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ARiam I LV O 5 & vz,

DNJ 1-deoxynojirimycin

K3MG kaempferol 3-(6-malonylglucoside)
K3RG kaempferol 3-(6-rhamnosylglucoside)
MT malonyltransferase

Q3AG quercetin 3-(6-acetylglucoside)

Q3MG quercetin 3-(6-malonylglucoside)
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70U (Z) TEFEIPLARE TR AL TWD 7 U (Moraceae) 7 U Jg@g D
BAMEOILESR THD. 7 UBIE, 191744, PMRICIVHETVOIFEOR S &
IO REAE 12, R, ELELEROBR, IR, EOREMEORIREZ MK L
24 Ff 1 AFEICHE SN TWD (R, 1989). 7 VIIHEBEOEEHEW L L THL

LHIEIN TS, ARTEICHEE SN TV D MEIXY~ 7 U (I bombysis
Koidz.), 1o %¥~279 (M alba L.), a7 T (M. multicaulis Perr.) D 3 FE T,
T ClIIvr~27U, BEMTET Y~ 27U, B#ITIER 7 UIZET AT
%N, £z, MR TIEY~ 27U Ul acidosa Griff.) WS TW5. 7

TIZEDOEEFRETNIEERE D0, B OKE: CIEEFEH < £ TK
FUVRLBRETO2HEREROENNEON G LD, 7 VIXHERE, MEL
HACHER T, FdFATNCATFER 2 3 & 7 40E, BRF LBITEENE Tl
PLEICETS.

JUEBRICBNTORBAMOBEE TEROEEE L TEHEHEREDICIE

ST oA, LS E b PTIR K I Tz, BREEIX, 27U o0
AEF AL 50 4 ha Z# %, M L& b FIFHEBEN L 0o 72 DIXEF 5 £ 70
Jiha Thole., ZD#%, H _RMAKREFIZ 20 5 ha 2 FHEDH E THIB L, I3
50 FEHFE TRITWICHER L&, ReicBdb L Tnoe (B 1) . Zhix
BNt I DLBE, (LMD RIC X D AR EELBRORIR, I LITIXEERD
Bl L, BEEHICRESBELTWD EBbRS. Eak 13 FEITIXZ UOHE;
i AE 1% 5000 ha 2 FEI Y, ZOHBMETFHE ST HEID & 72> TV D (BUFHEFO
WA D e-Stat, 2011). BEOEIEE & HICEREITHMR SN, HDWVITKE
SNEEEEREEL R, 2OTITFEEEHE L THIKE Z T 7 VML,
RETIZIFEALERNT D Z EN R oz,
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Fig. 1. Changes in total mulberry cultivation area in Japan

Data was searched from e-Stat (Japanese government statistics)

LWL —FT, ZUEEREOEE E LT TR, Hoo B0y
ELTHHAINTETWD. FIZEGFTIX, ZUVOKERSBROKR, %, EilL
HOHDLE NI, BENEALLIMGT CTRBEDCTEDICI U DELBE
ELTHRDREEN DT S d. SRARNROEY, KEICKLD TBARERT)
OHIZIX 16 oW %, TxboTHET D] &, BRICESEELZAT HIE
MELTrUDHRE, ZUVDRREEFRTENTWDS., ZOHRT, [Fil, =5
ZIRMTHIXEE 2R A 28KW (BERIF) ICHRBTORBBND) &, 7D
DIEDOFERFEEDNRIZONWTORBRHDH. 2D X512, BIFIBRLRIHG
MTRVWEERNS 7 TIZEICREWE LTERAFBAE TV,

A, EEMERFICOVWTEZLDOADRELERT LIOICRY, BHA S D6
PERZ Ay N EH SNTWD . BT, EROAFEEEZRET 2@ (KHHA
HitgHE) NdHV, BHO 3 KB EIFENRLTWD. 2L, B 59 FED 61
T FEM S TR - SCHE FrETE TR B RE O RFERIMFAT & B DR
ELTHESINTELDOTHY, HFICERT T, TAEICIH T THERRMER M)
O EREENT-EEIND. EHICHTHEENL, BEREMEZIZILOD ET 55k
EEEZ AT 2RO 250N TALB X OEKRKEDICONT, HEiEMDER
NERBEINT BREMHERTRBELHIE) . 2o X5, BMERIC X 25K T



DEYMANERE L TITPRA TS, ZUEHEEFTHWLA TN Z &
2 h, ENATEBOICHFENED DI, ZOKEERSICET 2R
FUAFEREICHEZTETND.

7 UREOEREMEIC O W T, mIMEEMEIEM (Andallu & 2001 ; Evans &,
1985 ; Kimura &, 2007), &I EH##I{EH (Naowaboot &, 2009), #@hRAE 1k 41 il
YEF (Enkhmaa &, 2005) 7 /LY /N A < — F[5%0 5% (Kaengkhan &, 2009 ; Niidome
5, 2007), Hile{k (Choi &, 2013a;Katsube &, 2006), HifEE (Park 5, 2013),
LA JE (Chauhan &, 2015 ; Chen &, 2013), HUEHE (Tsuduki &, 2013) 72 & [H
NATEZOWMERDH Y, TNOLHRLK D ORE, A =X LB MHEH IO
> & % (Butt &, 2008 ; Nakagawa &, 2013 ; #i A5, 1996)

7 0 OEEMERSOF TR LT

WD O EEIMBEMEIER 2RI 1-7 4% OH
)PV~ (DN]) (5 2 M) T, 7 H
NI h—=ADT I b ERTER S HO N
L. BEEET Ve A RTHD DNJ 3% HO

DA DR OBBEME S LTHERL, OH
DRI 1356 E RS2\ 7 TR

245y Td Y (Konno, 2011), a-Z /L= Fig. 2. 1-deoxynojirimycine

VHE—EBHFIZLY, BE TCORERINE

P9 % (Evans &, 1985). ZiiE, #lko MEZE#EAT] Tohin b T
727 UDERKIFE~DH R EFFAHNFEH L 726D TH S .
Fl7 U, BAROBRES L CGEFEREZED TV HIHMBILIERA AT 5.
70U BITHBRAIEE RS L, TOFERN 7 nn s ok (FB3IM) L7 TR
J=THDHI L, 7R — N EMES, BRG], e o B
RIS LTWD 2 ERHE I TV D (Enkhmaa 5, 2005 ; Katsube 5,
2006 ; Katsube &, 2009 ; Naowaratwattana &, 2010). 7 J AR/ —/LiER U 7
/)= NVDOEDTITIRIARNIET. 779K /4 ML, XU BUER2MAEK
F3METHA L7z C6-C3-C6 ‘B & Fr 2B T, 16D AT OARENEY DL
M7 8L LTHIEL, AT L2BHESCERFEIIME L L TogkE %
BEELTWD., 79874 Rk, Aoy, 790, 7Ry, 772
)=, F—war, A VTITRY, BITFy, aAf a7 NV T =V AN
HY, ZITR)—=NET TN )= T v by T =2 EE R TARK



ENG. ERBHRO CBRAMMNZ b T2 L SMNOBMBRRBRTHNIZT T
R =N, C RV TERRAEEHERBECEEMZA L TVWRIEXT VT =087
% . Katsube & (2006) 12L&V, J UEICEHERE END T TR ) —VEIEKRD 72 )T,
ZTOEBERR SN T NVEF L 3-(6-~a=,L7/Lav ) QMG (F 4X) THsHZ
&, E72, QMG X DNJ & B D8, SDF VT~ A N L AN LD
MmBEFEEH AT 5 Katsube B, 2010) Z ERHLMNITERLTWS. Zhb
D EMB, QWMCITZ UDER T XEEREMER SO -2 LEALND. F,
Rk D7 X Uimb 7 VEICESHFIEL, 7 U OHBILER O ZEks & L
THNESITLATND.
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Fig. 3. Chlorogenic acid

Fig. 4. Quercetin 3-(6-malonylglucoside)(Q3MG)



7 D EOKREMEICBET 2N T & & b, TFEREICY TIESHEREMER N
ELTIES<HBLND X9 olz. BRZIZIULODEMFEEOFAIXEEZICEZ, 7
VT — v, REEELWOCFHRELE LTEFLLODOH L. £z, =F
ARRNT X —DJREL LT, BARM, ErHRE—REMREICbEAEIND XD
725> TE. ZNOOFEEHIFEICTIMAICE > TWAHD, RaICENEESLIKR YD DD
bo. BIRETIE, +HFEMPOVWHLRIZUOKRIEICER L, ERZR%
FIH LB OEERBELZRB LEEEND D, TR LFHIRICE T 28
HoRlt, RERME, @ESLEE~OELEDIREELLTO L, 6 REXLOK
Dl E bl TS, 20T, 40 ZAHHB IS ORBEEZITHI LT
fipE i & OEJMLICHE I L TV 5. LvL, TEOBREFEEORICTE 220,
EEMICERENL IV VB ~EDLIEEENEZ2OoHDH. TNHEERD
HHE JAS ZREMIICE Y ANTWD ZEMnD, SBBERMITIRILL T &
TRRIN, A IASICRD2EEMOZEN N LIRS .

— 0, BIEHHICBO IR VEOREEENLEEND . FrICHEREMERK
SOEHEIIEMIEEOMEE L TEHETHY, RMOREERD 7 VEDHE
MR GEZH{LT 2203, BEEELE LTERLELGGOIREZED D
IAT, IHLIEHMOMIMEEZ 5T 2FELELTADTHLD. THETHE
WEOLBEYIL, BERZICFHELIZFEEELZ, Z7V0MBERR, #HE
KB EORBRMIEDEAIITODATWE. LL, HRELFLELTHHSA
TWiedidwnz, B LTor7 ViIZxd 2R ITERy. REFBIZE
WTIHIEHFERER 7 VG "Ry 77X =" FI73Y =" REOHENNL
OPHBEINTIEVDI OO, ZHE TR, FFICHEERICFRELZMmEERE
FiZEAEITTOA TR o, BIEAARTHE SN TWD 7 UIiX, E&EOM
R, gL b, "— /78 BLY, ‘LAVLO®E BHLTHDH (BUTFHE
oA ED e-Stat, 2011). L2 L, ZTALORMEIETWT L EROFE &
LTCORME BIEICREKERINZMETHY, LT LHHIEERSSER/RMIIC
WU RMEL R wnw. —F, JURESGE CTOERBED T OICHIBE I N
AW TS, 7 UEOINHERHNITIEY - BERICLY, LT HIEKC
FoTRELERDZEENDN, WEMICHL CXEEHE, BAVWTLORK
BEFIBECHLRERBENEIRZVWEEZLOND. LML, —BEOICEDTICEEN
5% OEAIEMTE, BREFIEREICEVEAERENELTHIZEBNMOLNTE
v, BERMAOMRME - BWIFEHFEBLTLLEMELTOZ TICEL TS LIFR



S, FEE D7 VIED BN EITIE, b OBEENER Y & X ENICE
RHET DRI U, BEFEOBRTANLETSHD. 2T, RIFETIEL,
WA AT A7 VEOREAE L BN, EPEEERY> THE T IR
J = (FFIZ Q3MG) , DNJ, Z7mua X rBoEmag&SRMFicsH LT, fEB LY
HEEEGOBM@mN S 7 Fu—F 2Rk AT,

FB1ETHE, BHEROEBOMALET LD, JIEFTZ7IHR ) —LEBILY
DNJ DM ZEREZHALNICTHE LB, REBMBICK D QM6 mFRLEE
FROFTREMEZ MRET L7, S8, JIEDT IR/ —NLELTRDEETH D
QMG &2 % —5 >y M EREEZITV, QNG mEHF 7 VOB 2R 7T, &H
2ETIX, JUVEBICEEND 7 IR —), Zun X, DNJIZEHL, £h
DR DOEABIIEBEZRIFIT EEZAODNIREREER CH DL HREMF L=
FEMIE IOV THRA Lz, 8§ 3 3= CIIEETER Y & % < 155 72 0 o I K 1
ERONCT DO, ZUERT IR —/, DN], 7 on o iBoEHEl
A L.



