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MICHIO MURAKAMI, NOBUO TAKAHASHI and KENSHI HARADA :
Induction of haploid plant by anther culture in maize I

On the callus formation and root differentiation
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LTI, ARIEO RS S CICHIARMHHTEIC
o TEREhNE, BEFOFTERLELOERE L
TRT 2L AMELHTRENVCEER A E 2 12
WV, AT, BB R, BEAEMARL ST
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RU7zo TOIERRCERRE L, REBREN—BEHOR
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White QIEARIMTH O, ZhFhHFE 1R IORT &
BOOKMMBZEZR L TH5B, T o DFARHICA
v F— LR (IAA), 2,4-D, #4 27 v (KIN)
72 & ORI RFATE %, 2 RICORT &5 1555
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Table 1. Composition of basic medium for the
anther culture of maize as used in
the present experlments

Comsienes Wil methuy Milers medir
KH,;PO, 16.5 300.
KNO, 80. 1000,
KH,NO, 1000.
Ca(NO;), « 4H,0 290. 374.
MgSO, - 7TH,O 360. 35.
KC1 65. 65.
KI 0.75 0.8
ZnSO, « 7H,0 1. 1.5
H;BO, 1.5 1.6
MnSO, - 4H,0 4.4
Na-Fe.EDTA 32.
Fe,(50,), 2.

Glycine 3. 2.
Pyridoxine-HCI 0.1 0.1
Thiamine-HCl 0.1 0.1
Nicotinic acid 0.5 0.5

Saccharcse 20000. 30000.

Table 2. Kinds of media supplement with some
auxins and cytokmm

Ba51c medium

No. of p“‘s‘ 2,4-D TAA  Kinetin
media - o
1 1
2 2
3 5
4 11
5 2 1
6 2 2
7 5 5
8 1 1
9 2 2
10 5 5
11 1 01 0.1
12 2 0.2 0.2
13 3 0.3 0.3
14 4 0.4 0.4
15 5 0.5 0.5
16 6 0.6 0.6
17 7 0.7 0.7
18 8 0.8 0.8
19 9 0.9 0.9
20 0 1.0 1.0

Basic media are modified White and Miller meduﬁi
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1. RN B 2 RO FCREIMIZE L,

FHE#BU3 yellow dent corn A31969~'714ED 3 4F
NIT 316, 13204, sweet corn |3 1969~'TOLED 2 4
I, 740, #7807, 872MTH 5. 1BIKKIIZ
Fag 3 ~ T NRICGRD A FIBIOTREE I EZRD D C &
Mk,

a) %

FIOTIEIIZAT D S isods, BEIREBH B
WEL, PEBRINTHET LD TH2. B0
B R R FERIC 2SS D S 1 75 L A%,
Miller 55ihi3 White ih & 0 & P REBESEL,
72720, F—RARW TR EBREOERICK
ZEBIEREAERDOSNIEN, —TH, HEERFEIITC
Lo TUFFELLAEREZRL, 9 HEETII10%H1%

OEHOFICE EF S 7ehd, 7HEEOZNI320~40
% EFMEE R LTS, ChidBz 5 {EKBD
S S IR OERICS LT DTHA
o
b) B Z

IR, 2 ~ 3 11 THIMBAZ L, TEMPRIB XUAAE
%36K#WWﬁ®ﬁm%mb5%®fﬁéccn

HEF B ICREHDOEAF L O Z2SRD LN

Yo WU 72TEMRINICRBR D 7 v 7 v RIAER
éﬂéﬁ?Nf%%%W*%quméoﬁﬁ%
MBS G A R ERNCE BRI Shsods, B
LT White 55p O BZIH T Miller Kiith Lic B0
BLDEEL, NEERBBICK - TH M3 DEkiE
Rz L, &< Ic White BHnAF7: 9 AR
WTIE, HRMITOMZIAEIZ50~64 2% DEFICH -
THILDEOH, 7 IHEOZNIE10~36% & KN
xR L TS, ORI, KOMZRA
Kt & RS AT LM L 0/ERL, C&ZEHFMN
WBLTHWB T ELDAT, KBk 2 FREMD
T ERAKICE > TR B D EHEI NS,
DI B N 5]

