'y' -'. acid extracts than in crude éctracts from infected pollen and punﬁed AMV » ; |

added to extract’ from virus-free pollen. and this result indicated that theJ
- removal of sap constituents from plant iissue increased binding of viral RNA _ .
to the solid phase and its hybridization With the cDNA probe (Owens & -
DIener 1981, Maule et al 1983) .' R R

The sensitivity oi' dot hybridization assay Was abou / ten timeslgreater than g
that .oLELISA in detecting AMV in puriﬂed preparations 15 pg and 200 pg ;
respectively Both methods were less sensitive in detecting AMV added to:f- ' '. '
the extract from virus-free pollen with detection levels of 1 5 ng by dot
hybridization and 2 ng by ELISA. Although in crude extracts from infected':--‘l?',\-‘,"
pollen a glilution of 10 3 was the highest in which AMV was dotectable by_;f o8 E‘

; eithér method samples containing‘ a few milligrams of pollen were reqﬁir,ed,

for virus isolation in testing of alfalfa pollen Similar quantitaitve

'ollen suggested that both ELISA gnd .dot hybridization "‘are reliable ‘a U

sensitive methqu ior 5creening of small amounts of altalfa pollaen for th'S
presence of AMV Pollerr testing with highly seri’sltive techntqmes. such ag §
o

ELISA and dot hybridization enslIrl%s the use of AMV-freq SOurces of pollen xqﬁ: .
N s [ ;

gy,
b)

for alfalfa breeding prograrns : -j; f T }_'.‘ 3%
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U Table 2.1.¢ Rad1oact1v1ty counts in 1nd1v1dua1 dots contammg S
b o purified AMV- RNA, AMV, AMV added to crude extract,;w;\ ,_Mfg“f-r
.. or.crude extracét from virus-free pol]en hybr‘1d1zed‘ »
"\1¢h the AMV spec1f1c cDNA probe T , o .

MR

dff,é;}?i-c;;gzﬁ‘é(cpm) /

K .'; ) e Rad1oact1v1ty (cpm) /d“i;ixi¥ €c7;l;‘3'
- Sample - ' probe.. -".__--‘-'—’-_-_L—_._-v-—_fl--_,-_--"-j,-:-.--:-?_-l..-..___T__._;_T:_;__;_é._} N ‘

"
T e

g 50 5x10

n 1T?é,cﬁ‘g€ﬁy:ygfé10»;;: 2%@9

1950

e
B

2080

*i?f@??ﬂ:?}i,,;

1512{?f3889u‘ 560124 86 25
187o§jf1309 935

"'5 ‘9 25,’,. - RLTEE

AR HeT 0 hG, 2 n9<:';§ ng. 250 pg, 25‘pg, 215 pg,;;* X
s and. 0.25 pg, respectively. ~— o
. Purified AMV ‘and AMY added: to crude extract from‘ﬁirus-free‘

~pollen, A=G:' 1.5.-ug, lso.ng, 15.ng,. 1>5 ng, 150 pg;. 15 pg.lj*

--and 1.5 pg, respectively. - A SRR
f*crude extract from virus-free po11en.;ﬁz,j;t.';

Wen-fo]d d11uti0n
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L _Tam-e-.;z.‘z;-; Radwactw ty counts in. mdw-dual dots contammg
o eruder or nucledc acid: extrac%§5irom infected or ,fr
. virus-free- po]]en or purified AMV- RNA hybr1df2ed
e WIth the cDNA probe of 185cpm/m] ;

Ty

i ‘,.‘ ¥

i;1d~,aCrude extract* :d*ﬂ&fliﬁi?:féé5£1542Q1f51721i-{ZTfaffzsi'iE%::: _
"];iﬁNuc1e1c ac1d extract*- l}d}j2217~71784f;d5355¢rf98f5}f16;fj,;w"m |

A .

”“'%1:V1rus free** vf';ff_3,ﬂﬂlﬁif{ 16 QgtEBfﬁ?féO;;7f38 ?;725,d'21'f_“fp-;"'_

ok Ten fo]d d11ut1ons of crude ané‘nucle1c Qc1d exgracts .‘dwf;y RPN
o from 30 ‘mgs of 1nfected po]]en, A-E 10'] to 10‘ q;;,17i.-
e Lrespectivelys e : "
; y;¥*#~:{Ten -fold dilutipns. of crude (A ), and nuc]e1c acid:- JEREREI
ERRR 5) extracts from.30 mg of Virus: =free po]len 10'] to . o
T R [ respectively.: '
L ke, AMV-RNA A-E:. 25 ng, _2 5 ng, .250 pg, 25 pg and 2 5 pg, ..
weh d‘jrespect1ve1y : Sl |
R~ N -*si-if}i .‘Q",ﬁ'

N o S B LR iy
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ks '{‘mgure 2 1 Detection of purlﬁed AMV by ELISA. Coatlngq -globulin 2 pg/ml L

S (A), and 1 u.%/ml ®) . and enzyme-conjugated Y—glpbulin 1/ 1ooo~( a—a)

F

' ':1/2000 (H) and 1/4000 (u—-u) Antigex{ concentration s 0.

: 5:.';ng/m1f o
B J(a): 1 ng/ml (b) 4 ng/ml (c) 16 ng/ml (d) 63 ng/ml (e) 250 ng/ml (f) and?_'_-_;_

o :,;_‘_;_1000 ng/ml (g) Extract from vﬁas-free tobacco leaves (H) Each pointi-’ v

= represents the mean of*ve wells The range of virus-free control absorbance

';‘.'values at 405.nm was 0.015-0: 045 with ‘the sn o oos 0. o Standardf_-'

-i,,j-rdeviation for absorbance values of antigen samples ranged frorrl 0 01-0 02

\ . .
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.' -iFigure 2 2 Effect of plant sap on. the sensitivity of detection of AMV in-:'w .

. :-_»-.,alfalfa pollen by ELISA 'I‘he concentrations of puriﬁed AMV (EI—EI )‘ and - ‘ﬂ
_puriﬁed AMV added to crude extract from virus-free pollen ( H) :
L _. ~‘ing/ml (a) 1 ng/ml (b) 10 ng/rnl (c) 100 ng/mI (d) and 1000 ng/ml (e) _

,_ ;»",»crude extract from virus-free pollen (D-—-G) Crude extl‘act was Prepared in“: ﬁ.
_the extraction solution (1 3 w7v) CoaﬂngY'glol}ulinwas appli ed at 2 ug/ml .
-{and enzyme conjugated Y -globuhn at 1 / 1000 dilution Each pointi;ﬁ?.‘..:-‘
g L represents the mean of five wells Absorbance values for control samplw“ -

) ranged fromO 02 0 045 th SD—O OI Standard deviation for test Samples '-f: '.
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".mgure 2. 3 Detection of AMV 1n .alfa pollen by ELISA. 'l‘en—fold dllutlons u
of pollen extracts from 30 mg of pollen ‘from mfected &g——-m) and virus-free

plants ("—}’ 10'4 (a) 10'3 (b) 10“0) 10"1(d) and/ 10 °(e)
;.':.':'Coating Y-globulin 2 ug/ml and enzyme-con}ugated Y-globulin 1/ 1000. <

) dﬂx.{tion Each polnt represents the mean o', ﬂve replications Absorbance ' :
"'“'.'-values for virus-free pollen samples were 0 02 0 04 with the SD-—O 008; ;
Standard deviat:lon for pollen samples ﬁ'om mfected plants was 0 015 0 025._

. : -
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of alfalfa pollen Pollen samples (3 mg/Well) from infected ( . ) and Vlrus; S :
.-‘lfree plantas ( z ) Coatlng Y-globulipf ug / ml an d enzyme Conjugated Y-
:‘:_»__."_globulin 1/1000 The absorband values for v!rus free-pollen ranged ’frOm \ .:
o ois-0. 045 DR ‘ S

.\&;—‘g s T S
: . .
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Figur@ 2 5. _ Effect of J2P-1abeled cDNA probe on the sensiﬁvﬁy of detection L

"':5:;'..5__of AMV RNA by dol; hybrldization assay A, cDNA probe with 0 5x106 :

f>r9

e

, . ‘:J.A-:a (1—6) ten-fold diluti ns of )Med AMV added to crude extract from vlrus- "

R __ free pollen. 'and row

o 150 pg and15 pg/do

‘ .

i 'ff;pH 8 o 250 ng. 25’ng 2. 5 ng 250 pg 25 pg 2 5\pg‘t respectlvely

F Row d (1 6) ten-fold dﬂutlons of crude extract fmm virus-free pollen.i'f_*'_-'v
3 ;-f"_,“"._Dilutions of phriﬂed
"ﬁ-‘ . were prepared in 0 OLl M phosphate buﬁ'er. pH 7 5 containing 0 1% SDS.

v,

; th 1060pm[ ml hybrldizatlon soluuon Row _'

| u s) pur:ﬂed@rv ls\ug 150, ng, ._ 5 ng.< Sng 7"{"7"
. respectlvely Row c (1 6) puriﬁeh AMV RNA in TE

AMV 1n crude extract“ and erude extract(l 3 w/v)"“',






Figure 2 6 Effect of crude and nucleic acid extracts on. the- Sensitivity of - ‘.

e .' | idetection of AMV-RNA by dot—hybridization in alfalfé pollen Row a, ten-fqld

,,;';dilutions of crude 3)_.: and nucleic acid (4-6) extracts from 30 mg of

o fivirus-free pollen ”10

S 2 5 ng. 250 pg. 25 pg and 2 5 pg/dot respectlvely

_11:" 10 -3 rspectively l}ow b (1-5) ten—fold dilutions
-~ .of crude. ?.nd row o (1-5) nucleic .acid extracts from 30 mg of infected .

o , pollen' 10 1 v-~10 ‘5 respectively Row d (1-5). puriﬁed AMV RNA. 25 ng







(1+4) crudq,exu'actswfrom 3 $g/dot of vix‘us-free pollen Rows b and c

f""were prépared h’l 20 p.l of 0 01 Mghosphate : e g
o, 1% sns and spottedﬁas 20 ul /dot on a biodyn ane. . Row

= "2 5 pg/dot respectively

Figure 2 7. ; cﬂ hybridization of crude extracts from alfalfa pollen Row a

. l
"' »:

o : (1 4) cx‘t!tde exu'aotsfﬁ-om 3 mg/dot of"AMV ixg;ected pollen. Ch_ide exu'acts

).