B1E IVIRICEFhIMERBRSEEORABHEELSLURERR

BAEABATHEEINTWS 7 UL, BEOHH, £AL LI, “—/
W B LY, ‘LAVHOE BRHLERS TWVD (BN DR E R D e-Stat,
2011) . L22L, ZAb MBIV b EEDOE IR Lo RetE % BEEIC
BEERSNZRETHY, LT LU HHERMERSFEMICHE Lot a R
V. HEREMER M E LTERLEGAOMREZ®D D DI, E 72O
BaEMNGT2ET, FRETHLZ VEOKEERSEREBEZMST I EBAERT
Hn., 2T, AETEEGAMFEO R LHEEKRYEZEEHET D ML RE
THHIL, IHICHABERIZE D MR EZHEIC, 7 U OER SRS
THH7T7R ) —AVBIODN OMEMELZFHE L. £/, 7 UVEDOETER
TIR )= NVEEIRTH D F L 3-(6-vr =Ly R) (Q3MG) DiEfmkE
AL, FoNMRAEZ S LICQNCEEmEAT HMEOBIICED HAT.

BLIE V7FEICEFhIBEERSSEORERME

W, ‘LAVWHLORNE, &, EHMDLT, BERLAIEESATY
L7 0METHDL. THOIEIARBEOME L L THBEINZMETHY, BAE
Okt & U TN &M, FRIEEME, SEEBICERLTWD R, BHZUES L
TOBMENRENLTWND EIEINETL R, R, iR EMNE LEREHY
TEOHEEL L TEELINDIOR I IVETOERFETHD. T T, BER
B Tnwd ‘W X0 s UOBREMRMS S E L THER &S QMG -7 A
FU IV A TV ONDEREDOS VAR T DL L b1, B OB
EREORBHNMAEZGLEBMT, ZUEFRT IR —)LE X O DN O & FEH
FEEWMAA i, HAEMEAEEEICDRE D0, LRSI RE S
HOEBEZZTRLTVWEEZLNDZ LD, ERMEICOVTHRHAE L.

MHEBELUAHE
fEME
A AR AL, ESZAFSERE A NR K - B E RSN R ST (K
WROSIEH KD L) TREAVERY — AN 7 OBBERE L THRE IR
fFanTnWatkEe e, 7Y 713200748 H 1 H, 2008628 H5H,



2009 4= 8 A 11 HIZATV, 34AEM TR 176 MEZ MR L7, 20 H b 34ERIC
PO L MEEHWTHERKMELZHE L. VY7V 73T L
BOITok., 2 HKZzH, TRENOREKEFZOREE2EHED > bk b
FVEND T 3KOESEZRR Lz, M EOREICHTZ> T, BAT
FlZHEEIN T\ T Y~ T (W albal.), Y~ (M bombysisKoidz. ),
27U (M multicaulisPerr.) D 3FEZ H.0IZ, BIEAITEWD O, FEHRIE
BER-ObLO, BIFEEICEL TV O EOREEEBE L. R L-HE
PISLFEEIZIIR DO EBY THD. B T574 =79 (M nigriformisKoidz.) : 2 fhfE&E,
~)WNT U (M. notabilisC.K.Schn.) : 8 ibfll, ¥~/ U 42 Wf, v AT U
(M. rotundilobaKoidz.) : 3 dhfE, >~ 27 U (M acidosaGriff.) : 1 fufl, ~F
¥ a v V(M kagayamae Koidz.) : 4 swHh, 727U (M. tiliaefolia Makino.) :
L&afl, 77 U B 7T (M mesozygiaStapf.) : 1 fufl, © X 27U (W microphylla
Buckl.) : 1 fffE, =27 U :58 &fE, W7 ¥v~r7VU .48 W, B b U
(M. atropurpurea Roxb.) : 3 ShFfE, AR : 1 S FE.

A iE

AEHEIL 60°C T 36~48 IFfH], W2/t (SANYO CONVECTION OVEN) ~Cif J&l #z 8 L,
I /b — (IWATANI MILLSER 700G) THpf:L7z. Byt L7- 27 V% 100 mg =
L, 10ml ® 60%~ % / — L (Fneffidk) 200z, 30°C T 3 MefH#ik & 9 L7=. 10000
g THAoMELYEML, EEREZ 0.45um D A7 L7 ¢ L Z — (ADVANTEC)
TEE LY E L.

SWAE

7 IR —)VDOEEIL Waters fHd HPLC, Alliance Separations Module
2695, i H 2% Photodiode Array Detector 2996 Z HHWTLL FD LBV IT- 7.
717 I wakosil-I1 5C18 RS (250 X 4.6 mm) (FIEHiER) , BEHE 0. 1%F /e (F
NITAT A7) eETe 20%7 2 = b UL (Faeslidk), FE 1 ml/min, & 7 AR
FE40°C, MR 370 nm, OFMFTERE L. EHEL LT ROBMIE), (>
gy Uy, TARNIZAY Y (7F2v) AL, K3RG, Q3MG, K3MG, Q3AG
TENZENZ UVENLERLL (Katsube &, 2006) AW 7-. DNJ IZ Kim & (2003)
DFEEHNTITo 7. HPLC ORI TFTO R0 THD. BT A :wakosil-11
5C18 RS (250 X 4.6 mm) (FOEHIAR) , BEYE : 0. 1%FB &2 & e 45%7 & F =



FU L, BEE 100% A % /7 — )L, ¥ 1 ml/min, 7 AIEJE 40°C, Wi E 254
nm, WX E 322 nm OFTEEL. EESLDNJ(ZFa ) iEEALL.

HEtnE
F— 2 OFREE IO Y 7 =7 JMP (ver.9.0) SAS Institute
Japan Z HH W\ TAiT > 7. T —# L Turkey DL E LR EIC LV T L 7-.

RERBLUEE

IR/ —LEEDEREE

5 1-1-1 K12 2007 4F, 2008 4F, 2009 4EIC BT 5 59 D 7 TR ) — L& &
R Lz, HEDOBI MO T TR ) — B EAEOVHEIL, 2007 4£8 1203
mg/100 g dry weight (DW), 2008 475 855 mg/100 g DW, 2009 ££7% 871 mg/100
gDW & 721, 2007 4 L 2008 4F, 2009 EDOMICAHZEZENRD LN, 2007 4%
2008 2, 2009 FlIZHA~TEHENE S, KAHE, R/AMEDOENRES kol £
IR L, GAEOERWEIZIZZDOZE /NS RY, GHEBNFEREDOMEIC
BWTIE I O WEENFR O b7z, 8 1-1-2 K2 59 fhfEZ N ZE N DOFER T
D QMG FEEZIELEERERT. BRI & O QMG & & O BREIE 2007
£ L 2008 4E2Y 0.91, 2008 & 2009 4E7N 0. 84, 2007 4 & 2009 4E7% 0.87 TH Y,
SHEMOEMBEMREIL0.88 Leofc. MBI LOMMMAREAREDLDIE, W
THNOFEIZEWTH 2o T MEMICB T 2HEIR OO, 2k, &7
TR —VERE, VFUREMDT TR = VEFERICE W T EEEOE &
mLTe. REOMFED 7 TR ) — Ok, HIE 0O 3EMONFEEZ2H 1-1-1 %
AR LE. 7R —LVOMEB LS EERB CEbLL T mEICKFE L.
EM O &, WEREDFEREETLUIZLIEREEM 2 EOREREIZX D 5
TERZEIND. FAKIC, BEERSERIZOWVTHRIBEREERICEE L Z T
L2ENHMENTWD. FIZIZT Y by T UOEBEBNEREEICL Y BT D
ZERT RURKE, MraFxaovhlTHEIATHNDS. 7IR ) — LT
YhyT =y, TurT o T2V RIS T TIR A4 RREERB LA
END., LEER-T, 798/ —Lb 7y b7 =2 L AFEOHIEE 5T 5
AREMENEW. T Y ZET10 BRI O < X0 B BEER X 2007 4273 5.3
R, 2008 4E 7% 4.4 BRE, 2009 4E78 1.8 BRI TH Y, 7T 4h ) — L& EN Kb
BV 2007 4R 0 H BB 2% 2008 45, 2009 I _RE o2 2 h, ZJUED
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Fig. 1-1-1.  Year-to-year variations of flavonol content per dry weight of leaves.

