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Table 1. List of the strains used in the experiment.

Strain Name Pericarp coloration Source

H-120 Linkage tester Purple Progeny ofthe cross, A-13X Pirurutong

H-121 n " " " "

H-124 ] n n Progeny of the cross, Pirurutong < A-31

H-151 " " " Progeny of the cross, A-13 X Pirurutong

H-152 Vi ” ” " "

H-198 " " " Progeny of the cross, H-69x Pirurutong

H-201 " " " Progeny of the cross, A-13x Padi-palae beong

H-406 " " " Progeny of the cross, A-5xH-121

H-150 " " Reddish brown Progeny of the cross, A-13 X Pirurutong

A5 Akamuro Red

HS-7 " Mutant induced by the gamma irradiation
from the plant derived from "“Akamuro”
by anther culture

1-33 Surjamukhi Light red

H-21 Linkage tester Speckled brown

H-59 " " White

H-478 " " "

SMU-1 " Mutant induced by the gamma irradiation
from the variety, “Shiokari”

Ishikari ”

A-133 MS Cytoplasmic male sterile

line of “Nohrin-9-go”
A-136 MS Cytoplasmic male sterile

line of “Shiokari”
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Fiz, 535 nm i B DB K (Anax. ) 7558 5
N7z, HARBORNE? {2 L #LiX X ¥ / — )VIEEE TR
AR AA 535 nm ICFED LN EEFTY 2T
=N 1IFEEZRL Tz, #i€-> T, H-406 DELE
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EHORB I RDEMITIRIC PIYEEBTICL
52 EEEREE iz, 72, H-406 D LKRDEA,
460nm 2 b ) 1 SOREBAA»RD Sz, 21
i3, BT 25A-5 (FRE) D ReRd 12 & 55KD
TR K (Fig.3) & —E L Tvizz, WA, H-406
ERREOTARRKOH 478 & KL FL 2
A-133MS & A-136 MSlcxi L 72 B, F, Tt &
B sy % i~ 7z (Table 2), H-406 (35
BRI R b A REREEEZTEHELTEY,

REMOBRFIFATEETH - 72, H-478 13 %
FOIcEHLTCYA2HFL T b 2dREBD
T EET PV A OSBRSS IRE S s,

PI*RoEEEE 7S 2V ERIPIOREE 8%
DTN LTz, E 72, PIPRIEIE aERE T
3T NTEKTH 72, H4T8 13 EKTH 205
H-406 7° Re EIZT4#F L T, Pl¥5 RcRd
EOFETH S EREL 2B, K IKK A
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Fig. 1 UV spectra of extracted pigments from leaf blade and pericarp of H-406.

Table 2. Segregation of pericarp coloration in B,F, populations of the crosses, A-133 MS X (H-478 X

H-406) and A-136 MS x (H-478 x H-406).

) Internode Dark purple Purple lining or green
Coloration - - )
- Pericarp Purple Red White Goodness of fit
) PIY RcRd x°
Genotype PIY rcRd RcRd rcRd Total (2:1:1) P
A-133 MSV
X 17 10 11 38 0.47 0.75-0.90
(H-478* x H-406)**
A-136 MS?
X 83 38 33 154 1.26 0.50-0.75
(H-478 x H-406)
S Total w0 8 4 192 050 075090

* H-478(C* ArcRd). ** H-406(C*AP[*RcRd ).
1);A-133 MS(C* At rerd ). 2);A-136 MS(C* A% rcrd ).

*=2 1 105X I N, WoHER
E LIRS MIICEA L T, b, H-406
it Pi* y ke Re b F L Tovriz, #0728 460 nm
1L RR K AEES LN, T TP ®4
35 C - ABETIIFEGEZIELCEY, C
& ABRTEC H B BBOEN BB TFOME
RiICE > CERLREOCEZET P, 22C, C-
AWEDEXLEET & PIYOMEERIC L 5%
Bz >N TR F, £ 2 Hv T~/ (Table
3), C"A %AV 5HS-7xrH-120 (CBA PI®)
EORHETIITRRANIIR I VRI=3 1 Lot
L, VRIOEM TR FHE L D8k E
RS 72, BL, EHICT Y T =2 iddo
L ote, Fo CHRONZ AOTIE9 0 3

Homogeneity x*=1.28, d.f.=2,0.50<P<0.75.

