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INIIIBITORY EFFECT  OF  THIOURACIL  ON  GERMINATION

  OF  LEAF  MUSTARD  SEED  AND  ITS  REVERSAL  BY

               PYRIMIDINE  DERIVATIVES

           KUNIO  SHIMENO  AND  SHUKUO  KINOSHITA

     Tokyo  I{eseai'ch Laboi'titoi'y, Klry'ow[t ilc;kke Kos.:yv Co., Ltd.

                     nlbchidcs, 1'ok",o

                (Received Novernber  10, 1962)

       1. Investigations were  carried  out  to examine  the  effects  of  certain

      nueleic  acid  antimetabolites  upon  the germination  of  leaf mustard

      seed.  Antiinetabolites tested  were  2-thiouraeil, barbituric acid,  various

      uracilanalegues,uzaadenine,azaxanthine,azuguanineandbenzimidazol.

       2. Among  the antimetabolites  tested, only  2-thiouracil showed  a

      strong  inhibitory  action  on  the  germinatien  o[  ISrassit'a .irtncea. var.

     foltlosa (BAILEY) Com,  
``Akatirimen".

       3. This  inhibition  by  2-thiouracil was  relieved  markedly  by such

     pyrimidine  derivatiyes  as  uracil,  thymine,  orotic  acid,  uridylic  acid

     and  cytidylic  acid, though  these compounds  did not  show  any  pro-

      motiN,e  effect  on  thc  gcrrnination by  themselvcs.

       On.. the  other  hand, such  a  relieving  effect  was  not  shown  by  purine

     derivatives such  as  adenine,  hypoxanthine and  xanthine.

       4, Among  other  kinds ef  cole-wort  seeds  tested, a  similar  thiouracil

     inhibition  on  seed  germination  was  observed  only  in a  Iimited number

     of  spL.cles  or  ve.r:/et:/es,

   The  dynamic aspects  of  the  n}etabolisrn  of  nucleic  acid  in germinating
seeds  have hitherto been  studied  (1-4). The  stimuiatory  and  inhibitory

effects  of  some  compounds  relatecl  to nucleic  acid  on  the germination  ancl

the growth  of  several  plants ha've also  been reported.

   SoRMo'N'A, tt-. al,  (t5,) reported  that a  stiniu]atory  effect  on  growth  was

displayed particularly  by 5-nitrouracil and  5-bromouracil.  It was  also  es-

tablishecl that kinetin and  othcr  6-g(substituted> thio- and  amino-purines

stimulated  gerrnination of  the seeds  w･hich  require  light for their germina-
tion (6, 7).
   In contrast  with  these  reports,  A,IAzzANTi (8) reported  that 1, 3-bis

(hydroxyinethyl)-2-/(,3H)-benziniidazelcthione arid  niethylthieuraci}  inhibited

the  gerfiiination of  wheat  sc,etL$ and  French  bean  seeds,  and  ToTTER  (9)
reported  that cress  seeds  sown  on  a  mediurn  containing  2.-thiouracil did not
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show  normal  germination.

   In the present study  the effects  of  a  certain  number  of  nucleic  acid

antimetabelites  on  plant seed  germination  we,re  examined,  and  it was  found

that 2-thiouracil was  a specific  inhibitor for the germination of  leaf mustard

seed  and  that  this inhibition was  reversed  by some  pyrimidine derivatives,

                     MATERIALS  AND  METHODS

    Seeds ef  leaf mustard  (Brassica juncea var,  foliosa (BAiLEy) Com.
``Akatirimen")

 were  mainly  used  in tbe  present investigation. In order

to examine  the effects  of  nucleic  acid  antimetabolites  on  the  gerrnination of

other  kinds of  cole-wort,  the  following varieties  were  used  : Bi'assica iuncea
(Coss) Com,  

``Okubagarashina''

 and  Com.  
``Wasekigarashina'',

 Brassica

juponica (SiEB) Com. 
``Edogawakyona"

 and  Brassica  pekinensis (RupR)
Com. 

``Daibansei'mana''.