Horizontal short bars and numbers in the figure indicate the means of 59 cultivars for

each year. Data were analyzed by one-way ANOVA followed by Tukey’s test. There was

a significant difference between a and b (P < 0.05).
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Fig. 1-1-2. Correlation of quercetin 3-(6-malonylglucoside) (Q3MG) content in each cultivar
between year (A) 2007 and 2008, (B) 2008 and 2009, and (C) 2007 and 2009.
A circle indicates each mulberry cultivar. The multiple correlation coefficient was 0.88.
Each year-to-year correlations were 0.91 (2007 v.s. 2008), 0.84 (2008 v.s. 2009), and
0.87 (2007 v.s. 2009).
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Table 1-1-1. Relative proportions of flavonol glycosides in four representative mulberry

cultivars®

Rutin Isoquercitrin ~ K3RG Q3MG  Astragalin  Q3AG K3MG

Cultivar (%) (%) (%) (%) (%) (%) (%)
Ichinose 13.6+0.7 3.9+0.1 3.0£0.2 53.5+1.4 2.9£0.2 0 23+1.5
Itouwase 32.443.3 11+£3.5 11.5£3.2 29.1+7.0 3.2+0.5 0 12.7£2.8
Popberry 45.7+1.4 25.5+0.8 23.5+1.1 0 5.4+0.5 0 0
Keguwa 24.4+2.2 31£1.3 0.6£0.3 24.8+0.6 1.3£0.1 15.7+£1.3  2.1+0.1

“ Allmulberry cultivars are classified into four groups: Ichinose-type (largest Q3MG
proportions; 155/176 cultivars), Itouwase-type (small Q3MG proportions; 6/176
cultivars) Popberry-type (no Q3MG; 14/176 cultivars), and Kegwa-type (uniquely

contains Q3AG; 1/176 cultivars). Data represent the mean = SE over three years.
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25K/ —)LOREME

FAEFIIREICELD I~3F LB, 77K —LVEAEIFERMENR
b2 s, BR2FRICHERLEZGEO 7 7K ) —VEFE&OLKRIZIT
MIEDRMLETHL. MEIEOEARE, MBI UOZOEETFEEICL DHHE
WA LD, MHIEICIE 34 - THGER L 72 59 Snfl o 14 2 JH v 7.
I EAR T 59 S FE O EEE 2007 4E 1203 mg/100 g DW, 2008 4F 855 mg/100 g DW,
2009 4 871 mg/100 g DW 22 HH H L, FALE 4 2008 4 D fEE LRI 1L 1. 41 %,
2009 4E DO HEFR AR IC1X 1.38 2/ U T 2007 4EFE Dl & L CTHE/R L7z, EEAEM
R L7 OW TR ER O E 2 vz,

B 1-1-3 XMz, i 176 D S BT IR — i E EAL 10 SR, FAL 10
i, BIUOBARLELRE IR TWD "~V 07 IR /) —LVEREY
KLz, 798 =R ERRbEN-STZOF MHR 15" @ 1819mg/100 g
DW T, b e 157 @ 393 mg/100 ¢ DW ST 5B DENH - 7=,
Fio, R L 176 MO S B 73 MR, BEOERLETCHDL — W &
DEWEZ R L., QBMGEERICEWTE /MER 15 IZBAEO FELFETH
% = W @607 mg/100 g DW IZ%F LT 1082 mg/100 g DW & 2 f5F & 2 -
. JUOEZEGEND 7 TR — /ORISR 29T (GF 1-1-3 1), 176
rmfEH, K 9FOMEIZEF T TR ) —VERERE L TALT Y, £ YL b
Uy, TAMZHU 2, K3RG, Q3MG, K3MG Oy %2 &H L, &AL Q3MG 73
BRb@ENole. 7 VICITRRENIS, o s U SBHEICHE LRV QAC B ER S
NTWiz, —F, 798 — Lo QM EHFRE2HRD L, i 176 WD 5 5
Q3MG ZFF7=72vy 14 WAL “HLEHOKRF , "BEEBFE)I 2RI ITO
fh FE D Q3G A 1L 30%~62%DEAFHICIB S F D, 60%% LR &3 2 G E L S
Fizm Uiz (5 1-1-4 1K) . 14 FFE T Q3MG 2 &< F 727, T 5 O MIE KNG
LEA Lol Q3MG, K3MG 2R W CROEAEDOE VT TR ) —
T 8 MAENLTF L, 6 NS Y I AT R THY, TOEARIIZENE
AL 45~61%,39~55%Td o 7o Rl L7 fll, ffE s K OV Q3M6 o F A 5 1-1-2
KIWCR LT, GBMG 2R -2V 12O > b MICEHEEN, 8 N T~ 7
DB LTz. Y 6 mEIEyy AU R 3 T 2 B, NTFTUa v T
i3k 4 1 ST, EREEEICK T2 HBENE o2, R
MWEZwa 7, BIY~ 7 UEENNEN 2 B, S HBRMED o 7.
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Fig. 1-1-4. Frequency distribution of the percent of quercetin 3-(6-malonylglucoside)

(Q3MGQG) content per total flavonol content.
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Table 1-1-2. Cultivars without quercetin 3-(6-malonylglucoside) (Q3MG) identified in

mulberry species.

Species Number of Number of
cultivars Q3MG-free cultivars
Morus nigriformis Koidz. 2 0
Morus notabilis C.K.Schn. 8 0
Morus bombysis Koidz. 42 8
Morus rotundiloba Koidz. 3 2
Morus acidosa Griff. 1 0
Morus kagayamae Koidz. 4 1
Morus tiliaefolia Makino. 1 0
Morus mesozygia Stapf. 1 0
Morus microphylla Buckl. 1 0
Morus multicaulis Perr. 58 2
Morus alba L. 49 1
Morus atropurpurea Roxb. 3 0
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Fig. 1-1-5. Correlation between the total flavonol and quercetin 3-(6-malonylglucoside)
(Q3MGQG) content for each cultivar.
The regression line includes all points except for those cultivars that were Q3MG-free.

Each cultivar is represented by one black circle.
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Fig. 1-1-6. Proposed metabolic pathway of flavonol glycosides in mulberry in our study.
Abbreviations: MT = malonyltransferase, K3RG= kaempferol 3-(6-rhamnosylglucoside),
Q3MG= quercetin 3-(6-malonylglucoside), Q3AG= quercetin 3-(6-acetylglucoside) and
K3MG= kaempferol 3-(6-malonylglucoside)
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Fig. 1-1-7. Q3MG and DNJ content in mulberry leaves on mulberry cultivar.
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Supplemental data Table:

Flavonol and DNJ content of mulberry cultivar.

Cultivar of mulberry Species Year investigated Flavonol content (mg/100 gDW) DNJ content
Rutin Isoquercitrin _ K3RG Q3MG Astragalin Q3AG K3MG  Totalcontent (mg/100g DW)
Kobuchizawa 1 M.alba L. 2007-2009 224 170 34 975 28 0 385 1,819 182
Kokusou 21(tetraploid) M.multicaulis Perr. 2007-2009 325 131 36 920 35 0 269 1,717 135
Hayoshi no ookuwa M.bombysis Koidz. 2008 400 721 219 0 376 0 0" 1,716 236
Pakistan 1-2 M.notabilis C.K.Schn. 2008-2009 291 71 71 825 45 0 345 1,647 69
Toumarutouge 2 M.bombysis Koidz. 2008-2009 97 179 18 673 114 0 490 1,602 125
Hazzaz M.nigriformis Koidz. 2008-2009 410 66 72 741 37 0 225 1,574 95
Kokusou 20 M.multicaulis Perr. 2007-2009 265 75 28 908 29 0 242 1,556 191
Itouwase M.bombysis Koidz. 2007-2009 485 171 161 478 49 0 186 1,549 89
Beikoku 13 Mmicrophylla Buckl 2007-2009 372 70 50 749 27 0 260 1,547 194
Kanadasansou-A M.multicaulis Perr. 2007-2009 284 73 31 816 29 0 275 1,527 201
Kokusou 21 (mixoploid 244%)  M.multicaulis Perr. 2007-2009 251 110 52 763 46 0 285 1,525 145
Kokusou 21(mixoploid_422°)  M.multicaulis Perr. 2007-2009 291 91 48 816 41 0 224 1,521 164
Shiwasuguwa M.acidosa Griff. 2007 358 88 96 631 37 0 290 1,501 129
Tanakaoushuu M.bombysis Koidz. 2007-2009 111 102 15 804 36 0 370 1,461 145
Philippine M.multicaulis Perr. 2009 234 108 60 666 42 0 321 1,450 165
Jikunashi M.alba L. 2007-2009 224 114 38 680 37 0 325 1,438 134
Seijuurou M.multicaulis Perr. 2007-2009 189 67 14 825 32 0 291 1,434 180
Amoi 1 M.atropurpurea Roxb. 2007-2009 277 103 66 670 21 0 272 1,429 207
Turkey 3 M.notabilis C.K.Schn. 2009 302 84 59 670 33 0 255 1,415 99
Ichinose(akagi) M.alba L. 2007-2009 239 85 58 708 35 0 262 1,404 255
Ochii M.multicaulis Perr. 2007 226 55 76 625 36 0 383 1,400 198
Kinuyutaka(mixoploid_422”) M.alba L. 2007-2009 177 89 26 751 31 0 294 1,384 162
Shina kanton 2 M.multicaulis Perr. 2009 192 58 38 725 34 0 302 1,370 146
Lalaberry M.alba L. 2007-2009 238 69 29 739 38 0 234 1,357 140
Ayanobori M.alba L. 2007-2009 185 66 42 727 39 0 273 1,350 269
Kinuyutaka(tetaploid) M.alba L. 2007-2009 195 70 14 762 27 0 266 1,349 147
Akagi M.bombysis Koidz. 2007-2009 179 116 47 604 45 0 337 1,348 121
Okushiritou aonaegawa 1 M.bombysis Koidz. 2008 62 111 0 492 93 0 529 1,344 118
Hayatesakari M.alba L. 2007-2009 255 66 38 672 29 0 261 1,338 231
kosou 197 M.multicaulis Perr. 2008-2009 241 59 46 687 36 0 241 1,333 106
Shina kanton 1 M.multicaulis Perr. 2009 217 69 49 681 31 0 270 1,332 167
Kokusou 21(original, diploid) M.multicaulis Perr. 2007-2009 231 69 49 670 36 0 248 1,319 141
Natsunobori M.alba L. 2007-2009 184 76 11 746 29 0 249 1,310 146
Toumarutouge 1 M.bombysis Koidz 2008-2009 76 124 29 513 30 0 438 1,299 108
Iraq 3 M.notabilis C.K.Schn. 2009 347 71 40 686 25 0 125 1,292 212
Yonbaiseisou M.bombysis Koidz. 2007-2009 66 108 6 755 32 0 305 1,286 244
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. . . . Flavonol content (mg/100 gDW) DNJ content
Cultivar of muiberry Species Yearinvestigated ——p i T querciin K3RG Q3MG__ Astragalin  Q3AG ___K3MG__ Totalcontent _ (mg/100g DW)

Morechiana M.alba L. 2009 269 47 60 611 28 0 247 1,277 166
Kairyou akita M.bombysis Koidz. 2007 304 111 73 537 32 0 219 1,277 118
Kokusou 27 M.alba L. 2007-2009 194 85 22 699 15 0 246 1,274 183
Tagowase M.alba L. 2007-2009 51 76 4 768 30 0 326 1,272 187
Higashimokoto fukutomi M.bombysis Koidz. 2008-2009 121 104 42 534 64 0 367 1,266 119
Naganuma M.multicaulis Perr. 2007 465 177 92 380 27 0 126 1,266 163
Rousanjyu M.bombysis Koidz. 2008 230 657 137 0 347 0 0 1,265 162
Popberry M.multicaulis Perr. 2007-2009 570 352 284 0 67 0 0 1,265 134
Higashimokoto akeo M.bombysis Koidz. 2008-2009 74 111 12 600 70 0 365 1,259 129
Hon 02-20 M.alba L. 2009 241 97 85 495 36 0 284 1,255 115