3 1% 2WFERICEASLTEY, C#EE
T & PIYEETOGEERDO LN, 2F D, CPF
API* ¥ CPAPI"ORE@BIIE—Th- 72, HL,
g oEFE»RL N, 72, CPAPIY TI3EHICHE
BABEDH LN L DD CVAPIPTCII & B b
N oz, kic, CPA% H+ 5 H59 & H
-121 (CBPAPIY & o3 Tid, CB & CPP 2 X5
TELHhoh AN O T T £ 21T I
7ZERIVE=3 | 1 oa8rEsni, ME 2V
BOLEFHT, BOEHEGHI»HINTE, Zhs
DLEKITEBOELEL T . TELNZ4E
DB 2 RT9#cEALTEY, Ak
PIUBIR-Fic kb EfE@mans, CPE2ziz C¥
API* DR EmE CP 37213 CPPAYPI* DR



14 b A B RS RERE H23 5
Table 3. Combined segregations between apiculus and pericarp coloration in F, of the crosses between
a) normal pericarp coloration and purple pericarp coloration types.

Type of coloration 1 or II \'i

Il or ¥V

Blackish red purple

Amaranth purple or

Apiculus or Pansy purple Rose red Pomegranate purple
(Genotype) (C®A or CP* A) (C*rA) (C®BAY or C®*4Y) Goodness of fit
Coloration Dark grlnlirr?gle Red 111‘52& red
—Internode purple or green purple Green Light redor green
Pericarp Purple White Purple White Dark brown White
(Genotype)  (P[*) (+) (PI®) (+) (PI*) (+) Total  Ratio x* P
HS-7(C*" 4)
X 125 45* 32 14* 216 9:3:3:1 240  0.25-050
H-120(C® APIY)
H-59(C® A9)
X 162 56 54 15 287 9:3:3:1 0.57 0.90<
H-121(C® APIY)
*;including plants carrying red pericarp.
b)
Type of coloration 1 or II GT Gt

Blackish red purple

Apiculus or Pansy purple Russet or Tawny

Straw white

(Genotype) (C®A or C**A) (CPA* or C® AY)

(C*™ A) (C°™A*) ((™4 o C=A)

Coloration Purple lining  Yellow Goodness of fit
~——— Internode Dark puple or green brown Green Green Green Green -
Reddish Reddish
Pericarp Purple White brown  White Purple brown  White
(Genotype)  (PIV) (+) (PIY) (+) (PI¥) (PIM) (+) Total x P
SMU-1(C*"AY)
X 57 18 18 4 17 2 4 120 539*  0.25-050
H-151(C® APIY)
SMU-I(C*™A*)
X 32 10 16 4 15 5 12 ez 959*  0.10-0.25
H-152(C® APIY)
"~ Total g 28 4 g 2 7 16 214 263 075090

*; x? for 27:9:9:3:9:3:4.

Homogeneity x?=11.85, d.f.=6, 0.05<P<0.10.

LT RS Tenl, 3512, BEELAGD
SMU-1 & %k 8 (H-151 » H-152) & 5L 72
F, T3, Bific 2T 723118 GT #L:
GtHi=9 3 4icoHL 2. TXK@BIZIDODNWT
i3, T2 IR TEXE aky, GT BTHRE
ke X ERASEEL Tz, 272, Gt RITIIEA,
FEK L GXH o EEL T/ (Table3, b)), %
AT b T2k b2 LT H-406 DIk

DS THRAL 2 &2 ATH b5, GtRD
w7y T avc k), BRicididEns
HLELT Yo T2 3RS TS HHEE
ENd, Lo, NAGAO et al.” »{RzE L 721m <
12, CB™ & v S BHOEM 2Ry MR T %
i, e PPEbTATLTY N T2V
ETIWEREICAFNEZDHIEERET R TR
I3, BEESCQTLEREABERITHTL
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CIIHMEETRETH D, Lia 5T, SMU-1 i3
CPr A" G b BIEFUEETHEEZLN, Fa T
DI T 23R - 8K T 242031
BBk IGT R - REEK GT B - Bk Gt
Bk DGR - RIBAK DGR - k=27
9:9:3:9:3:4t%n, TAble3, b)m#k
RIIZOWFTEHILICESL Tz, £ T,
NAGAO et al.” #5gC 72 C°™ & PI* DAEHAEH
DRI BB EE 2 bz, U EOBEERTFS
L CEIEFAPEbL->TL A+PIYTHEKXEL S
b, ABEEFH»EDL S EREGIBORICELT
hrEZ LN,

