Proc. Plant Biotechnol. Symp.
Vol 2:175-190 ( 1988 )

Fol &% T wohS Y wAR
2 259 Aol

2 2 4
(Fduita s SHES)

Initiation of Germination Characters of
Plant Seed by Light Quality
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(Dept. of Agric. Biology, Chungnam National University, Taejeon)

Abstract

Germination characters of the lettuce sced that received photoperiodic
pretreatments of low or high temperature from the flowering to harvest. MSU-15
sced, one of the lettuce cultivars used, having high dark germination, was
modified to low dark germination by the long-day treatments during the seed
formation. Light-requiring MSU-16 seed was modified to the dark-germination
sced by high temperature given at the seed formation period.

Above results suggest that the environmental conditions given to an immature
seced adhered to a mother plant bring about some modification to its native
germination habit.

I confirmed that the spectral quality of light could influence the phytochrome
system which controlled germination characters of the progeny of lettuce seed ;
plants grown in light rich in far-red energies produced light-requiring seed, but
those grown in high deficient in far-red energies produced dark germination
seed.
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A =

Ags YRR (Life cycle)e FA%0) AAD $AHE A%eA gs
Az ALRel wd JVE, olrt RE ABe AEZH BHS ZAe
g3, g2 YuHH S WE F ;e $AY wHA worgAS
HAANY LA $A50] FrkT AT Helo] ofd A o]}

UtH oz wol #7149 AZ FRE NS 42 +2820 = d Y442
A oM 29/% HES $4 T 4 dew, 2 ojuHtA BA
Stressoll il WAE AW 4 U= Sew z¥e wom
AAANE(FA)IE 22 A oAT SH4L TR} FABE o
FAAE AAsel FAHIE FUNA olrt AT Ras S99 AL
dgde AL 29 o WY BeHA 43 ARSI gAHel 2
et FAS FHH dole] §42  F(Species), W &F(Varieties) ko]

Rl $AHLE $HE Aol AP T Ao
| RNE 5Y ETOY ENAE 2 4B AGAREY HSA BAE A
Wet 48 YHAEYS TE dold FHEY AAL TA SoAgE Ao

-

._:

AT feon, e YMHez HHe BAZA Yoo 49
B 549 4 7%y 2 THL dusAz g2 mEus Q=
Ae

8, § 37475144 (Environmental plasticity) & 23 7] w9l

I-m

oldl Hrok. 3,7 A(1982)% o oJsw ol BANAEHo HgZe
HEALYEY dIYE AFS F nge) $HF Sdel oste] ojd A3}
W 2] (Norm) ¢} ) d(Pattern) g zZ+3 Y=Ao g 48 21 g
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A2, A9 wolSyo] Y HFIAS ¥ 43d S8l
el B e W Soldez A M4 o Mol Y5 A=
gtk a2 od AFE €A BALAe] £AZ AR E AA¥AH
e EAI  EBiks®  AY 7l wWEe Tl Eol%
1% 71434z 842 (Phytotron) 7} ANutgo 2 ¢l 7H5aA =gl

£ FARNME Fol tiste] Aol WolEAHS UEuE BFgeE4y
dutolE AL e FRAEC] FAYAYYE BAZo) g oA 2159
WolE4- ¥3 ¥4  AAuvel s:sE Phytorong o] gt HA4Y
APEL FHoR 28 nA .

&, o]E FaA wols AMejd: Aoz Ul FA FHEIEFA(Seed
phytochrome system) e} W § F A% %A 24 324 g},

£ =

1. 239 B}z sragAel 44

AR FAE wolAo] Foll thzted ZHEAE vehlis FAs4F A (Photo-
sensitive seeds)9} B724AS JehlE %4 (Photo-insensitive seeds)s o2 A
e, 254 FAE oA Foll ejeted ot A= Fgerd FAH(Positive
photo blastic seed)¢} ¢jA|=]= shitol4 F A (Negative photoblastic seed)Z 1} o]
edA BE A7 dio] Hol gtk olF FAel uld e 2o [} Hxo
Hy Caspary(1860)7]- Hxeln), 1t HTEVE(Tillaca aguatica )3} ool
AW (Pinquicula vulgaris)®] FA7 Bol  Sste] delrt FIAHRE AS
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Z1§gen ¥ Stabler (1881)= $Eo}E(Poa pratensis L)) Fx}17} wolA] B2
S78Ht 715N