B U (1»4) purlﬁed AMV—RNAfin TE, pH 80, 25 ng, 25 ng. 230 gg*azsmg and "

RN S
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3 DIFFERENT RATES or ALFALFA MOSAIC vmus INCIDENCE m sEEn';";' ) et
L coxr AND EMBRYO OF ALFALFA SEED 1 ; S

"V:-“l[ .-3 1. Introduction Lo

The important role of infected seed in the epidemiology of alfalfa mosaic S
' virus (AMV) has been recognized since high incidence and longevity of AMV S

L .:in alfalfa seed were established (Zschau & Janke 1962 Frosheiser 1970 e

1974) ‘As, reported by Frosheiser (1974) the extent of virus transmission,:-: ST

' depends on virus strain. alfalfa cultivar or clone and environmental‘j-f.

._l».l-.f,conditions Frosheiser (1974) and Henﬁnati & McLean (1977) observed

. Nicandra physalmdes L. (Callo & Ciampor 977 e

fseedling assay with two seed lots containing about 20% of infected seeds.?‘jvi'.;;_';,. :
; Frosheiser (1974) reported that the percentage of infected seeds detected,";""gf"."'

'was essentially the same in both assay methods However. a recent

transmission of AMV through pollen and ovules of alfalfa AMV was also

‘fOund in the embryonic cotyledons of alfalfa (Wilcoxson et al 1975) and L

_ Althd/ugh various aspects of AMV transmission through seed have been:ﬂ
o studied little is lcnown as to whether infection of alfalfa seed\ and seedlings" A
by AMV differ signiﬂcantly In a comparative study ‘of - direkt seed and‘* L

.-'preliminary investigation indicated that the rates of AMV incidence in,";ﬁ"-j':i'i

. ::.-'..:‘_"'f»jseeds (24%) and seedlings (16%) were signiﬁcantly different (Pesic et al

RN 1984) Because infected seediings represent the main source of AMV mﬁ: S ’

"."'the ﬁeld (Muel,lcr 1965 Gat& & Bronskill 1974). -the relatibnsmp between"’.

. | . e -




X8 ;:.'A"':Qf AMV m seeﬁ and seedlings. of alfalfa cv. Beaver as well as on the high

e A"embryos of the same cultivar

incidence rates of AMV in alfalfa seed and seedlings was further S

;::' investigated This paper reports a comparative study on rates of detection

o incidence of AMV in the seed coats and its relatively low incidence in

32 Materlalsand Methods. ., . U T

32 1 Virusandviruspuriﬁcat:lon -

o An Alberta isolate of AMV (A—515) was. used for seed inoculation AMV

L 2 was propagated in Nlcottana tabacum L. cvv ‘-,White Burley in the greenhouse |

o '_'322 “Source ofseed | L ~

T . 'seed testing showed a seed transmisSion rate for AMV cf .44% in cv Beaver
RS andos% cv Vista R R AN -

..'-".,at 23 Cand harvested ten days later Virus' was puriﬁed as dascribed by van
o f,._":-Vloten-Doting & Jaspais (1072) R ” )

C et .

J/

Two naturally infected seed lots of alfalfa cvs Beaver and Vista. from

commerc.ial sources in Alberta were selected for this study Preliminary RS

PO

V,{Z32§, yimsassgy LR
An infectivity assay on the primary I’eaves of 10 day old Phaseolu.s vulgaris

g L cv.. Red Kidney in the greenhouse at 23 C and enzymeﬂiinked

K ".,':'_"."immunosorbent assay (ELISA) (Clark & ‘.dams' 1977) were used for AMV

S ..detection Samplesﬂ for ELISA._ 'er prepared.in" 0:1'*'M phosphate-buffered

'saline (PBS) pH 7: 4 containing '0.05% Tween 20'. 1%’polyviny1-pyrrolid0ne

n

‘,;";and 0 1% egg albumln Individual seeds'were homogenized in 0~8 ml




. .- and the background absorbance for wells from which test samples were

L ,?

photometer Readings above O 1 were considered to be positive for the T

n.

presence ofAMV This value was obtained by muitiplying three times t;he

highest absorbance value for virus-free material uSed aSaa negative control

|A‘A‘.
PR

CXcIuded | ,-:: . LI

To estimate the rate of AMV incidence in intact ﬁlfaifa seed a totalf,‘.,'-;..

| number of 1022 seedsnf cv B&ver were individuall"" a' sayed by ELISA in*l =

To determine ifAMV remaining oﬂ; the seed Cgat erved : ~‘:

"300 seeds’ o‘l\m vxsta-‘were



f'f.97 0_# and air dried at room temperature for 30 min Following this] -

‘:_homogenized in lots of 20 in 1 5 ml PBS The equivalent number of
- ‘seedlings and/ |
fof cv. Vista soaked m o o1 M NaH2P04. pH 7. o was used asa control m this B

aty \ nt seed coats were removed from 100 seeds arid homogenized in_-lv

o -' groups of 20 in 1. 5 ml PBS The remaining 200 seeds were placed in two_

L

cheesecloth bags in pots with a soil mixture Three and seven days later the _‘ .
bags containing free seed coats seedlings and ungerminated seed were
‘..'jvv'reeovered from the soil ‘Seed coats were remoVed from ungerminated SN

fJ-i:’fseeds and a total of 100 seed coats was collected each time"' and

'jbryos was homogenized in the same way Alfalfa seedi

"-,-,.».i_:j"experiment See:q coats seedlings and/or embryo samples were prepared '

.J

. a\;ording to the above procedure ELISA and infectivity assay on Red_»._;..j_'.'{‘f

ney beans were used for AMV detection in seed coats seedlings:'_",

i
’

o __:“_“and/ or embryos Each sample was inoculated on 12 half-leaves previously{::,"i.'} _'
- -_:dusted wiﬁgl ?,,2 um Carborundun; The opposite half-leaves were inoculated o
- with puriﬁed AMV 5 5 mg/ml gBS as the intemal control = [ : L

.3 1 See«Land seedlings ',1,- S s S
According to ti}'e results obtailned by ELISA. the average incidence of AMV

in alfalfa seed oV Beaver was 20 6% but varied among replicates. ranging 5"'.:-";

from 18 1 tp 23- 1% The average incidence for seed]ings was 7 3% (’l‘ablei'

3 1) or three firnes lower thart the incidence in seeds (20 6%) However,v_

e Frosheiger (1874) reported that detection levels for seed and seedling




R ’ assays were essentially the same. and that Small dlﬁ'erences were probably

. ' v ’ . P
. . . .
[\ ..\‘ e
U
o <

- | due to the uneven distribution of infected seeds in a given seed lot

- -:'_332 Seed coat and embryos L R

Since AMV was found in tissues of embryonic cotyledons of alfalfa
. __-;_“(Wilcoxson et al 1975) its transmissibil!:y was expected to be related to

et . embryo mfectjon If the virus wa;,present only in alfalfa embryos detection

S s _rates for seed and seedlings would have been comparable However a higher O

L .,'detection rate for seed 'and% ower detection rate for seedlings suggested

s *that not only the embxyo buf also the seed coat was involved in determining

\ the mcidence of AMV in’ seed{. E To test this hypothesis. s%ed coats and

', -embryos of individual seeds were assayed separately by ELISA and the

',v.'lgpossibﬂity of &VN remaining on the seed coat surface as a souree of

i {fmfection for seedlings during germination was examined

R ,"-'immediately after soaking of seed in the AMV suspension AMV was not""
__:_'detected ﬁ‘i seed coats seedlings. and/or embryos three and seven days

L "method
N ",'detected on the seed coat surfaﬁ athe possibillty that' active virus r _T:

o “._"f;germination appws to be remote

i coats and embryos (’l‘able 3 2) viz (1) seeds with inf cted seed' }oa

AMV remaining on the seed coat wasmot detected by the infectivity assay

;;However AMV was detected by ELISA in the s}eed coat samples prepared,

i"",!jfouowing the treatment with AMV or. in untreated samples by elther

Thus. the results obtained by m indiw.te that although AMV can be

4

o ':‘.':"on the seed coat serves as an infection“source for seedlings-' during

ﬂBased upon the resuits of seed coat and embryo assays.' infected seeds‘ "

f ‘could be grouped ,m three categories according'to.»"virus incidmce in seed




" seeds with infected emb;yos. and (3) seeds with infected seed coats and

N

£ _éedlings was due to the high incidence of AMV in seed coats

‘ seed coat— and embryo :infection and 'corr 3D ,'

Y

_:' to detection rates for seedlings (7 3%) and embryds (9 0%) ?

‘ -whole seeds (20 6%) and/or seed‘ Seht and. G
,. Embryo transmission%%&’;efers only to%mbryo infbeﬁdn at

embryos Sirice the seed coat separates from the embryo during
. germination and AMV on the seed coat does not serve as a source of
infection for seedlings according to the evidence obtained in this study. T
seeds from the ﬁrst category will produce virus-free plants On the other E B

hand seeds from the remaining two categories that contain infected
o R ] \ = . .

embryos will generate virus-infected plants :-.-:-.. L . } o

It is conﬁrmed with these results that the seed coat infected during its L

development plays an important role in inﬂuencing the incidence of _' _' 7>

3 'b"d

| in alfalfa seed and that the ditference in detection rates of AMV,;ig seed and j

ln order to differentiate between seed and seedling infection

terminology such as seed ‘transmission rate and embryo transmission rate‘ '

was adopted (‘I‘able 3 3) Seed transmission rate was used to express both

Fo IR T T

% d & iS equivalent

4[}.»