    All the chemical  compounds  used  in this study  were  pbtained from the

market.

    These  experi'/ments  were  conducted  in August and  Septetnber, 1962,

    Generai procedures oi" the  seed  germinati'on were  as  follows. Fifty dry

seeds  of  leaf mustard  were  spread  on  a  double filter paper  in a PETRi dish
of  5,5(rm  jn diameter, and  then  5ml  of  tap  water  solution  containing

chemieal  compounds  to be tested was  placed  into each  dish. Unless other-

wise  mentioned,  the  counting  of the germination  percentage was  done on

the first and  the second  days  after  the beginning of incubation, Each

germination  percentage was  the arithmetic  mean  of  the  counts  of  two

replications.  The  incubation was  carried  out  at  room  temperature, When

the radicle  emerged  through  the  seed  coat,  it was  considered  that  the seed

had germinated.
    In the  investigation on  the releasing  effects  of  nucleic  acid  bases and

related  agents  on  the  thiourar..'il inhibition, leaf mustard  seeds  were  soaked

in about  five velurnes  of  tap  water  in the presence  or  absence  of  10-3M

2-thiouracil, and  left to swell  for eight  hours at  room  temperature  with

occasional  stirrin.cr. After this treatment,  the solution  was  decanted, and

the  seeds  were  rinsed  once  with  tap  water  and  then placed into each  dish

centaining  the sulution  tested.

                             RESULTS

Et/fect of' some  iiucler'c  acid  anti7netabolites  ofi  lecof' mu.stard  seed  gei'mination

   Effects of  some  nucleic  acid  anti'metabolites  such  as  2-thiouracil (10-12),
benzimidazole (13), azaguanine,  azaadenine  (14), and  azaxanthine  were

tested. The  results  are  shown  iii Table  I,

   Among  the  antimetabolites  tested, only  2-thiouracil induced strong  in-

hibition of  seed  gerrnination. Azaxanthine,  benzimidazole, azaadenine  and
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azaguanine  did not  show  apparent  inhibitory actions.

Effect

Germination

           TABLE  I

n,f  sonte  nttclLfic  aci(l  anti･i]zetal)oliies  on

    f7iarstai'd  seed  germinatioyv

 percentage  was  determined  44  Iii' after

Concentration
    (A･f)

lea.f

Treatment

Water
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 o.6sxlo-s  65

E]fl'ects of  
'i'(u'ioits

 tt7'a('il  aiialogetes  on  the  gtii'in'ination cif  leti.f tnttstai'd  seed

    As  the inhibitory action  of  L-thiouracii  on  the seed  germination was

found, further investigation using  barbituric acid  (loH), an  antagonist  of

uracil  as  well  as  of  2-thiouracil was  carried  out.  As  shown  in Table il,

barbituric acid  was  neither  inhil)itery nor  promotive.  Only a  slight  inhibitory
effect  was  observed  at  a  concentration  of  10n3A4  after  25 hour incubation.

    The  effects  of  other  uracil  analogues  were  also  tested. The  resu]ts  are

also  given in Tab]e II,
    Ne  noticeable  eC.Fect was  observecl  after  40  hours of incubation except

in the case  of  dithiothymine which  was  slightry  inhibitory at  a  coneentration

ef  O,63× 10m3Sl,  while  2-thiouracil tested  simultaneously  sho",ed  a marked

inhibition even  atter  14 1iours of  incubation.

Rei'ersal of tliiott7'a.ct'1 inlLibiiioie buv e±yi'itni:dine bases an(l  nztcleotides

    Ei'lects of  various  pyrimidine bases and  nucleoticles  on  the germination
o'f leaf mustard  seeds  which  had been  treated with  2-thiouracil w･ere  ex-

amined,  Eachcoinpouncl was  used  at  coneentrations  ot 10-3A4  and  IO-`A4.

