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KatoH, Nobuyuki', Kunijiro YosHrama® and Tsukasa IWASHINA :
A Microscopic Observation and a Survey of Anthocyanins on Insect Galls

WOE, EX0HALICXEIEABEOZEINEL S, ThoDIFLALIR, BRROF
A ko CTHEREE DS B AR EA L7288 DT, AW (insect gall) &IFENE, TOHICEE
NZLBOAYZVIE, §HEELRIBLTEOEBAELEL, 8V 3 HeLNEE ¥ 5
37620 H %, ZORD, HEAVWEELS»SEE, 4 v r08E, Bkosw L, TU T -
W EEZ - s AR e BRI Eh T 7=,

MV, VAR, SR, B X UZ L O TSR S (FE 1995, Hll - BHH
1996), 7 LC, PO HR L VZIZFEERET 2 6021 % W (REFS 1984, %11 - BHH 1996) o
R ERIND FAARGAREZIT VT2V Th b, TOEMS XS MICBEY 5028,
GEDOER EALEN RO REREL U TEEL ST AL, WENEEDE L L THEERE
BE2OREICE KX ERT 2L Bbh3, ZORMYSHERIZHNT, LRIV TEHE
FHEMIOE M, BEEEIZOVWTARKAET Y P T VRENMIbRTE 2, ZTh5 DR
i, Harborne ef al. (1975), Harborne and Mabry (1982), Harborne (1988) {2k ->T7 ¥ b ¥ 7=
VIR S h T B, HAOR AT W&, &K - A (1983) 12 &> THK
ThTwa,

OAROEMRIZBITFET Y b TV OSMAEIRZOH KT 5N T35, Iwashina and
Ootani (1987) &, HAEA £ L1207 IRHEMOM L, EXUfELCIZEdEh
27IRVEHETY YT = VORIERIT 572, Yoshitama er al. (1992) &/ 7 ¥ (Ampelopsis
brevipedunculata (Maxim.) Trautv.) OVEROIMREIZEE NS 4FHO TV by T =V L2 TEYH
DT IR — LR ERIEL, 512, WROFE, SFNORGEMZ, 7V Py T=V
LISHE ) —LDAC ST AV T — g v EREOpHOMINZ X > TR 3F 2o 2IZ L7z, &
7= HIEE (1986, 1989, 1994, 1995) &, X—/S—ru~v bt 57 14— (PC) L#EEr v~ 77
74— (TLC) & #%#PfH LT, wW/3Sv Y2 (Hamamelis japonica Sieb. & Zucc. var. obtusata
Matsumura) , A D #E | ¥ < 2L~ (Trochodendron aralioides Sieb. & Zucc.), 7H ¥ 27 J
(Euptelea polyandra Sieb. & Zuce.) 7% 12DV TBRME AT 572, T TITPCRTLCE HW 72 E
Bk -T, "avT=vEFEIZks 7 aH (Caryophyllales) D7 5 ¥ FHe & 9Bz bR
T CEF2001), FEOGZEIZIFLAETRTT V by 7 = VEREADCcyanidin 3-0-glucoside
(chrysanthemin) T& 3 Z & AW & T3 (Hayashi and Abe 1955, Ml 1982) . LA LRI,
Iwashina (1996) &, Btk a~ + 277 4 — (HPLC) ZIGH LT, 2IFt63MDALEE RIS
OWTHE L=, 7 LT, ZOREEESHRERICESWT, cyanidin 3-O-galactoside (idaein) 7°
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L DETEE, 350 EMERY L L Cchrysanthemin & F L TWBHE ) = 2y
(Cotoneaster horizontalis Decne.), 2T A7V (Stephanandra incisa L.t.), 7Y I5F (Stewartia
pseudo-camellia Maxim.) ¥ KO Y Y ¥ (Elliottia paniculata (Sieb. & Zuce.) Benth. & Hook.) @
AT, EET Y Py 722 13idaeinD A TH 5 E WS HRHIRERE L, LrL, ThETo
MRICE b5 d, HROWMARDIEH AT Y by 7= VHIROERIZE 2 AR5EETHD | £
HEORME L\, FHZ, MAWTERINE TV b o 722200 COAHEMIE (1998,
1999) BY ¥ 2 5 (Prunus jamasakura Sieb. ex Koidz.) % 7/ % (Machilus thunbergii Sieb. &
Zuce.) DHMAVTHREL TVBIZTE LW, Harborne 5D 7 ¥ b7 =V 3 RdHEIC X B & |
Santamour (1967) X7 77 & ¥ OWIAHIEIZ X 5 Tspruce tree (™7 L) OISR X 7=tk
Z WHZcyanidin 3-O-glucoside i L Ty 3 48, ZOMOHE LA Xy, Bz nohs
3, FERROERLERIBEL T, BHPHEIAELLENTI80855, ZhiE7 v b
VT = VOO A5 53, AREAMIEA 5 & HIRECEHRE TH B, AWML, Hi 00
TREOEEPR EN D L ABE, FERMBROMBEOMRINZ BRI >HLBbh3, 22
THEE SISO, 2/OF, 1HMOREIHR I NHKEADOE L WIZOWTRIRO B,
MR E B b K CERMERAN &7 > 72, AR TRBEROY~H 2 95X 04 7/ F0Hz W
DOHREREMA THIRESR L 7=,