Enbu M.mesozygia Stapf. 2008-2009 222 129 18 658 34 0 187 1,255 178
Ka 97-05 M.alba L. 2007-2009 366 83 87 482 29 0 190 1,251 201
Akansasu unknown 2009 121 125 25 617 48 0 295 1,247 131
Ka 00-12 M.multicaulis Perr. 2007-2009 460 72 118 403 15 0 155 1,240 147
Kinuyutaka(original, diploid) M.alba L. 2007-2009 177 61 24 682 37 0 246 1,239 161
Yukishirazu M.bombysis Koidz. 2007-2009 166 104 25 649 29 0 255 1,238 229
Shimanouchi M.bombysis Koidz. 2007-2009 248 90 63 535 32 0 254 1,237 185
Philippine 1 M.alba L. 2009 193 49 41 656 30 0 252 1,237 140
English Black M.alba L. 2008-2009 246 90 45 591 35 0 206 1,223 208
Keguwa M.tiliaefolia Makino 2007-2009 299 411 7 309 16 180 24 1,221 138
Atsubamidori M.multicaulis Perr. 2007 412 92 76 462 26 0 142 1,209 180
Obata M.bombysis Koidz. 2007-2009 588 235 320 0 58 0 0 1,208 172
Negoya takasuke M.bombysis Koidz. 2007-2009 134 172 22 560 44 0 261 1,202 123
Soshuu 6 M.multicaulis Perr. 2009 202 55 41 643 30 0 216 1,199 179
Keikansou M.multicaulis Perr. 2007-2009 156 48 13 745 36 0 193 1,199 145
Juumonyji M.alba L. 2007 138 41 37 624 36 0 320 1,196 189
Minamisakari M.alba L. 2007 384 71 99 449 0 0 190 1,193 152
Iraq M.notabilis C.K.Schn. 2009 284 80 39 617 28 0 136 1,183 181
Tadjikskaja unknown 2009 197 53 28 696 26 0 173 1,179 128
Murasakiwase M.bombysis Koidz. 2007 173 51 48 579 34 0 292 1,178 207
Kinuyutaka(mixoploid_244") M.alba L. 2007-2009 165 71 24 645 26 0 232 1,175 161
Wasemidori M.multicaulis Perr. 2007-2009 139 56 8 711 34 0 214 1,169 225
Kiryou ichinose M.alba L. 2007 210 39 52 607 0 0 262 1,169 125
Yasuoka no ookuwa M.alba L. 2008 163 81 0 639 40 0 225 1,166 221
Sanish 33 M.alba L. 2008-2009 147 78 41 578 38 0 256 1,159 144
Kanton IT kou M.atropurpurea Roxb. 2007-2009 195 82 58 502 35 0 264 1,155 121
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. . . . Flavonol content (mg/100 gDW) DNJ content

Cultivar of muiberry Species Yearinvestigated ——p o wercirin KRG Q3MG__ Astragaln _ Q3AG ___K3MG__ Totalcontent  (mg/100g DW)
Sekizaisou M.alba L. 2008-2009 252 46 0 673 29 0 145 1,154 122
Ichinose M.alba L. 2007-2009 153 50 33 623 34 0 241 1,148 165
Tosawase M.atropurpurea Roxb. 2007 257 55 61 506 28 0 240 1,145 176
Kanrasou M.multicaulis Perr. 2007 271 73 69 497 0 0 233 1,143 243
Ruinashi M.bombysis Koidz. 2007 315 90 91 402 29 0 210 1,138 177
Aobanezumi M.alba L. 2007 171 56 40 598 0 0 272 1,137 109
Shuukaku ichi M.alba L. 2007 181 41 35 612 29 0 236 1,134 148
Shinjiro M.alba L. 2007 132 55 40 616 0 0 288 1,131 174
Philippine 2 M.alba L. 2009 252 44 88 467 22 0 239 1,130 110
Mitsuminami M.multicaulis Perr. 2007-2009 305 60 80 435 25 0 207 1,119 130
Unryuu M.multicaulis Perr. 2007-2009 220 66 71 439 33 0 264 1,114 98
Shin ichinose M.alba L. 2007-2009 152 52 20 616 24 0 232 1,111 158
Turkey 1 M.notabilis C.K.Schn. 2009 270 75 42 567 25 0 131 1,109 149
Zerbe beyadz M.alba L. 2009 267 74 0 647 27 0 99 1,108 92
Chousen zairaishu M.alba L. 2007 275 86 63 464 28 0 190 1,106 196
Debabi M. nigriformis Koidz 2008-2009 238 57 55 544 28 0 168 1,106 108
Shirome keisou ¢ M.multicaulis Perr. 2007 297 55 57 501 27 0 167 1,105 147
Chousa M.multicaulis Perr. 2007 176 46 36 614 30 0 201 1,103 149
Kantonmishou M.multicaulis Perr. 2009 321 71 62 452 24 0 160 1,095 131
Surk-tut M.alba L. 2009 155 39 0 626 24 0 236 1,094 82
Tokiyutaka M.alba L. 2007 190 46 32 615 30 0 181 1,094 194
Burii M.multicaulis Perr. 2009 88 41 23 617 28 0 268 1,085 179
Hon 02-00 M.alba L. 2009 175 39 48 558 36 0 210 1,083 143
Senshin M.multicaulis Perr. 2007-2009 250 46 30 560 23 0 162 1,080 171
Shounaiwase M.bombysis Koidz 2007-2009 252 428 183 0 237 0 0 1,069 80
France 1 M.multicaulis Perr. 2009 85 77 21 545 34 0 287 1,066 163
Ooshimasou M.multicaulis Perr. 2007 146 35 26 633 0 0 224 1,064 107
Algeria-atsuba M.multicaulis Perr. 2009 168 53 22 605 27 0 179 1,063 117
Suigen-ooha M.alba L. 2007 226 53 36 579 0 0 159 1,053 170
Kozaemon (fukushima) M.bombysis Koidz. 2007-2009 131 57 9 613 13 0 208 1,044 191
Ichibei M.bombysis Koidz. 2007-2009 254 135 85 346 33 0 177 1,042 194
Turkey 4 M.notabilis C.K.Schn. 2009 285 50 29 579 20 0 78 1,038 142
Shirome rosou M.multicaulis Perr. 2007-2009 177 36 28 560 25 0 201 1,037 89
Tousou 2 M.multicaulis Perr. 2007 217 45 35 569 0 0 166 1,032 133
Zimostojkij M.multicaulis Perr. 2009 164 53 31 576 27 0 163 1,022 118
Garyuu M.multicaulis Perr. 2007 191 39 45 516 27 0 197 1,015 22
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. . . . Flavonol content (mg/100 gDW) DNJ content
Cultivar of muberry Species Year nvestigated T oquercitin_ K3RG___Q3MG___ Astragalin __ Q3AG ___K3MG__ Totlcontent_ (mg/100g DW)
Futsukokuruu M.multicaulis Perr. 2009 154 50 0 590 27 0 170 999 194
Rohachi M.multicaulis Perr. 2007 215 45 49 461 25 0 195 990 141
Sanish 34 M.alba L. 2008-2009 163 55 16 548 18 0 172 987 190
Akamerosou M.multicaulis Perr. 2007 220 38 49 480 24 0 175 986 138
shinsou 2 M.bombysis Koidz 2007 188 98 90 305 40 0 266 986 96
Soshuu 1 M.multicaulis Perr. 2007-2009 196 38 36 520 22 0 162 985 147
shinsou 1 M.bombysis Koidz. 2007 82 113 24 459 42 0 263 984 160
France 2 M.multicaulis Perr. 2009 228 78 76 399 20 0 174 982 186
Koushuu 1 M.multicaulis Perr. 2007 251 43 72 430 0 0 181 977 105
Tsuruta (fukushima) M.alba L. 2008-2009 143 59 31 503 31 0 192 977 201
Asayuki M.bombysis Koidz. 2007 117 75 39 434 37 0 275 976 141
Hon 01-03 M.alba L. 2009 612 150 209 0 18 0 0 976 155
Turkey 2 M.notabilis C.K.Schn. 2008-2009 246 57 32 492 25 0 114 972 160
Myurienoaaru M.multicaulis Perr. 2009 199 35 44 499 20 0 160 966 207
Chousen karaguwa M.multicaulis Perr. 2009 274 42 50 441 21 0 130 965 120
Kiryou nezumi gaeshi M.alba L. 2007 118 34 37 473 26 0 275 964 118
Kairyou rosou M.multicaulis Perr. 2007 265 47 66 425 0 0 160 963 127
Hon 03-13 M.multicaulis Perr. 2009 207 44 50 446 22 0 182 962 160
Kenmochi M.bombysis Koidz. 2007-2009 155 51 53 429 28 0 224 957 67
Fukusima ooha M.alba L. 2007 202 98 36 448 27 0 143 953 160
Hakuryuu M.multicaulis Perr. 2008-2009 189 52 26 483 22 0 164 949 106
Roshiya M.alba L. 2009 162 34 48 434 22 0 228 947 199
Pionerskij M.alba L. 2009 223 43 52 449 16 0 154 945 133
Tsuruta M.alba L. 2007-2009 130 38 19 550 12 0 183 942 142
Rokokuyasou M.multicaulis Perr. 2007 127 39 24 549 27 0 176 941 124
Sanish 35 M.alba L. 2008-2009 246 40 40 469 22 0 116 941 97
Benikawa rosou M.multicaulis Perr. 2007 193 41 34 518 0 0 150 935 120
Ka 96-07 M.rotundiloba Koidz. 2009 558 163 189 0 20 0 0 915 167
Aeagean beyadz M.alba L. 2009 180 35 0 504 19 0 168 913 112
Kanmasari M.bombysis Koidz. 2007-2009 182 101 62 320 44 0 192 911 169
Shirome keisou o M.multicaulis Perr. 2007 184 33 24 534 0 0 129 904 116
Italy-ronberuji M.multicaulis Perr. 2009 176 31 49 402 23 0 204 903 118
Miran 5 M.multicaulis Perr. 2007 158 39 26 552 0 0 129 903 91
Yanagida M.bombysis Koidz. 2007 120 44 22 525 0 0 191 900 131
Hon 03-00 M.multicaulis Perr. 2009 228 53 102 267 22 0 205 895 212
Uzbekistan M.alba L. 2008-2009 106 42 9 529 18 0 173 891 118
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Flavonol content (mg/100 gDW)