2 ¥ Kinzel (1930)2 S U4 ok PahE 9643 2] Y EFAF 672% 0] Fol] o3t
wolrt F3 =k BHx i

ol FA2] FiolS o) R AFE 1935de] olmE M AJNE Lolat
HRd.% LHFint ¢ EDMcAlisters ubole] <okibx] ZAE no)g) okt
W gtell Fobfel % 50% HEAA wolde: UE AUE WEXE, o7)o] oA
H4% (Red)s dlsiFd A9 100% ¢ golrp Lojube, THYF(FR)S
ZojFw wolrh #A3] oA Hol: AU BT ok o]y ARE Ez)e
dobE Aojshs 2 F@H(Light intensity)o] olvzt A (Light quality)o] H4 o<
F83A AE W= Ag AeA AAeid. @, =T Beltsville of =
F471E 9T 404 33 7] 4 (Photoperiodism) 2 ¢l31%] Borthwicks 9} Hendricks
(1948) &= % BiloiEZs A od2H4 B39 % 244 Ak e
SAss AFE el "FFdaA(Light break effects)"s] -8~ #) = J(Action
spectrum)& FH3e] ¥ A3}t FlintFo] wA¥ P4 Exe wofe] HA=
FEEHERT A dXNgE A dAUUYG. 252 19529 F4%) EF Grand
RapidE A-§3te] Flintgs] 49 2024 oS 27 660nme) peakS Zhe
HAYFRLTe] FHgololsted Hrje) wholXAXFAE bl 720nme] EH o] el
Aol dsted g F AMANE Zeds JAS A B Fddt. 2F ol
Hago] % wolEF HIE Folo] Fojz WAz THBol ozt ua
At Fe¢ A4e Hdsast & HA%R s 9% By
g (Photorevesible reaction) & W¥l ola2 ¥HE sHzsbn, o] Wb ¥l Ax]0)
A% ATABIZel ated Yoldrkm Az 1F o]HY HA T
7t4 kg (Red/Farred photoreversible Reaction) 2 #z}e] uto} ®ule] ojnja},

fn
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stole] YA, N, Aol wd, AR YA, 29 dolg HES YA 717
BrHes Pojdvhe Ade] @R, o]Ee] Belst HUPYAFAFE FYuHHy
(Photomorphogenesis) ol#} stgiv}. A& Huaydol Feodsts FS FaUAE
ol g3t AP IAL 2el, A4 Ax(Signal) =A% gt a2 FFL T3]
A2 FoiE FE vt Aol ¢Eidld. 195940 oz o] M4 @S Butler
T A% £5FE=glen BorthwickSoll siste] )23 F(Phytochrome)e]z
o] Bzl ).

AEAFL FrHgHo 2 AR 7 57 79 F, HA4EFFYP) 3 249
E4%(Pir)e] 3ol lony, Pre 660nmoj)A Pfr 730nmoj|4] HulE<: peak &
ZHs 2 224 PrPir 37hgube-& dedck(Fig 1A #x). |

Al AEAFS A BRE AFY YA RE ZFo] Exe o gRES
AEZU) Slem < 10% ojste] HEAF] ol Afsle] &= Aoz da|x
et olg BE HAEAZFL 7HAF(Visible light) stell A= Pr Pir ¥-§3 Pir Pref
ihgo] Bl ¢f¥Hez Y=ol Pr ¥yI Pir Yo dFPulge] TP
HEAF] A4 A Ht o] ajj 2} s 7HA) G gt A 2
339 9 4 ul(Photoequilibrium or photostationary stat) 22 22t} oJ7]eja] 223
AL o] FF Ao lojA e Pr 93} Pir 8 3o FHu]$L Ro{F F 2] Hgo) e}
2eh7l ohs el

