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Studies on Garlic Mosaic Virus

—Its isolation, symptom expression in test plants,
physical properties, purification, serology and electron microscopy——

Yong-Joon Lay

SUMMARY

Garlic (Allium sativum L.) is an important vegetable crop for the Korean people and has long:
been cultivated extensively in Korea. More recently it has gained importance as a source of certain
pharmaceuticals. This additional use has also contributed to the increasing demand for Korean garlic.

Garlic has been propagated vegetatively for a long time without control measures against virus
diseases. As a result it is presumed that most of the garlic varieties in Korea may have degenerated.
The production of virus-free plants offers the most feasible way to control the virus diseases of
garlic. However, little is known about garlic viruses both domestically and in foreign countries.
More basic information regarding garlic viruses is needed before a sound approach to the control of
these diseases can be developed.

Currently garlic mosaic disease is most prevalent in plantings throughout Korea and is considered
to be the most important disease of garlic in Korea. Because of this importance, studies were
initiated to isolate and characterize the garlic mosaic virus. Symptom expression in test plants,
physical properties, purification, serological reaction and morphological characteristics of the garlic
mosaic virus were determined.

Results of these studies are summarized as follows.

1. Surveys made throughout the important garlic growing areas in Korea during 1970~1972 revealed.
that most of the garlic plants were heavily infected with mosaic disease.

2. A strain of garlic mosaic virus was obtained from infected garlic leaves and transmitted mechan-
ically to Chenopodium amaranticolor by single lesion isolation technique.

3. The symptom expression of this garlic mosaic virus isolate was examined on 26 species of test
plants. Among these, Chenopodium amaranticolor, C. quinoa, C. album and C. koreanse expressed
chlorotic local lesions on inoculated leaves 11-12 days after mechanical inoculation with infective
sap. The remaining 22 species showed no symptoms and no virus was recovered from them when

back-inoculated to C. amaranticolor.

* A 2-kERr ERAE. College of Agriculture, Seoul National YUniversity, Suwon, Korea.



. Among the four species of Chenopodium mentioned above, C. amaranticolor and C. quinoa appear:

to be the most suitable local lesion test plants for garlic mosaic virus.

. Cloves and top-sets originating from mosaic infected garlic plants were 100% infected with the

same virus. Consequently the - garhc mosaic virus is successxvely transmltted through infected
cloves and top-sets.

Garlic mosaic virus was mechanically transmitted to C. amaranticolor when inoculations were
made with infective sap of cloves and top-sets.

Physical properties of the garlic mosaic virus as determined by inoculation onto C. amaranticolor
were as follows. Thermal inactivation point: 65~70°C, Dilution end poiut: 1072~107%, Aging in
vitro: 2 days.

Electron microscopic examination of the garlic mosaic virus revealed long rod shaped particles
measuring 1200~1250mg. )

Garlic mosaic virus was purified from leaf materials of C. amaranticolor by using two cycles of
differential centrifugation followed by Sephadex gel filtration.

Garlic mosaic virus was successfully detected from infected garlic cloves and top-sets by a

10.
serological microprecipitin test. _

11. Serological tests of 150 garlic cloves and 30 top-sets collected randomly from seperated plants
throughout five different garlic growing regions in Korea revealed 100% infection with garlic
mosaic virus. Accordingly it is concluded that most of the garlic cloves and top-sets now being
used for propagation in Korea are carriers of the garlic mosaic virus.

12. Serological studies revealed that the garlic mosaic virus is not related with potato viruses X, Y,
S and M.

13. Because of the difficulty in securing mosaic virus-free garlic plants,

direct inoculation with
isolated virus to the garlic plants was not accomplished. Results of the present study, however,

indicate that the virus isolate used here is the causal virus of the garlic mosaic disease in Korea.
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Table 1. Reaction of a selected test plants when inoculated with
expressed sap from mosaic diseased garlic leaves

Back- moculatmn to

Host plants Symptoms Clzenopodzum amarant1colar
Chenopadmm album Small famt chlorotic leaf spots on inoculated leaves +*
Chenopodium amaranticolor | Large distinct chlorotic leaf spots on inoculated leaves +
Chenopodium koreanse Large distinct chlorotic leaf spots on inoculated leaves -+
Chenopodium quinoa Small chlorotic leaf spots on inoculated leaves +