AN DBIR &R BlER

HAVAEE N2 W, FETTNR K OWERIZ 0T, IS5 A Ta2» 5 6 A i ffs
ENize H~Z I (Viburnum dilatatum Thunb.) (Z11H FAICIRE I N2, £7-F V> FH (Sasa
kurilensis (Rupr.) Makino & Shibata) & 8 H T 5B (FiR SR AL EENT) CHRE X hr-,

AROHRAVOEFUNTEMED , KT v b LTS L @RO R 2 REL 72, X0
T, VST = DI 5 ZONRMTHOAKIEILT b U AKEWE AT T U ORISR AT,
BEREEFOMEO@ROZE W, 2O, BTOMEHZ W, Mla0GEHE IR 5
B, TUTHERGISHRA AL 72, ZOMBIL T HHEE,» S, AT hs @@z
WTTY P72 Thd I LndfibEshi,

BIINFFITV D YIF I TOUDRICECZERK» S RINL 7=, 775 43 0%FE
EXo THEPEEAICE LS BIFHL ORI N5, Mhp Ly, F20E L Tl &0, i
MEz245 (Fig 1-1),

TR BRI, IR K D s AR OZSE S SR B, TV Y TS VIR X A<
Vo WEBDZMIZIRN & < TRBENCESIF % . GRISHES I L 7 OFBEOZMIE, L0k
L T BB DM E hed v, BT, BRICHET 2HMAZE L < Fun (Fig. 2-1) .

VI INMTATY D BB S W72V 24 22 ) (Prunus Xyedoensis Matsumura) 7> 5
TR L 72e 777 AV OFEIC L > TERISHENRRO B2 O AKEER 5, BIIE%EGS
BTH2H, REICERE~AEIZES, LarLl, 5 ATA~6 Ak, #7735 40 »nE
A C 72 BRI 2 B I 32 Lozt U TRk L, 1860 3 4 F3kich 3 (Fig. 1-2).

PWESO M1, KN & F & F Ml AHRANCEET 5. ST, PIIER IR - TS
g5, 72 b7 = 35MIl & IR ISR X e, SMIIEE T RO O kI & Ak
S (Fig. 2-2),

BT IINTTTATY L BYSIOFEIZK ST, FIT 1 FEEEDIEE D FIRIZIE - Tl
Az 2 UCTEISBR E N5, FRIT, REZWES 2 LG TH 2, TSk > TH 2 VWG
D 206 5 &, EERREMIZREE L, 28RBS ZMAEBIIT 5, 2 O8HE, EEAEY
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2400 AD, KEZTRAVIEOREIZZED S (Fig. 1-3). WERCIEMEROHEIR
DHBREN 1D O, HEBLILA->TWS, FHREOBIEL , BN BJESFOTHS,
Fna 4 A~6 AIC%ES, Wihr5IML LR AT 5, RISk 2RAVII LTS < Hilifk
REETHEIZFE > T\ B,

FEREME, BT A NS Mlar b x5, BETO 1, 2 EOZRMIBIZERN/NE 0,
WEO LMK Z L, FHANCEZ TS, 7Y P 7o VIFREERET 1 ~ 6 @EOR
MRz & En 5, FL < EOREADOMIANAERL T 1, 2BIZHM L Tz, ZMlRiZ3IERICZ
LOPEORNEEN TSR (Fig 2-3), IvRIVILA VY L2EREM T 5 LBREE
L7=DT, ZOEEMITARK TS S Z L HHEPD 5Nz,