Taking into consideration the rwults obtained for this particular AMV *

' ‘-_ host combination. it,is concluded that the embryo transmission rate is more

appropriate than the sced transmission rate in expressgig th‘e extent of,:"";'_,*‘."' :‘
AN;V iransmission through Seed also. seedling and embngﬁaqsays Weref;‘_?. B
more accurate than the whole seed assay in determining the actual rate of~_;‘ B

AMV transmission through seed. The observed difference between"'i' -

Frosheisers data (1974) with two diiferent AMV strains and the present -
data indicate that additional work needs to be done "V \ o |

S
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B Tabié*B;Sl Detect1on\9f AMV in Qeed and Seedllngs of a]fa]fa e

T pv Beaver by - ELISA

)\‘

f'¥i$°9f¢é;,fﬁ"]j rsemples;.foetect10n :V:"Seéd: Cl

- tested - rate (%)*. transm1ss1gn
"(Nd,)'f}v__ N ‘;w rate (%)

Embryo+"

ﬂ“transm1ss1on:»f_;
rate (%)** o

DO

. \5"

Seed 022 205

 Seed. coats - LR
.. -andf embryos .:;__ P 'w;pjﬁif o
:‘comb1ned ;7*594.=<,v: 18 1 Cr e 18

";'.»'r,Seedhngs . \/ R e

ﬁ¢20;ée;fj5

:”;imbryos ;ii :]594._-‘5 9 of? :fef"jL:;;?j;;ﬁf5ﬁl

f;»7 3
) 9 0

";7/*

' ~j:t¥"Represents exper1menta1 values for seed 1nfect1on rates L

. Designates seed inféction’ and’ corresponds to'detection  :“°"¢§>
.v,sj";rate for whole seeds and seed ‘coats and embryos: comb1ned
. %% . Designates. embryo infection and- corresponds to detect1on

:_i;rates for seed11ngs and embryos
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L 4 DETECTION OE VIRALANTIGEN BY IMMUNOGOLD CYTOCHEMISTRY L
IN OVULES FOLLEN AND ANTHERS OF ALFALFA INFECTED WITH

ff

ALFALFA MOSAIC vmus 1
4 1 Introduction

Although alfalfa mosaie virus (AMV) is transmitted to alfalfa seed through - -
=X

o ;_both malg,and female gametes the mechanism of virus transmission is still L

o .unknown A previous electron microscope StUdY on the localization and o

s '?“vaggregation fOl’ms of two strains of AMV %n alfalfa gametes revealed the’_“'{?,:;'-:‘

presence of rafts and star like aggregates. of virus particles in the o

" __cytoplasm of anther parenchyma cells and pollen gl‘ains (Wilct>xson et al - g
1975) However, the virus was not detected in thin sections of alfaIfa ovulesi'- -

.' using a heavy-metal staining method Recently. AMV was detected by"' | _
- i;._*:enz?me 1inked immunosorbent assay fELISA) in the seed coat and embryo of |

7 alfalfa; seed (Peste. & Hiruki 1986) In individual seeds. AMV was detected‘- =

| "in either the seed coat or the embryo. _or n both of them simultaneosly L

B These results can be interpreted as a random distribution of AMV in alfalfa;-

o ‘seed and suggest that virus distribution within infected pollen and ovules

o 'and the mode of virus transmission may inﬂuence the type of seed infection S

Immunogold cytochernistry has been introduced as an altemative to the ‘- .

heavy metal staining for virus ii!entiﬁcation in leaf-dip preparatlons and in R

"-"situ localimtion of intact virus particles or viral antng by electron and light..."._.-j..
_"microscopy (Giband et al 1984 Lin & Langenber? 1983 Lin 1984 Lo‘ro &

© e e s - L - P T . . ’ LR . . . r .

' _1 Accepted fo #gublication in Phytopathology (),988)



-(Hatta 1976 Lawson & Hearon 1970 Wilcoxson ehal 1975) Digestion of S

. ribosomes with ribonuclease is another method employed for a similar |

N purpose (Hatta & Francki 1979 1981)

The present immunocytochemical inves‘A B was undertaken to:
i ‘detect the distribution of AMV in pollen. ovule integftments and embryo sacs S

n ,"'-:'of alfaifa and to ascertain their role in Al transmission to alfalfa seed. -

| AMV isolate A—515 (Hiruki & Miczynski 1987) was propagated in f:-'.- ‘,"

- :Af‘-Ntootiana tabacum L cv White Burleyin the greenhouse at 23 c and a 13 h

| "”_"-;.-_photoperiod AMV was puriﬂed from leaves with sythoms harvested ten -

5 idays after moculaum ("a—’—‘—‘—’l"—t——Doﬁng & Jaspars 1972) Direct double _'

o »,'antibody sandwich ELISA (Clark & Adams 1977) was used for viru s
detectionina],falfaplants - _ NSRRI

. -t . e T ; n

M Y

J
E ‘I'hree clones from Beaver alfalfa B 19 B-24 and B-39 ( Pesic & Hiruki,"i "
1985) were inoculated at the 6—8 I‘iaf stage vy,th puriﬁed AMV preparation,

o 1 mg/ml of 0. 025 M phosphate‘»bu&éi pH 7 o Inoculated and vxrus-freeg{-?.'f:}

o ‘f.'clonai plants were maintained on separate benches in the same'

s greenhouse at 18 c With a 16 h photoperiod. At four week intervals plant8
: “were assayed by ELISA for the presence of AMV = = AN

Ll .'...v,‘,* . - R . .o S .o




423 Antisemm : '

- \_' Antiserum against AMV isolate A-515 was produced in rabbits using )

puriﬁed virus preparation in a combination of inu'avenous and intramuSCular _' e

injections After the ﬁrst intravenous injection (l*lg/ml in 0“1 M S

‘ NaH2PO4. pH 7. 0) a series iof intramuscular booster injectlons was given at

weekly intervals with a mixture (l 1 v/v) of AMV and Frmmd's incomplete'l: -

adjuvant Rabbits Were exsanguinated when the titer of antiserum."'

determined by dOUble diffusmn tests reached 1 /256 To remove thef':hbf‘: -

antibodies to host proteins the antiserum was absorbed with acet.gne— :

extracted powder of virus-free tobacco@lants (da Rocha et sl 1986) [\\ ‘
"——pewder obtained from 10 g of frozen tobacco leaves was washed with 0 01
: M phosphate-buffered saline (PBS) pH 7.4 and inc

_' ted with 10 ml of

" -.,;‘anﬁserum for 2 5 h at 40 C in a. water bath: "The anti erum was separated

' "'-:_'from the precipitate by low speed centrifugation The immunoglobulink

e ﬁ-action of the. antiserum was precipitated by mixing equal volumes of 4 M

.".~(NH4)2SO4 and antiSerum for 2 h -at room temperature. After B

‘ centrifugation for 10 min at 1000 g the precipitate was resuspended in half S

' ,strength PBS pH 7 4 and dialyzed o’vernight at P! C against three changes of )

. .:.:.‘PBS The concentration of puriﬁed immunoglobulir?was determined by L |

e . measuring the absorbance at 280 nm using the extinction coeﬁﬁcient of 1 35

) (mg/ ml) i"'Gm'l (Johnstone & Thorpe 1982) The immunoglobulin was
.'”'“'."’:storedat-2oc A e T S S
:""'-'-:J'Ij" 4.24 ﬁssuepmparaﬂon R el
| Anthers and ovaries were collected from selected ﬂowers of infectéd and f .f' : ".
a : ;"virus-free plants by tripping the ﬂower and dissecting it under a

‘?stereomicroscope TisSues were vacuum inﬂltrated with O 01 M PBS PH

- S
L




f_"'i'"i';temperature After rinsing m distilled water, anthers and ovaries were

7 4 to remove air a,nd tq;_assist%m ﬁxative penetration They were ﬁxed with

B ;';‘1% glutaraldehyde in 0 01 M PBS pH 7 4. at 4 C overnight rinsed in three ﬁ
changes of: PBS 1 h each and post-ﬁxed’iin 2% 0504 for 2 h at room

_' '»_.“.:‘_:j-dehydrated in a graded seriw of acetone (70 100%) wlth three changes. "

"Tf ":20 min each in absolute acetone Anthers and ovaries were then passed
-through a mixture of equal parts of acetone and Spurrs resin f& 2 h then

o stained with 2 % uranyl acetate for 60 min and lead citrate for 2 min For
immuno‘gold c: ochemistry low-acid water-soluble GMA embedding mixture

consisting of glycol methacrylate (2-hydroxyethyl methacrylate) benzoil

"r-_'perox:ide and butyl mEthacrylate was used for dehydration. inﬂltration and

‘-":’embedding of plant tissue After primargﬁxation q 1% glutaraldehyde in ot
O 01 M PBS pH 7 4 and nnsing in PBS the samples were dehydrated and

a inﬁltrated simultaneously in aqueous solutions of GMA (85 and 97% GMA)

of 1 5 cm from the light SOurcc ..l:: ._! ‘

e

_ ‘4 2 5 Chemicals anzl immunogold rehgente

i f Spurrs resin OVernight and cured at 65 C for 10 h Thin sections were 1{ j-‘,}

4




' Dorval. Quebec.-,Canada) were used in this studyf
- I'abbit lgG With cc@bidal gold particles of the no minal

e T R ‘ R

. X7
P f”

Grids with thin s’eef_ions attached were ﬂoated face do&m on 0 5% BSA.
PBS-'l‘ween at. .'dpr‘ynbtemperature for 5 m.in, to b,iock the nonaspeciﬁc-;-_':
___‘binding sités The grids were. transferred without rinsing to a Falcon 3034 X
5 s."',micrptest/plate (Falcon Plastics. 1950 Williams Dr Oxnard ,CA 93030 USA)':'_ SO

ctmtaining antiviral imrrfunoglobulin and incubated at 3%7 C for 2 h The o

'» € concentration of immunoglobulin was adjusted to 5 10 and 20 p.g/ml 0 5%"'__?.

E SA-PBS-'I‘ween ’i‘he sections were rinsed with 1% BSA in . 01 M PBS th.‘. .

3

S _'.-i7 4 for 20 sec us ng a plastic spray bottle. then placed in PBS for 5 min

dilutlon of the stock solution) for 1 h at room temperature 'l‘he grids were’;‘“i"-'-.f'

rinsed with PBS for 30 sec. immerSed in PBS for 104m1n rinsed a second

tlme With PBS and ﬁnally l’insed with distilled water The sections were-" g

& subsequently stained with 2% uranyl acetate for 20 min and lead ciirate for



gueoec.,eanaoa; Wert: useu ., uus smuyf ug‘}u-i?pcueu-gOdt anu- . o

mmunocytochemical_staining ' S

4.7, .

] with thin s’eefions attached were ﬂoated face do&m on 0 5% BSA- : S

f

. ,: V:J‘-'i:‘ .