Datura stramonium —
Gomphrena globosa —
Nicotiana glutinosa —
Nicotiana rustica —
Nicotiana tabacum —
Phaseolus wvulgaris —
Tetragonium expansa —
Vicia faba —

Vigna sinensis —

* 4 Symptom developed and virus recovered
: No visible symptoms and virus not recovered
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Mosaic diseased garlic leaves }
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Chenopodium album
(Chlorotic leaf spot)

C. amaranticolor
(Chlorotic leaf spot)

C. koreanse
(Chlorotic leaf spot)

C. quinoa
(Chlorotic leaf spot)

l
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Chenopodium album
(Chlorotic leaf spot)

C. amaranticolor
(Chlorotic leaf spot)

C. koreanse
(Chlorotic leaf spot)

C. quinoa
(Chlorotic leaf spot)

Single lesion inoculation

C. amaranticolor
(Chlorotic leaf spot)

Single lesion isolate

Successive inoculation to C. amaranticolor
for the maintenance of isolated virus culture

Fig. 1. Procedure used for single lesion isolation of garlic mosaic virus
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Capsicum annuum,
Datura metel,
Datura tatula,
Nicotiana clevelandii,
Nicotiana glutinosa,
Nicotiana sylvestris,
Petunia hybrida,
Phaseolus vulgaris,
Pisum sativum,
Solanum nigrum,
Vicia faba,

Cucumis sativum,
Datura stramonium,
Gomphrena globosa,
Nicotiana debneyi,
Nicotiana rustica,
Nicotiana tabacum,
Phaseolus angularis,
Physalis floridana,
Sesamum indicum,
Tetragonium expansa,

Vigna sinensis.
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Table 2. Transmission of garlic mosaic virus through garlic bulbs

No. of bulbs from which
cloves were taken

No. of cloves planted! No. of cloves emerge

d¥ No. of plants with

| mosaic symptom } Percent Infection

30 I 90

84 84 l 100
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Table 3. Transmission of garlic mosaic virus through garlic top-sets

No. of whole top-sets )

I
from which individual iNo. of top-sets plantediNo.of top-sets emerged

top-sets were taken

No. of top-sets with|

mosaic symptom Percent Infection

30 90

87 ’ 87 ‘ 100
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Table 4. Dilution end point of garlic mosaic virus

as assayed on Chenopodium amaranticolor

Dilutions : Infectivity [ Percent infection
(U?q?i?ft?t)id sap lo/10% l 100
1:10 9/10 90
1:100 2/10 20
1:1000 0/10 0
1 : 10000 0/10 0

* Numerator: Number of infected plants
Denominator: Number of inoculated plants

Table 5. Thermal inactivation point of garlic mosaic

virus as assayed on Chenopodium amaranticolor

Temperature(C®)

Infectivity Percent infection
Control(Unheated):  10/10* 100
40 10/10 100
45 9/10 90
50 7/10 70
55 5/10 50
60 2/10 20
65 1/10 10
70 0/10 c
75 0/10 0
80 0/10 0

* Numerator: Number of infected plants
Denominator: Number of inoculated plants
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Table 6. Aging in vitro of garlic mosaic virus as
assayed on Chenopodium amaranticolor

Aging period(days)| Infectivity Percent infection
Control 10/10* 100
1 8/10 80
2 4/10 40
3 1/10 10
4 0/10 0
5 0/10 0

* Numerator: Number of infected plants
Denominator: Number of inoculated plants
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Per 100 gram of frozen leaf material of C. amaranticolor
infected with garlic mosaic virus

Homogenize in a mortar and pestil together with 100 ml.
of 0.1M phosphate buffer, pH 7.0, containing 0.1%

i thioglycollic acid.

