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KR NETEERRE . —  FISHE R R 2 - AR RLE - e
RS EE R NEERENERIEY) - 2 IREERE AR - AEME R EEN
F=AT0RE - MEAERIFCEBRHARERE - BN REERI - KEERE%HE
T AfERE > B0 = () OF > FERER - #EHREERE - vatFRE
BHVELHEEE CREE - MEEEAERRT T AFREOCERDIGRRER
B HEREESRN ZRE - HER RS ERIERR TSR BRI - A
SRS FIREAE ML (Matile et al., 1992a; Gitelson and Merzlyak, 1994, 1996 ) - [t
AR R e 3 1 7o T G 1 o B S -

EEHYERTEESEOR  2HEKEEBEEE - 58RIV ELEGER

( photosynthetic pigments ) - RIE F TG (FHIIHHE HOCEESH REFTTE - EIEIEH]
B3 (carotenoid, Car) FIZE#k3R (chlorophyll, Chl) - BEEA: & pl K BT -
B E BRI DIFLERTE & (non-covalent binding ) = ElHFiE & HE K S REE
R EHE & (pigment-protein complexes ) » MIAZAR MG 2 FIFE - (Markwell
etal.,1979) - =FEHEY) Chl f#5 Chla &z Chlb » fH¥IREE R &R > 1 Chl a/b [
{EFEIEFR IR MR 3 (Chang and Troughton, 1972) - fEXfEEY) EE S = Chl
ze#gtfil ( Chl-deficient mutant ) » FI2[0AZE ( Hordeum vulgare ) ~ B%i 5. ( Pisum sativum ) ~
Tk (Zea mays) ~ /N (Triticum aestivum) ~ §HETE (Melilotus alba) -~ EJ3EE

( Chlamydomonas reinhardii ) 5 J H'EFEY) (Markwell et al., 1986 ) - {iltZ Chl Z2%
TR 7 R AE - — o282 Chl b - fE Ry #E Chl b 228 f# ( Chl b-lacking mutant ) -
$ Chl a/b LB EAFIEIRA 5 5—HEATE, Chl b 4 S/ » 782 RyBhZ Chl b Zemm

(Chl b-deficient mutant ) - 587 HAEFEY) Chl a/b FLAEKRN 4 - BB RS (King,
1991; Yang et al., 1993 ) - 5@ Chl 2 288 E A0 Chl a/b FU{E K E{EAY Chl
AR HENES RO R AU (Yang ef al., 1990 ; Yang ef al., 1995 ; Chen and Yang,
1995) - Chla ¢ b Z B CEREMFEE - H Chl /b FL{E/REEERIR MO - IEH
fEPIfEsROE | - H Chl a/b ELEE ST 3 12550 N ELELERI/NGR 3 - [ MEFEY) (shade
plant) KEHARRIRZZ0ERSEE - H Chl a/b FLEEER 3 - M5 HEEY) (sun plant) [Kz
RE s IR E - H Chl a/b FHEEE =52 3 (Boardman, 1980; Yang et al., 1994 ) - (A} -
Chl a/b HLEH R R E Y@ e ER1EUFE1E ( Dale and Causton, 1992 ) -
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EREOTEAHECOBREERSENE  HYR AR SR GE MEE T
[FEIHEE B RE A T LRSI it A 3R S R U# R 1 (Hendry
etal., 1987 ; Matile et al., 1989 ; Matile et al., 1992a) - {FoeRBREREETFEE 7 E{L
WeErEHOETR - BIln S REERR R k(L (Barry eral., 1991) - EEEEVIEKRIE R
{LaEfEr - HERmERE ZE4A% L (Hendry ef al., 1987; Matile et al., 1989 ) - ZEF;
ERE A (Matile e al., 1992b) - fEY)E 25 - BHATHIK ~ 5258 =R
PR e e 1 - B (3R & R B ER B LB 5 AR LI 2 [ TP AH L (Hendry et al.,
1987) o ZKFEEE Fr BEmk R R AR g B E R E 2 B =R A2 - S e sz
SN - VHFEE AT RTRE 2 EIMEAE - MEBEERKRAYATER (Yang e al., 2002 ; Yang et al.,
2003) - REHFERIERET - FHEOREEESEL - HEE B EEE
kO E - AL B0 1B BEOEEO% (Hsuet al, 1995; Chen et al.,
1996) - At » B EE A EREEIVSREGEE  LElEHE ] - EREFEEKE
V2 EFHERE (Whittaker and Marks, 1975 ; Danks , 1983 ) o