*en at.‘rdpmb'temperature for 5 m.in, to block the nonaspeciﬁc-j‘-_"
The grids were h'ansferred without rinsing to a Falcon 3034_-',- y

t plate (Falcon Plastics. 1950 Williams Dr Oxnard ,CA 93030 USA)' - o

ng antiviral imrrfunoglobulin and incubated at 3%7 C for 2 h The B

ation of immunoglobulin was adjusted to 5 10 and 20 p.g/ml 0 5%','__-', L]

-'I‘ween - The- sections were rinsed with 1% BSA in o. 01 M PBS pH*-‘- «

3

20 sec us 84 ng a plastic spray bottle. then placed in PBS for 5 min:

of the stock solution) for 1 h at room temperature The grids were‘;“'.,""-.f-

vith PBS for 30 sec. immerSed in PBS for locm,n n“ e d a second .

h PBS and ﬁnally rinsed with dist:illed water The sections were-" -

ently stained with 2% uranyl acetate for 20 min and lead ciirate for S




' Dorval. Quebec.-,Canada) were used in this studyf
- I'abbit lgG With cc@bidal gold particles of the no minal

e T R ‘ R

. X7
P f”

Grids with thin s’eef_ions attached were ﬂoated face do&m on 0 5% BSA.
PBS-'l‘ween at. .'dpr‘ynbtemperature for 5 m.in, to b,iock the nonaspeciﬁc-;-_':
___‘binding sités The grids were. transferred without rinsing to a Falcon 3034 X
5 s."',micrptest/plate (Falcon Plastics. 1950 Williams Dr Oxnard ,CA 93030 USA)':'_ SO

ctmtaining antiviral imrrfunoglobulin and incubated at 3%7 C for 2 h The o

'» € concentration of immunoglobulin was adjusted to 5 10 and 20 p.g/ml 0 5%"'__?.

E SA-PBS-'I‘ween ’i‘he sections were rinsed with 1% BSA in . 01 M PBS th.‘. .

3

S _'.-i7 4 for 20 sec us ng a plastic spray bottle. then placed in PBS for 5 min

dilutlon of the stock solution) for 1 h at room temperature 'l‘he grids were’;‘“i"-'-.f'

rinsed with PBS for 30 sec. immerSed in PBS for 104m1n rinsed a second

tlme With PBS and ﬁnally l’insed with distilled water The sections were-" g

& subsequently stained with 2% uranyl acetate for 20 min and lead ciirate for



were ,similar to those o) "

o i-"'_‘:-lﬂ 436 Comparlson ofalfalfa clones

'.tapetum Cells cgi‘ig 4 4A) In anther:, urpetum )cells stained With the protem_‘"-;v'_,-_jjf_:_;5'

- A-gold compl.ex. the intensity of antlgen labelling was lower than with the S
'gold—IgG complgx (Fig. 4 4B) In the majority of cells examined aggregates : :5,
ﬁ‘:_ ‘.'of virus particles v é':re densely distributed throughout the cytoplasm A E

o _"high intensity of labelling was associated with virus particles in raft-like

".:”'_._aggregates andin al

- -_.4 3.5 AMV detiectioﬁ in alfalfapollen | ,-_'::3 R

AMV was detected in microspores stained with the gold IgG complex
: (Fig 4 5A) and mature pollen gl‘ains stained with heavy metals (Fig 4 513)

B "In microspores. the differentiation of the wall of the pollen grain was

'-':;A ‘-'noticeable. as well as the large cytoplasmic bridges conneciing microSpores

e aggregates of virus particles similar to those in the anther tapetum cells

e o

ST were observed in the cytoplasm (F‘ig 4 5A and 4 SB) AMV was also present
v'.'on the surface of pollen exine and in the cytoplasxpic bridges (Fig 4 5A)

The aggregation and distrilgution of virus particles in ma.ture pollen grains

in mjcrospores (Fig 4 53)‘ B

»':'-" There was no difference in detection of AMV in ov*ules. anthers and

;'_-':', pollen of three alfalfa clones (B-19 B-24 and B-39) Of OV- BW“I (data not

- -‘?'to one another in the early stagw of development l,ong rafts and orystalline 'f‘;




g '-ﬂ-'.

gold IgG was higher than with protein A-gold complex (Table 4 1) Only a'_ : _'
few particles exposed to normal rabbit serum prior to immunogold staining', RO

,'-'f'were labelled with colloidal gold (Fig 4. 6A) E

R »'4 4 Discussion

For the first time in any study of seed transmission of AMV virus N

o f,particles were localized in alfalfa ovules Thus far. AMV transmission |

E 'j-through female gametes has been demonstrated only in cross,-pollination.j' .

" fexperiments between infected and virus free alfalfa plants (Frosheiser 1974 '

'f Hernmati & McLean 1977) The mechanism of virus tIansrnission to seed S

; however has been unknown mainly because of the scarcity of any direct } N

'_eVidence of virus distribution in infected ovules Localization of AMV in the-"." S

L integuments of alfalfa ovules in this study and previous detection of AMV in

B “’f’,the seed coat of alfalfa by ELISA strongly indlcate that seed coat infection' R

'Tresults from ovule transmission of AMV § Pesic & Hiruki 1986) 'I‘he fact-_": -:1 ;j:‘,:.

T ._that AMV was not detected in the embryo sac of alfalfa ovules by either the_;_‘ o

'_ immunocytochemistry or by the heavy-metal staining method in: this'-_,: o
R investigation but was previously found in the embryo of alf* seed (Pesic &':‘“‘z g

':v Hiruki 1986) Jsuggests that embryo infection occurs solely through infected

_ v*ponen during fertilization A similar mechanism of virus tran missio rt tol';'_"': i

- seed througl; gametes has been reported recently for chel'l'yr leaf !'011 in;f
" bizen (Cooper et'al. 1984). Cross-pollination acperimehts With VaﬁOuS

: ":“‘:'fjcombinations of infected and virus free gametes are needed for a mqre

vacuoles of infected gametes and anther tape

}"‘~'7‘_t,comprehensive understanding of the meehanism of seed transmission df ;,-

S . . .,1'

Viral antigen and AMV virions were detected in th’__v;‘cytoplasm 'anf S K

,:.Cells 'I‘wostrainsofAMV




- "._"Cresti 1977)

; -;(Wilcoxson et al 1975) Differences rin aggregation in various atli

'vj'nd pollen grains. but were not associated with any of the cell

3 .":r (Wilcoxson et ai 1975) However. an isolate of AMV from 3

pepper was detected in aggregated form in vacuoles of pepper mesophyu SR

cells (De Zoeten & Gaard 1969) ’l‘he results obtained in this study and-_nt‘:"'-

i those previously reported suggest that virus distribuﬁon within thé cen 15 '. :
R 'both strain- and host-speciﬁc Localization of AMV in the CYtOplasrnic

"}bridges indicated that movement of virions might occur between

'

R :microspores in the early stages of development of pollen grains (Pacinf & .i'.}:",

i . (..

Consistent differe’nces in aggregation forms of virus Particles Were

B "":'-observed between pollen and ovules in each of three alfalfa clones Non-

S

.aggregated virus particles were detected in the cytopIaSm and vacuoles of . _' .'f'{ -}.__".
i ""',"'ovule integument cells Large crystalline bodies and raﬂ:s of vlrus particles e
g j{_’-randomly distributed in the cytoplasm of anther tapetum cells microspor&s

- ;'_:and mature pollen grains morphologimlly rwemble those of strains Fl andj

"_.:'U21 in the cytoplasm of pollen grains and anther parenchyma cells .

[ i::ﬂincluding pollen and anthers were also reported for AMV strains Fl and

":5'.U21 (Wilcoxson et al 1975) B ‘

| Although,AMV was lomlized in the ovules. pollen and anthers by th :
£ f'..;immunogold cytochemistry and heavy—metal staining. the advantage of using




e .‘~“1'comple:c. These results are comparable with' those previously reported for L

AMV (Stussi Garaud et al 1987) and b\arley stripe 'mpsaic virus (Lin &

| .'._';Langenberg 1983) The speciﬁcity of the immunogold method for detection -
._"""_of viral antigen was also demonstrated by the absence of gold labelling in " .
L "ultrathint sections of virus free tissue subjected to anti— A-515 ,‘
ey immunoglobulin and in infected tissue treated with normal rabbit serum - o
The results obtained in this study and those previously reported for m suu
-iloealization of caﬁliﬂbwer mosaic virus in turnip (Giband et al 1984) and red’i.-.‘_- o
n -‘_v'_'.clover mottle virus th pea (Tomenius et al 1983) clearly indicate that the

- antigen speciﬁc and sensitive immunogold technique can be successfully .

g applied ior identification and localizaiion of plant viruses in infected tissue |

The binding of colloidal gold to AMV particles in purified preparations R

,' '_'t’,was much higher with gold—IgG than With protein A-gold'\qomplex (Tabl e s

o _;4 1) ’I‘wo factors might be involved in the resulting differences in: thei PR

R :'f_speciﬁcity of antigemantibody complex in this investigation namely 1) the ".‘

iindirect method of immunogold labelling and 2) -use. of colloidal gold-

S labelled-goat anti-rabbit IgG that will react spe{iﬁcally witl'i rabbit IgG to'_ SO

AMV antigen ((Lin & Langenberg 19832 ' . f R p, . S

In summary the results of this investigation indicated that AM)ZfCan be o

.eﬁ;ectively localized in alfalfa ovules. pollen and anthers by\ immunogold =

'b:.._‘ __'cytochemistry using gold-IgG' and?iprotein A-gold complexbes as marbfers of

'-'I'viral antigen.. and provié'_

ﬂditional evidence towarg a) better

¢ f’t/ . :

- understanding ofseed transmiss' P

BN A




) ’T'Ant1 -A-515"3 ",

Tab]e 4 %3 Detect1on of AMV by 1mmunogo]d sta1n1ng in pur1f1ed
ol preparatlons_jﬂy@‘_h_.

