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Changes of Gramine Contents as an Aphid Resistant
Substance with Barley Growth

Katsuo KaneHisa, Maqgsood A. Rustamani, Hisaaki TSUMUKI
Toshihiko KasaHArA and Takashi SHIRAGA

Barley plants may be severely damaged by aphids, mainly because they
may transmit viruses, suck food and disrupt tissues. There are resistant
lines and susceptible lines in barley to aphids. Gramine is an indole alkaloid
and is toxic to animals including aphids. The changing amounts of gramine
from seedling to mature stages were investigated on 27 lines from 1989 to
1991. Barley was sown around November 20 in the former year and
harvested in early June. Higher amounts of gramine in seedling stages in
all lines were detected, then it gradually decreased with barley growth until
2 to 3 weeks before the earing stages. At this time aphids had appeared on
the barley leaves and increased in population. The susceptible lines had a
tendency of greater decrease in gramine content than the resistant lines at
the time of aphid population growth. The maximum aphid population was
observed from the end of April to early May. The gramine content was
almost constant at this time.

The degradation mechanisms may be important factors determining
the difference of resistant and susceptible lines at the aphid population
growth stage. The susceptible lines may have a higher activity of degrada-

tion mechanism.

Key words : Gramine content, Barley, Aphid, Resistant lines, Suscep-
tible lines,
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BHARICBWTIL, 44 AX Hordeum vulgare L. 12 AFEDT 7T L FEL, KFEE
T2EUNDDHEELLLLT. FNLOHRBBEERIIALX 78V T 75 AL Rhopalosipum
padi (L.) 60~70%, X7 v T 77> 4> R maidis (F.) 20~30%, AX3IFVT7F
2 Schizaphis graminum (Rondani) 5~89%, Sitobion akebiae (Sinji) (2~3%) TH ",
FFALXDEL DRHHEIC B THFEHETCERULENEFR SN T2 (WTH 4 1988,
Kanehisa et al. 1990).

VE4E, FEMOERIZHT 2B & BREENENERWE & L CTHMF D5 RACHEY
PWHEBIN TS, 7u b F-LThveq Fo7 7 2, 3-N, N-dimethyl-aminomethyl-
indole,i3 74 3 & Phalaris DIE TR S 1, FRNF A X ichHELZ AL S THEEY
B L THEHIN TS (Gallangher et al. 1964). 2D 7T I 34 LFITBENTHT
T LVHIIT AR SE L LBEWE E L TTEBL T 2 L TE 2 (Cor-
cuera et al. 1984, Kawada and Lohar 1989, Kanehisa et al. 1990, Rustamani ef al. 1992).

FALXDT T v ERBEBBICBEWTT 7742 0FEL WL FENORLND
BRI T VEL TS, T LXDEFICH) 77 I v FBNEAE1989, 1990 K~
19914 3 /I BT, 20 LD RFIC DWW TR,

AEBICHR L 24 4 L FBFIRIARERBRFRRE ) R CHW 2, REMBBIRR SRk OFEKIC
B L LT 5,

R F &

FALE HERL 2RI R IL KRR AR R B AZ R R ER TRA L,
FEL T2 RE» S, BHBEZCL VB 20FERELZRLZLDEEKL, AL .
F D¥MEZE Iz D TiE “Catalogue of Barley Germplasm Preserved in Okayama Univer-
sity” (Takahashi ef a/. 1983) icELEEI N T3, 11H208EHICERL, B4 6 A LA
L 7z,

F7SLLEY AT LAXCHFELLT 774 8T 4B2A4bEe T, —EL)0FEK
TT 7oL e LTHRELR, BT 77 L DHEEDRLNS 4 A¥VED & RIS
2T, VEAMBECHFAERELEZ T dF8mZAFL, 1FELVICHREL, BEELL
(Kanehisa et al. 1990).

353 OHME Zuniga ef al. (1985) OFHEICHEL, BrbLE 2 L HEIFHOEN
10g #80ml D0.1%T > F=TH XY /—NVTERL, V¥—CTEHEL, EZRBWLL. 2
8 mln01 MERICED L, BT > ®=T/KTpHIO IZFHAKL 218, 7 2 R)LAICSHED
Lz, #N2BHBLC, Sfmkra< 7272k VERL 7.