TE7KAE T » Bk 3R 92t o TE il i w5338 5 albino ~ chlorina (Zhang et al,
2006 ) - stripe ~ virescent ( Sugimoto et al., 2004 ) ~ yellow-green J zebra ( Kusumi ef al.,
2000) - BESR(EE Lo A FF 2 AT RE T ERY - (BB EREHIRER 3 ANER
#1 (Chenetal, 2008 ) - TR SV HARIHTOCRER FE R - BERRR TR IEZe i fE
HIHE chlorina WINRMRFAENR S EEY) R EZFH{E7T (Meinke and Koornneef,
1997) - FI|F T-DNA i A 22848 ko e BT o Bl — SE 5L [A] - flrhfser -
i T-DNA FEXIHFERM (gene-trap system ) ELRKIHHERS OsCHLH Fe[K[FH /KA
Mg-chelatase fx A HY subunit (Jung et al.,, 2003 ) o [a[}7{HF 225 FE chd2 &Mk EERE
FEEGAE PPIX (M2 E MGPP » I8 — 8 B B 32 (F B L EERR 3R 73+ (Konez
et al., 1990 ; Walker and Willows 1997 ; Rissler et al., 2002 ) - & EEREF{FIEERREZEAE
FIGERR 7 B B B A B HIIH tetrapyrrole BETSHYEERK R S 58 — P BR & [ (R TERR R
& (Papenbrock et al., 2000) - BIFPEEFR K BT AYINRMIR (Jensen et al,
1996 ; Mochizuki et al., 2001 ) -

TEY) B R A A B 4208 R e I IR P 1T (R R R AR T A AR - (HHE BRI
AIREZ FIMER F RO B S - R BB B ARE B EY) R = et
DA AR N Rt G 2GE T E B - f5 R B RN RN BRI & s B B kR R R 1R Y
i H—AyFER & Chl—Chlide—Pho * [fij L Chl->Phe—Pho &l » SH—Hy B
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1% E Chl->Phe—Pho * [fijA Chl—Chlide—Pho 5l ( Yang et al., 1997a,b) - [F &
PR B U ZE Rk SR R iR 1%+ 2L Chl—Phe—Pho £y T-ZIR 1K » [fij LA Chl—Chlide—Pho
T RELRIL » MR REEhEE Rk R 2RI Z (Chen et al, 2003) - {EHEELERIHISE
o ShZERE AR E A A Chl—Chlide—Pho 3= B[R 1 » 17 LA Chl—Phe—Pho £57X
SRS HEPEEERNAERET - HEEEATRESUE R Ll Chl—Phe—Pho 3 SE[ fif
A+ ML Chl—>Chlide—Pho Fy R EGR » FEE £ RREEEHYE AL - Chl [k & g
M (Hsu et al, 2003 ) -

ARHFELUKRE iRk 8 5 R ELZ Bl Ry iR PRETTE Fr Bk 3R B L AR & i Bl
fRE Yz & &8 b WDA R EERR - E— DRI RS BRI EOERE Bl - DU
TG HEREEH o2 -