'{fe'i-_f“ 11; R - Number of Virions

| F1rst ”'v ~ Second ‘flg}5’iTota1 Labe]]ed '5,65'%:‘ S
- ant1body =j A ant1bo¢y;;-' ;i-  G \_:_, ' 1abe11ed3y-v

Dl

A(dé&

“’f}w‘gw Go]d 16 ‘:" 5q4~;%fh;;f395_;?J;78.4i5;e ;v'*¥*-”
M"1mmunoglobu11n \ o :’y'ff'-”;;/f_fff; R >m | RS
S f¢i“§‘ Prote1n A-go]d 437 '218 49 8+6 0 }@3g]

| | o jcdjd=1gg"?-"_;:-356*i - | fjb’;ﬂlﬁuz.sfz;gﬁ"'

Norma] T T e SRR R
rabb1t serum L e e T
L . Protein A-gold. 425 .10 . 2.3+2.3 ©

R R U T e

v “*@Q“” Celn e T



e

Fig 4 1 Thlck section of alfalfa anther of clone B- 24 mfected with AMV
Anther wall (an arrow head) and mature pollen grains (arrows) (x610)
Bar represents 50 pm, ' ‘ L e e
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mg 4 2 Thlck section of alfalfa anther of virus-free clone B 2% Ahther R

o :wall;(

,"'50 p.m

"_.arrow) and mature pollen grains (arrows) (x600) Bar represents EFRN






F:lg 43 AMV infected ovules of alfalfa clone B 24 A. 'I‘hick section of

o 'f.__fv.alfalfa ovule IN integuments surrounding embryo sac (arroW) (x120) Bar \

L f'_gstained with gold-goat anti-rabbit IgG Gold-labelled viral antigen is found i

S .;'in the cytqplasm and vacuoles (V) N nucleus CH chloroplast (x29 800)

B

| -irepresents 100 ;,Lm B Localization of AMV in ovule integument cell

) '-C AMV infected integument cell exposed to normal rabbit serum and

_-:stained with gold-IgG tomplex Non-speoiﬁc staining is present in low-; :
o """concentrations over the cytoplasm and nucleus (N). (x17 5()0) Y
”‘Localization of AMV in th:in sections of the integument cell stained with B

e -_",cytopksm (arro,ws)bM—. mitochondrion. N nucleus CW Cell wall (x45 000)
;-‘_,_Bar represents o, 5 pmunless othervldse indicated SURTER < f, ‘. .:{.'.'.‘.’ L i

| 'juranyl acetate and lead citrate Non~aggregated virions are located in the g






~

Fig:x 4. fl Localizatlon of AMV in.anthers of alfalfa clone B-24 infected with e

’ '--lsolate A—5 15 A Anther tapetum cells stained with gold IgG complex -

" :"_:(x65Q400) B Anther tapetum cells stained with protein A-gold complex S

_'(44 800) C A raft aggregate of AMV particles (small arrow head) and'_' Lo

) ':-,_ large crystalline bodies (large arrow head) in the cytoplasm of anther" L

| tapetum cells stained _‘ With gold-lgG ‘complex. (x51 400) Bar represents L =

A
AR






’_ 3 Fig 4 5 AMV-infected pollen of alfalfa clone B 24 A. Localization of AMV 5

,in the microspore by immunogold staining with gold-IgG complex An ~.

arrow head indicates the area magnified in an inserted micrograph
4.

o (x64 500) Aggregates of virus particles are located in the cytoplasm Viral i R

antlgen is also present in the i

o of develaping pollen exine (x19 700) Bar represents O 3 um

: ) B ggregates of virions in the cytoplasm of mature pollen grain stained with T

R SR

uranyl acetate and lead citrate (x137 000) Bar represents 0 25 p_rn

'oplasmic bridges (arrow) and o the surface )






Fig_ 4-‘6' Detectibn of puriﬁed AMV by unmunogold stalnlng A AMV

’ij particles exposed t?;normal rabbit serum prior to staining W1th ‘protein A—,":

S gold complex B Label]ing o§ viral antigen with gold IgG C Proteub A, o

| '.:"_gold complex, (x57 400) Bar represents 0 25 um

. AR B A * e - . L . - : s S D L
RN T Y. S Lo TR P S s il S
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N _.EFFECT oF ALFALFA MOSAIC vmus on GERMINATION AND TUBE
f GRow;rH or AH“ALFA POLLEN 1

-.511ntroductlon LS e L ‘ L
. Alfalfa mosaig: virus (AMV) is transmitted to alfa]fa seed through both male
-'and female gametes (Frosheiser 1974 Hemmati & McLean 1977)

experiments with different combinations of AMV strains and alfalfa clones

- Frosheiser (1974) found that the freQuency of virus transmission through o

[ ‘__.valso demonstrated that AMV was oll

) pollen (up to 26 5%) was considerabfy higher than through ovules (up to~ )
9. 5%) Similar results were obta/ined by Hemmati & McLean (1977) w

‘-transmitted only to seed and nqt to
'_fvmus-freeplants R L ,' 1 _ -
B Taking into consideration e ;v ‘ e”'ce/ that infection of alfalfa seed '_

S "voccurs primarily through inf cted ?ollen thc effect of AMV on pollenle-.v};_'

o : viability and tube growthwas i ; -th er mvesﬂgated

- greenhOuse at 23 C and p .' } ied according to van Vloten-Dotjng & Jaspars;‘;j_-:f'_f

"

i
'l
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Direct double sandwich enzyme llnked immunosorbent assay (ELISA)

Samples were prepared and assayed as previously described by Pesic & . '

Hiruki (1986) AMV antigen Was cross absorbed with virus-free plant

antigen (da Rocha et al 1986) Coating —globulin was used at\Z\p.g\ml With ;

'l;the alkaline phosphatase conjugate atd 1 / 1000 dilution f{ _' o

' 523 Sourceofalfalfaclones

) The three clones. B 19, B 24 and B-39 included in this investlgation'.__
'.were established from alfalfa (Medicago satwa L cv Beaver) fPesic &

},Hiruki 1985) and vegetatively propagated by stem cuttings The cuttings »__:

—butyric acid (Plant Products Co@Bramalea Ontario) and rooted 1n Perlﬁe.“

~ona mist propagation bench at about 20 C and a

plants with well developed roots were inocul »ted with Rhizobzum meldotl. |
strains NRG~43 4 and NRG 85 1 (The Nitrogen Co Milwaukee WlS USA)

’ ’D

S (Clark & Adams 1977) Was used for AMV detection in alfalfa clones g

T _'were treate d with Stim Root No 9 rooting powder containing 0 4% indole-:

_ h photoperiod Clonalf:

__ and were transplanted into 15 cm pots containing a regular soil mix” |

. '(soil peat sand, .1 1:1, v/v) Alfalfa ‘;~-_- Bt

- ‘at 18 C and a 16 h. photoperiod Tw, wceks after transplanting one half,-of"“_

; ';~in 0. 025 M phosphate buﬁ'er pH 7 0; the otherhalf was treated th the.

"f,_iclone were selected Infected and vltus-free clonal plants were kept on

were maintained in the greenhouse :
5 the clonal plants was inoculated with an inoculum containing 1 mg/ml AMV o

. :'same buffer solution only : One month later. all the cional plan were

' _': ’ assayed by ELISA and three AMV infected and three virus-free plants of—each .'



Cwe

o .524 Germination medium

: : 'was kept in Petri plates at 4 C.

. 5 2. 5 Pollen sampling

3 o o LR o, |

ey

Pollen growth characteristics were studied in vitro on an ag r sucrose v-
- g medium consisting of 100 ml of distilled water 1 5 g of Bacto-agar and 20 g

L of sucrose The pH was adjusted to 7. 0 with 1 N NaOH Sterilized medium

R total of 250 untripped ﬂowers ‘was collected from each plant a%pollen
samples from ten randomly selected ﬂowers were used immediately for

' -plating Pollen was diSpersed over the medium by tripping one ﬂower at a

~

time \mth a pair of forceps under a stereo microscopes« Petri plates were B

L incubated in a moist chamber at 29 C in darkness Pollen germination was

7_ o stopped by adding a small amount of lactophénol cotton blue solution ,The

L _‘\

k For pollen germination tests. : counts Were made following incubation

Ks

o

e '.‘526 Pollen growth characteristics 4_ - ‘—"*‘ o DR

S periods of BO 60 90 and 120 min Germ-tube elongationi.was measured
L after 20 h To determine germination rate. only singly separated pollen
grain:s visibly ﬁlled WIth cytoplasm were counted Pollen was considered

..... A

germinated if the length of the pollen tube exceed the diameter of the
‘ pollen grain P’ollen tube length was measured on individuai pollen grains
and it included the size of the pollen grain @Eout 34 m on agar mvdium’ 3
. ,,,_plus the kngth of the pollen tube in. all cases) Pollen germination and;.
e pollen tube meas@gments were made at 100x magniﬁeation undet'\a Leitz.
»’0rtholux microscope with an olc-ular seue

e oo A 3 _.i._.,.u_-..

.0

o ' plates were then kept at 4 C in a refrigerator until observation Pollen grains =



including two treatments AMV infected and virus free 'Pollen germination

‘ﬁ-_. B P‘

L counts were made on six Petri plates/replicate (500 grains/plate) or a total.v' :

o oy

o were averaged with the mean being used for further analysis qu pollen

;H tube growth the lenkth of 45'0 germ tubes per treatmerrt was measured (25

N
germ tubes/ plate) The analysis of variance v({as used for the comparison of

\

two treatments and Duncans multiple range test‘ orthe comparisons among .

ﬁ,' 'o‘ )

o

’ three cloneé S S L RE T P [)

Sy
-

5.3 Results o o e S

PRI
Avbee

- 531 Pouengermination R B

P Poll en from mfected plants of alfalfa clones B 19 B-24 and B 39 had

lower germination rates compared to pollen from virus free plants. following
incubation for 30 60 90 and 120 min at 29 C (Table 5 1) Between 40 and
50% of all pollen grains }}b'm virus free and 30- 40% from infected plants
germinated during the ﬂrst 30 min The analysis of variance has shown that
differences in germination rates of pollen from infected and virus-free plants

,were signiﬁcant- 'or each clone at all incubation times. excépt for B 39 at 30

min The comparison oi pollen viability indicated that the highest

germination rate after 120 min was for pollen samples from virus-free clone
B 24 (82 1%) followed by B 39 (78 3%) and B 19 (67 2%) (Table 5 1)‘

"'ollen grains p’er treatment for each incubation time The L

gerrnination rate ™ was calculated per“plate. Six plates for ,each replicate_ .

‘.4




shaped and smaller ‘weré observed‘in pollen samples frorn both infected and

, ‘:-',_‘- - ‘dms-ﬁ-ee plants of all clones. however, they were excluded from counting in

A%

R

germination tests AMV wa‘s detected by ELISA in pollen‘*ﬁ'om infected :

“nts v Results were/negative for pollen from virus free plants. with the

-;'-ﬁ-;",'”'-'absorbance readmgsup to O 03 R ',i - '-‘, o \ L

Gk DS R "12,,

B '_5 3 f Pollen tubé growth S Lol
' . Pollen from infected plants of clones B 19 B 24 and B 39 produced
o f"shorter tubes than pollen from virus-free plants aftbr 20 h of germination at
'29 C (Table 5 1) Pollen tube gmwtﬁ for virus-free and infected clones was
-‘ 'also studied by c0mpsring means of frequency distributions f rp/ llen ﬂube

:t‘v:":""lengths (Table 52) The distribution of pollen tube lengths “;or both

| -""fi'treatments (AMV-infected and virus free) was unirﬁodal For infected plants
L ""_i}"_:of clones B 19 and B 39 the majority °f germ tubes (44 0 and 38 0%

o~y

}_,_'.- :' : ispectively) were @tween 0 6 and O 9 mm Iong For clone B-24 only

....