EEAGIO2 5714 — EBEEHPLC 5A, %12 SPD-2A, Hibar 7 7 4 (Cica-
Merck) #6/L, 250nm THREL 72, SBEEEHICIZ0.05 M EEER (pH35) &7+
b= F Yo (80:20) DIBSHWEMEAL, Iml/F0XBTHEELZ, 77336 ~T%9
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Bzt a2, 0.01ug YRR TE 2,

VA TN -

£

T 77 L BOBRERIEFIZIZIEL TH - 72, Bib, FHREHIL0CHIZ LY,
LXRIEITAFRT 5 4 A EMBUC, BoAKRL, FEL, BIHELMOL, L4013 R maidis

fJ”TEﬁEE {j) 2 f: 7b§a

r A

4 ATEICZ% 5 & R padi WEFRETH -7z, T8N 6 5 A R4

2T, FEBIIE—ZICEL 2, 20Kk, REOBM, A4 LXORBECLY, @K
AFUIEA L 72, Mo 2 IR 2B L TR 2RETARE a0 =— & L THAHEY

52 &3 oz,

Table 1123 L 72 A4 4 L X REED1986F 5 H1914ENT 77 L ek iy, 2O

Table 1. Annual fluctuation of aphid index of barley lines
Lines Accession No. 1986 1987 1988 1989 1990 1991 mean
f,-gl-Hs-k OUL-117 43 102 68 20 5 45 57
Kmut-239 (gl,) O UM-294 67 20 49 25 13 24 30
K-gl;-Bl OUL-056 50 13 14 26
Aizu-6 OU J-628 37 17 20 26 16 8 20
Kirin choku-1 OUJ-511 39 13 15 23 17 23 20
Kmut-174 OUM-288 15 23 13 18 18 37 20
Goseshikoku ouUJ-128 20 17 19 25 7.8 5.7 16
Aizu-4 OU J-522 23 12 10 15
Kimugi OUL-012 16 22 9.8 11 15
Kashimamugi OU J-532 12 15 8.0 12
Kyoto-nakate QU J-812 4.2 13 15 10
Maruchin-1 OU J-438 13 12 4.6 10
Akashinriki OU J-659 16 7.0 8.0 8.6 6.6 6.4 9.4
Smyrna OUL-908 6.2 13 13 .1 1.5 11 9.3
Koike-rokkaku-2 OUJ-426 13 7.3 3.8 8.0
Kikai-hadaka 0ouUJ-820 5.5 10 7.7
Mushingchiang-3 0ouC-627 8.0 11 3.5 7.5
Amagi-nijo ouU J-241 12 6.5 5.5 2.6 6.5
Goseshikoku-sai-1 OU J-634 11 4.3 1.1 5.3
Jomoson-2 OUN-673 2.0 6.1 4.5 7.5 6.6 4.4 5.0
Shinshinriki-1 OU J-059 5.5 5.0 6.3 3.8 3.8 4.9
Mushingchang-1 ouC-026 6.3 1.9 4.1
Nihon ichi ouUJ-172 4.9 2.5 3.7
H.s. transcapicum 2.0 4.0 2.4 1.7 3.1 2.6
H.s.-4969 0.7 2.2 3.4 1.0 4.4 0.2 2.0
H.s.-2294 0.9 2.5 4.8 1.2 1.0 0.8 1.8
H.s.-2558 0.7 0.8 4.2 1.0 1.9 2.3 1.8
H.s.: Hordium spontanium (Wild)

Vol. 1 107



TT7 T LR WE 77 2 > O F L XDEFICHE S 1L

AR &) B, (URFORGER & FE KRB AREO E N EROEREGIC LY
KEEFHLZ, L L, BmEEIMHE2RL 72 fogl-Hs-k, Kmut-239 (gly), Kmut-294,
KﬁﬁﬂAﬁwﬁtmem%wl%”%ﬁtﬁ%&ﬁfﬁ%mttIMMMm$MMMW¢
7 4 Fk# & Nihon-ichi, Mushingchiang- 1 %° Shinshinriki O R4 T2 X, 77 I 4
CHOFEERETCHR L EN S - 72, SR L Ko Tli, PRSEEOREY Eh - 12,
INLIZBCTLEEMOTE T, HEOEI DO LN, —I, F8EH20LL Lo R %
ZHRHE L, FELSSUTORMEEIERMKE LT, T a2 &zl 72,

g Barley (R)

g
H.s.-2558 Mar.17 H.s.-2558 May 24

Barley (S)

9
Kmut-174 Mar.3 M May &

Fig. 1. HPLC profile of ammonia methanol extract. g: peak of gramine, R : resistant line,
S : susceptible line.