INLZLNATIATY L TT I AYDOEFEICZK o THBEICHALEDOLIRD B A W2 ZEIK
X3, PRAKEFZWIELLELS (Fig. 1-4). L2 L, 6 A~7H LEIcRAVOMIT 2R
LTHBEABE T 2 &, BgtanI4 7RICES,

S D I I R 20, 72, BIAERL ZHMBOEN ZEERD 5 s, Ao
FHR IR TH %, NEBIE, KE EMWFL L B2 Al ATERROZEMIE» 655, TV
N T o VIEEE B L ORMRICER I NS, B, RREEB XUZUSET 5 1 EOZMNE
ICLBIZERENS (Fig. 2-4). EREROHEDOBRA, GIRISHPRMLR & R — BRI
W HEhah, FRFERICEREOMIEABIET 2HETH S,

FXENTIOUTY L T T I LAVOFEIDL > TERISHFEOHOIRO R A W2 EE, %
RS EIER E NS, S, B S UhTEIINET S, XBICAEEETEE0
Ndb, 5HTFa~6H FaCMA,AZE L CERRABHT 2L, HAVEFRREEIZZEEL T
%% (Fig. 1-5%6 £ U1-6) o

FHANZEFZ L, /N X OHIFEAHANE U B L, —RRiCREE2 2T 5, AHIORZIZAETS
%, HZVEEOREIC, KX X LEARL R RS ARANCEA L, bl X ZRIROEY
Wb B, ZOIMINC RN S, REFO MBS | ~BUEE £ > 283550, WOFEz
Bz, —RcEE T 1 EBEICERCOEOREDHIEAZ Rohd, RAVEORE LY S
PE DTG, RER TR A X WHIlE, 520, RhREE 2T 5, MCROREOMIZS
Rohd (Fig 2-5).

FTFNTILETTY ¢ BAYNTOFEID L > THEO—BHREMEIZIE L 72IEIFEHFE O
HMZWTH DB, EEITTETHY (Fig. 1-78 X V1-8) . 1 HDOGREFIZ L ILOIHREA STV S,
KR EORHIE S T,

ZYRATIATY L 2YEINFOFEICE > THRENRBISEAL 2RIV TH S, &
O S AT, MO/ BHBERNT WS, BEA Y BHEIEFELWREET, BHEE
Fla R B ERETH S (Fig. 1-9). MEBIIARE TH BEOHRERH D, 1EIZ1ILOY)
HAASTWS,

TR ICHANEOZSE N b 5, £E TREOMIBEMaEE T, F2, k&, B2 LTS
PARBHITH 3, FEIZIE, REBOKEOWEMIBAAHANZ 34T 5, 7Y by 7=V IdRK
LEET 2 BROMMI—RRICIR EREh 5 (Fig.2-6).

FUTHEF AL AFHIATY L NI OFEICL - COFICBR S RO R v
T, —BcE wbh3a, TOXMET, MEOLH L 2R Hbh OB EZEL TV
(Fig. 1-10), T & 2 DL (HHE L 7=/ & A5G O BB O 4 Bt U -5 R dFig. 2-746 & U2-8
DWW TH o7z,

HYXIIFrTIv . AINIOFEICLST, WRERPEETO~11.0 mmDEKFZIZALK L 7z H
ZWTH D, ICEEENEERA ARE@IZEZDIZH LT, BRIV ISR~ XA TH S




56 PEE - AR

ITrI7Yv

Fig. 1. Photographs of various red insect galls. 1 = Cyrindric gall of Prunus jamasakura, 2 = Cristate galls of Prunus X
yedoensis. Right, from the top: newly formed galls; gall from which aphids with wings has escaped, 3 = Mortar-shape
gall of Machilus thunbergii, 4 = Sack-shape galls of Ulmus davidiana var. japonica, 5 = Sack-shape galls of Zelkova
serrata, 6 = Sack-shape galls of Z. serrata from which aphids with wings has escaped, 7 = Juvenile branch of Fagus
crenata with parasitized leaves, 8 = Round gall of F. crenata. Right: underside of a leaf: left: upside of a leaf, 9 =
Young twigs with knob-shape galls of Castanea crenata; the upper one: galls in the sun, the lower one: galls in the

shade, 10 = Fish-shape galls of Sasa kurilensis, 11 = shrub of Viburnum dilatatum with galls, and 12 = Red and round
galls of V. dilatatum (arrow).
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Fig. 2. The histological distribution of anthocyanins in red insect galls. 1 = Cylindric gall of Prunus jamasakura, 2 =
Cristate gall of Prunus x yedoensis, 3 = Mortar-shape gall of Machilus thunbergii, 4 = Sack-shape gall of Ulmus
davidiana var. japonica, 5 = Sack-shape gall of Zelkova serrata, 6 = Knob-shape gall of Castanea crenata.

