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Summary

To improve the mutation breeding for vegetatively propagated plants chemical mutagenesis
and shoot tip culture were combined.

Excised shoot tips of garlic, Allium sativum L., were treated with various doses of N-methyl
~N-nitrosourea (MNU) (5, 10mM, pH=5.0, 25°C, 2.5-80min.) just after excision or two days after
inoculation on M5 media without hormone. After washing with sterilized water the shoot tips
were cultured on the same media. The increasing dose of MNU decreased the growth of shoot
tips on media and delayed the transplanting of regenerated plants to nursery beds, During two
times of cultivations of the plants on nursery beds and pots, the survival rates, growth habits and
morphologies were observed. Survival rate decreased with the increasing dose of MNU and with
the passage of time, but it was not influenced significantly by preculture of shoot tip. LDs, of
MNU for the survival rate at the end of second cultivation was 100mM-min. (5mM X 20min.,
10mM X 10min.). Various induced mutations were observed in many characters of the tops and
bulbs of survivors, such as the shapes, colors and sizes of leaf and bulb, wax and chlorophyll of
leaf, number and arrangement of cloves in a bulb, etc. When the shoot tips were treated with
MNU (5mM, 2.5-40min.) just after excision, the chlorophyll mutant frequency increased progres-
sively with the increasing dose of MNU. Eight of 22 visible mutants examined did not show
segregations in the vegetatively propagated progenies. The values for practical uses were recog-
nized in some of the mutants.

From these results it is demonstrated that the combination of chemical mutagenesis and shoot
tip culture is effective to induce easily abundant mutations and establish the mutants in vegeta-
tively propagated plants,
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1982F0~1IAK = =7 ORE tE O TR S EBENICYI V- -EER 7B, &
ik, —E MS B C 2 AR, 24°C, 1285 0 5T o8 GLIBATRE) L7z, MNU
AREEW (pH=5.0) TR & 5 U8 (25°C, BEE, 100E/5) L7, MNU OB E GERE <)
i, MERATEEE L2 WK TIE 5 mM T2.5~400 X L, MEETEEL LK TR 5 mM T
20~803 &% U'10mM T10~4053 8 = U7z (85 158). MNU M L 7 £TE I3 B K TR

Table 1. Composition of experiment for treatment
of garlic shoot tips with MNU.

Treatment Period of Conc. of Treatmgnt I;I;gg‘siripzf
number preculture (day) MNU (mM) time (min.) treated
1® 0 0 40 50
2 0 5 2.5 50
3 0 5 5 50
4 0 5 10 50
5 0 5 20 50
6 0 ) 40 50
7 2 0 80 50
8 2 5 20 50
9 2 5 40 50
10 2 5 80 50
11 2 10 10 50
12 2 10 20 50
13 2 10 40 50

a) : Control for treatment 2, 3, 4, 5, 6.
b) : Control for treatment 8, 9, 10, 11, 12, 13,
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OB (25°C, BEE, 100[E/4Y) L7:te, MS BEIFEEHICHE 2 (117, 24°C, 12KRIHET T8
B, F, RMERE LT, MEAEEL LRLEBELFLEES MNU 28 £ 72 LKE
WTF N F A0SR USOSTEE & & L3R, MNU ALK X B IC %L, BB R ITOIR 2
7. B, MNU B R Ok D EERIER 7 U — o X FRICELD (T M s maoLT T
T, ABEBI2EEITEEES Y o b L 5T L7, BEOHBIE TR TOEEDE
RO EHE L2,

EEMEE - BV, BELAH12mICE L LRICBER S S B CAKRL N 2HEOE
HRABEL -, BERICEREL, £ELULEMRIZI983F 5 BCBRBER 2 TWERIEL DT,
I 6 FICEE 2 INE - 8500tk, R THELL, BESHIKINSOBRIEE R {ABEL 2
WHEEED 5 BEEXHA LEET 2T, 75 AN TEHEL, 19844 3 AicH E#o
FREHEELTT-72, ChrOEEREES BEBUBBRR2ER L 0T, BEHICIh %
INEL, BRORERAE LT/, 272, EENEERD ORISR TR TERATEERE L H
L7z,