AL Ty ik
— ~ HEYR

ARWTE 2007 FHARIE R EET—HAFHEE - DUKRESERMA 8 57 R EAE
TR D MEEE LR R b 2 22%fE ( chlorophyll b-deficient or -lacking mutant ) s EdEaff
KBRS H AR R 8 §F (Norin 8) R #ktE (Chlab=2.5~3) - Ze@ifd 5
1 chl (Chla/b=00) ~chll (Chla/b=10~15) ~chl6 (Chl a/b=15~25) K et LTS8 (Chl
a/b=4~6) o SABEM LIRS 3-5 #F - {THREE 0.30 m x 0.15 m AEEFAEHM » 5%
SEHERET ) ZEE o /NE T 500 m® o KRR EEIKE BT R E I - 2Rk
A= B AR B SR Ml R » SR T A R s e 5 075 55 FH V& B - /KR Rt T 72 26 30~ 60 »
90 . 120 et |1 IR 2 55 BRI - M7 Co Pk R R R )
ZHIE -

= ERERERKEEEEYRAIE

RE Yang 55 (1998) Pz JiiEETHlE - A BREman | ¢
1. /R (Chl) HYHEIE
AV LORRE RS B+ W DU B R A A T2 6 1T 12 AR EZ M » FREY 0.01
g Bty - DL 80%PNER Z£ A E37 » 7E 4,500 rpm (s 5 5388 - B E3EW > DA Hitachi
U-2000 73 5EEEEHHIE Ases.s K Asas.s FIRIE » B35 5% Chl a K Chl b {58
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Wz - DL Porra 55 (1989) HY/AFETHE Chla Bl Chl b Y& & -
2. AN [RIE E AE  47 ie
DRI RS IE O e B R N E 2 BRR & » DIEESREIE S HRAE - B
I - LU B R g IEC g - N R M Ban NERE - 2 hlE
RIS R SR
3. fRtE g R ES{L22% (dephytylated or nonesterified pigments ) FJ3H]E
ATV Aot BIBRISME » B R BB R (0 3R HRR S R (E - DA (B BB L
By o
4. SHEESVES{LE 2% (phytylated or esterified pigments ) HJJHIE
Hrf Agos AR RBERE R 2 WIUE - DURIE EBEELE -
5. PPIX » MGPP [ Pchlide HYHIE
NEFEHT Aszs ~ Asoo ~ Aeas LIBT3 PPIX ~ MGPP k2 Pchlide HYBE I
{8 » DL Kahn %5 (1976) Z/AHGHHEERE -
6. Chlide a & Chlide b 1JHIE
NI Y Assr 52 Asso 73 R ELMEAEES Chlide a Kz Chlide b . ZWRIE » HETE
NFBRIRIZHIE chlorophyllase 5 14:HY /51 (McFeeters et al., 1971) 5% /515 LUH]
TEA2 Y Chlide a Jz Chlide b HYW I {E % - A1) Beer-Lamba /3 H RS H A A B
VI EHIRE -
7. B IECKEE R EE LR RIREZ % » DL 80%NERFE 55 A% » AN SOuL 1 12.5% HCI
7 Chl » JITE Asesa Ko Assz.a FIRIIE © Agssa > Assza 73 BB ARIFERE Phe a K
Phe b FYIRIE » JRFIH A HE HRIYIFIE BEIREE (Lichtenthaler, 1987 ) -

=~ BHET T

FIIFH SAS g (Version 9.1, SAS Institute ) 1 TFTE HIEAG R ET 17 » W LL
Fisher 9/ NeEE 7= MBS (Fisher’s protected least significant difference test, LSD

test) LEBCPE(EHZ ZRBEE -
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4RI

— « ERRE AR

kR A G IREEER (glutamate ) FEAR(EZD BEREMIZK - & EGEFE R
{152 (porphyrin ring ) HYEEAEE R EEJ K protoporphyrin IX (PPIX) - FEEEER
fix ANEWER A% Fy magnesium protoporphyrin IX( MGPP ) s ##4[, & protochlorophyllide

(Pchlide) - SRRV T RKR -

Ttk R AR - H Chl #{LF pheophorbide (Pho ) A HIfE AJREZRTE - & 1EHD
BB - RS chlorophyllase L + IEFHEMRESE (phytol chain) 45
chlorophyllide ( Chlide ) - Fffit EgEEfE T4 5% Pho ; 80& JL1€H Mg-dechelatase 1L, -
fi 6t T “E B pheophytin (Phe) - #EMIAR EAEREHEE B Pho (Hendry et al,, 1987,
Matile et al., 1996 ) -