DNJ content

Cultivar of muberry Species Yearinvestigated T erciinK3RG_Q3MG__ Astragalin_ Q3AG __K3MG__ Totalcontent _ (mg/100g DW)
Chijimiguwa M.bombysis Koidz. 2007 65 42 33 490 26 0 225 882 150
kosou 199 M.multicaulis Perr. 2008-2009 155 31 35 455 25 0 158 875 130
France 3 M.multicaulis Perr. 2009 268 41 71 312 17 0 150 869 136
Aizujyujima M.bombysis Koidz. 2007-2009 107 73 36 338 38 0 252 860 158
Sekaiichi M.multicaulis Perr. 2007 202 39 47 419 0 0 151 859 160
India-kagayamae unknown 2008-2009 132 38 12 476 26 0 161 858 237
Iraq 4 M.notabilis C.K.Schn. 2009 128 33 24 462 20 0 177 856 143
Kibajuumonyji M.alba L. 2007-2009 96 28 17 461 26 0 208 846 208
Siam M.rotundiloba Koidz. 2009 414 317 109 0 39 0 0 845 227
Ka 96-08 M.rotundiloba Koidz. 2009 240 34 58 331 17 0 151 843 184
Shinkenmochi M.bombysis Koidz 2007 160 53 38 406 22 0 161 840 79
Aokirosou M.multicaulis Perr. 2007 181 23 37 449 0 0 149 838 83
Hon 03-11 M.multicaulis Perr. 2009 509 126 193 0 16 0 0 834 177
Tachibanasou M.bombysis Koidz. 2007 117 45 24 457 23 0 168 834 126
Mikurasima 30 M.kagayamae Koidz. 2008 65 117 13 396 58 0 180 833 156
Hachjjouguwa M.kagayamae Koidz. 2008 20 107 0 378 60 0 250 830 235
Koshiorihime M.bombysis Koidz. 2007 172 27 20 506 0 0 104 829 160
Yukishinogi M.bombysis Koidz. 2007 95 41 24 451 22 0 176 809 157
Shukutsu no ookuwa M.bombysis Koidz. 2008 241 267 88 38 135 0 21 762 157
Tsurugisansou M.multicaulis Perr. 2007-2009 187 52 53 294 18 0 129 742 209
Fusoumaru M.multicaulis Perr. 2007-2009 104 31 17 395 17 0 158 732 131
Chousen sensensou M.bombysis Koidz. 2009 89 30 30 374 17 0 177 729 186
Okusiritou aonacgawa 4 M.bombysis Koidz 2008 210 202 152 28 108 0 30 723 151
Uzubesukaya M.alba L. 2009 205 34 34 338 14 0 88 716 88
Fuyousou M.bombysis Koidz. 2007-2009 127 22 14 409 17 0 111 707 117
Goroujiwase M.bombysis Koidz 2007-2009 326 152 159 0 34 0 0 672 132
Okusiritou inaho 2 M.bombysis Koidz. 2008 182 264 96 0 167 0 0 670 160
Fukayuki M.bombysis Koidz. 2007-2009 185 317 100 0 84 0 0 665 146
Hatijyousima M.kagayamae Koidz. 2008 130 365 60 0 164 0 0 664 136
Sousukewase M.bombysis Koidz. 2007-2009 302 153 122 0 23 0 0 601 156
Hasune no ookuwa M.bombysis Koidz. 2008 62 23 0 350 21 0 103 566 128
Mikurasima 15 M.kagayamae Koidz. 2008 36 45 0 196 24 0 92 398 161

Abbreviations: M.= Morus , K3RG = kaempferol 3-(6-rhamnosylglucoside), Q3MG = quercetin 3-(6-malonylglucoside), Q3AG = quercetin 3-(6-acetylglucoside), K3IMG = kaempferol 3-(6-malonylglucoside), DNJ =

1-deoxynojirimycin

a

: superficial layer diploid cell population, deep layer tetraploid cell population periclinal chimera by treatment with colchicine

b superficial layer tetraploid cell population, deep layer diploid cell population periclinal chimera by treatment with colchicine
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Grafting (January)

Pregerminated seed
(May)

Fruiting (April)

Fig. 1-2-1. Method of crossing to used grafting of mulberry.
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Table 1-2-1. Mode of inheritance of quercetin 3-(6-malonylglucoside) (Q3MG).
Cross combination
= e Number of  Number of
. Genotype . Genotype seed bred 3IMG-fiee
Cultivar o fQ3t1il/[pG Cultivar o fQ3t1i’/IpG Q

Yonbaiseisou MM Kokusou 21 Mm 282 2 (1%)
Seijuro MM Kokusou 21 Mm 54 0
Jikunashi MM Kokusou 21 Mm 74 0
Kokusou 20 Mm Kokusou?21 (4x) MMmm 225 25 (11%)
Kanadasansou-A MM Kokusou?21 (4x) MMmm 155 0
Kokusou 20 Mm Tanakaoushuu MM 132 0
Kanadasansou-A MM Tanakaoushuu MM 132 0
Jikunashi MM Shounaiwase mm 62 0
Itouwase Mm Shounaiwase mm 53 30 (57%)
Sousukewase mm Aizujushima Mm 55 34 (62%)
Sousukewase mm Nekoyatakasuke Mm 44 20 (45%)
Popberry mm Nekoyatakasuke Mm 56 23 (41%)
Sousukewase mm Shounarwase mm 58 58 (100%)
Popberry mm Shounaiwase mm 10 10 (100%)

Shaded region: Q3MG-free cultivars.

Abbreviation: 4x = tetraploid

Genotype was assumed based on the presence or absence of malonyltransferase as dominant

(M) or recessive (m), based on the resulting ratio of Q3MG-free offspring.
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Fig.1-2-2. The frequency distribution of quercetin 3-(6-malonylglucoside) (Q3MG)
content in the offspring obtained by crossing ‘Kanadasansou-A’ (Q3MG content:

607 mg/100 g DW) and ‘Tanakaoushuu’ (Q3MG content: 599 mg/100 g DW).
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Fig. 1-2-3. Correlation of Q3MG content measured in 2009 and 2008 using the
offspring obtained by crossing ‘Yonbaiseisou’ and ‘Kokusou 21’
Black circles indicate seedlings obtained by crossing ‘Yonbaiseisou’
and‘Kokusou 21°, which were sampled (n = 72) on September 4 in 2008 and
September 18 in 2009.
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Fig. 1-3-1. Crossbreeding history of ‘Souraku’.
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Table 1-3-1. Morphological characteristics
Winter bud Branch
) Form of shoot- Plant: number Number of Number of
Cult .. i i
et cut training Shape Size Color Number of of branches Uniformity of lateral dwarf Length
accessory buds length
branches branches
. . reddish . .
Souraku semi-erect triangular large brown medium many mediumto even few many long
Ichinose semi-erect triangular medium brown medium meri:;m to medium few medium medium
Y.
Kokusou 21 open spindle shaped meil;;rg to brown few many mediumto even few few long
Branch Leafblade
Culti i Leaf: phyllotaxis Leaf: attitud
ultiver Diameter Color Zlgzag form ]._/ength of af: phyllotaxis af: attitude Nu'mber of DePth of Size Shape of
ofinternode  internode sinuses sinus apex
Souraku medium graysh brown absent long two fifth semi drooping none to four shallow medium obtuse
Ichinose medium to thin light gray absent medium two fifth horizontal four medium medium acute
Kokusou 21  mediumto thick light gray absent long two fifth horizontal none to two large acute
Leafblade Flower
Cultiver Serration of Colorof  Glossiness of . Petiole: length ) Nu.mk‘>er of Length of Plant:ploidy
. Shape of base . . Thickness Sex expression pistillate
margin upperside  upperside style
clusters
weak to . . . . . L
Souraku crenate retuse dark green medium medium mediumto long pistillate medium medium triploid
iu
. medium . . . .. . . L
Ichinose repand cordate medium medium medium pistillate medium medium diploid
green
medium . . . L
Kokusou 21 crenate cordate areen strong medium mediumto long  predominantly very few short diploid
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Fig. 1-3-2. Form of shoot-cut training of ‘Souraku’.
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Fig. 1-3-3.  Winter bud shape of ‘Souraku’.
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‘Souraku’ ‘Ichinose’

Fig. 1-3-4. Leaf blade of ‘Souraku’ and ‘Ichinose’.
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Fig. 1-3-5. Flower and fruting of ‘Souraku’.

A: flower, B: fruting
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Fig. 1-3-6. Chromosome of ‘Souraku’.
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Table 1-3-2. Bionomic characteristics

Time of
. ) . Regeneratio ceasingin Rooting activit .
Cultiver Tree: vigor ~ Branch: sprounting g y . 8 “VIY Cold hardiness
n shoot n cutting
elongation
Souraku medium late medium early low medium
. . . . . . k
Ichinose medium late medium medium medium to high weat to
medium
. . kt
Kokusou 21 medium medium wea‘ © late low wealf to
medium medium
. Lodging Resistance to Resistance Resistan(%e jto Plant: plucking Leaf Time of
Cultiver . Pseudomonas to dwarf  Phyllactinia harvest for oo
resistance . . . . stiffening
syringae pv. mori disease moricola leaves
Souraku weak to medium  weak to medium medium medium easy medium
Ichinose weak weak medium medium easy medium
Kokusou 21 strong strong medium medium easy medium
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Fig. 1-3-7. Sprouting of axillary buds after the ceasing in shoot elongation.
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Table 1-3-3. Tree growth and leaf yield at harvesting

. Internode  Longest shoot number of  number of dwarf Shooty Leaf/stem
Leaflength Leafwidth ight’ ild*
Cultiver atleng aw length length branches branches weight” Stem weight Leafyeild ratio
(cm) (cm) (cm) (cm) (/stock) (/stock) (kg/stock) (kg/stock) (kg/stock) (%)
Souraku 20.3 17.9 44 192.1 7.2 13.0 1091 339 788 70
Itinose 20.8 17.5 4.0 163.9 5.4 6.2 944 256 709 74
. Internode  Longest shoot number of  number of dwarf Shooty Leaf/stem
Leaflength Leafwidth ight’ ild*
Cultiver atleng aw length length branches branches weight” Stem weight Leafyeild ratio
(cm) (cm) (cm) (cm) (/stock) (/stock) (kg/stock) (kg/stock) (kg/stock) (%)
Souraku 153 13.7 6.3 196.2 74 8.1 988 390 670 63
Kokusou 21 23.7 21.7 6.7 169.4 3.8 8.0 766 283 583 67
Yonbaiseisou 19.5 19.0 6.7 133.4 3.6 53 361 120 250 68

“ Shoot length was measured after defoliation. The length from the base of the shoot to the remaining leaf was measured.