The cells with black dots in the figures illustrate red coloured cells with anthocyanin pigments dissolved in vacuole.

Scale bars represent 0.1 mm. S: starch grain.
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Fig. 2. — (continued) —

7 = Aberrant culm sheath of Sasa kurilensis, 8 = Reduced leaf blad of S. kurilensis, 9 = Normal berry of Viburnum
dilatatum, and 10 = Gall of V. dilatatum.

B, IROREDEDE LIFLIER SN S, EICEMEEOEE,NHL LTS (Fig. 1-115 X
U1-12), BRIV, BHERSZ 25108 T OIS FISE T L, b E@ics
@5, JRFZZOHTHET S,

FAllaokE 13, EHAERO S DIZHANTELL/AE W, £72, BERBFIRAHAITS 3,
REAZIFHAMIED, REDBEZENELRENS, 7V by 7= v3REMaL £k FEED
FMfRICEEN2 2, RICREE ZhICET2ZMBOGHI B, FhICEBICEEEhs
(Fig. 2-9% X U2-10)

BROKHEEE B

MREDHRZNE L 728, MPMICHEFT v r—ah by o A ECwgx g, 7
DM EBTFEL , 0.5% % & 7 — VARG 232 2 RS A T 1 R ATRE IS IRAF L 7=, flif G 2 88
L7, UMK (Toyo No. 50, 40X40 cm) 3 K OEHAVARA] : BAW (n-7 & / — L:BfB: K = 4:1:5,
VIV), RWTAAH-1 (BEEESERR: K = 3:1:8, V/V) % Tmass-PC% 2 [N IR LT >T7 v
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Table 1. Content ratio and Rf values of anthocyanins PG1 and PG2 in the cristate gall of Prunus X yedoensis, and Rf
values of their aglycones and authentic specimens

Rf values of anthocyanins Rf values of aglycones
Pigments Content (X 100) (X 100)
ratio Bu2nH BAW 1%HCl AAH-2 Forestal FAH
Anthocyanins
of gall
PG1 9 23.0 50.5 5.5 24.7 50.3 25.1
PG2 1 31.9 54.2 14.1 43.4 50.1 24.5
Authentic
specimens
Cy3Glc 234 50.8 5.1 24.5
Cy3RhamGlc 32.0 55.1 14.5 43.5
Pelargonidin 77.6 39.5
Peonidin 68.6 36.7
Cyanidin 50.3 25.1
Malvidin 65.6 35.0
Petunidin 46.8 20.9

* Anthocyanin abbreviations : Cy3Gle = cyanidin 3-O-glucoside (chrysanthemin), Cy3RhamGlc = cyanidin 3-O-
rhamnosylglucoside (keracyanin).

#%Solvent abbreviations : Bu2NH = n-BuOH/2n HCI (1:1, v/v, upper layer), BAW = n-BuOH/HOAc/H20 (4:1:5, Vv,
upper layer), AAH-2 = HOAc/conc. HCI/H20 (15:3:82, v/v), Forestal = HOAc/conc.HCI/H20 (30:3:10, v/v), FAH =
HCOOH/conc. HCI/H20 (5:2:3, v/v)

1) The value was calculated at 530 nm with Hitachi Spectrophotometer Model 200-10.

Table 2. Rf values and spot colours with colour reagents of sugars from anthocyanins PG1 and PG2 of cristate gall of
Prunus X yedoensis and those of the authentic sugars

S Rf values (>X100) Spot colours
ugars A* B
Sugar from PG1 43.0 brown
Sugars from PG2 39.6 brown
60.2 brown
Authentic sugars
Glucose 43.2 40.1 brown
Rhamnose 69.3 60.1 brown
Galactose 39.4 34.8 brown
Arabinose 49.6 43.6 red
Xylose 55.8 50.6 red

1) Ascending procedure using the solvent of n-BuOH/pyridine/H.O (6:4:3, V/V) at 29°C with Toyo No. 51 filter paper.
2) With aniline-phthalate reagent.
# differnt chromatograms.