19834 8 B 5 19844F 6 H OB H OREYE K U U 7- SRR TR 4 iR RE EIE
FANTEEICOWLTIE, BRENFERE1984F 9 HIC 1L ERF 400 T 241, 1985
E6RETREL, MEMERBRPEEL T, KEEHERC BT 2RALROSRORIE Y
FELS, 25, —HoEEZ DWW TRZFOBEEMSRESRCZESES 2BV EL, H
RRORABETo 12,

& S

1. BEFEEE LA LK 12 —
MNU L 7= = 7 ZEO RS S
DERIZDOTIE, NEERRNEINIEY w0y
BRGNS hoT0, BEERRZDL S
RS o? (1), MBEEEV 5 mM
X2 5 AR T BEENH &, 5
BHERABHETE 2 BRSNS & o iz 8,
MNU L& H3A & 0 IF YT RE 2 B
BB 22 ERABH-72(F2), Ly

Plant height (cm)

L, BE85H% Ttk FhoMmBExK 2}
KBOTYHIE LAY OEGOBEIET
L, BHEEEEZOERBEZES 2> -, ot

5 mMX2. 5~ 105 HLERK 047 E § °f ~ -
FEOMBIEHBED 2 L IZEFRT 2 4 — [
B, 1984 6 HORRERIC ST 2 0] [“
bEREACOMEREFEL TR M®2). k]
L2, 5 mMX205MMEK T, K 5 ,l
WHAOBEEDITEREE L, KEE2E 2 1 23456 7809100121

Treatment number

L 7ohs, BARMEZ O BEFEL 2 n T

' o N N e AN 1 Figure 1. Plant heights and numbers of expanded
fSEL FARS 2 1 5 T2 7o DT, 19844 leaves of garlic shoot tips treatd with MNU
6 B OBEIVER D A FEERIZ60% 1 and cultured on MS media for 60 days.
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Tabl 2. Periods of shoot tip culture necessary to grow shoot tips treated with
MNU into whole plants for transplanting to nursery beds.

Frequency of shoot tips Percent. of
Treatment :

number Period of shoot tip culture shoot tips
60~65 66~75 7685 86~95 96~100 Total (ransplanted

1 23 15 9 0 0 47 94

2 27 15 § 0 1 49 08

3 3 37 7 0 0 47 94

4 0 41 7 0 0 48 9%

5] 0 34 11 0 1 46 92

6 0 9 38 0 0 47 94

7 41 8 0 0 1 50 100

8 ¢ 46 2 2 0 50 100

9 0 32 10 6 2 50 100

11 0 28 14 4 0 46 92

12 0 0 40 9 0 49 98

13 0 0 3 20 1 24 48

Thofz, £72, 5 mMxX40SHAER CEEERABEEEE L 2L THIEL 2EENS {,
S50z, BB FUBEFL RO THIEL 2EEL S o 72Dz, 19844 6 B OERBINE
B EFREARIZ24BIT T o7,

MNUME L= =7 OEREORER, ERUHEO LK &, BRUE, BOT7 v 7 2K
UERE, —DORBEEEIN 2 THRORRURE R FEL OPEICD W THEERFRENER
EENEEa(®6), 7/, #E
B, BREL COEREEREENEE

100y &

s, BRREMLREHE L MNU AL s -
BESKELECHOERERLE (B N e EN

3). Efe, AERESKE K TS, N AN
R bihse@ESSro (R4, o N %,
5). &5, PMAERREALES A N %
KO, BRER* x FnEnE  E | A
HThsrELONLEDERDRY ¢ —e A
(B, h, BIELY) HBORKE L o—o 3
OROEY (FROAS sOFH, B 7 i .
BEORNG ) 2Ry EENEEI N oo ®

(26).