@

TSI EBDAFLFDETICHS T

TALXEPLDT > E2THXAS  — i 702t 77 208 % Fig. 112517,
75 IREE LRSS E L TR TR, Ty RS TR S - TRIc Y, 2o
DREEDVBEE DD FRBRICHFLEL Tz, ZNHIIEBICH - THELE, 773205
DFFRY L HEEZ N DA v F— LA D 5 BB e B IcfE > THEL TRIS
A

Table 2 (219894E ¢, Table 3 1219904E, Table 4 (2199140 F + L X DAEFIZFE D 5 2
EEIWIBIT AT I o EBOE{LERT., Table 2 NERIIRIFENILALITHIZAT» 72, §¢
5> TI2AITEDY > 7RI EB L 20 TH 5.

ETORBICBTHHIZ 77 I v 25BICERL Tz, 3A M2 L 4 ARG @@

SEEFIIC 77 L o BRBAL, BEE2- 3B, S RELICHT UREEEE LY, 2
DRI EDTEE 5, BRMIC L 5 s EoWBRIC L), HAEKELY) T ii’*bul,f#"
gsanr.

T 77 L AARBC0LL EORZME O RRIZIEPE D AR B L T, WL 7T I F
RIIDVETH 720, ZNTL» L) DETHEEIRHINL, ZNLDRRKRBT 77460 D
B & 3o 0 B MEEET SIS AT T 7 I v oA EL L, I(PRL2EAL
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Table 2. Gramine contents in barley lines (x#g/g f.w.) in 1989

lines Dec.19 Jan. 26 Feb. 21 Mar. 23 Apr.l0 Apr.24 May 8 May 22
Height (cm) 7-10 10-15 15-20 20-30 30-50 early late  mature
earing earing

fo-gls-Hs-k 16 13 5.3 2.0 0.22 0.31 0.22 1.0
Kmut-294 30 8.0 3.5 2.0 0.52 1.0 0.21 0.22
Aizu-6 9.8 4.5 0.7 0.26 0.14 0.32 0.24
Goseshikoku-lhen 45 15 4.7 3.0 3.5 2.5 4.5 4.0
Shin-shinriki 75 15 15 7.5 13 6.9 14
Jomoson-2 104 8.0 9.3 7.5 4.0 2.5 6.0 9.0
H.s.-2558 250 75 24 22 20 49 35 68
H.s.-4969 330 130 130 80 48 95 45 76

Table 3. Gramine contents in barley lines (¢g/g f.w.) in 1990

Lines Feb. 27 Mar. 15 Mar. 29 Apr.11 Apr.25 May9 May 23
fo-gls-Hs-k 11 2.4 0.22 0.26 0.64 0.72 1.4
Kmut-239(gl,) 3.5 0.96 0.70 0.58 0.28 0.78 1.0
Aizu-6 4.5 3.4 0.70 0.24 0.64 0.76 2.2
Kirin-choku-1 1.8 1.7 1.5 1.8 0.12 2.2 2.4
Aizu-4 4.2 1.2 0.70 0.50 0.18 0.42 1.0
Mushingchiang-3 2.6 1.4 0.96 0.86 0.70 2.0 0.72
Akashinriki 9.0 7.4 7.6 7. 4.9 3.6 3.6
Koike-rokkaku-2 17 6.8 6.4 6.4 7.8 4.6 3.8
Kikai-hadaka 20 11 7.4 11 7.6 6.6 4.0
Jomoson-2 9.3 2.4 1.0 0.76 1.5 8.2 3.8
Nihon ichi 22 17 11 20 19 9.6 8.8
H.s.~-transcapicum 34 14 13 3 4.6 5.6
H.s.-4969 48 30 11 21 9.6 27 6.8
H.s.-2294 15 20 9.2 6.8 10 15 18
H.s.-2558 38 25 20 37 39 57 37
Table 4. Gramine contents in barley lines (zg/g f.w.) in 1991

Lines Apr. 1 Apr. 15 Apr. 29 May 13 May 27
K-gl;-Bl1 1.1 0.22 0.31 0.24

Kmut-174 0.82 0.06 0.03 0.35 0.23
Amagi-nijo 0.58 0.66 0.34 0.35
Kyoto-nakate 1.3 0.12 0.13 0.47

Maruchin-1 7.1 5.6 1.6 0.56

Smyrna 6.8 34 2.3 2.1

Kimugi 10 6.6 5.8 5.7
Kashimamugi 12 11 2.5 1.8
Mushinchiang-1 23 13 12 12

H.s.-4969 21 43 33 30
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T7T 7L ETERWE T 7 2 DX X LAXDEFICE I L