The  results  are  sho"7･n  in Table III,

    Noteworthy  was  the observati'on  that thiouracil inhibition was  overcoine

to a  great extellt  b'y t'reating the seeds  with  10-"Af  of  uracil,  thymine,
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orotic  acid,  uridyric  acid  and  cytidylic  acid.  These  compounds  showed  soi=e

reversing  effect  even  at a  lower concentration  (10-iM),
   Then  the effect  of  the same  compounds  on  the  germinatien  of  Ieaf mustard

seeds  which  had not  been treated  with  2-thiouracil was  tested. Ho"'ever.

as  shown  in Tab]e  IV, neither  promotive  nor  inhibitory action  was  shown

by those compounds.

                         TABLE  IV

        Ei7}it't of p),i'imt'dine btrses ancl  nttcleotidles  en  leLij' "itrstai'd

                       seed  gei'tnination

Concentration
   (M)

Germinationpercentage(.o.C>
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26 s2(4t6.7･A:,ri')
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15le

   Orotic acicl

          tt     --t t. t-r
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2220 6575

                                                   72
                                                   78

                                        20  75

IW'ects o.f  pzn'i/ne>' on  lhe g'eriniitat'ion of leaf ittttstai'.l  seeds  iithibited by
thiottracil

   Releasing effect  of  purines  such  as  adenine,  xanthine  and  hypoxanthin{e
on  the  thiouracil inhibition was  also  tested. The  results  are  shown  in
Table  V.

                          TABLE  V
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.f't
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.. ....-.. ...
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10-310-4 Z330 5759 23 2835

10-a10-4 2933 6.o,64 542'2 3839

Xanthine 10-310-4 30'-  58
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    However, no  releasing  effect  was  observed  with  these  compounds  i.n

c.ontrast  to uracil  which  showed  a  rnarked  releasing  effect  at  a  concentra-

tion ot  10-3rvt

lnJ'tibition fijf seed  gerinination  of  seTperal  cole-worts  b.v so･me  nucleic  acid

anti7netabolites

    Effects of  2-thiouracil and  other  nuc]eic  acid  antimetabolites  on  the seed

germination  of  four related  kinds of  cole-wort  were  exammed.  The  results

are  sumrr}arized  in Table VI.

                            TABLE  VI

   , J{Zffect o.f  so)jte  inhihitors  of' nucleic  ac'id  metabolism  on  seed

                    ger7nt'nation  of' .vonte cvle-rvort.{

Hours
 aftersowlng

Germinaticn  percentage  (%)
Varieties  ThiouraciL  Benzimidazole  Azaxanthine

p..zs.× lo-afig
 o,ssxlo-li]･f o.6sxio-3Aud

B. 
.izinc'e/a.

 (COSS)
Com,  ``OkubaQ/arashina''           t.

22･dtt  2a21a 1,･l98 ,.d999

B. .sunee,a (Coss)
Com.  

``
 V(rasekigarashina 7'

2244 14a71a 3884 5687

S, j'diPorlic'tT (SIEB)
Cor-, ``Eclogawakyona"

2244 14a88a 2e9e 4892

B. pek,tnenstls (RupR)
Cem, 

``Daibanseimana"

2244 21a73a 5893 7895

Germination  percenta.ff.e

A'za'Il/d'anine
O, 65 x  lO-s"I .

(%)
Varieties Azaadenine

O,74x1O-SA,l
 WaterCCentreJ,)

B. .i･tuzcea (Coss)
Com.  

``Okubagarashina"

3297 5499 5497

  B. J'un`,ea kCoss) 58 68 56
 Com.  

`[
 Wasekigarashina  

''
 94 9Z 85

'B.
 tt'aponieh (sEiB) 29  38 42

  Com.  
``

 Edogawak},ona"  82  89 82

  B. pekinensis (RupR) 78 72 88
  Com,  ``Daibanseimana"  95 97 94
'
 

'
 E' 

'-Growth
 of  the  radicle  and''Eo{Slledon's"  ttas apbar'e"n-tiJl  inh'ibited.' 

'

    Among  the cole-worts  tested,  enly  Brassica 
.iuncea

 (Coss) Com,
'
 ̀Okubagarashina  

"
 was  found to  be inhibited from  gerrninating  by 2-thioura-

cil to about  the same  extent  as  that observec'i  with  Brassica. .iuncea var,

fbliosa (BAiLEy) Com, 
``Akatirimen''.