2. MEBEEE LEE "o.3 syB 328 FeE 333
WEROZEDERE, MNURES ggé B3 g3 5 g £sl

mM X, 10mM RILCEEINKE VLI _
PEC (1), BT L 7B Time for observation

. . - Figure 2. Changes in survival rates of garlic plants
@753’3 72(#2). 5 mMX8053EKR U0 regenerated from shoot tips treated with

mM X405 T E X O ETHD AR ITEIW MNU (Treatment No. 1-6).
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Table 3. Chlorophyll mutant frequency of garlic plants regenerated from shoot tips treated
with MNU and grown in pots (Observed on Mar. '84).

Treatment No. of plants Frequency of chlorophyll mutants Chlorophyll mutant
number observed  Whole plant Chimera Total frequency (%)

1 37 0 0 0 0

2 42 0 1 1 2.4
3 40 0 1 1 2.5
4 39 1 3 4 10.3
5 30 3 5 8 26.7
6 12 3 1 4 33.3
7 49 0 0 0 0
8 30 1 9 10 33.3
9 13 1 2 3 23.1
10 5 3 0 3 60.0
11 20 0 4 4 20.0
12 20 1 3 4 20.0
13 6 1 0 1 16.7

B, BEETWHMEREL @K
BIEE A YT, HELLEES ST,
L7edi=T, ZReSoR i
HEBWBULTH >R L, Th
50 2K TIH60RT48% L&k 72, T2
B, 5 mMX80HRHMER O 1 EEZ
Va—- b RUBEBRET, BEEOHL
CADAREER LI, TOANAFTEFENE
¥ 7Y —DMS B THRERT S Z
P L DHERICHES RS I LS HRR,

EHRANBHEE O EFEEERE, HH
KT 19844E 6 B OBRARIVER: = TI131T
100% THERS L 7228, MLEEK T MNU
BES5 mM K, 10mM K IBEEHK
EVWECREOBERE L bihE ko
72 (E3). MNU & 5 mM K & 10mM

1001

Survival rate (%)
Z

ngg S2 393 222 323 K TR R UHa ks £5
S5 Z3s 5ii ily S5 MUSOEBERLL Tubb,
Ao mM X 2043 AL B X & 10mM X 1043 R4l

Time for observation B Tl B R A AER S OE S

Figure 3. Changes in survival rates of garlic HEL, BEE2ER LU, BEEZA
poe gl fom oo Sy L 150

13). 7. &7z, 5 mM X405 HLERK & 10mM

X203 MLER TREHRANBERES
U 72\ TRESE U 7o (B & BRIRAE 2 1
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Figure 4. Plant heights and numbers of Figure 5. Fresh weights and diameters of
expanded leaves of garlic plants, bulbs of garlic plants, regenerated
regenerated from shoot tips treated from shoot tips treated with MNU
with MNU and grown in pots and grown in pots (Observed on
(Observed on Mar. '84). Jun. '84).

B L2\ CRBE L B OB 3% o 72, & 512, 5 mM X805 EILIER & 10mM X 405>
BIMER TIEEERCRIEL REENSE L ORIMA T, BEHERABEERES L 20 THT
LiBEREnoT, Lo T, THHDEDOMMEENISAE 6 B OB EFRER
iZ# B HA8—60, 26—40K% TF10—12% 12 Faso 7z,

WRAEOER, Zhos0NHEEEESY L MNUAER TLMBEFEEL2 Lol
MNU LER L EBCBEL OB DWW ITEENEREENER aN: (H6), BERZRRAE
AEFEEZOTRLONAERTHE L, MNU BRI § 2 —~ZEOEANIEAE TR o » 7223 (3
3), EMEOKE S IOV TIINEE  oERMAEsA sz, Tabb, MNUEBES
mM K, 10mM RK#ICMBE A & v F P FE R CBRIED NS o2 (M4, 5). &7z, B
b MNU LB s 55k & v 5 mM X80 AL X & UF10mM X 404 AL X TR E A 2320cm iz
N RARARIY e LN S AW A