5% of germ tubes belonged to this category. while about 25 0% of all.- s

4-{.t—ubes were 1.2- 1 5. mm long Pollen from virus-free plants of clone B 19[ S

B 'procluced about 39 1% of germ tubes 0.9- 1 2 mm loig: The length of about} o

' 69.0% of germ tubes in clone B—24 were between 0..9 and 1. 8 mm and m'

| "‘__.‘icloneBSQ 560%ofallgrainshad tubeslgetweenoﬁ and 15mm long

The longest tubes were produced by pollen from virus—free plants of clonef -

S f‘B 24 (2 4 2. 7 mm) followed by B 39 (2 1-2 4 mm) and B 19 (1 5 1 8 mm) L

B "--In AMV infeeted plants the longest tubes were found 1n pollen samples from. e



‘ clones B 19'and'B 39 (os mm) TR R A )
54 Discussion T Lo /] P R S

reported diﬂ'erencés in pollen ge'":

-

three alfalfa clones revealed that the average lengths of tubes produce(i by
pgllen‘frorn virus~free plants of clones B-24 and B 39 were 1. 5 and L ‘2 mm

free plants of 2?.zlbne B- 19 and infected plants of clcme B 24 were 1 1 mn'u

The shortest tubes Were produced by pol&en from AMV 1nfected plants of

alfalfa pollen estabHSﬁed that olones of v, Beaver diﬁ'ered in their response

ﬂ

- -f.cleveland (1963a. 1963’0\ ) and S "_:."ey; &

to infectlon with AMV isolate A-515 Gerrnination of pollen from infected

plants was slgniﬁcantly reduced wlthln and among clones compared tg_-.

pollen from virus—free plants The results also indicated that wlthln each

Cl‘me' pollen ﬁ'°m infeCted pla{its produced germ tubes shprter than those

of pollen from virus-free plants (Table 5 1) However. in a mixture of polleri

from vii-us-free plants of clone ~B 19 and B 39 an d lnfe ote plants of clone B- ',_ i

24 pollen from -infected plants will be able to colr:pete efficlently ln
fertilizing alfalfa ovules. and transmitting AMV to Seed because a certain
number o¥ pollen grains from infected plants of clone B-24 produced longer
tubes than pollen °from v;l.ms-free plants of clone B—19 (Table 5 2)

Signiﬁcant dlﬁ'erenees were found among clonw in germlnation and tube
length of pollen from v:irus-free plaflts Sexsmlth & Fryer (1943) also
”tion among clones. While Barnes &

~Melton (1970)_ showed signlﬂwnt

The investigation On the eﬁ'ect of AMV on germinatlon and tube growth of

resp__- ctively (Table 5. 1) The average lengths of tu‘hes of pollen from virus- x '_':_"':’ -

9.

‘._ .. “ Lo




R infection on pollen germination and pollen tube grdwth ‘dnd no testi‘ngv of o
"_"“l°' alfalfa (clone,s for the presence of AMV has been reported | L "ijt_
: ’fhe effect of AMV on pollen viability tn vta‘o was studied on an agar

- suc ose medium that provided a combination‘ of good germination andwstube :'.;'f :.
B N 5 gro“‘ h for hand colIected pollen (Igehman & ~Puri 1964) Although the tuhe_ é _f‘:‘- ».
lengths oi‘ pollen germinated in vitro~ were expected to be shorter than L
‘ those of pollen germinated on }stigma. aceording to Barnes & Cleveland"'j“ i-._;
(1963b) tn?ntro measuremer:ts were good indicators of pollen viability and i_ L

ould b’e used for rapid estimation of the potential pollen tube growth in.: - s

; S S

The im _._cations of the results obtained in this investigation on the effect‘_’.-‘.'-_‘ L

of AMV on poﬁe‘h viability should be explained in relation to some genetic o i

) R
and reproductive characteristics of alfalfa Alf%fa is a cross-pollinated

perennial with low incidence of selfing (Busbice et al 1972) I/Kis a‘._

heterozygous au/totetraploid with a great variability of germplasm In nature

: alfalfa is pollina/lted by bees and a mixture of pollen from'both virus-free and;v'_ B

v N
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i "'Angther im 'ortant asp}:t that should be pointed out& in regard‘
epiderniological»"role of p

\

and fertilization by pollen from infected plants of clones B 193’ B 24 and B— o ‘_ ';

. since pollen from infected plants has shorter tubes the pi:obability that it‘ ] {( L
o will fertilize basal ovulos is remote. fwever. Poor seed set per pod wii |
.result in the overall reduction in seed eld j" B S

. While we have shown -that under certain conditions pollen from infected L

: ';plants can compete successfully with pollen from virus free plants in

~‘

en. in disease spread under field cbnditions is
.__./

pollen &om virussfree and infected plants in one-year-old alfalfa stands with\ :
a low mcie;ace of infected plants pollen from virus-free plants of clones B- y ’ :
19 B‘ 24 and B- 39 will fertilize ovules more frequer&ly than pollen frorn ;..".; i
infected plants_,qf the same clones. particularlyathose at the base of the ovary.

As a result a larger number of virus-free seeds per pod will be produced

However. in the third and fourth years of cultivation. the number of infecfed \
plants within the field was sl:rown to increase considerably (gates & }

Bronskill 1974 Mueller 1965) Consequently. the frequency of pollinatiOn‘

v *.39 néy increase. resulting ina higher incidence of contaminated seeds

- ".l

o fertgizing alfalfa ovules. the opposite results were obtained fOl‘ sOrne other

B virus-host combin’ations .~Yang & Hamilton (1974) reported for \tobacco

‘ ." : ririgspot virus (TRSV) in soybeans that the role\i’)f infected po]len in eeed -A
'. _. ::'_-' transmis\sion was negligible due to the poor gemiinatim ind slow elongation‘! 3
‘Of tubes Rqsults of cross pollination experiments mdicafed that TRSV was :
- '{transmitted to soybean seed mainly through infected megagametophytes
S Recently. Childress & Ramsdell ugee) have demonstrated that pnllen from o
highbush blueben:y infected with blueber.ry leaf mottle vtrus héld reduced STRR

s
R
t

:3.;, p 4‘ '_“: g




: 1.’_"'successfully with virus free ollen.

C y . E . c ‘a oras . o S . . 3 ¢ .
. o v- . c:"' ) o cr e e e ' . S ; e Yo L. N \

L]

Although the 1mpact of virus infection on pollen viabillty was previously

B 1nvest1gated this is the ﬁrst r’eport on the effect of AM\ on viability and

NG

gjrm tube growth of alfalfa pollen in vttro Thls study has estabHshed thaatf\;)..

5 effect °f AMV isolate A'515‘ was\manifested by the overall reduction in ‘
germinatmn and in germ tube growth of pollen from clon‘es B 19 B 24 and. Lo

B3

B 39, of ajfalfa eV, Beaver as well as clonal differences in response to v1rus»""‘_'_-.__,,;:'-f :

infection Cross pollination experirnents are in progress to determine the R

Cin srtu role f alfalfa pollen in transrnissi,on ofAMV to alfalfa seed ' R '_ e
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B 19/v1rus free o 42ﬂ6 S
B 24/v1rus free'J: :4Z;§'

e B 39/v1rus free'”j- 46.7,

' A

Tab]e 5 2t Compar1son of po]len vig b111ty and tube 1ength of
SR AMVs1nfected and -vjrus{free. c1pnes B= 19 B 24 and
B 39 of a]fa]fa cv. Beaver S DL

C]O"e/ 17 if¥. 8 Germ1nat1on Rate (%) 'vl TuBefLehgchiif".ﬁ
Treé%ment ,7'.—‘;-‘- ' ) )
- S (>-7u-30~m1n» 60 min., ,90-m1n 120 min. 20 hi" -

v_y

b St 6131; 67.24 nB

8- 19/AMV ',,};f31;56 ujf4zﬁpA -5f50 9A 5. 7Ai' }foisA, ﬂ,.  £;;7
601y ';72 7 Cpea R
_ _¢55.9AB:‘ 54'?8 . "};jBﬁnt

”fQIQS‘ "5§9§80111f7813c',,?31.26 |

4tﬁ57?635., 59;7AB - iO;gA-: .

-

¥ D
B 24/AMV , ~ o 345
“B- 39/AMV~ "_.'e*'«ﬁ38ﬂ9“".i4911

Means with the same Tetter: wlth1n a co]umn aréhno; _’. : :". -"fl

‘  , s1gn1f1cant1y d1fferent at the. 5% level
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o Fig 5 l Germlnated alfalfa poll et .’grains Pollen grains)were germinated for

:2 h on-a medium conslsting,offl 5 .g Bacto agar and 20 g of sucrose per 100

".'ml H20 PpH 7 0. - Pollcn froin virbs free plants of clones B 19 (A) B 24 (c)

" ‘.and B-‘SQ () and pollen from mfected pla.nts of the ‘same cLones B. D, and F .
- lrespectlvely The bar represents 250 pm
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. - 6. HYPERSENSITIVE REACTION ]N ALFALFA (Medi,cago satwa L )
. ‘ L . oo . i . !
e INDUtmniBYAmrnLEAnuxyu0\nnus1 S
- 6.1 Introduction hanl .

(~‘

’I‘he mheritance of resistance to some isc?lates of AMV has been studied ;
previously for several alfalfa clones (Crill et al 197l Kehr et al 1972) A

However no alfalfa cultivars resistant to AMV have been developed so far‘ o

Probable reasons for tl;us are: 1) the di\‘rersity of AMV strains in pathogenicity'.

8 (Bancroft et'al 1960 Crill et al 1971 Gibbs 1962 Frosheiser 1969 Paliwal- A

v
. .

A b

1982) arid 2) the absence of accurate and consistent screening proceaures P

a -

for identifying resistant plants, ' o '; ‘\ ;

Frosheiser (1969) reported that several clones of alfalfa were immune to

L -

all AMV isolates tested and that one clone resistant fo. 27 isolates..