— ~ E&f3= (Chlorophyll, Chl)

AKFESLREELAE 8 BREBSTEM R A RS © /THY 2,398-9,520 ng g DW 5 Hk
chll~chl6 J chl /1 HA 527-6,154 pg g DW - % (KR LTS8 /114 1,360-3,197 pg g DW o
B EHE IR EE BN - MR ENR S BRSNS 4 5 HEEnm T~
e (R 1) -

kR —REY P RE RO - HEEEER R - oS —(H 2ek
T HIEER— RAEIIEYIES (phytol chain) - HARYR porphyrin ring _EHEEEE.Z AN
NrlpEERkR a REERKER b - DLG R 67 SiKEfE G USRS G R LIRS Z AR
Bl - B REEPHFEI R 95 K HIERER & RS IGE AR ARG
AR (0 2001) - DIZERk R G pEA R iR A . KRR R s B AR
HIERSR AN EAISRME - B RIRIZ SRk R & BOA RSB R AR - EBAGE A
AFHAERMZ R BEY - IR A DE S (F A DS (R ERR R AR - R
Fa BN REEREEE o R AR -FERZTE RN A - LSRR R A7
KIRE LI - R 2 AR kR AR B & R 2 2 IR -

= Eigkalb tE
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B R E— AR EA B HAR - TER TERRE a/b [HEZ B LB HIE 3R A
Wier (£ 1) - Bk 8 FREER Chla/b B2 AEFHAMIIEAL 3 » B — R IEREAR T
S EYIEERZ Chl ab HEMDL - B EelEER — O REE MR - Tk a
FeEERkR b TR B AR & RO R =R [EIA T 5 10 LTS ~ chll ~ chl6 J chl ZEFy
Chl a/b IWEFAZAEFIHEAERSN 3 0 HHEKEZ S 2B ENIEEEYER - DI
EREBEk D mOIEHFEIE IS (Hsu et al., 2003 ) » [AIHL - 2€%84Fd LTS~ chil »
chl6 J chl » A]EEEDEHRATIE EHIE AUk (Yang ef al., 1990 ; Yang et al., 1993 ) -
SRIETE LTS ~ chll »chl6 J chl » HIERRZR a/b LL{EAEA: B BARI B BG83 R e T 1R e -
PSS - REERE RS RIE ALTEE R/ - Chla 2 RFEHEREASL Chlb »
HEAETEA R A » Chla J b R SATE R R Z IR R WE/] - 1 ARZIHE - Chl a/b
P B POE T E#ES - B Chl a FYREAREZREL Chl b (R - SFEYH o BRT #REEZ 4D
WAL ek EE - IEE ~ el - GRHEY %6 ~ iR~ T3S - iz
R EEERk B (NLGT - Non-leaf green tissues) - —fisKa6 » JFEEmk Rk < Sk
8K Chl a/b FEMEREZERERR - MR EAR TR & HEY Chl
A Chl ab FL{ERML - BRMAEH 22 YA S FEYIZE R K 68 (EIETERk tirH
fitkZ /'y Chl & 2 A1 Chl a/b - #5RFEH - Ty Chl & &2 S E 2 I TER B AR AY 8.5
& > MERTEIET A RKJRFE THY Chl a/b 5y 3.09 £ 0.45 - {HIEEERL TR K Chl a/b £
2.80+£0.56 (£5 » 2004 ) -

« IitMi{E &4 (Porphyrin)

FHE% 2 WIA0 > JKAEALTE AR 8 5f ~ chil » ch16 J¢ chl porphyrin & & 114 H W E
HEHE S N8 NI o FE(E ML E 5 93 EL (mole percent of porphyrins ) 5[ » 4k
8 5 R HZesfE 2 = IS L H o3 fh e 2 A B A - PPIX 2K % - B HE Lk
MGPP 2R (& - ifif MGPP — HE{[EY Pchlide t2 EIZIREE AL N —(EEHY) -
(Rl Pehlide 2B H 5773 R =F (K - [tiE PPIX—>MGPP—Pchlide &l =R
o AEN RV A AN BURE - GIANFE H B 5Ea i LR iy RIS R 2 AH S 13