¥ Shoot includes the stem and leaves.

* Leaf yield was defined as leaf weight, which was calculated by subtracting the stem weight without leaves from the total shoot weight with leaves.

Upper column: Data were expressed as means measured at Onuki, Sakurae-cho, Gotsu City in July and October 2011, and July and September 2012.

Lower column: Data were expressed as means measured at Ichiyama, Sakurae-cho, Gotsu City in September 2009.
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Fig. 1-3-8. Frequency distribution of quercetin 3-(6-malonylglucoside) (Q3MG) content in

the offspring obtained by crossing ‘Yonbaiseisou’ and ‘Kokusou 21°.
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Fig. 1-3-9. Q3MG content in mulberry leaves comparing with ‘Kokusou 21°* as a
reference standard.
“ The Q3MG content was averaged after converting the data, by setting Q3MG
content of ‘Kokusou 21’ as a standard value (100%). Locations and years of
sampling leaves of each mulberry cultivar were as follows: ‘Souraku’,
‘Kokusou 21°, and ‘Yonbaiseisou’ at the Experiment Field of Shimane
Agricultural Technology Center in 2008-2009; ‘Souraku’, ‘Kokusou 21°, and
‘Yonbaiseisou’ at the Ichiyama, Sakurae-cho, Gotsu in 2009-2010; ‘Souraku’,
‘Kokusou 21°, ‘Yonbaiseisou’; ‘Ichinose’ at the Onuki, Sakurae-cho, Gotsu in
2010-2012. The same lowercase letters indicate no significant difference

assessing by Tukey’s test (P < 0.05).
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#Rutin = Isoquercitrin  ®WQ3MG - Astragalin < K3MG

S0%0
Tk,

0% 20% 40% 60% 80% 100%

Souraku

Ichinose

Yonbaiseisou 4\'\‘

Kokusou 21

Fig. 1-3-10. Composition of flavonol glycosides in mulberry leaves of 4 cultivars.
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greenhouse

1

Shading rate of

the greenhouse

Light intensity 13%
365nm 26%

Control | 4/20- \

Group G 4/20-
Group A 4/20-6/23 6/24-7/6 |
Group B | 4/20-6/23 6/24-7/15

Fig. 2-1-1. Cultivation methods of the four mulberry groups.
Black bars indicate greenhouse cultivation, and white bars indicate outdoor cultivation.
The mulberry trees were cultivated outdoors from the time of pruning (March 20) to bud
break (April 20) in 2009. Control: cultivated outdoors; Group G: cultivated in a
greenhouse; Group A: cultivated in a greenhouse and then transferred outdoors on June

23; and Group B: cultivated outdoors and then transferred to a greenhouse on June 23.
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A N B
upper leaves (T and1-4)
h” T : Top segment
middle leaves(5-9)
5 : the youngest open leaf

—_—
—_

hd- e 0

i
49 &s.

lower leaves
(15,17, 19, 21, 23)

Z

Fig. 2-1-2. Sampling portions of mulberry trees.

-

\_/

Group B Control
From outdoor  Before transferred
to a greenhouse to a greenhouse

Non-opened leaves with blade lengths less than 5 cm were defined as segment T, and
completely opened leaves were serially numbered towards the bottom of the stem. A:
Average flavonol and 1-deoxynojirimycin contents were compared among the three areas
of the plant. Upper leaves: segment T and leaf positions 1-4; middle leaves: leaf positions
5-9; and lower leaves: leaf positions 15, 17, 19, 21, and 23. B: Group B mulberry pots
were harvested 22 days after transfer from the outdoors to the greenhouse (July 15).
Control mulberry pots were harvested on June 23. The youngest opened leaf (with a leaf
blade length > 5 cm) when pots were transferred from the outdoors to the greenhouse on
June 23 was numbered ‘1°, and the other leaves were numbered serially towards the
bottom of the stem. Negative numbers indicate the leaves that opened after transferring

the pots to the greenhouse.
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Fig. 2-1-3. Effect of solar radiation on flavonol and 1-deoxynojirimycin contents in mulberry
leaves.
A: Flavonol contents, B: 1-deoxynojirimycin contents. The leaves were harvested on July
6, 2009. Average flavonol and 1-deoxynojirimycin contents were used to compare the
three areas of the tree. Upper leaves: segment T and leaf positions 1-4; middle leaves:
leaf positions 5-9; and lower leaves: leaf positions 15, 17, 19, 21, and 23. Data are
expressed as means + SE (n = 3). Different letters among the three groups at the same leaf
positions indicates a statistical difference at p < 0.05 as assessed by Tukey’s test. Control:
cultivated outdoors; Group G: cultivated in a greenhouse; and Group A: cultivated in a

greenhouse and then transferred to the outdoors on June 23.
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Fig. 2-1-4. Effect of solar radiation on flavonol contents in mulberry leaves after transferring
outdoors.
The leaves at each leaf position of mulberry were harvested on 0, 1, 3, 5,7, 9, 11, and 13
days after being transferred to the outdoors. Numbers in the figure indicate the leaf
positions on the day of transfer. Negative numbers were used for new leaves that opened
after being transferred to the outdoors. Data are expressed as means (n = 3).Group A:

cultivated in a greenhouse and then transferred to the outdoors on June 23.
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Fig. 2-1-5. Effect of poor solar radiation on flavonol and DNJ contents of mulberry leaves.
A: Flavonol contents, B: 1-deoxynojirimycin contents. Group B mulberry pots were
harvested 22 days after transfer from the outdoors to the greenhouse (July 15). Control
mulberry pots were harvested on June 23. The youngest opened leaf (with a leaf blade
length > 5 cm) when pots were transferred from outdoors to the greenhouse on June 23
was numbered ‘1°, and the other leaves were numbered serially towards the bottom of the
stem. Negative numbers indicate the leaves that opened after transferring the pots to the
greenhouse. Data are expressed as means = SE (n = 3). Control: cultivated outdoors;

Group B: cultivated outdoors and then transferred to a greenhouse on June 23.
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Fig. 2-1-6. Correlation between the amounts of functional components and total hours of solar
radiation.
A: Flavonol contents, B: 1-deoxynojirimycin contents. Data were collected every 10 days
from May 28 to July 28 in 2009 (black circle), and from May 24 to July 27 in 2010 (white
circle). Hours of solar radiation were measured using the Automated Meteorological Data
Acquisition System located in Kawamoto-cho, Ochi-gun, Shimane, Japan. The total hours
of solar radiation were calculated for 14 days before leaf sampling. Data are expressed as

means = SE (n = 20).
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Table 2-1-1. Relative proportion of flavonol glycosides.

Total hours

Date of Flavonol contents Relative proportions of flavonol glycosides(%)
of sunshine”
measurement
(b (mg/100gDW) Rutin  Isoquercitrin  Q3MG  Astragaln K3MG
5/28 64 1,421 18 6 58 3 16
6/08 40 1,348 17 5 58 3 16
6/18 73 1,678 14 6 58 3 18
6/30 92 1,713 15 6 58 3 18
7/14 44 1,034 15 4 58 3 20
7/28 20 986 15 4 60 3 18

“The total hours of solar radiation were calculated for 14 days before leaf sampling. Hours of
solar radiation were measured using the Automated Meteorological Data Acquisition System
located in Kawamoto-cho, Ochi-gun, Shimane, Japan. Data were collected every 10 days from

May 28 to July 28 in 2009, and from May 24 to July 27 in 2010.
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F2H EFREEENIVIRICEFNIMEMESEEICREZIZE

ERMIEEIL I VONBEICEHELZELE X252 000 (FE, 1984), RN
7 TR =R DN] 7 EOBEREIER D BICE X DB ERANLZLITEETH
% . ZFERN & BEREME K 2y O BRI OV T, Mudau & (2000) 137 v 2o T ¢ —
DAY 7= /)= VERITIERMHICEVBEIMNT S L LTWDH, Stewart b
QOO ITHEM MR D 7 TR 7 — VLV EBITERRZICLVELI 2D L L, KD
(2009) T HEMIEEZ O T ZEICL VRO T I UV EEFRNHMT L& L
TWb. INbDZ EnD, Z7UDT7 TR — A DN bERMILIC L FE
ERAGDHENHERERIND.

TITIE, BRMIEEN U OBEEREEERSY THDL I en S Ui, 7T
N —b, DNJ B LETEELZPALNICTHEOIC, TTHMFAEICLY R
R REE R OFE R O Ry LSRR B R OB EFHAE L. S5 IZ,
Ay FRBB XOBGRRICL Y EREIEERZNENLOHREER S S ®IZE
X DOWEBERFI L.

HHEBLUHZE

fEME

BMRAE - MO EG IR T 2 B A A X 2007 I BRI 3 Hulk 4 4 P,
A - BAR D E T RGLET R E, B MG « BRRICHETTRTETER, C [#Y;
AR IR B RS EFHT, D Y BARRER T ARREIIZIH W TIT - 72, BLET T A
B (KE), BEY (BE) & BICEAFEE L LT, £72 CEHE (/) XEE5 K
Di=HOFEEEELE LT, D WY ORW)ITAREED D OFZEMA E & L THK
BaEnTwik., SEGONSHMEEBS I OLEHEEFIU ToEED THDH. A (K
B X NI # T, R KES L ORIES /NS EREOREWE Lo |k
B2 2 < G0 HERHB L TV D, B B (FEE) X A BE (KE) &R
ILONOFNEMOWE L Th D0, B Z & LEOHER T 2. C W (B5)
FEZA L L2 oERM T, hE2Z<F0MME L, D L RR)ITATE
W OFEL AT, BRHICEOHWE L ThHo72. FHiFINTWD 7 U
FnFns ‘— W Thol. HFEGOMIESREAZSE 2-2-1 RIT L. +
BT D B OR%K) 1200746 H 7 H, AR (KHE), BEY (EAE), C#HE
(EFF) : 20074 6 H 14 HICHT» 7. 1REBICHE 1A, T2 D 30 cm H
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ROBREANS HEAZ R IRE BRI L7z, ES OBRTUI D ES ORKR) -
2007 £ 9 A 13 H, BEY (BBE), CEY% (&) : 20074 9 A 14 HITIT>72. A
M5 (KRE) B XD B ORI 134 20 #:, B ES (BEE) B L OC B (BFE) X
B L0 D, —BRIZOZXZNENEBTNFHE e L EEZZROY, 8ok bR
/3 I2HT-DMED 2 FEARI UKD ATzt L.

Table 2-2-1. Fertilization conditions of the four common cultured fields.