MHEEEER Lo R ELERE, 27, BHCRULHBRIEODLTHET 2 &, 4L
HESEL U AONEETOEENHERTE L), BRI AKX S CETIONEr -T2 (F
2). 7, BHEEEERRELASENEP ST (F2), £HFERRINETEEL LA
PRRHEL (M2, 3), HPEFEROM DR UKL AERIEE L2 L REL -7 (K
4, 5)., Wi, MiFE %25 mM X207 MK R U5 mM X405 R THE T 2 &, AL
HEELLUASEERMOEENERT, BEELRKE S KET 2088157, /2, B
EAERE CEEEEEOMBRIEEM TIE L A VENED - 2D, FEFAEROM LERE U
RIZAEFEEL L ANKE L o7, ERREARAREMFEE DLW TEHERCEZE R
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Aol (F3).

1. REFRBRCBUBIRARTEOSGE

FBREEF X T 2 EVRRKOBEE R ARRAERRF I DOV TORBEEHEERC BT 522K
EROSELRELUIER, §RFE (36%) T, BRO2TOEESELFEUERELRL,
ERERADHBRIBZRshE»o7% (Fig.6.B, C, E, I, K). L»L, 9%#K (41%) T
BREBEROBEETEENEL D, BREROSENER N/ (Fig.6. D, F, G, ], L-right),
%72, SR (23%) TERINTOEENEELRFECE 7. BRERODSEIBEREINL
IRHED> B0 S RMOBRBENCATHSLREERERF AT (KRESRESFAT) T
Boltd, BROKESOEETEFATZPEHEEN, FATTROVERETERESFH S NI,
BB, TVE RUBREARZARFIRBE 2R L 2 o251 (Fig. 6. L-left, center),
Fi, BEOBURFEOZ ISR L o281 (Fig. 6. H), BEREBOSHEAET A
EWMTERP-TZ, IH60) BRFERNURETH >R RHOBRIIR L AREBELR
L7z,

%z =

BBz 7oA R 5, IO MNU AL L S 2 A a b2 Z L L VEBIZ=Y
L DRARERPFHL, SHRLERLRERFEET LI LB THE I LPHES IR
7z, .
RN B A L SR S A AL E B OBEU LMBEE I DV TH LS BRE L 8kE
W ZNETIRECH, KFROKE, == 7 OEEZEEICNT 2 MNULEON%HIEEL, B
FETET400mM 5, BIORBINERT200mM 4, 2 B EOBBINER T100mM- 49T
Hole., TOEHE, BER»SEBRIZCBT I 20 HF> TABBEOEFENKELT
D8 7e08, MNU QLEEHS100mM- 3 0BE TLERRERTEGEESL R VBEP o2 L
o, ERENCEIOAER THRNLEATESFEVPRHERZ LEZ2 005,

KREFFEOFTHEERE Tk = = 7 OFEPFHEE & R R VR CRIEMIRE T 5
ZEREDEFEERSASLEEZD L L PRSI, LEEEERTOROR LD
R BT, MEARHE L, FOER, o7 0XEARBEEE L IKERT T 2 BEE
BLTOHLEBRERERBZEALEESZI RV Lot 77, UBIHEERT-7H
PUEERDEERE» > 120, EFEAKEOMBER UVERRLATERERIZFZ LA LEY
oz, LichioT, BfFL U CERLNHEBERZT O LEHREVEEbN 3,

— R SO B 2 RRERFRLBE L 2B TR F A S ORENKE BB L 722,
KR TIIRE L L ERERERFOICK TR RBETREER TN R ok od, Licdss
T, KBHETERBHLZZEE2 MNU CABE L%, ¥EEERC I VEDEL2ELE e 2L
THEURICBITEFATERELEVMZAIENTELEELZLONS, —F, BDOKRE
FORMIBRTHEL, HoLIZBRERF AT THol, LikdoT, IhHDEREER
FAZLFETHLDREFATOBEFELRBNTI2LERDE, F7AFOL I RETE
FEMEOBE T EST (B 2BET L TERCF AT PEHaI LM, v =7
D& BREYTEMEYOGEIX O L5 REEL ¥ A7 OBHEAEEIR, 22T, =v=
TDFATOMMERIL, BEICT 2 AT, BERTEBEREERETS HErRay
ZUERHL L, AFBEIREBECL OV RARERZEI LGV T, BEHELE LT