(Hsu et al., 2003) - [AEIEFEYI#EE - JRRIIE R S S EY) L =4 &
B R E R = B RESE T (Hsu et al., 1995; Chen et al., 1996 ) -
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1. KT A 8 B R HoR Bt AR B I IS Fr BE kR Tk R a MEER R b BB

HE 2B

Table 1. Change of Chl, Chl a and Chl b concentrations and Chl a/b ratio in the leaves of
rice variety Norin No. 8 and its mutants during development.

REGR) O BERE EME . BHEbL O BEEad .
Variety Days after Chl a Chl b Chl a+b %ﬁfﬁ /Z/b
(Line) transplanting  (ug g’ DW) (ug g’ DW) (ug g’ DW) a
Norin 8 30 7,122 £238a" 2,399+ 153a 9,520 £ 383a 297+0.11e
60 5,094 £101b 1,573 £39 6,667 = 132b 3.24 £0.06e
90 4,801 £ 181b 1,519+ 78b 6,320 + 254b 3.16 £0.07e
120 1,801 = 122¢ 597 +32¢ 2,398 + 154f 3.01 £0.05e
LTS 30 2,319 + 74e 353 +27d 2,671 £ 77 6.60 £ 0.54d
60 1,693 + 83e 229 £ 20e 1,922 £ 103f 7.40 £ 0.30d
90 2,697 + 60d 500 +21c¢ 3,197 £ 67e 5.40 £0.23d
120 1,072 £ 40f 289 £ 14d 1,360 + 38¢g 3.72 £0.26d
Chll 30 5,579 + 380b 552 + 85¢ 6,131 £465b  10.19£0.94c
60 3,797 £ 90c 321£27d 4,117+ 111d  11.88 £0.85c
90 3,840 +237c¢ 284 £+ 8d 4,124 £245d  13.50 £ 0.46¢
120 783 £ 113f 104 £ 19f 887+ 131g 7.56 £ 0.66¢
Chi6 30 5,600 + 62b 554 £ 24c 6,154 + 46b 10.13 £ 0.52¢
60 3,574 £ 122c 289 +8d 3,863 £122¢  12.35£0.54c
90 3,107 £ 34d 223 +3e 3,331 +37e 13.90 £ 0.12¢
120 889 £ 52f 91+ 7f 980 + 46g 9.84+£1.37c
Chl 30 5,213 £92b 102 £ 21f 5,315 £ 84c¢ 53+ 13b
60 4,217 £ 113c 62 + 16f 4,279 £ 103d 71£17b
90 3,781 £102d 17+11g 3,799 £ 112¢ 335+ 25a
120 489 + 64f 38+ 7g 527 + 60g 13 +4c

“OEIME + BHERE (0=3) -

[FITT 33 B[R] R i Fisher B/ NaEE 22 B HIBRAE 5%k HEA B AR -

V4

Mean = standard deviation (n=12).

Means within each column followed by the same letter(s) are not significantly different at 5%
level by Fisher’s protected LSD test.
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Table 2. Change of total porphyrin concentration and individual mole percentage in the
leaves of rice variety Norin No. 8 and its mutants during development.