Homogenate

Filter through cheese cloth

filtrate

pellet

pellet

filter cake
!
Clarify at 3,800 g for 20 min. discard
supernatant pellet
!
Centrifuge at 80,000 g for 90 min. discard
supernatant
il
Resuspend in 25ml of 0.05M phosphate buffer, pH7.0 discard
Clarify at 3,800g for 20 min.
supernatant pellet
Vo . .
Centrifuge at 80,000 g for 90 min. discard
supernatant
1 o
Resuspend in 5ml of 0.01 M phosphate buffer, pH7.0 discard
Clarify at 3,800 g for 20 min.
supernatant pellet
Clarified virus suspension discard

Further purification by Sephadex gel filtration

Fig. 2. Purification procedure of garlic mosaic virus.
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Table 7. Microprecipitin reactions between dilution series of garlic mosaic virus

antiserum and homologous virus preparations.

Antigen
dilutions : -

1
!
|

Antiserum dilutions (reciprocal)

(reciprocal)

b
(=3

4 | 32 |

| 128 | 256 | 512 | 1024 | 2048

E3

2

8
16
32
64

128

Healthy
plant sap

W+ + =
o+ +F %o
L+ + %

!
!
!

* 4, 4, +: positive reaction; strong, moderate
=+ indistinct reaction.
: no reaction.

Ll miREBRY AHEH &St obs =X0i3 diolH A
wE
v BAel 3 BRI A SES B—REEY bl
29, BgdA Base 2dola 2 w5 #HF
Brife] fkate] EYuEle mxiola wholH A% F— %
AR & HELBREA K et oW HER
& el BiH, BRFAA HHT HitEd ¥ AR
o] R E R (0.01 M, pH7.0)% skl 3,500 r.p.m.

and weak respectively.

oA 3048 HEUSHESTY Jd& LIRS ERSA.
gt BEE A2 WA satstyde.

BEBR R e vis} 2o HBES BT
oAl mRvl BERES 250, wetd otEe =
Aol fREEA A SEER wlelE =9k Bt R KA
BEE € volH s BF A-R#HYS ¢ 5 dod
MiEERE Rk Katd nhE oA # gk ob et
Bha Bl A EEE vlol® 49 MwEel WS .

Table 8. Microprecipitin reaction of several antigen sources with the garlic mosaic virus antiserum

Source of antigen (dilution 1:2)

Antiserum Control
(dilution

1:16)

Normal

serum Saline

Sap of healthy Chenopodium amaranticolor

Sap from garlic mosaic infected Chenopodium amaranticolor
Sap from mosaic diseased garlic leaves collected from field
Sap of mosaic diseased leaves originating from the clove planted in

the green house

Sap of mosaic diseased leaves originating from the top-sets planted

in the green house

Sap of cloves collected from mosaic diseased garlic plants
Sap of top-sets collected from mosaic diseased garlic plants

—%

4+ 4+ o+

* 4 definite precipitate
! no reaction
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O mEREH O 3 Obs BiH B BRES il
Ba R BE.

okl EEpol A BEvERRe Kkelod whE BEH 2 B
9] whol 2l & #sEel MhESTHE Aol RHHUA =
Fol o] Fikel Wk Bige el #gd e 9
T RO BIFe] W ZAela whold s BYHS M
#5 AR 9). '

BT BRE HH, ¥, KH, KE AL %5
8 Mgl A, BEE B AN &4 BES K
soleh. mgBmEd HAY ¢y B B H
FHS FIE MBEM Sk KT nhs 2ol ule]
Had BE BRBRIAAS 2 Fkoz @RSz, i
mECHE 1:512)e 1:8 2 HRd AL HEad.

Table 9. Occurrence of garlic mosaic virus in garlic

bulbs as determined by microprecipitin test

Place of No. of bulbs| No. of bulbs] Percent
collection indexed infected infection
Euisung 30 30 100
Kimhae 30 30 100
Taejun 30 30 100
Suwon 30 30 100
Seoul 30 30 100
Total 150 150 100