BB I THIM 2 ~ 3 5ICIER L, D%
TWECEMAT IR TH S, AHOIIC S ZAIEA
5’ HOMADOSNE, IEAKNOIERCE 7 v 7

LR SN 2 AR TZ D RIE D1
oMkﬁmwbamﬁHK% EENTD 1. BE

UtmedmﬂanMA1ihDoik§$

il ciz Miller 2, KR 7 JIREEIX

BARICEL Hobhdn, ke U TEKKRE

D10~20% DMK Uy EAF BRI LEIED,

IS DOFIOEAGBIZF & FHEIC auxins B LU

R LA Yy E 0 o v ORI OB | 3

kinetin OEHIC LB b D& EZ SN BH, Bk
BT EA ERMNCHET 2 ANCEP LTV A, I0RH
HOTEMPRIOFARICIIZ(L I RD SR,
d) % % %
BIRR10~15 2l tud, ZEAETRTOD
MBI ENT 2, COHEHIIEBNT, BBEKE
BOTEARFET AHFDLEE NS, COBER X
DR U7 BIR D3R L TL 34, RICZD
LD h o REHESEEIND. bbb, %O
7w AFEED tedICIS, FiERS% 2 BWRILL AR
UTRBEh ETIERSEEERTHICBOTOA
WIRT 2 &6, CoFEBOFOHEA, Eho
HEMERILDTICHEMR T LMy ED
a v DHNATERDOTHREZNTHS EHZEL LN,
2. 5EEH LD DA RATERK
FIBIRR, 200 E2#F#H L7z vellow dent corn @
A F ORI B DI F DM 7 v 2 DI
BAEAINTK %0 T DHHIRISEET ORHE H 51>
RABDNERRTH L. 7 2DIPEKHEEIILZ L
1mm® QK& XICLBDITESIC15~20 HAESBEE
L, COMIKEBNIETE2H06E L, COMRHICE
G AR RIC LD B RTERIREBIZAE 3 BICRT
EBOTHD, HTEA LRI EDLDTLILLLERTS
S5EOFEMICIET BICTER, LI THR
EREIEbHTEL, RERFTHL0.04%I1CFE
10, T ORED S # v ATEIRITKS S B AT 2 FEALHY
15 IR HBEE AP ET 5 & L3Ik,
EEIhrr 230 2,4-D 2750 iR
(3~5mg/l) BT ARMTHO, FHPREICBT
% 2.4-D (3 h o 2FERATH UTh s A7 s
250D LHEEINS,

Table 3. Percentages of callus formation from
anthers on 5 kmds of medla

~ White '
. ; Mlller (modxﬁed)
Kind of media . (modified)
D3110.3 ps D3410.5 s ps g
+K0.3 +K0.5 D5 o+
No. of anthers 501 246 35 191 286
No. of anthers 1 1 9 1 .

formed callus
Percentages of

1
callus forma- 0.33 0.41‘ 0.55 0.52 0.35
tion
Mark of callus a b l c, o d e

|
D, I and K in the table show 2,4-D, IAA and
kinetin respectively, and the figure show con-
centration (mg/l).
In other media except one in the table were nct
recognized callus formation,
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It b v 2T EEHGRMIC K » TZ DFEREE I
LU T3, RHICORT 7 v 2 a (ZEEMDEIRIRE
THRERZS & b2, 1mm? {TiETEDIC
25012 REE U, Hr 2 TICEERTEDOND,
EbRAGHEIRTH Y, EEk 1)) THIRA
IEUBENET BICES, chlitdLTHL R cld,
WHELOHMEATHFEENG - 63 Ch, Bkl
PHRKICIE 5mm® OK&IICEL, IS5 11Kk
IR 3 fEICHET 5, COBATEN v 23 EH LD
A2 R SRICAER U TR A v 22K £ & RS
b0 COEIXGEH L AN 5mm? (T L - FRICIK
B9 B CEKBREEOMMBED SNt - H—
FHiOMD H v 2 i3, ¢ XS5 DOREHR A
EWHFTRE IR AR U, WIHOBNREEL c oK
9 2 A2 T DT 1 0TI IR ERITES BICH
b0 CORBEEIIVZd BLU e DBEAICEAL R
THbo 1B EROBBRXUNMC S D 7 v 2T
ERDIH, BTN OMET IR e Tho D
BRENT A AR U TIERRICEE T 2, 50
B OKFEEIUCHE T 2 03B TR S Y
BT ERIERIED 5T —TH, BZLLIEADOWIL
DK 2 EEDbNE 7 =h, Whitezhh+2, 4-D
3mg/1+TAAQ. 3mg/1+KINO, 3mg/1[X 7 &1z,
Ao 2 DR, FA—BETERI RO s v =
adt kBT EN, ZOMEEEIIIDOHTKTS
5o H o AFERKKIZL S HTITICI0mm?® DK XX
WL, COEHIOBROBENBHKMET 2 DMHE
woh, ISK2HNRICIRTORERBE I L
7o