3 ML AP E T S b
() ELEPN Uiy Mole percentage of porphyrin (%)
Variety Days after ~ Total porphyrin
(Line) transplanting  (nmole g DW) Hﬁkml IX %HJ:I:P)WFL IX SRR
PPIX MGPP Pchlide
Norin 8 30 1,706 + 132a” 80+ 1.3a 20+ 1.7a 0.2+0.4d
60 1,501 £ 132a 75 £ 1.6b 22+ 1.7a 33+ 1.0c
90 718 + 44b 71 £9.5b 21+59a 8.2+4.2c
120 613 + 84b 82+ 5.6a 17 £4.9b 0.5+0.8d
LTS8 30 818 + 70b 77 £3.3b 17 £3.6b 6.2+1.7c
60 688 + 62b 56 £9.0c 25+3.0a 18.2£2.0a
90 616 + 94b 67 £4.5b 15+2.6b 18.0+2.4a
120 489 £ 18c 92+6.7a 8+2.0c 0.0 £0.0d
Chil 30 1,218 + 13b 75+3.5b 22+1.2a 3.1+£2.0c
60 1,047 + 89b 71 £1.4b 21+ 1.8a 7.7+0.7¢c
90 756 + 50b 71 £2.8b 15+2.5b 14.2 £ 1.4b
120 444 £ 13c 92 +7.2a 8+ 3.0c 0.0 £0.0d
Chi6 30 1,272 + 25b 76 £ 6.9b 20+6.7a 3.8+0.3¢c
60 913 £ 74b 70 £ 6.8b 24+ 4.4a 6.5+23c
90 593 £ 50c 58 £4.7c 26+5.0a 15.8 £7.6b
120 586 + 143c¢ 95+ 4.5a 5+4.5¢ 0.0 £0.0d
Chl 30 1,176 + 37b 70 £ 1.0b 24+ 1.3a 6.5+ 1.0c
60 1,029 £ 13b 68 £ 1.7b 23+ 1.4a 9.1 £0.6¢c
90 617 £ 62b 56 £5.0c 22 +3.0a 22.1£3.9a
120 444 £ 49¢ 86 £ 4.0a 14 £5.0b 0.7x1.1d

L OME £ EEERE (0=3) -

[T B RIE[R & Fisher HyfR/ NE Z SRR AT 5%k e FEAERZ -

Mean + standard deviation (n=12).

Means within each column followed by the same letter(s) are not significantly different at 5%
level by Fisher’s protected LSD test.

z
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F - [RiEEEE %= ( Chlorophyllide, Chlide ) E2fif £ #23= ( Pheophytin, Phe)
KRELE

TG RE AR 8 58 ~ chl] > ch16 Jr chl 4% Chlide & &E#= » /T2 0.19-0.64 mM
' DW ; K5 LTS » /114 0.28-0.35 mM g DW » Chlide & &8 (L S i st pg 2 4= E
FIEREE T R (5 3) - KFESLTEEbE 8 BRELHE Phe SRS » /TR 641-3,256 pg o'
DW ; ER chll ~ chl6 J chl » /Y FA 177-1,851 png g DW ; £k LTS » /154 359-964
ng g DW - Phe & i (L BB BB SE S ML — B0 (R 3) -

TKRE LR bR 8 BERLES Phe/Chlide FL{E RS /TS 1,921-5,132; HZ0ky LTS chl 1~
chl6 F chl > 971% 983-3,210 o 257K A8 bl fy Hooe@fd 4= B A Phe/Chlide FL{E#H{L
BB LT RRE (58 3) BB KEEAETREEEH - hilE B RINEATE
G R EE RS HER L Chl-Phe—Pho Ry 7 B2 [ i i £ » ifi LA
Chl—Chlide—Pho i X ELR K ; (HEABREEARI - B4 R - TERk
T e EA DL Chl—»Chlide—Pho 3= B A E » LA Chl—Phe—Pho KX