% 9o A 2E el o] 5 iRl A BERE R

fsle] 3R by 150 REEREAA E Eela
who] 8 27 = gl et
S EHET BEE 30 B AvA ol RED
g Az BHBENAY 2L HEoE vl
o Rypase EES AT, = BR RET BF 25
7} vhE EAol A whol B 2o sl Yl

stE BAbel AR BEREGEelY] = Fo H L
At WTHS o] ulolwlxd EEYE UL B
BFEBE BiE 98¢ A& BERH. #eA v %
o8 WY BKFE HE A vhol 8 & BPAE L WAL
A ZIgAS, wii BRAA ohEs 59 velg &
RYzse] 1002 Vet Aoz Bolb fiidhhe] B3
o] wpolelx REYuAE o] o} W3t ety A4,

2b. ftb HioOl B Aot MFBK BEME

HERA A B—Rifics SN #HHEE e =
Aoz wholgl 29t KTFS AY7t BT ZA uteld
£ X, Y, S, M&3o| miFEen ERmMGRe SEEK
Fedkol tkelel WEIA . A7 EAL & A »
o] 29 o] 59 HmE-& MY HBIEIFHIRATAA
skt

#1001+ HE vhe} o] FFRk vlolal28 o Hif
Hid e 25 BHREY] vetsted BEREHAE 2
T fato 2 veke. wekA mhE ZAol 2 vlol s
= A welda X, Y, S8, M & 459 ulolzxs)
MEEY EEWET g 8 RHEYE ¢ F 4.

Z:
&

Table 10. Microprecipitin reaction to determine a possible serological relationship

between garlic mosaic virus and potato viruses X, Y, S, and M.

Antiserum for:

Virus antigen

GMV PVX

PVY PVS PVM

Garlic mosaic virus +* -
Potato virus X - “+
Potato virus Y - -
Potato virus S - -
Potato virus M - -

Healthy sap of C.amaranticolor - -

* 4: Positive reaction
—: Negative reaction
N.S.: Normal serum

6. HIO|H A BEFRBUHOERR

C. amaranticolar 9] jH#Eo 2 FE HAT =tF 2
Aol A vhol ¥ & WEWES 2% WY KEW
o2 negative Hufadtel BTBBHBE TN BET £
S8 FR vlel® & FTFIT BEA . (BiK 1-D)

ETEHEREED e G veld & KT 200EE £F
2 BEsSt 278 9 2] 3 vhe] a4 KT (300X
15~18my) 9} Hgrstel MIER #52R, 7ol 1200~1225me
HE BT HREES AL 2.

g direct negative Yu@a ks W o2 wEy EAola
BIRIE B Nl A T el B 25 B A BETR
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e s BET BRIk vl art S8 BEad
= o] F wholel & KFY A& kE MR wield
& K F—stglet.

o#ee] A vtE ZA)A BIFEMANA direct
negative Zefugho] fkshed EIE wholdla% HIMAA
BEstd oy 34 F—8 HReY #HikTar #igd
¥, o E By uteld s RTE BRAA G, 9
4 Hog Rol C. amaranticolor o FRESEHE =le
vlol Bl 28 ulE BAe]la JKENA BEis e vl
£ Az @z RELDH, B4 obg BA) 2K
RE ol g avtm A AR,

% 5

uhel] AN E ol d Ak HAAE BRSNS
2 PEEsshst Ee 3de A2 onl ¢4 HE
o) A E TR o gk BAE Allivm [ o) BRAS
L whole] Ao & Onion yellow dwarf 7} $isks o] 9l
& W ooldl, R %499 #i%e] 3 Onion yellow
dwarf virus(st Effifvtel d2)E ol FH ol B
FpE A EAom stk 2HY & HEAA &
#idle] S wE R0 A vy HolFH M
#9l 4589 Chenopodium 5 Ml BREE Aoz
Bol & GHuslo] Wt ub FEHutolHaSdE HE
FiTske whol g ata A A=

B e gt dbed A sbA we] BWASZ de B
Aol 2 ulolgl 29 KEWEHE 27 A3 BE-RHE
o8 SR vold 29 HEMpL RES RED
v}, Chenopodium amaranticolor, C. gquinoa, C. album,
C. koreanse & FARHECl vebukedll, o FolA 4
3] C. amaranticolor & C. quinoa &= [KHEo] T3tz
dulsly] A Ee] g BEAeZ upo] 28 FEMKRE
WEEY2A FEgsotn 44",