Urkoks1C, PyEaavphn 2EREREE,
BEF TR UL AZ L OEMOENEHRRTEbD
TS, WV 2ATERORBBEMEZZONBD, &
n RS E R ED IR TH B EEZ B
S5, PYEOa O DOARRMEMTTICEE T E Y
TMiwTH BN, 71 2TEHRBEIEC T 2 (REE R OB
e, ARICERINACEELRMESTHEEZ 00
5o
3.2 KO DIEREME

AnRaBLUCEEARBIORT XD I
Utco BRERED H v 23, RIOURT L5 ICiziZRTERE
DREILXHPDU, AL X ORI HTRE %
HMACEN ST OREAEBE LT, BHEKONSE
b2TCORFRSRM T TITE 5 720 BRBRAESD 4 1
A IIEMRBAA S A8, & WCBHES 5,6,8,9,10,
NBIUI3OWEREIIFE L, O, 5,6, 8L
133 v 2 DEEFEAS & L ICHEE T, HRRIKD S D
OB NBHEMICH B0, ChlADHILRZ, 7

fio4%

Table 4. Kinds of media used in second culture
and the size of callus

IC\I:I'IuOsf in lég?lfll; gi ) ) Size of
second used in Medium in second culture callus
culture anther divided
culture
1 a M 3% 3mm
2 Y 2M 2%2
3 7 ” 11+K2 4x4
4 i y D5+10.5+K0.5 3x2
5 c M 4x4
6 Y y D5+10.5+K0.5 4x3
7 y 7 D2 3x3
8 Y ” 7 y
9 2 7 11+K2 Y
10 # Vi ” P
11 ” v ” 4
12 ” 2M i 3x2
13 y y y 3X3
14 ” 7 I1+K1 2X2

a and c of callus show the same mark of callus
in table 3,

M and 2M show modified Miller’s medium and two
times concentration in the medium respectively.
D. and K show 2,4-D, TAA and kinetin respec-
tively and the figures show concentration (mg/1).

VR B BB A B U, SRS LBAIAAS R {
HobNTLBEITHbB, £H6XDHARIL, B
FIED A v 2 ¢ ICEU U TR & DTSR E 4 &
DICHL, 5RO7 L AR IS hHTKT, B
fid 4 BRI 5 ELLRICEART B0 —HI3RD A v
2 BRI RS 2 BRI CER I AT 3, Ch
5ODERIT, BHEZO L AEEICH LTS 2T
Fih R OEERMNC EERTHDTH B,
BHERD & v 2 X O BIRIAA ML 2 B3 % 5 £
WORTEBOTH B, ZBRBELS ST OMEEITIT
PO DERMEDOND ELTY, Bk 4 HAE
BRI NETARTOH A RCEBLTRO DML X
NBEEDICI R, LTI BLUADALR LD DR
BIRE L, BREEDL TS5 HTOMEEGT 5, HEH
i, £ 20-CEEEEL, T OWMAHRLE
U THRIRIAZTERR T 508, BHICHEST 3 3o 0RR L
DHLULAERAIVZAIOEE 565 O{EHE
Yo EBOFEREG G 2T, CORIEL Tl
YEDSFR® 5 NIHEBICMHEE D31, KHBAICA -7«
RI3HICE NI H 2 HBAED SN B, 722 LT
NOMOFHHEAMICZ - THUZRMESEL, 11
BOTRFEEOmMm ZHEL 2, MoK A5 23
HIE L THIRR D AR BLASA & 1o,
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Table 5. Degree of increased callus in second
culture and differentiation of young
root from callus obtained by anther
culture