xiz, CHA-Pl*i2 kL 2ERBOBODFIFEDL
F ORISR % T~ 7> (Fig.2, Table 4), CAPI®|=
L 2ERTRWTIORE D 535 nm (2 IRIUER K
»EH L (Fig 2, a, b, ¢), 72, CPmAPI®
#HTHH-124 113 9 535 nm (2 BRIEUR K A5
DT> b7 HEL Tz, FERIZ, 421
mmizd 5 1 DORPEAEFT 5 R80°H - 72
(H-120, H-201, H-121, H-124), %z, H-121
X H-124 Tl 421 nm & 535 nm TORGE AT
IFEIFRETH - 72, 72, 535 nm THOWKE L H
HMick-TRE(CELY), BREVW-TL2ME
BIZH B LD T, & - KT 4R
Lzt f Aol 2 fEEFIEEL T
WhLndbhdsihEEZ LN, E 510, H-121
W2 DWW T R L 7205 & DGR & T
L7245 T3 421 nm TORERKIZEEH 5 1
§ 535 nm Th T H 12 IR K A3 & 7z (Fig.
2b), —F, CE it CP? A« P[* » CBA* PI*iC
L a K Eng S Fig. 2, dic/mL 7z, H
59X H-121F, L h B A 72 CP % 7213 CPP A¢
PI*29C13 421 nm 2 TR K A5328H b L7z & T
1z 535 nm {2 L RIBER K438 b e, F 72,
CBA* PI* % 44 5 H-150 Tl3 421 nm (2 D AR
A ERD LN, Lid-T, C-A-Pl*D
HWRERIZ L 5 TRBEOFHFETIE, 421 nm &
535 nm (4 H Hbils, £ 2T, CERTE
DB EETF E AERBRTFEDEILELETF &
Pl*y oM EERNERIZ >\, HS-7 XH
~120 $ H-59x H-121 0 F M » 6 # L 108

A RZ B B IBRIRNZE BRI AR O TR 15

L 2B RERD 421 nm, 460 nm & 535 nm T
DRI # B2 L TROICHETL 72 (Table 5) , H
S-7xH-120F, £ H & & CPAPI* L ¥ CP7
AP R0 % 7 ARG DR, 215 NDEXKD 421
nm, 460 nm & 535nm THOMRNE % gL 72 &
5, WENOERIZBWTL CPAP RO
ErEuwiiiz Rl b onAEEZED LN L
otze —F, HBIXH-121 F, /M5 58A 72
CP %7213 COPAPI®® » CB % 72132 CPP A PI¥
UM T2, 421 nm & 460 nm T C® % 723 CP? A¢
PR pHEICECEEZ RL AL oo, 535nm T
BAEEERRZO LN P72, 2D &3, 535
mm THOEEGEFRETREEPEL LT RED
P2k b HEGHRII—ETHD I EZTREL
Tz,

Beikic, ReRd %iz L 2RKicHow Tadist
F NI E # )% L 7z (Fig. 3, Table 6), RcRd
HLFRKRFZHKTH B A-5 Tl 460 nm (Z R
BAHERD & L7z D5, Re DS EIETF Resic
FBHOARKEFETL1-339 % Rerd 12 & ) 183
KELBH-21I2DOWTLRBAEZRZD LN
o7z,

% -3

BRRICHEFTLBEOFRECEK I v 77
74— REERPRIN A ~=7 P A B s itTvy
5%, AEBRCREECRE»EHETE, L2
BWRELZHMETLZ LIt - THREZGENIEIE L
FTBHEZENTEDL L FED L EKBHRIIDON
TR Z~7 F vz flE L 7z,

YKOFBEIZEHL T C-A-PI* 12 Lk a5%k0FH
& ReRA 12 L BHRKDBRPHMENTHBY, Zo
IBLERKIIC-AEBFICE > TEREINLT >
PO T = ARBETF PO L - TREICS
AL TW3?, 72, C-AWEERTEIZ IZEMEN
BB T H Y, ZNFNOENEEBETO
HAEYTREEVPREZINTWE?, —7F,
NAGAO et al? 3T 50z BI L TR LSa 3 %
Tv, ZHTER2ETIREQR T FoT=
TNk ERBLICL, BFED
ERIITY P Too0RBEZCLLZ L2
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UV spectra of pericarp coloration caused by C, A and PIV.
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Table 4. Coloration of apiculus and pericarp caused by C, A and P/¥ and absorption maximum wave
length (Amax.) and absorbance at 421nm, 460nm and 535nm of extracted pigments from pericarp
of strains carrying C, A and P(¥.