N~ 2iEEzEARRMEEE 3R (Phytylated and dephytylated pigments ) RELb{E

IKTE AR 8 5 N Ao A — B E L B I - SEREE R E R (SRS &R
HAR  BISESEEEGR S B8 L2 - KR 8 SR I SR/ IR iERE a3k
FefE s o TR 8.7-26.2 5 HZWE LTS8 ~ chll ~ chl6 Fr chl » FTHA 4.2-16.5 (38 4) -
iR AR L2 63 - A4 Chl & Phe ; MilfHEE CRANE AR LIEGE - &
fifi Chlide }2 Pho (Shioi and Sasa, 1986) - ZEfr S HRFELIE RS (O3 & &2 L3S
B Chl 25 &8 LESEDL > HEaHEEREZWIFeHrT & (Hsu et al, 2003) - STHET/
frtE s (SR LE(E R R S R e Tt ik e - B KR EE A BB - i E B AR
FEAEJEA R - B2 Z Chl B Phe S 8 IEIEF - Chlide 82 Pho Z & & HHD - h—#5
SREFT Phe/Chlide FE{EASHR—2 > B Chl 2T » 2R eiEH Mg-dechelatease fi
(LR k1A B Phe » R ZIEERSE R LR Pho 5 (EfEAETREEARY - tHANEME
A RWIZERFUY - ZEFr.Z Chl B Phe & & JR/VHE - Chlide 82 Pho Z & & RIBEAN > th—
At SR JRERFf Phe/Chlide PR RS H—2 > Bl Chl [Ef#IRF - 2R 56#EH chlorophyllase
{1t > BiRMEEFSE (phytol chain) 425k Chlide - PR akE 142 A Pho
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MMt (f2$E PPIX » MGPP & Pchlide) -~ Chlide K Pho 5§ Chl HU{CEH 7735 EAE B
i S EASE R B SV A /K T Chl K Phe RIS taREst - HoRMEwy N EUR IS AM: -
B LB Rty 2 BOE B MR A 2 2 - ISR FY BN EE (stroma)
BFAZENH (thylakoid ) EpAHIYZES - BHEAN - Chl A& RGERR HHY YIS Y) -
HEGR ARG - B ERJREE o ARAE /KIS TEBOR IR B o 5 mE A tE R - BIfFEAER
EVA TERORHRREERL E - K FE SRRk 8 B i HoRB Ml A2 H Ba N - Py )N
HIREY) BLAE Chl J Phe 25 3RV HUBIES - TTHR EBOR A A ELAEILIMR, Chlide
[Fbk 2 IR RS, - LB FETERTSE R (Hsu et al, 2003) - BEARRE & D85,
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Table 3. Change of Chlide and Phe concentrations and Phe/Chlide ratio in the leaves of rice

variety Norin No. 8 and its mutants during development.

At (R) (E2EPN TR ELEES = = fRpetErkr  MREE/MRTEREIERRR
Variety Days after Chlide Phe Phe/Chlide
(Line) transplanting (mM g'1 DW) (ng g'1 DW)
Norin 8 30 0.64 £0.01a" 3,256 £ 150a 5,056 £ 258a
60 0.37+£0.02d 1,902 + 137b 5,132 £ 158a
90 0.61 £ 0.04a 2,191 £43b 3,606 + 180b
120 0.33+£0.01d 641 £ 67c 1,921 £210c¢
LTS 30 0.35+0.03d 823 +£40c 2,324+ 71c
60 0.32+£0.03d 964 £ 51c 2,991 £ 149b
90 0.33 £0.02d 733 £ 113¢c 2,239 + 231c¢
120 0.28 £ 0.02¢ 359 + 60d 1,283 +288d
Chll 30 0.48 £ 0.02¢ 1,304 £ 64c 2,702 £ 70b
60 0.57 £ 0.03a 1,814 + 134b 3,166 £ 131b
90 0.47£0.01c 1,248 £ 60c 2,652 £132b
120 0.20 £ 0.04¢ 259 +30d 1,360 + 340d
Chlo 30 0.41 £ 0.04c 1,223 £ 50c 2,995+ 197b
60 0.58 £0.02a 1,851 + 14b 3,210 £ 69b
90 0.40£0.01c 854 £ 103c 2,151 £ 244c¢
120 0.24 £ 0.02¢ 279 + 14d 1,181 £91d
Chl 30 0.63 £ 0.04a 1,649 £ 20b 2,630 £ 165b
60 0.51 £0.04b 1,356 + 41c 2,680 = 104b
90 0.50 £ 0.02b 1,087 £ 100c 2,184 £ 244c
120 0.19 £ 0.04¢ 177 £ 19d 983 £314d