T abee) A B RS EEFoz A4
C. amaranticolor &) ¥fH & W= vlx 2oz uie]
#2d k3 BERE 2 devds Ag Bt vt B
Aol z wiol g 2k ube] o Byt ol BiH) BRIF
o g A= BEs oEd dE AL d 5 At

MR BERe B oulE B BRI dlolEles R
H BEE ¢ 5 dAw x HB A BA BEF o
W& C. amaranticolor o) Ffgg o vlolsla R
BEE BET & 4ot Aol A= A Ed do
2 obEg A Gz o B B 2Aela wlhe]
& REgEe] wHEsAl =,

BAola Bkl A RIS #Eksl BRZFEE b 7o
Rapo]a wpo]l g xo] Y=ol 917 @ Eel HKIEE A

= dlol A A MELRERE KBS S 93 JE4 B
el KT REY BAEWILE B Pz 29,

LR iy 20 a weldlas: Ealdl Y
Q- HMFES 7HA 2 R Katd v g
A B ak opvEl B B A E RAje] A vl
o] #gEe]l WhEsHE Bl ol HiEk& M EM B
ol 7] # Fol tom fgulel el Hvhs AEEEAA
BoEmsel K% BEFES WTHA vt ZAel 2w
o2l 28 REMpE FEMHeR FAE 4 3¢ Ao
z Ed.

M HEe 2 3RS v F3F 2| 5 el A
AT vy @S BFY mAela wheldx REUM
& FHED 9 o= #HY Ao 100%9) RS S
g olghge] RFEMeR ubE ZAola wie]z 29
Ryse) B AL oW mAd AN SRS &l
I MR S W W Eolgx A= obiE |
A SEldela A g 2 E vby MY KLl
uby mape]z vrelz)xed] Bislel & AoE HEE
et

ulo] gl 29 LS BAAE vloldaE FRo2 F
2 & JE ZHRRE FEmEpel vierd A vl
5 mole]z vhole 29 A% WHED viel s & MEEFE
7t BEE A ot THEE utE mAlol 2 weld2 F
WK L BRY WES Chenopodium [T Tl
A 99 EES RERKE @R 3 £ C. amar-
anticolor & WHE L2 FAAA Mg, 234
C. amaranticolor = vty RA0lA w018 2% SHEo
2 KRS 9@ dold e MEHEEE TEHS
g Ee oz vy Eada uwoldxd HMmFEE

Boz 4strs] HAAE A2g WEHFLY BHE
o] Egd .

ahy mAel = uhely 29 KT AV ML
A upold 2 X, Y, S, Mt myERH HEME ¥
FHAA s 2Rz weldak o] % A uleld &
o Hlel | KeEel Bikeldlz &d =ty =X
o] wtel 8~ HiluiEH EE A wtelgx M x 2
5 R Ee] vhebxeh. =@ HkEERsd = 23
ol B & X,Y,S, M%9 MEMpd BT KE v
B g9d o2 Rot vty Rxela welHias
ol % A weldl2ste AE FEMFKL dE FE
ulel gl =2tz A 2},

Direct negative fuafaghe] fk3le] ol 2] vty RA
I BRE EBYRA A B vteldas HEAA B

& orfe o

N
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FHEEGoZ BENT A4S 34 A-—F B MR
ulo] &) ~ gho] BiZd ¥ o E MREY whol & KTt
BRI 9l Aoz wFo] vty RAola Kk
ol = 8714 wold 27t EAELEEA AA && A
oz pelt, &4 vy mAlola wholEl &9 RS
BEE ol A vE Rxlel A WEHE 10EEES wolEls
SEFe = HANA 138 HEHyd BEde A
< Fhiay it Rl AA Y 4% Chenopodium B
Wl BRI =(E D = ol ¥ M 4 AT
FRES e BT ojoge Add Az
et

—HRe 2 Allium B 4 BESE vholdlx R
o #HiAE oAAANE ERY 48 FEE Ho4d
A gyl W Yoz Bk EHET EHWEE B
8 Allium B 4ol s vlols~ BHS 48,
FE 2 FEWGRS] ER £lscdor €xes 0
4.