Coloration Amax. Absorbance (/g)

Genotype Apiculus? Pericarp Strain (nm) 421nm 460nm 535nm
C*A PIY Blackish red purple Purple H-120 421535  2.859% 2.687% 5.2584
H-201 421,535  6.334? 9.775%  20.042%
C®A PI¥ RcRd Purple+Red  H-406 460,535  5.814% 7.795% 8.559%
crA Pl Pansy purple Purple H-121 421,535  0.679¢ 0.443% 0.502
H-121 Awn 535 49312 3.1252 1.875%
H-198 535 3.9922 6.566%  14.083%

crA Pl Rose red Purple HS7xH-120F, 460,535  5.120 7.205 8.428
cemq PIv Straw white Purple H-124 421,535 1.553% 0.923® 1.783%

C® or C*A? P{¥ Amaranth purple or Dark brown H-59x H-121F, 421,535  1.700 0.514 0.517
Pomegranate purple

CeA* PV Russet* Reddish brown H-150 421 0.751? 0.218¥ 0.098%

1) ;After TAKAHASHI (1957). 2) ;No replication. 3) ;Mean of two replications. 4) ;Mean of three replications.
* At ripening stage.

Table 5. Comparison of absorbances at 421nm, 460nm and 535nm between genotypes for
pericarp coloration selected from F, populations of the crosses, HS-7 x H-120
and H-59 x H-121.

Absorbance (/g)

Cross
combination Genotype 421nm 460nm 535nm
- H120 CBA PV 3.843+1.856 5.039+3.150 7.314+3.299
STxH- Cs A PV 5.120+0.448 7.205+0.864 8.428+1.426
t-value 1.77 1.75 0.82
C® or C?*A PV 0.329+0.122 0.243+0.137 0.510+0.305
H-59x H-121
' C® or C®A¢ p¥ 1.700%0.240 0.514£0.131 0.517+0.131 )
t-value 16.14** 4.52** 0.07

1) ;Mean * Standard deviation. ** Significant at 1% level.

o
o~
o

Absorbance

-
~~.-.
-
N - - -

340 420 460 540 nm

Fig. 3 UV spectra of pericarp coloration caused by Re¢, Rc® and Rd.
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Table 6. Absorption maximum wave length and absorbances at 421nm, 460nm and 535nm
of extracted pigments from pericarp of A-5(RcRd), 1-33(Rc®) and H-21(Rcrd).

i Absorbance
Genotype gf()lgé?itég?p Strain égfz) 421nm 460nm = 535nm
RcRd Red A5 460 0.810" 1.173% 0.628%
RS Light red 1-33 - 0.112% 0.094* 0.043%
Revd Speckled brown H-21 — 0.336" 0.092% 0.024%
White Ishikari - - 0.0262 0.004?
" H-59 - 0.081% 0.050% 0.050%

1) ;No replication. 2) ;Mean of two replications.

L7z, BT Pl 3 ES PRI EBI YD
Pl & FREDOENSLERT TH - ¥, PlLEET
EFBHCES S RAICERIE LY, FORIL
DL ABOEREGICH DL, PIYY C- ARIET
JEDEX S RE T & AT B 0EMEGRE &
UZDLERBEICOCTERBRETA DL ELTFouL
2% 5,

R TR Bt MG LK
CH(C™) API® N
C*API® WA WORE %
cerapre ) B #k l
C¥(C¥9) AdPL R EE R
CPA*PI® B w Bk A
CBmA+pI® =] % w
* N PARE