N Ty A - RERLL 7o, VRN ARG X ek, @R OME GREEMIC, i ERM
ORI 0 50T 7215, 0.1%58k % &1080% x & / — )L (FHlHG) &y, TREICE-
TRGES) 5 BELIETREIEM X/, Boh-GRERERREORFL Lz,

#sk (G - bk 1988) 2BV, MR L T — 2L — b (7 ) EHWETLCIZ K - T
FrYAVEE, TV LTS VEE, SAMARSRENOEELT >z, b L Ok L KU
7 4 3 Y ORI FIE R U - U ORHE & R ik U7z, F, @B TV — IS
S0 % HAGE U CROBERD 2 4 v N OB EMAT N, TOME»S T 7Y IV ITHEAT 25
ORIEEHE L7z, KNT, SRB@aRER% 7 V3 =54 PXADERWE T L2u~v b 7T 7T
4=tk T X BRI 7=, Wil G700 ml%3 mIFR I WRERNE L 2218, SED20%ER %
MA . AKBE90°CTI0HEMAS AT - 720 HHBE, 4V - TINTAA—LEMAT, 77
Yoy AREL 72, TR OKB) dEZes s r—ah RikKER(LT b ) v & ETIRERZE L 72,
WEABDRD A &4 7 —LIZEN LT, SAMERAEOR & Uz, BHEGR & UK (Toyo
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Table 3. Anthocyanins identified and their content ratios in insect galls, normal young leaves and a fruit

Pl ial Plant parts, (Form of gall), Anthocyanins identified and
ant mpfenals Color content ratio”
Gramineae
Sasa kurilensis ) bud (fish-shape gall), Cy3Glc(6)+Cy3Rt(4)+PnGly
(Fv~H4) purplish red (+)+PnGly(t)
Fagaceae
Fagus( cren(;ta leaf (round gall) reddish Cy3Gal(10)+PgGly(t)
7+ brown
young leaf”, reddish brown Cy3Gal(10)+PgGly(+)
Castanea crenata bud (knob-shape gall), Cy3Glc(10)+PnGly(+)
(zv) reddish brown +Cy3R(t)+PgGly(t)
Ulmaceae
Zelkova serrata leaf (sack-shape gall), red Cy3Glc(10)
(=) young leaf”, reddish brown Cy3Gle(10)+Cy3,5Glc(+)
+CyGly (2 kinds, +)
Ulmu.s davidiana leaf (sack-shape gall), Cy3Glc(10)
var. japonica crimson
(r=v) young leaf”, reddish brown Cy3Glc(10)
Lauraceae
Machilus tlzunbergii leaf (mortar-shape gall), Cy3Rt(7)+Cy3Glc(3)
4
(5270 %F) dark red . . +PnGly(t)
young leaf”, reddish brown Cy3Rt(7)+Cy3Glc(3)
+PnGly(t)
Rosaceae
Prunus jamasakura leaf (cylindric gall), crimson Cy3Rt(8)+Cy3Glc(2)
(Y=¥2r3) young leaf”, reddish brown Cy3Rt(8)+Cy3Glc(2)
Prunus X yedoensis leaf (crystgte gall), red Cy3Gle(9)+Cy3Rt(1)
(v A43v0) young leaf”, reddish brown Cy3Gle(6)+Cy3Rt(4)
+PnGly(t)
Caprifoliaceae
Viburnum dilatatum fruit (round gall), crimson Cy3XyGle(10)+Cy3Glc(t)
(=X 3) fruit (normal), orange red Cy3XyGle(10)+Cy3Gle(+)

Abbreviations : Pg = pelargonidin, Cy = cyanidin, Pn = peonidin, Glc = glucoside, Rt = rutinoside (thamnosylglucoside),
Gal = galactoside, XyGlc = xylosylglucoside, Gly = glycoside.

DFigures in parentheses give approximate ratio (out of 10). (t) = trace, (+) = presence.

2)Normal young leaf with no parasite.