Pre] HujFa8d H43(660nm #) =t & ZiFY Pfr>Pro] =n], wigjz
710nm e]gte] T ePhE ZAZE H9ols Pir<Pr o] Hr}. o]w 710nm o] 42)
THsPgAAeeAE Pre) F47h A LoluAl 9y) wEd AL 100% o
e Pry HR3EE e WA, obfE &% HgFeld AR Pir o
A A7ke) Frh LolusId ol Pir G2 86% = o)l thES 91A ot

webA, dFA FoiA F el wHE FriA HEAFHY FTu|Eol gt
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Fig. 1. A, B. Absorption spectra and photostationary equillibria of
phytochrome. Photostationary equillibria were measured in hypocotyls of

dark-grown Sinapis alba seedlings. After Hanke et al., 1969 [78] (A) and
Hartmann, 1966 [79] (B).

HEAR A g4=1= PrPire &2 deAA =0, o] Hartmann (1966) 3
Hillman (1965) ¢] A@H oz AXste] Fig 2 o o] Ae vt wela 543
HAEIAES FAH2A Y= F shgat i YA AsE Pr 3} Pire] g9 vjge
A5 4 2A A} (Fig 1B 22).

48, W23 E o] Butler (1959) Soll #lste] 3:F QAL wigtals HEAF] 32
AAZ e TRl 2RAFS F AR FHHEg=z gl fley aF
o] AL wiEslio] 23] B RYAEE WuRes o il EAF o
11gkoll A 128 A5 Feglel=rt oAl HAslo] “Large phytochrome” 3=
"Undergraded shytochrome"” o2 E&A =i, of 7o thsted am] 7p2]e] AL
"Small phytochrome"e2 ¥F8A 9. 2% o] "Large phytochrome"ol] oj3t

—180—



B8 Y344 49-0] Yol A HAd. HITE ]S d ¥ (Monoclonal
antibody)7} GHEel#], olFAHET A9 phytochrome o] {4447}
zA4ggich. 23y, o 'Large phytochrome" 7bAj= ofzhe] Halbge] 7o}
AR Aol @i Row il EAF F 12499 A9 4HE FFdE=rt
A ¥lo] "Native phytochrome” & "Intact phytochrome" %3] o]goz A=
227 #sich. 2#te] ohi, "Large phytochrome'ol Boid vzt EAg o
1gk A% olste] ©¥e] HEAFS EFHHHEL] A0 =9 FRIdE: A=
d#HA A H R}

o) o2y WAtH 4ofs W) wat 4o Hguo] YAx mlF
phytochrome& & #¢ A =dd. 2 23 Y4 AAstedAd A[S
4 4% o4 4% P54 E(Etiolated plant)o] 2t Y= A=A E (HY
Phytochrome I) % <zt giflen 9o Phytochrome I 3= REzoz
Hematgde] A gl MEL HEAF ( Phytochrome I ) 7 & Ak o]
#9 =¥ o] AEAEM = E&AF A= Phytochrome I Hohi= 9z HA%
B35 AZo) BeteddE A vlgd AEE YR o] 4 HEIF9
dads s FoE 9ulE 2z Ad. & AF7A FRAEGHTN FEHAW
HEeAE 1 & AAZ 54450 AJNE F3A oA FE2S 985 5 A7
s dFeo] WY A A4do|Rict. webd, #x] HA4YAEL  SolE kgl
%43 2 AF(Phytochrome 1) o] #[od@ Aol mi¢am, = FAgold
ANE KA 3 FHYF ojHY S FHEAF o] FedREAs} S TP JAa=
5= e} ofF7tR] ofof it HMI AT LA 32 A Lot