C - AMLEGEFROERTIFEL > TLRHNEAL
B ENOMHEE IR LNy, CHEBETHEL S
LARA E TARAOBICIZERE» 2 ( Bio gt
Elrotz, —F, ABLTHFELLZEELBLE
&R L DRI IZAERE A { TR FREBNE
BEhb LI Thote, ZNLMBIETHE2AET
BIREIC DTN E D SRETL 72, &
ENQE RTINS ARSI ¢ o k- |
Nz Z A, WML 635 nm ic 1 DD TRILER K
WdH o1z, F72, 421 nm iz b IR & D DR
4y H -7 (H-120, H-201, H-121, H-124), 1%
AZ = NIREETOMBEETH 55 5 535 nm
DRI KIZT > b T 2FRLTEY, #
13 HARBORNE? (2 L MLITT N7 4 =9 > 3-F
SITNALF, 2R ET Y I- /TN aL P
F2zmP v 3-FL/ 7N F-5-7)aL |

3) ;Mean of three replications.

EEZ LN D, ERIZOWTHEALEBIZSN L
WEII NAGAT et al®i2 L > THhENTWBD,
BRI T =V vBEEEKroLE DY 37
S FREENTN, 72, C-ABIETFIC
SoTEREINLT Y o T=rd Pl k-
TRECHFHL T 5 & T E NAGAO et al”
WRENERED T T2 3 T=0 2 Th
AL, KL T U ic L b EHERINS,
BLio, Pz aalofBBY, wild rice
(Zizania aquatica L)V % 4 FEHEY |12 4 51
ZAEBLIBEAELS TV R TH -7, L
"L, ¥T =Y BRI AL 522~525
nm? CAER TS5 /2535 nm & F R - Tn»
72o 7272, NAGAI et al® ok r o—H b 5K
HEETBEE, BKOT L P T=rii=t
Pr3-®R/ NS R EHERNT, X5,
NAGAL et al® iz g, S Twa7
YEIT = OBENRRL - ThELDLHY,
HHKICEHES T BB T LU O ELELT
W B AREMEDSE 2 ST, RO ERBICOWT
535 nm DFNEZREL 72 & 2 HKELERD
ey b U AIMHEETFOEED rEbz, —
¥, HS-7 XH-121 0 F, s nz: CBAPIY o)
sk r CPTAPIY iz DT, 421 nm, 460 nm
E535nm CIREEFE L2225, wind
HFBEIBED LN T, 2D Epb, CiE
BFPREZ>TOIRBEICEEINTHET LT
ZrvRBEELEEZ LN, AFEBTFVRE -1
o CB(CPPYAPIY & CEAYPI" Tl vwTh
421 nm |2 IRIER K A38 e & 1, CP(CBP) APl
T3 535 nm I LRI KB D T o7 =
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DIFAERTL T 7z, H-59X H-121 @ F, T84
7z C3(CPHAPI® & CB(C*HA*PI*» ¥ % 5
FZNWNEZ B L 72 & 2 A, NHFHE T 2 A
k51242l nm THEEE B LNz, CEAY
DA, FRICIE CPoaic L st RAESEY
ST LD e S, 421 nm IITEHFREEZ LT
LTwa eI Nnz, 51, REROSREE
EERARDTHFFEDTIGRIUR 2 5T 5 LB H
2205 U ED#ERD 5, C IR Fr8% - ThH Pl
BETICE7 Y P o T =N &Ei—E Tl
T bHERI N, o, BBFRGEEODE
WEOWTIREBRI LICRFT 2 UEFD - 72, &
#ic, ReRd iz k 27K Tl 460 nm 2 HRUUE A
HEBeH b7z, NAGAO et al.™ (%, #Hkicizy 7
X, ATA-NFr=rBLUTONTIUN
FENTYB EHEL TE D, 460 nm A5y
#FRL TR LD EEZ L, 2512, NAGAO
et al'®i3 Rerd 12 & 2HBEKIC L BT L7
WA U EBEIETEN TN D 2 L2 HEL 720,
AEER T Rord 12 X 28BEKRICOWT Y, 7
ReSIc L B5HORKRTLMPBRIZES SN L
ARCW A

1 L3

1) C-A-PIPRic kL 23KM & ReRd Rz
DEKBIZOWTEELZHHL, FHFEELF~N
WG % BlsE L 72,

2) CPAPI" % B LEE - FREETHH 406
DEES & YK b EFEE M Lo 2 7
& 2 %, 535 nm iR A A58 S NALICR L T
LT AEENTYE I EHLDICE
2o F 72, TKBETIF460nm (2L 5 1 DD
kD3 572, UL ReRd 12 & 3 fRAKDIk
WA » —3 L, H-406 7% RcRd # AL T 1212
DTH 712,