“OSEIME + BHERE (0=3) -

[FTT 33 B[R] 2R i Fisher Y/ NEEE 22 B HIERAE 5%k HEA B AR -

V4

Mean = standard deviation (n=12).
Means within each column followed by the same letter(s) are not significantly different at 5%

level by Fisher’s protected LSD test.
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Table 4. Change of phytylated and dephytylated pigment concentrations and phy/dephy
ratio in the leaves of rice variety Norin No. 8 and its mutants during development.

riE(GR) AR ELELEEES fRfElEtx SHEE/REROR
Variety Days after Phytylated Dephytylated Phy/Dephy
(Line) transplanting (Ase1 g'1 DW) (Asss g'1 DW)
Norin 8 30 372 + 6b” 240+ 1.8b 15.5+1.0b
60 533+ 18a 27.6 £ 1.5a 19.4 £ 1.6b
90 359+ 13b 13.8+1.2¢ 26.2+ 1.5a
120 118 +4d 13.6 £ 1.0c 8.7+£0.9d
LTS 30 119 £ 10d 113+ 1.1c 10.6 £ 1.2¢
60 167+ 7d 12.7+£0.2¢ 13.2 £ 0.6¢
90 203 + 5¢ 123+ 1.1c 16.5+1.2b
120 71 £2e 10.5+£0.7¢c 6.8 £ 0.6d
Chll 30 262 + 6¢ 21.3+£3.7b 125+ 1.7c
60 395 £36b 25.6 £3.9b 15.5+1.4b
90 274 £ 11c 19.0 £ 0.9b 14.4+£0.7c
120 51+ 6e 7.8+0.7¢c 6.5+ 1.0d
Chlo 30 389 £ 5b 31.6 £ 1.8a 12.3+£0.7c
60 248 £ 9c¢ 15.8+1.9¢ 15.8+£1.9b
90 220 £ 6¢ 15.7+1.2¢ 14.1 £ 1.3c
120 56 £ 4e 10.5£2.3¢c 54+0.8d
Chl 30 361 £ 10b 30.8 £2.5a 11.8+1.3¢c
60 289 + 10c 21.0£2.0b 13.8 £ 1.1c
90 273 £ 5¢ 21.0+1.2b 13.0 £ 0.5¢
120 31+ 7e 7.8+ 1.5¢ 42 +1.7d

“OSEIME + BHERE (0=3) -

(R THF R T4 Fisher (RN 22 B HIBRTE Y% kYRS BN -

“ Mean + standard deviation (n=12).

Means within each column followed by the same letter(s) are not significantly different at 5%

level by Fisher’s protected LSD test.
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Study on the Chlorophyll Biosynthetic and Degradative
Pathways in the Leaves of Paddy Rice '
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Abstract

We examined the contents of chlorophyll (Chl), biosynthetic intermediates
(protoporphyrin IX, PPIX; magnesium protoporphyrin IX, MGPP; protochlorophyllide,
Pchlide), and degradative intermediates (chlorophyllide, Chlide; pheophytin, Phe;
pheophorbide, Pho) in the leaves of rice with five different types of chlorophyll b-deficient
or -lacking mutants during their growth and development. The levels of less polar (LP)
intermediates such as Chl and Phe decreased with increasing growth stage, and the levels of
more polar (MP) intermediates such as porphyrins (PPIX, MGPP, Pchlide), and Chlide
were also decreased. The biosynthetic and degradative rate of Chl in rice variety Norin No.
8 was higher than that in tested rice mutants due to smaller amounts of Chl and
intermediates. Chl—Phe—Pho was the major route of Chl degradation at vegetative stage
in five rice lines, while Chl—Chlide—Pho was the minor route. When leaves were aging
and senescent, Chl—Chlide—Pho was the major route, and Chl—>Phe—Pho became the

minor route of Chl degradation.

Keywords: Paddy Rice, Chlorophyll, Carotenoid, Biosynthesis, Degradation

Intermediates
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