B vbE vteld &Ky 7t HREMY BkEe
& BRI Bttty dt oo 2 £RE
o BBREEC £ Evloldl 2% BRolHZ & + A
ov] I SERGEEA BUT uvloldl & HEHE 1N
o] ER=lol StE®l K WRE B o ME/ Bk
HozA mutoldla AHwys AEY HEfEE: dAEH
et

i =

BE $debd A g dt v o 5A
of AR vhele & ol EEFiFREES REDY B
IES s ) W B KESY REE Bt
o] d& Aoz Azde. wdstd w59 BHkEs
HY MRS #37] S84 stolsls EEY HaEl
BFR, HR KT FEEH THHY Aoz v,

* Wt $evE ohs REHNE 284 J13 8
o] B4t A= EAAKE HHEoz ulolydig
SBE, HBEMPLES KE, BR5HE, WEANE, #
e, mMESLHKE € MERSS #uxd= AR,
¥ 2Aola dlold 4o HWEY HWEHEES EUE
oz wolax MEH Ared FR, ¥RIEd
PDESG ARERSE d¢ BMoE ERded 93534
e HRE .

1. 1970~1972 £7t4 3 M 2 FE vt=RE
WS AET v Seivetd A R Jde e
AL Kol mbol asFel A Lol BMES M.

2. ulE RAol A wold 2 Chenopodium amaran-
ticolor o] HHEET o2 BRHE SHT & 94
o},
3. 2689 BEMHET st mle EAla W
olgl 2% HRERET MR, #H 11~128 KR Cheno-
podium amaranticolor, C. quinoa, C. album, C. koreanse
% 418 Y BERE L -REKRE KE ekt
vl e A HEel e A ke Bt o}
Yt C. amaranticolor o] HEFH S A= wpeld =&
Elik=] A g gket.

4. HRBEEA K8 RBIFIRE KECl g R 4
& Chenopodium JB Flpd\ A C. amaranticolor 8} C.
quinoa & IOl 3t EHESZ] # o] wle BA
ol 2 wtel Bl 29 WEMBHE BTz VA d.

5. Bkl RS MRS HFE BT 2Ad
2 wpol 2o iEHus] o] Yz o & REPEEIR} BRI
& st 100% fHges At

6. vrE Eaol 2 whol g 2 MPERY BHFS H
ol ksl A = C. amaranticolor o WAy {HYuo] =
A=t

7. C. amaranticolor 1o HEEsEEsd ols =ZAlo]
Z vlol B 29 WML 65°~70°C, MERAL 1072~
1073, 28 a REFRAE 2 Hol.

8. uty mAela ulolEl A9 HifkE 2 Ee] FEBE
% Sephadex gel filtration o] {&e A "JEEZ o}

9. BFEBE TIA BER vt EAolz ulo] g
23 7ol 1200~1225my & 10~12mp &} Fhikel A =t.
10. MFEERY SR REE &8 ots de4 £
g opiizt @A BEI AR sty EAela wlolE s
o HEel W

11. %3 e} 548 A A BES == &R 150
el BIE 30[@e] B mFERFEoR vts EFo
a vpolel 29 KHFS HET HR 100%9 BRA
% 24

12. vk EAol A whol g 28 A7 7k EUF Potato
Virus X, Potato virus Y, Potato virus S, Potato virus
M Z3to] mEEN FEHEST FBED v, e 2R
o]z wlelgl a2k ol &3 EpIEE HE ulelExzm
RS

13. vtE9 RAcla BfkdAd H-Rfiez &
Wislel AR MAT seldlaE W uelEls
ERRHE 257 Q0] ARl EEE vhEdd
4 ol 2% mEeHE A& HRE & AR
ok, B ke RKHE, mBSNKE BTEHRSD
Bose MENd BE SRE 95 REHY ==
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B. Chlorotic local lesions on Chenopodium amar-

A. Mosaic symptoms on garlic leaves.
anticolor infected with garlic mosaic virus

C. Chilorotic leaf spots on Chenopodium quinoa D. Negatively stained garlic mosaic virus
infected with garlic mosaic virus mixed with tobacco mosaic virus
Plate 1
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