Applied fertilizer (kg/a)

Timing of
Fertilization N P,0Os K,O Type of fertilizer Compost”
Field A December-March - - - - 200
Field B December-March - - - - 200
March 1.00 0.40 0.40 Chemical fertilizer
Field C June 0.60 0.24 0.24  Chemical fertilizer -
Total 1.00 0.40 0.40
Slow release
Field D April 1.05 0.49 0.56 -
fertilizer

“Swine manure was used as compost (containing N: 1.29%; P,0s: 1.64%; K,0: 1.3%).

Ry FRBER : Ao FRBRIE, 2010 FFICERBEERNE Y ¥ — (BREHETN
FEMIZBWTEB L. 4H6HIZZ UMHE “— 7 28F4E%%, 3+
N HE (D) DR LEEZHANTEE 2L O 78I L, Brig 1~2 K &7
DXL, BEBIEOMHEX T 5 BEEEL, 1865700 8hkaftik L
o, MBI FO LB THD. ThEN bl EBHRMKH,TI:1g, 11:
2.5 g, II1:5 ¢, IV:10 g, V:15 ¢ D&%, 4 14 H, 6 H9H, 7H 2
Bo3mMA Lz, £/, 4 A 14 BICw LEREER, MBIV 2Z2hZTh 18kd
720 P,0;:0.32 g, K,0:1.1 g&7222X2ICMML7. 201047 H 26 BIZE
NENDOHH 2RO TERRHED S LR OAEVEND TL3MOEL ZHIL
IR LT=.

B35 BBk - [ 5 BRI R IR R I v — 12w TS L7z, 2010 4F
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4 A 8HIC “— /W ©1FAEEZEM 150 cm BRMH 50 cm TEM L 72, —i%
723 1 FEMKEER Lz, EFMIEOLIIL, MLEERKDTEL
TO: ThEA, 1:6 kg/10 a, II: 15 kg/10 a, III: 30 kg/10 a(BEH#E) D 4 X
ZERE L, 2011 4, 2012 AR IS ALBR X 2 O CFEME L 7= . BieiE, 2011 4F13 4
HS5H, TH15HIZ, 2012 /X4 A 9H, TH 2l RiZHaL7. MExkk<
FEAE XS R EBEME, MRS Y &2 PO, BL KO0 E LT, FNEh 15 kg/10 a,
18 kg/10 a # 2011 B LV 2012 FFD 3 HICHA L7z, AFRAES Lo H
W OREBUL 20117 H 11 H, 10 A 4H, 2028 7H9H, 9H 19 HIZ,
W EFHAIZ 2011 4E 7 H 12 H, 10 H6 H, 201247 H 10 H, 9 A 19 HiZcZth
FN1IXI0KKZEHNTITo 2. AFREFERORERSGZH V. HIiEHEIX
BRSO FEER N B Yo & | E Lz, ZE T SPAD 502 chlorophyll meter THIE L
oo IWEFAEZ, 1 KT LITEEEOHERIZL VT, EFNEIT, KFH
ZMER, KR LIEKEOELZZEMVKEZAEL, KEENOEELZSIVD
THM L., AF#HA, NEFEIT1X 10KT D, Gt 20 kOB ETRL
o, BHORBUI1IHRICOEFM 2RO ERRERAED > bR I WVEND TL
S AEENENEBEL B Ao fit L7z,

TSI

THEOAFEESHIZIE 2 mm OS5V LA M2 L7, plH, B
L OVEC IXREA L A A k=125 THIE L. &mFEF, BEHRILCN
= — % ( SUMIGRAPH NC-900 sumika chemical Analysis Service LTD Osaka,
Japan) THIE L7, CEC iZk®I3IZnva—L L H—iET, AiE)
X b A —ZETRIE L. KHMSEEA 40, B U o AERIEEE,
VU LES T RUT MIRFROLETHRIE L.

HBUTLVREB S UERES S W
YTV, BIE, B 1IEICECELTIETIT - .
B I ER, ERTTNVL — VG KERKARIET, TOMOKRS
IR | MBERRICHEMRL, Vg T R 77 omik, U v LAIER
JEEE, WV T ABRLO Ry MIEFROGIETRIE L.

HEEER S DS
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7R = VB LODNIOERIZFL2EFIHICHE L - HIETITo 7.

suawa oo EEIVaterstE B OHPLC, Alliance Separatios Module 2695,
B #3Photodiode Array Detector 2996, 4yt Y FHF3010(H L), 7 A
wakosil-IT 5C18 RS (250 x 4.6 mm) (FIYEHi3E) Z H W TiTo72. 7 mu b
FRIXH 7 JIREACC, BENVEIZ0. 1% X (T 74T A7) &2ET20%7 & h=h
Uz, FED ml/min, BRHEE 280 nmO K CTER L. E¥ERZ o
27 BRI AR BN LT

A E
1R, BH1EICHECTIETIT 2.

RERBLUEER
B R &

KGO LA F A E 2-2-2 BRI /R L. pHIZ D S (B O TR
<, CHEP ORK) DB IC R E o7, T-CHB LU T-NIT AR (K
H), CHY CRkk) cEm<, BEY (EE), DB (B XK=, C/N v
THOELD 11~17T O TH o722, ABY (KE) St L v &< 14~
17 D%~ L7=. CEC, ZZHMEREA A 13 ABEE (KE), C B (CKkK) 2 B H
8 OER), DB (BmM) IS NEmio7-. F2hRe Y U ERIT A B (KE) N &b
K<, C MY R N bEnoTz. ABY (KE)E C B ORK)ICE~, B
M5 (EE) & DB (BrE) N T-C, T-N & Ik <, 52 BHEYG (EE), DM
% (B IL CEC, KM A AL bIEW I ENLBRERNELE > TNDH EEZLN
7o, EHIILONIOW)IE Th 5 AFY (KE) & B (BE) OIEIKLoiE
WX, ABEY (KRE) PNEHBEICHAKLEEZ S HIENHEE T 20125 L, BH
5 (BEE)IZREFIC I 0 @AR 2w LIciENT 2 EEBbns.
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Table 2-2-2. Chemical properties in each soil layer of the four common cultured fields.
. Total Total C/N* Cation exchanger (mg/100 g) Avallable.
Soil* Depth pH ECY ) ) CEC" phosphoric
| (em) (H,0) (mS/em) carbon nitrogen ratio (me/100 g) .
ayer cm H mS/cm me g acl
2 (%) (%) (%) CaO MgO K,O
(mg/100g)
1 0-6 5.9 0.08 4.55 0.30 15 19.5 265 51 52 16
Field A 2 6-24 6.0 0.06 2.64 0.19 14 15.2 209 44 15 26
3 24-48 6.4 0.02 0.34 0.02 17 5.4 67 18 15 9
1 0-18 6.1 0.10 0.80 0.07 11 7.3 89 33 29 48
Field B
2 18-32 6.4 0.05 0.40 0.03 13 6.0 80 24 14 17
1 0-14 5.6 0.05 1.32 0.11 12 11.1 128 20 17 41
Field C 2 14-33 4.1 0.21 0.70 0.06 12 9.7 49 9 26 45
3 33- 3.8 0.22 0.46 0.04 12 8.1 18 2 28 19
1 0-14 7.0 0.21 2.93 0.28 11 16.4 563 33 75 77
Field D
2 14-33 7.0 0.07 0.63 0.06 11 10.5 195 19 53 76

“Layer 1 = upper layer; layer 2 = middle layer; layer 3 = lower layer

7 EC = electro-conductivity

*C/N = carbon/nitrogen ratio, which was calculated by dividing the total carbon by the total nitrogen applications

" CEC = cation exchange capacity
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B GR AT 35 O FE S O MRy B R A 2-2-3 RIS, EHHEREERS G EY
B 2-2-4 RIZR LTc. FEGOEPERORREIT 3.26~4. 14%0 & JH T 3 & [#]
BIZK o TR0, ABYE (KE)BMEGICHSTHEICE L, BEE (B
H), DESG(BE)BAHEREICE -T2, F/2, VorBLW~ 7 XU AILB HY
(BE) BB G I _FREICELS, BV UL, Ay AT ABRY (KRE)RD
55 (Er), C B ORI ICH~NAEEICE L, DS (BM) XM BESEIC A E
W oTe, 7 UVD—RNZREFTOERRSZHET AWATEZE TH L. ZITHN,
A OEREG®ERILABYE (KA) ZBREIEWEMICH o 72 FFICHE) 2K
B Y (FEE), DM (B DEREEIL 3. 218 L V3.26THH, RRLER
REZZWThoTtEZEZLND.

— 05, EHOBEEKRSPERIT, 7unFfrBERE, 778 - EbICH
BRI OEWIZ/NE o2, Z7aa U iEE I 879~1070 mg/100 g DW D&
PG, DB (EFE) 2 CHEECRK), ABE (KE)ICHFEICELS, 7I9&
J =)V g BI% 1122~1374 mg/100 g DW O #iJH C,D M (ErE) 25 A B (KE),
B S (FEE)ICH_REEICK, -T2, ZICxt L DN & & ABE (KE) K&K
L <D (), B EE EE) MUOMEZ R LBESBICL D EETRE Lo 7.
WTHNORSLEBICL2AEENROONTN, Zua P UEE, 78—
NOEE/IEN 1.2 THY, bmWDIN] b 1.6t EEE-7m. ZhET, #
REMERC Sy 8 S, BREUREH], FRICE VWV RES B2 LR ESATVDI N
(Constantinides « Fownes, 1994 ; Hu &, 2013 ; Kimura ©, 2007 ; Nakanishi
5, 2011 ; Yatsunami &, 2008), WINbZDOEFTHMLELERETWV. ZbIT
o, AR CTOBBERSEEOBGMEN NI NoTcZ &nG, — K
MG Lot HEAEEOEICLIEEBIILRBHN/ NIV EZ LN,
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Table 2-2-3. Mineral elements in mulberry leaves from the four common cultured

fields®.
N (%) P (%) K (%) Ca (%) Mg (%)
Field A 4.14+£0.28 a 0.41+0.05 2.95+0.14 a 2.02+0.24 a 0.23+0.04
Field B 3.31£0.24 b 0.56%0.10 2.89+0.17 ab 1.82+0.32 ab 0.29+0.03
Field C 3.26+0.30 b 0.45+0.06 2.54+0.21 ¢ 1.18+0.19 ¢ 0.22+0.03
Field D 3.40+0.36 b 0.42+0.08 2.66+£0.36 bc 1.78+0.32 b  0.20+0.02

“Two leaves, which were located at the one third position from the branch top, were
sampled from one branch per stock of normal growth. Data are expressed as means = SE
(n = 20 in Field A and D, n = 10 in Field B and C). The same lowercase letters indicate no

significant difference (P < 0.05).