No. of Degree of increased

icallus ! Intensity of rooting

callus * 1 2 3 4* P12 3 4%
1 - o+ 4 o+ M H
2 T " R T
3 - 4+ 4+ - k&
4 e R S 4 4 R =
5 0 — 4 M oW -+ 4 #
6 -+ 4+ 4+ - - - +
7 + + 4+ o+ -+ -+ H
8 + o+ H - H i
9+ H M H - b+ H

10 + o+ H - + + H
11 - 4 H H - 4+ + +
12 - + + + - + £ &+
13 - + H + - + + +
14 |- = = - £ + +

*Figures show weeks after inoculation.

—, &, +,+ and # in degree of increased callus
and intensity of rooting in the table show no
increased, just a little increased, 1.5~2 times,
about 2 times, above 3 times as much as former
size of callus and no rooting, about 5 roots, 10
roots, 20 roots and ahbove 30 roots respectively.

REORAL, WOKILSCICHER TR 7S
{, DEIENEFREMHKI~T HOMIC, ETBZEND
D HISHLNICTAES 208, FHNOMICIIRED T
EBRD LN, 8B 9 BLXU 10D H v XTED
T, Bs e U o s R R IC T 2 A1

ﬂ“mmibfﬁvﬁkaﬁéﬁ%mﬁﬁéﬂ
to%ﬁ&m 1% ORITIZ ] & DT BRSO K
MEEIh, ROHMMNTEHINEEDEE LS N
%o ILWHBHK 2.5 0HBRICINSD IV ZABIY
AR U THBEETTL - 7208, FHREE & MED
BEERTICE EZD, TO®HITNTEBHIEL,
- BHEOMBEED ORI, T,

WEMIL, 2BLU5 0L ICEAEBDSLAD
BHICBOTY, 7 2BBLURENA D S5 1

7eds, ChizB2 o S HFEE»RO auxins 75 5 U T
kinetin DM RICHLEFTLBDTHEEEbNhS,
L EOEBTH S k5, h v 2 2REREIC )
MO Licicbhmb o3, & TR
1O B AENDGEAY S h, BREBORMRFDOZE
B D FRIE S VI RBELAET LD EHEL
Shb. UL, ThsDHEXOLTNICEBNTHS
(LRI E D, M b s, EEONMLITL

CHIRERIC R B b

wEo oy O EIARION 1 5

<@m8nm#otoc®uwwai B2 & b B
Do LRSI D INT A PTI7L7E MANFEIET B 12 o,
B WD BRI R R O T X Y, F/
mwme@rwm; THE b2 {RET A &
M BNL, AKRBTHSMCT 2 T Lk
A5, AR OMICIHT B BIRNBREMSL SR B 58NS
5EEZD
S U ORGSR L, WHEOT & -3
YO U DA UIEC & » THEZS S BT Bk DB L%
i3 otco WHORERLY, LEEENERTHS
72diC, TRTOREMR TR R R LB S
CEIFINET, LLDIXTRIZEAEHIEOIRIET
Hoteh, TIKICBNTIEW S IC2n=20%8%£ 1L 2
HARTH B EHU L1, fOKICEBNTIZ2n=10
DYRARZBEET B LRI 5 ehs, Lo U
RO KX & LD, TROSDITHNTHEL /MK
WA (1, 3BXU8X) &, XoICEAOPHEE
DIFELRD LN T & KD, KD 3 0IREIK
MEET I EEHEEIEEH, KEBTRISHHIC
EBMPEERBERE L X80 -720T, ERoH 2n
HUCEREDIEREBEO D TH S ERET S L3 H
HtiD 726

v # %

REFTTICHEINTOAFEREOEFITEDLDT
2D, BRI VICEBRBEREICK 3 2 Rl R #R
TR OREBIC K s THISDRILD, BRYHOWHE
m%ﬁ%%%&?éﬁﬁmﬁ&m%ﬁ%ﬁénfwa