106 ERXERPHER B1S (199D

FHEES AL ABEIN LY 2 FOS T DR ERIR I S 2B FESESLTH L,
BEOOEL, BETRELAEACETI I CORE, ERZ LS OBE IC D WT MNU
MBI & 2EVRENE SN, MNU OAEES K 2L ICRBEEEASEEE THERL, &
NERFEALHERET, BROYBYETH -7, /e, SEECBITE, LY, BEK
NTELZWEERLD -, INORBRBEELLBRETELZREILTwEEEZ 6N L), EEE
BRIDIIREFRERERENEREINLOREE, @A LTEETSZ E2AERIZL,
FRENTLEREBROSBELZHL ) 2 TCEIRBH L LEZOND,

Novak 571 = > =7 OSZHM 2 MNU T, H8 L TERL230RMD8. 4% = =
7EVATIANARHLTECERERZRLELBREL TV S, —RiC, BREBFHEOH
WEoTHRMEOEARES2BR T2 ZLRBEBTRVWEEZ oD, HODHERIZ MNU
MBI E D = =7 DAL RREENFR SN HAREETL T2, AFRTE NS
R HRAERRKOERNMBEOTME 2T 2D BSBOFEL HEER LT TIER
S0, INETOBREERE» SHE T2 &, Fig. 6 KRLEZRKEOFD 2~ 3 DRMITR
D> RFAMERS S EELONS, TiiEE, RHEBIEIELOFENKE {FHE LERT
HHOT, FORBREIFERMESNELEZ NS, FEL, BELLDOFREN2~3T
BienDT, BRI B 6~10TAHARWRKE W) KL 28, HH0iE, HEEEscksE
AWM T A2LEND L, R ZREESELL TLRTHL0T, BROBHINE ICHT 5
MUERAEEEZoN%, REBRU I ZH I EHOEBTIERTHREELASLOT,
EROBEEROFHE LA REEND B, £, RHECHEL OFEINE L, BBTH
WTHEHOT, BELOFIAMER 2V, EF0=v=/TRRESARVAT DT 2 HHEE
BoOT, =V=/ORFOEE - KBICET 2 & BENMEOME L LTHETE 2 tE2
5N5, BE,AFETEEEL L THENLUHERZESFEL 7243, MNU 4HE L 2@ ED
Flei=r =7 BRBREERA 2R > EENEERL TR I L h s, SENEREROAE
LERSHI-NG,

=/ OEBCEL T, BT Etoh®I X D RURMSRE s, REFTEOEE» M.
iz, 7O bNTIA N EROIHEREENSES L, BEEsSEBELEEEHRELLT
FIFT 22 bHBERBD 2od 3, —F, BE, HMATERESNTLEREDIZ LA YRR
RETHLIN, BEENERCEL, SHICHECLRE L LT L T 319, KO HiER
IDEIBTFRAFKEZEERM L L CERT AR VBE THRALERE Fk: LTHNEBT
TprEzond, 351, AFER= Y= 7 UANORBEREEENOBRBICLIEET A2
BTE, TTREHESEV M T EMBICAVCTERREREERK 2 ZHE T 3019,

o 22
ARRO— I SERFUREMEE GREES56480035) 12X VT 7, %72, AWK

DETEH 2> THEARALEE REEERFTEBESSENEG) OBLRBII 287,
L TREOBEZERT 5.