No. 51B) IZWRE L, BPW (n-74 /=L 1 ¥ YDV 1K = 6:43, VIV) % FIWT—REBEF -
7zo MR, 7=V VKET AL - PREEFHOTHD 2Ky P ERG IS, ZE b ORAE
BRUE L IEMET LT, fEAMAEHIE L2, DLEOEBEREBATHI LT, ki s
FNBT VNV TZVEREL T,

RIS, GG HLIE FRRHC AR Bl & N A C— BRI U725, 260 E 4 H
TR (530 nm) 12351 BRI A WIE L, 2O b GO SE A B L 72,
PLEOFEAERD 1% Table 135 K V2ATRL7=, 20, HEZ 0~ t 29 212459 (365
nm) ZHH LR, PGIEPG2D A K y MIVWTREMIER L AL o7, F7, B5IIAS
fRIZ& > T, PGURHBBEM AL 20T, BT 2 ) 3> (eyanidin) ~BIF L=, LA L,
PG2OIGAE 1 TEIHD M A4 U, % OREEIE chrysanthemin® & O & —Fk L 7=, M EEP 13
EEUEMARAREENTT 7)) 3> (eyanidin) ~NEFT L7z, ZHEDRRN S, 42 I\ b+
N7 S EEN D FHEFEPG i cyanidin 3-0-glucoside (chrysanthemin) | 1 4 3KPG21d cyanidin
3-O-rhamnosylglucoside (keracyanin) & [F]%E L 7=,
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FREOFIET, MOEMORZ VB XUREEZT COAVERSNECEENI TV T
ZVEREL, ZOMKEETable 310K Lz JEITESITBRENE T T NI TRV
SNFFITLOEE, FOEEMRIDED LD LE—ThH-7, LrL, F7INMTHHT
ORI ENT IO TV, EOERBIHEVGLICIERL ThREEREL, EARAL ZRISHKRE
ZBLT B, ZOBE, BAVO@@RMKIIED DL Ry, 2 BERCHEARD A BAHIH X
72o ZHERUBEAMEICENWT ORI B2 L3RG, T4b5, JEOT V by T =2
i3, cyanidin 3,5-di-O-glucoside (cyanin) %PkeracyaninZs £ Dcyanidin® 2 FEECHE (A2 LiX L 13 HL
T, % 7-ldchrysanthemin& 77 L CHRA &5 (Yoshitama ez al. 1972), UL» L, FIEDO@FE TR
¥ T Bl Ceyanidin® HOBEECHER (chrysanthemin & 7z1didaein) A ERFIZE > T B, Bl =48
£ uNE3IY (Acer palmatum Thunb.) A% E IV (Acer amoenum Carr.) 75 & DHFEIIE
keracyanin & chrysanthemin 2 Je 773 % 2%, F[HED 7 ¥ b ¥ 7 = VIEIE & A E chrysanthemin® & THi
XN T3 (shikura ef al. 1972, Ji et al. 1992) $abB, $7IN ATV BEDRANE
MEICH T 2 ERERFIEORMIC LS LHEEIN S,

5 %

Table 3TRENB L2, HAWTERINS 7V b ¥ 7 = Videyanidin RO R A i & — Ak
M ThHotz, LAL, MEARD 2 A T TR LDEVWARONZ, BET Y P YT ZVHAHRA
WEBRIZPE - THEZ AR E N2 D2, ZOEMIZ OV TIERPNICE 2B S THEnD,
A WEREIZ AL 2L, AMEaEdBEEREZ 26, 176  MOREFICHE S XA
OFEMALIZ L EEREBOBTESI SN -ERE L EZ N5, SHRIEESITRRAEORAI WIS
ONWTEBERBELMWET 2 L L 310, HAVWEBEORTRIC BT B ML & GRERRH, XU
GENEETNAHEIZONT E HIZFRIICEE L T E 7,

Summary

Insect galls and the anthocyanins distributed in the gall cells were observed with microscope.
Anthocyanins were generally distributed in upper epidermal cells and/or 2-3 layers of parenchyma cells
under epidermal cells. The distribution profiles are different in each gall cell and also different from those
of sprout, young leaves and fall colored leaves with no parasite of the same plants.

In addition, anthocyanins produced in insect galls were isolated and identified chromatographically.
Seven anthocyanins with three types of aglycones, cyanidin, peonidin and pelargonidin were detected.
Cyanidin 3-O-glucoside (chrysanthemin) was the most popular anthocyanin followed by cyanidin 3-O-
rhamnosylglucoside (keracyanin) and cyanidin 3-O-xylosylglucoside (or cyanidin 3-O-galactoside, idaein)
in order. Anthocyanin constituents of insect galls appeared at early stage of leaves were the same as those
of young leaves with no parasite in Fagus crenata and Prunus jamasakura (Table 3). In contrast,
anthocyanin constituents of the insect galls, which grow with leaf growth and are colored red at the mature
stage of laeves, were different from those of young leaves with no parasite in Zelkova serrata and Prunus x

yedoensis; their anthocyanin constituents in galls were the same as those of fall colored leaves.
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