o Ln b?’iﬁiﬁﬂd@?’f‘ﬂﬂ%ﬁ& ¢ I auxins ‘Z%F”EC
5{] L'C 3, WAL 4y 2TiE Nitsch 5 (1969) |
TAAO. 2mg/l+KINO. 2mg/1 %, S (1968) 12 IAA
1. fmg/1+4- KIN1. Emg/1-+ ADE10mg/l 4 phifid- 4~ 5 75
E, WFEEMTRLEVIERETHRORD SIS
CEERELTOED, ChITRLTA 2 TREFHES

(1968) 132,4-D1~4mg/l%, +tv=oavTRAN
o (1971) 13 NAAdmg/l AR 4 3 8L L,
MTIERYIT O H v 2 FHEICIHE L THEBRRE A% &
TE52H0LHbh, TOTLEIARBICBNT2 4-
D2 ~5mg/1+TAA0.3~0.5mg/l 8 Lz & kb
LTHHS0TH B, F72, HIE auxins, cytokinins
A2 a+ v b3 vy (CM) PR (YE)
DM A v 218 5 IR AT 4 T & 5 8
(Guha & :1950, '67) <, HYEROEIMDTEREL A
M EEEZ 80 (H 01971 M ELMEINTHLS
DT, HIHHEOEEIS S PICZ DR S H L0 Bk
Kb bDEEI N5, —F, HEAEMORERIC
BT, MTEMHTIEA > (FFS 11970) , 7
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7 (FS 11970) KA SN A LD ICZET Miller offi
JUHiz <, {ic White £ Murashige & Skoch 5%
MABEN 6B 208, AEBRICENTE, LT Miller
BRUZEHE White BT &0 2203 H D 51
0D, RRNHED T v ' avDhr 2 FYIC
1TT H A HRAHD Shtc,

v ZF I FRERICATITH B EEZLONBTEN
PORITREWC LT, Hil (1970) 2D ik
RPSEML T XD, £ ORHTE 445> 11
NG 1B TOIEMRMBLGETE S & Wb h
%, TR LT Brassica ® F, \CEBOTIRBIER
KO BN REBICTHIS Ut (1% £ 1967) M0,
EDRAT —PDRFEIDNTIE, PyvEozriiiBL
T 1IN X O EERNC T B 27T D BB B D %
TR L TR L i S,

v ZJERR E BT E OBIR, 37 bbHNE &
ZOHHRE LTD H v R BMEDRBENET DD T b
L DMEBLENTOS, 4 215 AH SN B &
U, BEUTHAET BHERA L 2 5D 23 2 b A3,
Datura % % 3 3D XS5 T H v 2 % REE FICHENT
TERAATIZN, E0~T0% D ShiEYIT N R A R 31
GHH Y, —MICHEATIZSRITZIN E T DN S
UL EHiahdEE i, Guha 5 (1967) HsigHid
B XD RO DZET S D75 L, FRITATRINT
HrEEEZNSL, LU vEoari2 iUk
HEUC B TRBRERRR TN TH M ERB L TE
D, Fr2EERESICHBEHEL L ORET 250
BACHED SN,

BIE, #ERCBOTERENE v 2 (3, (EH
K, #EHSEE X OTEADYNR SO RET 0 &
PHIGN, Z oIz 2 F F 3 sh ARy bR IR
TH B, (BOFHEED S HHKT BT DT E L
B A AEMNE B, COREBICIEEED Datura
innoxia \CED THINIDTERE E 7213 554k & ek H)
FEICED, F4 3 lBOTERNERDOBHIC L
>C AN ZDIEMPRITH B CEETIHEL TN S,
AEFCBOTIE, W hr 2 elEhi b
DTDI8 5 e teic, FHEOWNIOMI B e %
17159 TEMINKT, Hrhk O E DY thikEiEic
KOWEL LS EilA N, RO MEHREET,
W& e gethiR 3 1R 2B THIZS U 2 70 2o
720 LU TGN EDIC, MR OREE
BOUICAE & X0, PHIEDL 2 OO
HENG B CEMTIRETH Y, ERH A 2D NTH
TEBRETROEENT 2 C &R, L,
Py ED I VICEBNTIREICENNKRETHS & B
bhbsDT, AH%I S, HEilMEOWENEE R