    In the case  of  the ether  three cole-worts,  the  seed  germination  had
been  considerably  suppressed  b'y 2-thiouracil  and  benzimldazole when  observed
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22  hours after  sowiirg,  but ,l4  hours after  sowing,  the germination perceiitage
was  a]niost  the  same  as  in the  control.  In these  cases,  however,  it was

noticed  that the growth  of  radicle  and  cotyledons  had  been markedly  in-
hibited, particularly in the' presence of  -[ -thiouracil,

                             DISCUSSION

    Among  the nucleic  acid  antimetaL'olites  tested, only  2-thiouracil was

found to  be mar;<edly  inhibitery against  the seed  germination of leaf
mustard.  At  present, no  adequate  explanation  is found to account  for this
specific  action  of  2-thiouraci1.

    The  reversal  of  thiouracil  action  on  germination  by pyrimidine  bases
and  nucleotides  suggests  thut 2-thieuracil may  competc  in the plant  with

uracil  as  has been reported  by several  aLithors  (10-1-Y').    v

    SoieMovA, et al. (5) rep.orted  that' a  stron.ff  stimulative  effect  on  the

growth  ancl  deve]opment' ef  plants was  displayed particularly  by 5-nitrouracil
and  5-bromouraciL w･hich  has been knoKN'n to stimulate  the mitotic  activity

of  some  plants. It has also  been estab]ished  that kinetin and  other  6-

(substituted) thio- and  amino-purines  stiinulate germination  of  seeds  
'which

require  light for thcir .crermination,  by･ replacing  the action  of  red  light (6,
7).

    On  the other  hund, ),i',･tzzANTT (8) has reported  that  1, 3-bis (hydroxy-
methyl)-2({IH)-bei'iziinidazolethiene  and  rn/ethylthiouracil  inhibited the

germination of  wheat  seecls  ancl  French  bean  seeds.  ToT'rER (.9) also

reported  that  crcss  (N2istiirtit{m o.t?ieinalis  R. BRowN)  seeds  sown  on  a

medium  containing  Lt-thiouracil dic'L not  .crermi/nate  normally,  und  that, if the

seeds  "rere  sowfi  c;n a  inediun}  containing  hoth 2-thiouracil and  uracil,  or

were  traated  with  uracil  before sowing  on  thiouracjl-medium, germinati(.n
was  virtually  norinai.  In To'r'rEii"$ experime,nts,  gerinination was  defined by
the extension  of  cotyledons.  In the present experiments,  however,  it was
    tt ltlt  t tt t1I  1 tl ltll1  1                                                               J.

COIISIaereU  LIItLL  gerlrllllULIUII LOOIS  PIUee  X･Vilell LILe,I'UCIICIe  nLL"  elllergeU  LI'OjTl

the coat,  Though  germinat,ion  percentage  was  not  affected  by thiouracil
in ``

 Edogawakyona  
'',

 
``
 Vv'aseki,garashina 

''.

 and  
[`
 Daibanseimana''  as  shown

in Table  VI, the growth  of  the ernei-ged  radicles  was  abnormal  forming
dwarfs. It was  interesting t,o note  that a  bad smell  was  generally perceived
after  soaking  of  seeds  ef  Br[t,tsica, j'uncea (BAiLLEy) var.  .foliosa. Com.
``Akatirimen

 
''

 in tap  "rater  for 8 hours, but such  a sn'iell was  scarcely  per-
ceived  when  the  seeds  were  soaked  in tap water  containing  10-i`Al' of

thiouracil. TSnis fact suggests  that  thiouraci] affects  the  inetabolism  in the
leaf mustard  seeds  long before t]ie seed  germination  takes  place.

   It is a  pleasure to aclcnowlcdgo  thc valuable  advice  of  Dr, II, SA:vlEJIMA, Dr, H,

UDAGA"'A  and  Dr, H. MUI{AI  given  to us  during  this experiment.
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