#1, RFRe 743 yhgo)] YojA Red ZAF FAEAFe] B HRE Fb
ZHE 590l AdEi=Ae] ole} ¢zte] Azke] AMY F AZEy] W Folo]
Z4H9 FR o] &ate] o1 BRI} AHZFAcHs AZe] Zlsdtct. wheF Red2AHF
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%¥zke] 71E A (T)S F83] 2A F2¢F FR ZA4F 3o 29, Red a9E
FR o) &a A5 ¢A Hol FA9AES o Ack o g4 e 445
"Escape"2} F=v] o] 7|tjAZhE "Escape time" 2 ¥r}. "Escape time"
HrIFe] w2 R AP FAEFFH0l 7 AL=HEd HAF AZelgz
47Ztsjo]Z e}, ®ek o] "Escape time"o] 2|53 FobA A¥im Red A Hox
BHe Aol ololA EHE FR A Sal 2 AHE AS7F Bz
HTollE #Ho)A W]l SF EAAAI} Sidsle] 10 sec 2 w9 FHE Az
Kol e HeaF AASS Hel g 3

A7) 4 GA] E2ELR Fol7t otz F2bell Ao HETEF S Ao B
oo}y A,

HA FAW AEAFAZ} oE vER Eo] YEIHE ZAY E7} Table 1 o]}
o] FojH &4 Slke] AEFAY Pinus nigra olli= Prjo] 100% g0 o) vjs}ed,

Cucumis melo o= A Pirgez Eo] fleow, FFFad QeJME Cucurbita

Table 1. The state of phytochrome in sceds

Species Condition State of Towl P Reference
phytochrome* concen-
tration
d{dA)
® 7
Amaranthus caudaius  Imbibed seeds Approx 75% P, 8 [112]
Cucumis melo Non-imbibed seeds Mostly Py, 1.2 [125]}
Cucumis satirus
Cucumber Non-imbibed seeds 66%-75% P, 6 [185]
Gherkin Non-imbibed seeds 66% Py, 4.5 [127)
Cucurbita mavimg Imbibed enrbryos Mostly Py, 64 7.6 [127
Luctuea sativu lmbibed embryos Approx 605 P, 255 [41]
cv. Reine de Mai
Nemophila insignis Imbibed seeds Mostly Py, 27 [125,126]
Pinus niyru Non-imbibed embryos 10094 P, 4.2 [149]
Raphanus sarivus Imbibed seeds Approx 7% P, 10 [125]
" Rumex alpuns Imbibed seeds 10%% P, 13 [28]
Stupis albu Imbibed seeds 50% 1005 P, 5-10 [41.126]

* Phytochrome is measured in units of absorbance, See Smith 1973 [19] for an eaplinaton
of the method
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maximazt A2] Pirg Qv vlsto] Rumex alpinuse 100%e] Pr goz Lo Qo] A=
A AHE BAZg. 28y oi7]d4 28 F7bA] o Fe] Az, & AT A
A7 HEIEY Py dark o4 MM Pryjez A} (Dark reverse
conversion) #lo] ofgl shi=v DarkolAl ¥48 $& 4o 79 yREe Pir =
ENEFRE olfe H 2 AT oA HN AZERE Pirye
HEIF] ENEF A7t s ARold. FHxe] SEL FAYY7|el Slojy
Au|HEAA FoiZ FHA ol #ete] Pirgds] M=o AZAHY(54HH)
AAl oRAS FollA HASA? S JEFed. 7o) By Beweley 9}
Blacke] &4 (1982) & #zete] Fig 20 vehiiglck. olge WA AF7tAlg
NEAE F4FolA PrPir o) BE 37 BAE 248 TAE 22 20} 4 HYs

)

. mela’Rb
® //// 7
‘,/G/n/er’olp /efr
olle] [© @ M }’q”j"frl“l?‘b/eq 7 Destrucrion
V599d5/°/§°}16 (no clea-
Spi_/cy/ Vevidenc;
// @ n seed:l

. P, =t
4Active form fr— < ——Cermir.ation
Relatively, high in

Inactive form
Pl‘ Relatively high in

g/ light-requiring seeds
Synthesis /

(Temperature !
and innhibitor- © ol ;ftrlol?\ @
sensibve)

Hydration

Insignificgnt
al-physiclogical
termnperatures

dry seeds
of some species ‘{'

~ .
// {tumi-F)
Met0-F O «fm——— very short-lived

® transient at physio-
logical temperaiures)

@Dork reversion(pathway unknown)
[possibly con occur at low moisture content)

——-’ Non-photochemical conversions

gl + i
Photochemical ¢conversions

Fig. 2. A scheme summarizing the state and tranformations of phytochrome
in seeds. Numbered steps are duscussed in the rext.