1 =

KEFETEHEDOE S TR RRERGTEEERILT 572010, Tz v
RAREEFANE - EERB AT DR HEERE LT,
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Sy OEHUREBRREBIC, 503, MS T2 ARSER, 2 F Lok y oL
7 (MNU) L (5, 10mM, pH=5.0, 25°C, 2.5-80min.), MS¥EMTEEL/. &
B -FRLU-EELZ, 23TEEHKRT, WICHTEREL, £HEKE, SROBHEEVEESHA
HL

MNU OLEE GEE XBE) BAZWIEY, BEEHOARRIF s, BEKRAOBHEF
BI5GB mote, 0, BEERUEEEMZ2EL EEEBRZUEENREVE EEBEOR
WEEBINESLote, MEIERIEGFERFECRELEEL RIS B o1, BEIEK
T3 £ EBEO MNU 50 % 2352 17 100mM min. (5 mM X20min., 16mM X
10min.) Th - 7. £EEED, BRURBEOR, GRUKES, EOVy 7 ARYZ7un 7 4
W, BREH D OFROBER U O Y, i EHRCERIBOS  OBBEICDWTHEL DF
FZemas BN X h e ETEA LG, EbHIC MNUAE (5 mM, 2.5—40min) L725E
KRAHESKZWIECEGRERZERBEENE ok, KEERERCB 2 RREE
DNEEETE L - 220BE L IHBERERRKD S b 8 AR H TR, BROETOEENRLR
UBELRL, SBEIBEIh g0k, %/, IROORLPOBAKIBEHEERERLE
LTz,

PLEDEER D S, KR THOLABIRBEEEEED D S SR RATELTRL, BR
ERAELZBLOZENLFETHLEEZ L.
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Figure 6. Mutant garlic plants induced by MNU.
See Explanation of photographs.
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Figure 6. (Continued).
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Figure 6. (Continued).
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Explanation of photographs in Figure 6.
Top and bulb of a normal garlic plant, regenerated from a shoot tip treated with water,
showing normal foliation and bulb formation with 6 cloves.
Tops and bulbs of mutant garlic plants, regenerated from shoot tips treated with MNU,
showing different mutations:

. Spreading top, wide and thick blade, thick and short sheath and normal size of bulb com-

posed only of 3 large cloves. Bulbils on the receptacle were also large and the number of
them was small. 9 plants from these cloves and bulbils did not show segregation.

. Tillering top, slender leaf and complicated bulb with 13 small cloves. 13 plants from these

cloves did not show segregation.

. Virescent and pliable blade with green streak and opposite-like arrangement of cloves. 4

plants from these cloves segregated into 1 plant with virescent and pliable blades, 2 plants
with green and slender blades, and 1 plant with green blades which showed one-sided
growth.

, Falcate blade and orthostichous arrangement of cloves. This plant appeared to be a

chimera with one-sided growth of leaf. 3 plants from these cloves did not show segergation.

; Twisted leaf, viridescent leaf margin and small bulb with 6 small cloves. 6 plants from

these cloves segregated into 4 plants with straight and green blades, 1 plant with slender and
green blades, and 1 plant with straight and viridescent blades.

; Whirling leaf and small bulb with 2 tiny cloves. 2 plants from these cloves had slender and

straight leaves.

; Dwarf plant, viridescent and slim leaf, and small bulb only with 'one clove. The plant from

this clove maintained the characteristic of mother plant.

. Spreading top, wide, thick and viridescent blade with greenish streak, thick and short

sheath, large bulb with 6 substantial cloves, and thick, solid and milk-white tunic of bulb.
6 plants from these cloves did not show segregation.

; Waxless and lustrous leaf and small bulb with orthostichous arrangement of cloves. This

plant was a chimera with waxless and normal sectors. 6 plants from these cloves segre-
gated into 3 non-chimeral dwarf plants with waxless and lustrous leaves and 3 plants with
normal leaves.

. Dwarf top, viridescent blade, short sheath, small bulb with 8 cloves, red tunic of bulb and

red protective leaf of clove. 8 plants from these cloves did not show segregation.

Leaves of 3 mutant garlic plants, showing typical chlorophyll mutations: albino (left),
viridis (center), and sectorial chimera with leaves composed of different colors of half
blades, green and viridescent (right). Left and center plants did not form bulbs. Right plant
formed a small bulb with 6 cloves., 6 plants from these cloves segregated into 2 green and
4 viridescent plants.