3) BheaicBS 15 C-ABGETE PIYoR
Riefic ks ZKBICHOWTF, Tt L7z, C
BEFHEREL > TLEKIIREOE 22D, AEER
FHRL HHHEIEERE L - 72,

4) C-A-PI" % BY 25K O THleReE
BN 2 A, WT LY 535 nm (2 WP A AT

A5 7z LIk, 421 nm 2 b RIBBULK 2 589 72 %
HLH-7, 72, 535nm THORKIEILRIEIC
Lo TRECERL T, —7, CP(CP) A PI”
T 421 nm (2 BRI K A588 6 b L7z AR Rg I
535nm iz A 5Lz, CBAYPI® T3 421 nm |2
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Spectrali Properties of Extracted Pigments from Genic
Colored Grains of Rice

Masahiko MAEKAWA and Fumiji KiTA
(Experiment Farms, Faculty of Agriculture, Hokkaido University, Sapporo, Japan)

Summary

It is known that grain coloration of rice is governed by two major genic systems, one is the purple
coloration by the complementary action of C (Chromogen), A (Activator) and P/¥ (Purple leaf), the
other is the red coloration by the complementary action of R¢ (Brown pericarp) and Rd (Red pericarp).

The aim of the present study was to elucidate the gene function for grain coloration biochemically.
In this report the authors examined the spectral properties of purple grain coloration and red grain
coloration in the ultraviolet region by a spectrophotometer. The results obtained are summarized as
follows ;

1) The gene PI¥, responsible for the purple pericarp, is one of the multiple allelic series at P! locus
for the purple leaf. [t was observed that the extracted pigments from purple leaf blade and purple grain
of H-406 carrying C® A PI¥ had the same absorption maximum wave length (535 nm) in the absorption
spectra. This suggested that the purple coloration of leaf blade and pericarp of H-406 was due to the
same anthocyanin.

2) The interrelationship between grain coloration by three complementary genes, C, A and PI¥
and apiculus coloration by the complementary action of genes at C locus and A locus was examined by
the phenotypic characteristics in F, populations. It was assumed that the complementary action of two
genes, A and PV gave rise to the purple coloration of pericarp, and the complementary action of A¢or
A" and PI¥ caused the brown pericarp coloration, irrespective of the gene at C locus.

3) Although all absorption spectra of the extracted pigments from purple grains by different
genotypes showed the absorption maximum (Anax) at 535 nm, a few strains had another Ama.x at 421 nm.
Amax, Of the extracted pigments from dark brown grains of plants carrying C®(C® )A“PI¥ selected from
F, population of the cross, H-59 X H-121 was observed at 421 nm and another A,.x. was also observed
at 535 nm which showed the presence of anthocyanin. Therefore, the dark brown grain by C®(C®?)A¢
PI¥ contained anthocyanin. The extracted pigments from reddish brown pericarp of H-150 carrying C®
A" PI¥ showed Amax. at 421 nm in the absorption spectrum. Since the genotype C® A" produced only
chromogen and caused the russet apiculus coloration, it was assumed that the reddish brown pericarp
contained chromogen. Consequently, Amax. at 421 nm was surmised to show the presence of chromogen.

4) Absorbances (/g) of the extracted pigments from colored grains at 421 nm, 460 nm and 535 nm
were compared between the selected genotypes of C® API™ and C® API¥ from F, of the cross, HS-7 X
H-120, CB(CB?JAPI¥ and CB(C®?)A? PI¥ from F, of the cross, H-59 x H-121. Although in F, (HS-7 X
H-120) significant differences between absorbances of each genotype were not detectable, a clear
difference between absorbances of each genotype at 421 nm was observed in F, (11-59 X H-121) and the
absorbance of C®(C®?)A® P[Y at 421 nm was significantly higher than that of C®(C®?)AP[¥. This result
showed that there was no difference between the anthocyanin content of purple grain by C® AP/Y¥ and
C®" API¥.

5) Although the absorption spectrum of red pericarp of A-5 (RcRd) showed Amax. at 460 nm, the
light red pericarp by Rc® (multiple allele at Rc locus) of 1-33 and the speckled brown pericarp of H-21
(Rcrd) showed no typical peak in the absorption spectra.