T o1z, T7 7648805 UTOERENDRKITHER» 53 T2 7 2 & ik
BETH-720, T7 7L DB & 20 2 BHOBLHFL LT LR ETH -
7z,

77 IVERIERBICL - THEAETH Y, HEER BTCRBERIC L 2E#H» D%
(, BlaTFicL Y FHREINTWE I L 2RLE,

% =

HEH i B ORI I3 B2 B D LTI N T 555, IRFE KRB EYWOE G527 F
HENTWS, A LXICHFETLIT 778l U T T I o EELWHE E L T
Han, #OEWEEERLEREDT 77 43 D NLEBRBEBEA~DEHM THE?»D LT
% (Corcuera et al. 1984, Zuniga et al. 1988, 3£ A £ 1987, Kanehisa ef @/. 1990, Rustamani
et al. 1992). MIZDMBIZ BT 24 A LAXDHEIICIIT 77 o nFEIRLNT, A&
B SRS E THND &, IC BT 2 AN I RBENE» D (, RIZH
SRS TR X N ARRDO R OES RS 1L h - 12 GRA 5 1987), Shiliv H IR £ TP
77 I v EROELEFTIRER T ZREEDIFE 2 L7z,

RS THORMTHERZEN 7710 25RAL TEBY, £Hr b 5EBDEFHIC
TR L, T7 7L BhRokl (8T 2EMRIREARICL > T 52 &AM
L7z, Ldrd, T77L00EECHL TRSEHEDRHIL T T I v DEFBOMIIEE T
otz BHEADT A LXHILICH - T3, RIESHRE NI T 77 L2 DFHFERM
HlzZe->TBY, KBEELZEICHEL > T, EEORHRLER I -TT 71>
GRS LY, SRBICEAH LT EREMICL > T, RFEMOSBBEZRFORS D
EHHEI N,

TarL Y F=ATNALATAL FTHBITTI>DI )T 775 NEAKRIEN-2F
NEFr 272V —20BEr#EEN TS (Leland of al. 1985), SrfRIIEHET, 5
BOWREEOWRETH 5, ERMOMEMEEE 7 7~ 77 L T#H~ 5 & (Kanehisa ef
al. 1990), BBICHEST7 7 I BBAL, FECA > F-LELXET 52, 3DETHH
ML TwanrRsn:,

75 ART 7T AT 2SR S id BB S T, REME & FMEBIC o L
Tvi 2 (Argandona et al. 1987), A A LX¥p b3 ENT, 22X L P VET D
T, TEEMEESE X L s s DIMBOA (2, 4-dihydroxy-7-methoxy-1, 4-benzoxazin-3-
one) |IEEEERE FMBICHAT B B LN T3 (Long et al. 1987, Corcuera 1990).
75 R EBIIEAETAHAERDPEICE T, T7 7L % NEMIZERHINICHFES
BRI EHNTER, L, BSWE2RTRME L D IMMENIEE» -2 GEAL
1987), Bt R Kmut-239 (gls) % K L HEMICE RN 77 3 v 23HLTEY, L
i, PROTTILLEMESE TN, ZOZELT 77 L BORITATEID WM
LTSI DTN £ A B A WEIR, 27T I oERNIORAEZRL T,
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FALXEBT 77 HOBELZITLI 055, VANRMERE L LT, /2%
BAOEEE L MBMEOWERE L L, E2RITLTwE, A L2X0RFORICETT
FALATKTL T, EIHEDORM & BEENRFEFH L, A F—NTrhuf FTHLET T
SVRT T ILVEECEEOECHL T, BEEAL T L, EHME & REEOME &
BT RN A A LFIZONT, b bRBEMzen 77 1 v HENE %1989, 1990,
19914 3 4ERIC b2 » THFN2, A A LAXRAENIIH20HEEE L, FHHE 6 J LA
FEL /-,

ETNHRRICBCTHHEIZLZEN T 2 v 28F L T, IEHERFIIREZERA LY
LEBICEAL TR, ZOEVE, BB TR BT 20 ERLETH - 72,
LRI BNT, B E TOMBEEBTIC ST I U ERIZECKES L2, 4 ARAEOmd
Licb o 2Bz, 7774 BI3REL, 8t rz, AATEA»L5H 0T 77
LAVEOEERZRSIEL 2, ORI QI GRS B & R MR O BB 7038
WHABRELK, FTILCEROELEBETH7, 7T v BRIEE TR BT, ¥
DEBUE D KR, BAEREL) DWEME TR ERICT > T,

B R IR RIS HRT, T7 7LV HREL, BT I, 771 o
SERHREA T, PRDIT I DA LPRHEI NG 5. FRICES T 5 B E R
IR L D LEw 2 &, R ED K E LEIR & HEE S L.

Fmg— N TSGR T TLY, AALX, EIERE, BEHSRE.
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