—183—



A2l d GAo) vt F4dA RS AF AN HEY vtz Y7
A7164 HWrlA] FoE AMES &S A FAPPA L FRFz Pl o2}
PrPire] H% wlge] 2d@td FA A5 PriPire] wjgo] detidsy e
A3t Adxgdle] FAedl A Fuold FAE Pr>Pir A vldll oty Fa=
Az 4ol A FEY Plro] don] ¢LFFLFAE Pirs 44 5 Aks A4 (Seed
phytochrome o] 3t R#E¢})E oju] lumi-F g F2dAd) HERL Y7] wjFEolgs
Aol AAo) oA BE FAWIA Hd Pr Pird dojubal ghon, o7)dE
Hol U] 15% o4 Rojek o2 A5 HRAou iR Fao
QoINS 5% Az $RUFoIE FEI FuBe] Uol¥r: Hum U
(Boisard,1968). =& 8% FL FA: FAPAY] 3B FA7 fgs)o] A
WetdAS ARw7A AL RE 7 AEIFAN 2] AlE dx e
Ade] w9 Fasie. HTol dojM FAe mRNAZ F5E w3 glon Ho
Y] $EAE oA AU (BEE £ AEXSN & SHEol s $EH)
£ ¥ AUE dl$- F2E AAE AAFIUT. O T A 2

AEE F8 97HA ALE &9 kA g

2. FAYAZAIL Lol 54 RS

A9 WolEyol A W47l DAz wit 2 WE Bo= 4L B
HHA gor} o BHgel gold BRzAY 9¥e SAANGHLZ FaA
AP AP WZ glen] ol HE HR WY Hel ek

2 agel TAE AN FF MSUISS MSUI6E FoU¢ (452
Chesthunt 5B X v]Z&3 Bibb) e 280 ZFFdg24 4935 Ao}, o] MSU
157 $4%5)s] ol ol Hlshel MSULES S4Zwe) Bitolys zm g
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w9 Aold wolSAS Zm AUrk wEtA £ AHelXE o]5 s FA L5l
FARA718 BAZA(ES] LA SE)od deEe] YA EBAHNN=AE
ZAAHoE gof K.

a A#E 2% o i dolFAd FF MSULSE FA%A7)9 99 =34
ejate] futol5Ajo] Flo] A =i=d) wlste] FitolF A MSUL6Z FAHA7]9
9gzA B 25 Zd) we} welFol4e] AA deizig: A4E dsidh
olF ¥ ARL $AFH AL WY o AN T wEEAl NejA e SFF
gAlof] o]lZ2 o] Norm o] ¥4 slo] UAFE IS HoI A K= A+ 2AS
ANt Qe (Table 2 #x=).

Table 2. oJ3i7b] SARAAs AN B9 SAke) ol S
AT
SsD.LT SD«MT LD-LT LD-HUT

N

MUS1S | 5 FF 82 76 43 42%*

MUSI6| » # 38 45 24 56
MUSIz | B e 46 59 34 24
MUSIE| » # 57 25 76 17

U VSDHT (B (BRMRD - filk (BE1T)
SD.LT:4R (8HEMD) - EM (18£17T)
LD-HT:EH Q6 « Hid (8£17T)
LD-LT:&R (16mHE) - 45H (1821 T)
R (48T O ST
wee o a5 (2, 0007ux)

o] Norme] ojrjold g5 A7 el thabed o}a] Erjaiae ekqt £ g0l
slolx] Eu]de] Aok Fule) SAle] 1 UL Fol BIR st FEFS F o)
FTage Pgadesle) Bxsh o7l s4dsE FH¥ 4ee] Phytochromes)
MRS ABAA A Hegd. 1 A MSULSY  #4g  FHE
oA A (710nmoel ) e A E5ax ot dbdel MSUL6e] F4 Fd:= A9