’

'remained virus free under field cond{tionS\in a mixture with naturavlly _' . 'b

infected plants It has also been shown that plants resistant to any oge\AMV o

' strain can be found in many alfalfa cultivafrs (Crill et al l97 1 Frosheiser x‘_

\‘ &

1969) ST e-'“T***’ﬁﬁ RO

aw o e . : ’ 4
¥ . . .. T

genotypes pf alfalfa immune and resistant to AMV is essential for thet'-

) )

production of new cultivars through bréeding programs Because of the’

variability in symptom expression and the frequent absbnce of visible - .

symptoms in infected alfalfa plants under both greenhouse and field
conditions (Burke 1963, Diachun & Hanson ,1957 Gibbs 1962,} Frosheiser
1964) indicator hosts and serological methods have been routinely used for

indexing alfalfa for the presence of AMV (Kehr ”al 1972) A screening

~.

e e-om——- - - R . . . R . - . . ) . P L

o ‘,

* 1 Subinitted to Plant Pathology - oy ol e
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Developrrient of rei:iable and sensitive saeenmg procedures for selecting,' S




Toa'

2

T major disadvantage of this method is that detection of AMV is mgniﬁcan&tly

.

" on indicator hosts to identify AMV infected plants (Crill et al 1970)

..

program was deVeloped using A‘MV in- cr‘ude sap as inoculum and a bioassa{c

inﬂuenced by the age of indicator hosts and the environmental conditions. _f' Cr

and as such optimum conditions should be determined for each particular_ o

)

virus host combination The assay procedure is also time consuming and R ;7 i

». g requires controlled growth .facihties

Durii‘ig prélin‘linary screening of Beaver alfalfa fdr re51stance to an isolate’

o of AMV Pesic & Hiruki (1985) observed a hypersensmve reaction on R

“

| inoculated leaves of about AO% of all clones tested Hyper-sensitivity".

)

[N

6 2 1 Source of alfalfa clonw

v 4

' photoperiod

represents a f’orm of re51stance in which thé v1rus is confined to the_f-» i

s , ..-":4‘._\

o necrotic cells at the site of infechon ,-and consequently is unable to invade a

plant. systemical’y This paper reports on the condiéons for the expressioné _;,' 4

Cof the hyperSen:i‘tive reaction of selected alfalfa clones ‘and their use m g o

. -identifyingalfalfa genotypes _vresis@nt to AMV. Lo . e

Ty

- 6.2 Materials and Methods S - -

L . . . ., . . . _—

. o . °

-~

’Dwenty eight clones were established from virus free alfalfa seedlings of Ty

v Beaver (Pesic & Hiruki 1985) and vegetatively propagated by stem _i»:

cuttings (Pesic & Hiruki 1987) Clonal plants. treated with Rhizoblum ‘.
meliloti strains NRG 43 4 and NRG 85- 1 (The Nitrogen Co v Milwaukee

' Wis.), were transplanted into plastic rootrainers. 4 x5x 20 cm (Spencer- o |
Lemaire Ind Edmonton Alta) containing regular soil mix (soil pea@and‘

l 1 1. v/v/v) and maintaingd, in the greenhouse at 20 Cﬁnd a 16 h

.,‘* . ‘ " ' T ’ : A s
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' 622 Virusandviruspurlﬁcation S

An Alberta isolaté of AMV, A- 51/5 (Hiruki & Miczynski 1987) wa-s e

propagated in Nicotlana tabacum L cv White Burley in the greenhouse at 23 -
=3

C ‘and- a L6 h photoperiod Leaves with severe mosaic symptoms were - -'_" e

harvested 2 weeks after inoculation and were kept frozen ab 70 (o] until used '

. - The vu'us was puriﬁed according to van Vloten-Doting & Jaspars (1972)

Frozen tobacco leaves (100 g) were homogenized in a blen\der with 100‘;'-.-;‘ e

B .mI of 01 M KzHPO4 0.1 rf.«." ascorbic ‘acid"- and ooz Mi.'

ethylenediaminetetraacetate adju,sted to pH 7 1 with KOH l!ollowing lo.w- -

speed centrifugation at 14 000 g for 20 mi?i in a Sorval refrigerated RCZ B | R

centrifuge the virus was precipitated from the clarified supematant by

adding an aqueous solution of 30% polyethylene glycol (Fisher -Sc MW

15 000—20 OOO) toa ﬁnal concentration of 5%. and a 30 rnin incubation at 4 '

" constant stirnng The precrpitated virus was. collected by low speed - :';,

) centrifugation at 20 OOO £ for 20 min, and the pellets were resuspended in : ',f

L A
O 01 M NaHzP \,ﬂ adjusted to pH 7. 0 with *aOH The suspension was

subjected to two cycles of diﬁ”erential cent_rifugation and virus pellets were- o

) resuspended in 057. ml of 0 01 M NaH2PO4. pH 70 High speed ‘

centrifugati”on was carried ou,t at 78 OOO g in a Beckman L5 75 preparative :_' :

ultracentrifuge s

T

Partially puriﬁed AMV prepara'tions were subjected to sucrose gradient o

centrifugation to separate AMV and host material Resulting AMV '

: Pl‘eparations (O 5 ml) were layered on a linear-sucrose gradient of 10 40%. e
prepared in 0 01 M NaH2P04. PH 7 0, and centrifugation was can’ied out in : S

a Beckman sw 28 rotor for 2 h at 95 ooo g Viral fractions collected from,_ Jaf T

the sucrose gradient were subjected to high-speed centrifugauuq, and the

- ﬁnal pellet was resuspended in 0. 1 M NaH2PO4. pH 7 O The concentration ;-.f'f':,fﬂ.j



of AMV (mg/ml) in purified preparations was determinedXom the_ﬁ'b

:':ultraviolet absorbance at 260 nm using an /extinction coefﬁcient of 5 2-" -

T (mg/mn lcm-i T - S
.:,623. Inocula -

Purified AMV nnd AMV iri crude sap were used for ilnoculation of alfalfa , .

clones Cm,ﬁe sap ?s obtained%y grinding 10 g of frozen tobacco leaves '

_vwith a pestle and rnortar on ice ‘and straining the homogenate through af -

: double layer of clieeseclot,h Dilutions of puriﬁed virus and crude ®ap were

' prepared in 0. 025‘M phosphate buifer (Na2HPO4-NaH2PO4) pH 7. O . »l‘ '

_.."',_ | oy
‘ _62 4 Inoculation protocol'

Clonal plants were manually inoculated at the ﬁve~ to- seven leaf stage by?'ﬂ. o

s rubbing three cornpound leaves located in the middle portion of the stem

with virus inoculum to which 600 mesh (22 p.m) Carborundum was added

N ‘Aft’er rinsing with distilled water plagts were mainta.im;d in the greenhouse ,

at 2OCanda lthhotoperiod o ) o &

K 2 5 Enzyme-linked immunosorbent assay (ELISA)

Clonal plants were ‘tested. for the\presence of AMV four ‘and eight weeks ;

after inoculation by direct double sandwich ELISA (Clark & Adams 1977) -

Samples were p.repared bY grinding individual petioles (about 1 5 cm long) .
in 0.4 rnl and three leaﬂets Pt‘I plant in 1.5 ml of phosphate-buffered saline :
pH 7 4, containing 0. 05% ’I‘ween 20, l% polyvinyl pyrrolidone. and 0.1%. egg%» .
' albumin Crude sap from infected and virus- free tobaoco plants served as: av_- C

" conu'ol.. The ‘ y-globulin fraction o_f- anti »A-515 ant_iserum (Pesic. et al. ,_1988)_ e

-

P S
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- ‘l"":-;.'_ '. '. L

i "".:'-v'was used at 2 ug/ ml aﬁ-‘ alkaline phosphatase t:onjugated Y -globulin @t
'1/ lOOOgdilution | S ' '

v.»'.__"626 Infecﬂvityassay _."“ - .'  ” ~ -al -

. \Relative infectivity of AMV in virus suspensions used fro i.noculation of

"alfalfa clones was measured by a half-leaf local leslon assa)t on ihe primary 'j

leaves of ten-day old beans Phaseolus vuigaris L V. Red Kidney Prior to

ey

moculation plants were given a d'ark ?atment for 24 h Leaves rubbed with Y

phosphate buffer alone served as a ontrol Each dilution of puriﬁed AMV s

R and AMV in crude sap was paired with another dilution on the opposite half RO

leaf six times for each) possible combination of dilufions The inoculated-“b T

}l .eaves were rinsed with distilled water immediately after inoculation and. :

- were covered with wet paper toWels The plants were maintained in the _f S

greenhouse at 20 C and a IGh photoperiod Local lesion counts were made

2 3 days later using a stereomicroscope and a manual counter L v s '- o

v -

v resistance o AMV isolate A-515 using purifled virus. 1 mg/ml in 0 025 M :

phospha é buﬂ‘er. pH 5 0 ,..}; - .

The hypersensitive rwction was observed on the inoculated Ieaves of 12

. clones wher&as the uninoculated l.eaves were symptomless (Fig 6 lA) On_}’;..f

) ‘hypersensitive lwves light brown necrotic local lwions developed in 3 to 4‘; .

R days. reaching up to 1 mﬂrj’\n in diameter (Fig 6 lB) All the plants of:-;-wi" "

- hypersensitive clones inoculated wﬁh AMV consiStently produced local'.*._.f.

o : ,’3 S s o




rest of the plant :: AN ‘,

o ‘The symptoms varied among clones from masked to mild“ and severe‘

Hf-lg and B 20 were inoculated with serial dilutions of purified AMV/(l S

i . 100@ -
o Iesions Testing of nal plants by ELISA showed that AMV °was conﬁned to ,‘ R

. _.the area of local lesions only. { was not presentb in the leaf petioles or the»

RIS

The remaining 16 alfalfa clones were systemically infected With the '-__‘_i

mosaic symptoms developing in- 7 to 10 days after inoculation (Fig 6 lc)

; - fmosaic The percentage of infected plants per clone v}as between 73% and_'
: -96% in eight clones and 100% in another eight clones ) i : A‘ _
-6, d 2 Comparispn ofpuriﬂed virus and crude sap inocula S EERERAE

Virus free plants of resistant clones B- 8 and B- 48 and suscéptible clones._,.v '

:ug/ml 1000 ug/ml) and crude sap (10° 3 100) The total number of plants .