24y

BEFEZDH, XD, tvEoavilBLTHE, b
D EDITH N RERE TIC 4 ~ 8 Bl W2 20 -
LTWa05, RO TTHNCIEL Thish [,
L7l THL ZDBHIEKO /oI, X LICHAT
TEWYRE L O O ML D 72 dIC, KO IR EITID 7
W loE LTk 2Nz s i o iiin & # 2
5o .

v ZDEEFICHUTHM S (1968) 1%, 1 2T
TH4.0%, 07 (1959) |3 Brassica TV-496.1% &
WU TIRNMITH 2 MG L TG, —JilgRE(1969)
WoUICHER S CGRIER) 13, F¥THEBT0%L LD

W ATERACHE L TR S B 03, KRTERICET S by
ToayDOh L RIENRIZEKTO0.5%, F190.04%
EEDLDTURNEZ R IICT F i, RES (1971)
brveEnavilBOTRISZERRMICEE E 5 TW
Bo MPICHMIZMDOERIHEELTH, ThHD
R0, EROF LTk TR MY 2Ry
DEFABIC L Z WV 2FHRIEHOHTRETH 2 E5
ATEOTHAHS, UL byEoa v WAKEMICH
RTINS T & B EE,
A fER O RTTRIC DM, X SIC3EIM T ORI
M2 E-THEINEINETHAD,

X OWARBRICBNTIE, #2200 BE Sk
3, FBREICE EFD, HEL SO LIBosbiial]
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Explanation of plate

1. Anthers dehisced in 3 days after placing on
medium.

2. Callus formed in 2 months after placing on
medium.

3.5.7.11.13.15.
Callus transplanted in 1 week after placing on
second medium. Number of each figure in order

show callus No. 1,5,7,8,9,10 and 12 in the
table 4 and 5 respectively.

4.6.8.10.12.14.16.
Roots differentiated from transplanting callus in
1 month after placing on second medium. Number
of each figure in order show callus No. 1,5, 7,

8,9,10 and 12 in the table 4 and 5 respectively.
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Summary

This experiment was made a trial for investigate
pessibility cn induction of haploid plant by anther
culture in maize (Zea mays L.). Several anthers
with uni-nucleate stage of pollen from male flowers,
7~10 days befcre heading, were placed on the
medium. The basic media were prepared medified
White s medium and mcdified Miller’s medium
containing various concentration of 2,4-D, IAA and
kinetin. The media were adjusted to pH 5.8.

Among the morpholcgical variaticn of anthers
placed cn the media, anthers changed brown and
died after a while were amounted abcut 20~409%
cf all placed cnes <n Miller’s media, and dehiscent
anthers and enlarged cnes were chserved £0~649%
cn White’s media and 10~209% <n Miller’s media
respectively. Primcrdium of callus was fcrmed in
the ends of anthers inchanged in abcut 20 days
after anther culture, and decided callus formaticn
was reccgnized in extremely few anthers in 4~8
weeks after anther placing. The percentage of
The callus
formed by anther culture had not uniformity in the

callus formation was abcut 0.049.

size and colour, and generally the state of callus
increased was very inactivity. Callus formed on
modified

Miller’s media in supplement with various auxins

several media were transplanted on

and kinetin. Degree of rocting from callus and it’s
velccity ¢f growth were susceptible to influences
from the conditions of media. In general, state of
recting was very inactivity on all media and the
cptimum constituents of media for root differentia-
ticn were yet to be determined through result of
above experiments. Rocts with haploid number of
chromcscmes were well not ascertained and the
differentiation of leaves and stem from callus were
nct recegnized to the last f these anther culture.
Frcm fhese investigaticn mentioned above, it was
reccgnized that it is difficult to make the haploid
plant ¢f maize by anther culture. Our experimental
results shcw, however, that the callus formation and
roct differentiaticn frcm callus were successful. We
expect to establish, therefore, available method for
induction of haploid maize by improving the method

of anther culture.
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