2E sgeel B FHe] Fo T0umPTe] F Folhez Fiuvhs AU
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FohARcH H.chrlstA] 1982). ol#d AL MSUILSS FAWE-9 AEagas
Pfr > Pr Qlo) u]84od,MSU16¢] E#oli= Pr> Pir §9) 34o] 7i&8sls Aol
7ol L= Eel B F3]9] FAS ohS ArHolehe A ARAA Y7y N
olF 417 olai7} A}

F AesolA P49 A 33 FAE 2ol v WS SAY) @El
Aol TS WG Fuo Soldo) $E SlE Aoz 4EHR-

@9 MSULSS) shite} S4o] $EsiE dadzders) Bas A4%eg niuz
Ag Aol SJshE MSULSS) 248 492 2ol S4o] glolxn m5 kol
FALZ A% A= A2 < SUHARA, o7 1984).

ol A4S FAYA7|S Fgo] WE Pr Pir wgol Pr > Pir wgol
SHMoE Yoty WiEQY HoZ AT HUY. oY WAL WA= AL
HFol% S U AHE A%

EF AZFe Aol A3 A ZAee] BW dMFgel w
HAANE 12 Woldo] WEHE AR LohiRY. o4 EE ARAE Feo
2o A A9 LolSAe Esfel ojd WAY Norm of Rol4 HE 3= AL
ALA o] Ak, olw) Z2% A& %37)(Photoperiodism) Brhs FHol B Fass,
o5 Aol e HEAEA ) PrPire] FHAFAE $2 T 4 A: BAs R
el 4Es Uttol ol FHA A FA 2 AMY Aol WE ELAew
ARG 2 8 A oA 2ol whek FARelA LolbE FHBs
e A9Y @t (PI/Prones FAe7|d e olee Agelxh.
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2 =

AEFA FHT Polo] B ATE= AEAVR AYFH FAY on] Lato]
ohiet B8 44T dRdE older] Adel4E edd RE fue I
ool Heh. B3] AEe) $AELH Use BUNAE Fahdors] ¥o YAE
A7 Wb AT ¢ o6 R Aoz 4w A,

HZo) olzaMel FAwold BE A7 FYFTAN FE H= Aezs
AEFAE YA Fodes FAHARY FA49 ZEFA B E
(CMXKarssen 1987) s $AW REsgolgs ¢l #$ Aoz duz HE

2

mRNAE Z& mRNA ¥ 44 mRNA ¢} FHste] 1 7)1%5S Walnd = 4393
A7 (T.Minamikawa 1988), ze]lm Fule] FZE} 7% #F 234%H A7
(Egley, G.H 5 1986, 2,%,0] 1989) 9 =4g) 34 o3 (Widel,LK.O % 1988,
Choi et al 1989)%0] Sem, Yuztyel 72 Baskin (1985) Fo] MFstz
A= FAot el e thA 47 (Seed germination Ecophysiology) o] 2t}

olgd RE Al QolA] 71 T8 wol 2 AAERAY B Jo FH
e d7F%2 EAF 2] Yul AR Y5 §FAX Hde =2 75 iy
W Aoz dd oS 2 FaAel dAsET s 4o

slAeto 2 BE HEdl4 HolxE Fo A YEAA(Biological clock)s] =4
Vet olg#, 53] AES 3opy4(Flowering)sold HojAx A A7 F(Time
measurement mechanism)7} AE2 FAEE EWeHEA) ¢ o3I} WS FoUE
gl W QAFATH Moz FAU HoME olm Er4 gl
&4 ¥ ojE )G (physiological thythms)2 2 F& 82 wol 4oz
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vhebd Zleolni, o] Ed g FAl Aol Hzte] ZHA Ao] EFUS Ao} ol F7}A] o]

W A LS B AR g3 i Choi et al. 1989).
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