14

'per treatrnent is shown in Table 6 1. _‘

The hypexsensitive ;\eaction was observed on the inoculated leaveé of T

clones B-8 and B 48 for all dilutions o£ puriﬁed AMV However inoculations» N

T .»_with the higher dildtions of AMV reiylted i{'i lower numbers of local lesmns o

FARN
P

Thus only a few local lesions developed on leaves inoculated with AMV at 1.'
‘_-ug/ml While 100% ‘of plants inoculated with AMV at 1900 ug/ le
:responded with e hypersensitive reaction, only about 10% of plants_
) ":’vdeveloped local lesions following inoculation with AMV at 1 ug/ml Visual' B
: '. 4‘ ',observations were conﬁrmed by ELISA " ' ' 3 .
- In plants inoculated with crude sap. _visible loc‘al lesions'were absent on.
. inoculated leaves However AMV was detected by ELISA in about 40% of
plants in clone B-8, “and 35% in clone B 48 inoculated with the undiluted
sap. d 48% and 43% of plants respectively. inoculated with the sap e

- dilution of 10‘ '. Testing by ELISA also indicated that in plants inoeulated .o

N .

LR I . o . R . e 7 . e '_‘ R



‘ with puriﬂed virus or crude sap. AMV was localized in inoculated leaves and

3 ""'_'developifig leaves The higbest percentage of infected plants 90 4% for B ‘: s

‘ ." JM". S :. \)( \,. - '
. . R (S

N . . . . o . 'n

o Acrude sap wlth systernic infection and rnild mosaic symptoms on newly

‘ ‘20 and 79 5% for B 19 was obtained with punﬂed virus at 1000 ug/ml v. S

'Only 2. 7% of plants were infected in clone B 19 and none in B 20 with AMV A

. _‘_"_:sap was s]ightly lower for the m

64 Discussion : S N

Fig. 62)

_at 1 pg/ ml (Table 6. 1) In the case of crude sap. infection rates wegg Sllghtly' o o

in either clone were infected with the crude sap at 10'2 dilution

'inoculation of clonal plants showed that puriﬂed AMV was infective at { 1 e

The bean-infectivity assay of purified AMV and crude sap used for'_', o

'_ Vhigher with a sap dilutlon of 10”1 (Table 6 1) Only apout 2 O% of the plants :"“- o

;.Adilutions. with the average number of local lesions per half leaf ranging from’; .

‘216 for 1000 ug/rnl ‘to 5 for 1 g/ml (Fig 6 2) The infectivity of the crude

o In this investigation two ' istlnct reactions of AMV isolate ’A-515 of alfalfa

T v Beaver were observed 1. locaIized infection resuilting from hypersensltlve' .

reaction and 2) systemic infection in susceptible clones Pr\eviously the-

ypersensitive reSponsé to'AMV was found in assay species such as Phaseows Sl

* iielgaris Vtgna sinens Chenopodium amara.r&lgolor and C quinoa. ’l‘he :
~-":Aﬁrst two species were sed inscreening programs as indicrator hosts whenj . :

_:.__"testing alfalfa for the fresence of AMV (Crill et al, 1970 Wsheiser 1969)

""In thls study. howeJVer. : the hypersensitive r&acf@on was used fOY direct‘-.:':A'.v'-\f:.-_‘f'_' 5

-,-_iidentiﬂcation of clones of alfalfa cv Bmver with reslstance to AMV isolate A;:;]-’_‘
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i $ 2 e ' , 102
" -\15 Furthermore. the hypersensitive reaction was also QbSCI'YEd in several
. wother alfalfa cultivars étested against four isdlates of AMV (including A—515
(Pesic & Hiruki unpublished data) - J~ T ‘7.'- PRSI TR \-‘{ i

Since hypersensitive reaction in alfalfa was induced by the puriﬁed AMV ‘
° 'v-_only. and the percentage of plants w‘ith local lesions was direc({ .
" *--'j‘, 'proportional to virus concentration in inoculum the amount of AMV

mg/ml of 0 025 M phosphate buffer pH 7 0 was’ found to be the most

:‘suitable for screening alfalfa for resistance toAMV - _ }_ .

According to the results obtained in this investigation the disadvantages S

. vof using crude sap inoculum were the absence of visible symptoms on
- .inoculated leaves of resistant'clones (Crill et al’ 1970 Frosheiser 1969) and

’ :: low rates of AMV transmission to alfalfa for both undiluted and diluted sap

' »(Frosheiser 1969) This means that repeated inoculations of clonal plants L

D(Tu & Holmes 1980) and ,»testing by ELISA for the presence of AMV are
RS .. required for detecting resistant plants | S |
‘In summary the method developed for assaying Beaver alfalfa for
lvbviresistance to AMV isolate A 515 using purified virus as inoculum and
o hypersensitive response for identiﬁcation of resistarﬁ: genotypes is' rapid
s Aspecific and sensibtive and as such is recommended for routine screening of -
alfalfa in breeding programs Further investigation must be conducted on
the response of resistant clones of cv Beaver to aphid and pollen

{
‘ transrnission of AMV

o
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"Fig 6 l Responses of alfall'a ov. Beaver to AMV 1solate A-515 Clones B- 48 o

o .(IA and lB) and B 24 IC) were inoculated with puriﬁed ANIV 1 mg/ml of

0. 25 M phosphate b 1 fer pH 7 0. lA hypersensitivmreaction on. moculated: '

o .:--leaf (left) and he absence of rsymptoms on a new leaf (right) v1rus free

e ".‘__conjtro-l_-(centr,e) lB a. close-up of necrotic local leslons dismbuted over the

- _entire inoeulated vsurface IC masked symptoms on inoculated leaf (left)
)

"'and rnosaic on a new leaf (right) virus~free control (centre)

€ . - . o~
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..‘_'."Fig 6 2. Infectivity assays with AMV isolate A-515 on Phaseolu.s vulgans cv.
o “_Red Kidney A-D ten fold dﬂutions of purlﬁe(l AMV 1 p.g/ml - 1000 ug/ml Lo

), and crude sap. 0‘% - 100, (D——D) respectivelg
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" 7. DISCUSSION AND CONCLUSIONS | -

’I‘ransmission of AMV through seed and gametes was previously.._'

_'established\(Frosheiser 1974 Hemmati & McLean 1977) but little was" o

o known about the mechanism(s) of virus transmis on through pollen and-:;’" |

' v'ovules and the incidence of AMV in alfalfa seed Therefore. ‘a more

g comprehensive study of these and related aspects was carried out for a -

| better understanding of AMV transmission through seed

In this’ investiga&n the emphasis was on 1) a development of rapid and |
sensitive techniques for AMV detection in infected tissues. (2) eIucidation."‘_"
j,.;of the mechanism(s) of AMV transmission through pollen and ovules ",(3)
' ‘."‘.'.'fa‘the role of infected pollen and Seed in t.he epidemiology ot AMV and (4)

" : _selection of clonal materials of alfalfa resistant to AMV -

L imiriute quantities of alfalfa pollen As such .they are recommended for_

B ‘routine screening of pollentofensure the use of virus—free sources of pollen

.in%eeding programs ELISA was also more sensitive and faster _
| 'detecting AMV in seed and seedlings than the infectivity assay (Frosheiser' _—

) 1974 Tosic & Pesic 1975)
»

ELISA and dot hybridization using a 32P labeled AMV specific cDNA

. probe were. rap&d sensitlo{e and rdiable methods for detecting AMV in ©

Immunogold cytochemistry using an immunoglobulin fraciion of anti Al“ e

"'antiserum %d gold-labeled igG or protein-A gold complexes enabled : ‘
localization of AMV virions and vi;al 'fen o alfalfa pollen and for the o

ﬁrsttimeinalfalfao\rules RN L

: Localiza‘tion of AMV in —\integuments of alfalfa ovules and in the seed |

coat indicated that seed coat infectlon was the result of ovule transmission of co,

AMV The absence of AMV in the embryo sac of alfalfa ovules and its o "

N
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localization in embryos of alfalfa seed ‘indicated that embryo infectiorr I_
| , .occurred xthrough infected pollen during fertilization %herry leaf roll virus e
is transmitted to. birch seed in a similar manner (Cooper et al 1984)

The overall reduction ‘in germination and tube growth of pollel’i from
: | AMV infected clones c’ mpared to virus free pollen is impo:tant in _
g j: accomplishing the. production of virus free seed particularly in newly

' "‘establishedpstands with a- low incidence of AMV infection However a -

.’certain number of pollen grains originating from infected plants that
produce tubes longer than virgs free pollen. will be‘ able to compete :
- efﬁciently with virus free pollen in fertil alfalfa ovules and generating :
:_infected seeds The’ role of ‘rus-infected pollen in the epidemiology of AMV "
; _is particularly signiﬁcant in aging alfalfa stands with ‘a high incidence of : o
_ ‘mfected plants (Crill et al 1970 Mueller 1965) 'I‘he prevalegee of’ infected: -
’ '.j " pollen in such iields will resu];t in a higher frequency of AMV transmission to Con

| e | ,_._m
seed "-' E L ~;.'-.~; T

T . 1.
PR

The method developed in this study for assaying alfalfa for resistance to L .
" AMV is rapid spec}fic and sensitive; and enabled identiﬂcation of L f

"J:genotypes bf ;cv;:_ Bea 'er with the hypersensitive response to AMV This o

- "method shou‘ld be incorporated in breeding programs for routine screening"f‘.-"-'-f o
E .‘,.::,"Of alfalfa Clones with the hyperSensitive response to infection with AMV )

| ‘_.isolate A-515 represent genetic material suitable for the development _of.fi‘--_j
"-.=l'_.'"‘f.newa1falfacultivars _' T R e f' LR e
' Alth % a clean seed program can eﬁ'ectively eradicate virus diseases as
dn the case of pea—seed borne mosaic virus (Hampton et al 1976) the use of;";"__ L

%P\ v

o "..,jvirus-free seed in establishing : stands, is ﬁmited by the following

'- | factors 1) alfalfa is a perennial cross-po',_"_ " ,ted species and infected plants-' i

D _represent a long lasting source of infected pollen and seed in the ﬁeld




Q E L | B L . ) ”2
o and 2) AMV has a wide host range that includes weeds and other forage ; .
flegumes. frequently grown in mlxed stands with alfalfa. and is. efficientg_f-"
.._transm.itted by a%hids in a: rron persistent manner Therefor? the use of
_ alfalfa cultivars with resistance to AMV is practical and is con51dered as a,v
- long term solution in achieving eﬁ’ective control of AMV and the production x
] of virus free certiﬁed seed R E | :
Continuing study on AMV- host interactions. with alfalfa cultivars and _

: .AMV strains prevalent in western L,anada and particularly in Alberta will.‘ o
| contribute to the rapid develOpment of alfalfa cultivars resistant to AMV
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