Table 2-2-4. Functional components in mulberry leaves from the four common

cultured fields®.

Chlorogenic acid Flavonol DNJ

(mg/100 g DW) (mg/100 g DW) (mg/100 g DW)
Field A 879 + 29 b 1374 + 40 a 180 £ 6 a
Field B 995 + 42 ab 1318 + 59 a 128 +5 cd
Field C 1070 £ 66 a 1122 £ 48 b 111+ 7 d
Field D 897 + 36 b 1287 + 34 ab 148 £ 4 be

“Two leaves,which were located at the one third position from the branch top, were
sampled from one branch per stock of normal growth. Data are expressed as means = SE
(n = 20 in Field A and D, n = 10 in Field B and C). The same lowercase letters indicate no

significant difference (P < 0.05).
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PR, B &L EEK S EORICOWVWT, BIMEE 4 &+ XTo
THEMARZ W MHBREEH 2-2-5 RIS L. DNJ ERLEEZGEOMO
MBS @<, HBEEEKIZ0.60 ThoTe. BEERDIT/en S vBERED
R Em WA OB EZ R LI, 774K 7 — V& EICX L TIE 0. 14 & HHEREK
Kol o, /e n Sl UBREEBLOIN E&EI LYY AEEOMIC
ZEN-0.44, 0.47 OME RO LNz, —F, v 7 XL T LADOREFTNT
NOEZITH L THRD SN o Tz, HEEMERR Y & BT x4 5 3 if Bk
DEET, EREPROBREDN 7. EPORES BTSSR L%E#)ICK
ELEBIND., LER-T, AR TRD LN BMGFAEHGHO 7 mr s
2S5, DNJ DEWITHEOIEIRMEICER T E 2 b, b Z Linb=E
FRAL & & T NPEREYERL Sy RSB A RIE T RS R S T

Table 2-2-5. Correlation coefficients between the functional components and

mineral elements in mulberry leaves®.

N P K Ca Mg
Chlorogenic acid -0.48%** 0.22 -0.07 -0.44%* 0.17
Flavonol 0.14 0.08 0.26%* 0.24 0.03
DNJ 0.60** -0.34* 0.19 0.47** -0.21

“Leaves (n = 60) were sampled from four common cultured fields.

” Significant differences are shown (** P <0.01, * P <0.05).
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BEMERISEICRIEIEREREEOREE

B ECEB VW TRETERAGTREEEMELEKN DT EOEBRNPALNL o
2, BRMEERITNEICER T LIRS RERERD. 22T, Ay PR L H
BRI L 0 ERMNLEDPEBEMER D IC G X 2 BT OV TR L.

Ry FRE : F2-2-1 I, Ay FRARICEI2ERMEEOFEWEEF RO
R E BB LOEEMER G EOBRBRE R Lo, Ay b o e &I X 2
LBZIEXETI~VO 5 KL L., EPERZET 1. 44~4 1950 T, =
FHEENZBRDIFEIEAREICELSRY, JunF U BEEIXERBIEE&ENZ
KB EFEEFENMERLS o, RLMEEEDZ W VXK ERELIEEED DN 1
XDEIT2.6BThoTl-. 79K ) —ILERIL, /o U BEE L REOMHE
MzrL, BEMIEENEZL RDIEET IR —LEBIIELS Roh, TD
ZIXZ1L.6fFICEEEST2., —HFDNJIX, e v, 798 —NVERRD,
BHERMEENZL 2DEEEmL oz, TDEFT 2.8 L, KR CTHA
LR TR b RED o7 WT O S TIXE ITXKHEOE KRS K
L, ZJmu U@ TR, 778K = L34, DNJ: 2.1 fECTh o7,
Ry PR CTIIEZGEOBME L HITT7 TR, — D Ly, S
DFEFRICITERERLE 7 IR — VICAOHBRRD b2 o 7 (5 2-2-5
)., T, Ay "R COEFEREZEN 1.4~4.19%ThHh o= DIZX L,
BIHIERER ClX 3.26~4. 14% & Z OFPHNB /NS ool & h, EFERG EIC
ERTLEBxONT. T2obb, RRARTHRINZZIEX & BHAEX O X/’
ZILBWTZIERTIEZ IR — A ERORMEN/NI W ERHL ML R
D, BLHRBR TR OO N THHOERER ST EOE (3.26~4. 14%) TiX, 7 7
R —VERBIIKREREBELEZWVWESZSZORTE. Ay VRBROKERETH
LRI, MIEERDRSRDIESTTZ IR — A EEORXMAEITKE
KRVEEEDOEENRL holz. HHMHBR COEPEESEOHI, >FV
— 7 EREBETIEIMEEOREN /NI WD, BLHGHA O R CIX B
BOLNEhofcbEREINTZ. b Z s, EREEERSYERITESE
MR &DORBEBZ T L ENRHLNERY, EHGThosaa X U EE, 77
R —VEBEOBIMTERMIEEZ RESEOHT LN, DN ZFEOH
M RFEMEEZHECTEDNFNTHL EEZ LN,
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Fig. 2-2-1.

Nitrogen and functional component levels in mulberry leaves relative to

the amount of nitrogen applied to potted plants.

A: Nitrogen, B: Chlorogenic acid, C: Flavonol, and D: DNJ.

Amounts of applied ammonium sulfate per culturing pot on April 14, June 9, and
July 2: Group I =1 g, Group IV = 2.5 g, Group Il =5 g, Group IV =10 g, and
Group V = 15 g. On July 26, completely opened leaflets of the youngest opened
leaves, and the subsequent two leaves on the same branch, were sampled. Data

are expressed as means = SE (n = 8). The same lowercase letters indicate no significant

difference (P < 0.05).
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BERDNESTFTOREERYOBREICKETEEBIIHL N RN, HEH
0 OBEEMERYOEEREZECT DI, EHONELZEETILEND
. 2T, Ay NRBROMEEND 1 BbH7-0 OBrEMR Y B2 R L G
2-2-6 %). | b OEERIL, EFRBEEERN KPRV IR ERLZ NV
XN II~IVRICH_NEEICE 7. TR TIIEFOEREGEN 1. 44% L KW
CTENOLEERRZICEDAEEMREN, VKTEHBIEZOETD —HTRAELL
ERMPEELHLONLIBELIOEEN, ZAETRNEKRTORKEEEZ L
Nl 1 ez OBREMER Y B, £XEE L FEPREEENERS G BB X O0KY
G (1:74%, T1:75%, I11~V:76%) HHEHH L. Zuoa X Bo—Kdbizy
BT IR TRbELS 2o, 77K =/ 11K, DNJ X 11T K TZh
FiulkbEmWEAZ R L, —d 72 0 ek Rk oy & o0 A0 B X 0 B i & e fi
X, ThZhr7ea 7 UmgiR2.646%, 7787 =0 2.0F, DNJ 2 4.2 %
Eheote., 7uaua Xl UBBIOT IR — VOEFRKRSERIT, HEHIEDHE
DELBWERMETELS D0, MGEHEY OWENERSAEERZS S T 51
DTN R ER T DNT A EB 2 HEEZ R T 20 ENH LS. —F, DNJ
IXEEFRRE O XM O i/ BRAKE 2.8 fFicxt L, —H b= Oy’ TIX
4.2 ffl@mc o, ZNIFNELAHESCT OO ENERFEELEH T D
KL BT H-0THD. LN ->T, DNJ OB H -V 0AFEREZ %L T
DA BN R bR R EIERE B X CRHERVWESZS I T,
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Table 2-2-6. The functional component amounts per mulberry tree relative to the

applied nitrogen levels®.

Nitrogen Fresh leaf yield Functional components” (mg/stock)

treatment (g/stock) Chlorogenic acid Flavonol DNJ
I 170+ 10 b 503 764 25
11 287+ 18 a 479 949 83
11 319+ 17 a 397 934 106
v 285+ 13 a 310 777 101
v 188+ 15 b 193 469 73

“ Amount of applied ammonium sulfate per culturing pot on April 14, June 9, and July
2:GroupI=1g, Group IV =2.5 g, Group III =5 g, Group IV =10 g, and Group V =
15 g. On July 26, completely opened leaflets of the youngest opened leaves, and the
subsequent two leaves on the same branch, were sampled. Data are expressed as means =+
SE (n = 8). The same lowercase letters indicate no significant difference (P < 0.05).

” The functional component amounts per tree were calculated based on fresh leaf weight,

functional component amount, and water content in leaves (I: 74%, II: 75%, and IlI-V: 76%).
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BBEER : kiC, Ny FRABRCHR IR I T T E R R &R
Z, BEGRBRCRAIE L7, AERKIZO: MK 25 11T : FEEREX O 4 K%
E L. REHEERBLIOLEERET, 2012 MUY ORERFEN X THT
NICELS o2 b0o0, KFEIZIZEALERD LN o=, FEML, 2011 4
ODEGIY, 2012 FOKGI Y TIHTLBEMIC LD ZTE O N> 72hy, 2011
RO & 2012 B Y)Y CIIERMEEOHMIZE bR VWEANRELI Y, %
OAFEANIE 2011 4EFkBI Y THAE Th o 7= (5§ 2-2-7T K).

ERMIEEOBENNI L DEGKEEER S S &EZE 2-2-2 KIT/R L7z, 2011
FEOFEGIY TIE, DNJ O I1T KZERE, WOy b A XM OEN IR D
b ole. TOHROEHTIE, EPERGTEIT, EFMICEOHENE &b
@<y, Reticrzmu U@, 7787 —E@ITER LR &
LRV 25 H o7, DN E&EIT 2012 FEE Y0 £ CIHAEKIC L 5iE
WD BRI, 2012 FFKEI Y TR EDOZ W 11, 11T K THEIC
L 7rolz. Fio, TNENLOEH OB X E OIEF S O FK/AME, FEKRMEO
ENEBRED SO, BHEBLODN] &N 2012HEY, 75K —1B
LT mu U gERN 201 KYI 0 ThH oo, FER, ERIM O ZITLEXE O
ZrvR&E<, RBRHMOR/NMEI, RKRMEOET, EFN 1.00%, Z7rrls v
% 7% 630 mg/100 g DW, 7 F AR /7 — /L7 781 mg/100 g DW, DNJ 7% 114 mg/100 g
DW & 7e o 7.

2011 AEE BV I, DNJ ZBR< W N DR bR XHEZENR O N7
2, ZHIUE 2010 FEICAT o TR B D 720 DY — RO BN 272 d L B 2
Bz, UL, MRS 2R MM EOBEKRIE, EHRBRICBWTHR Y
FNRBRERfEOEmMZR L, EFMEEOHEMCE bW o Uik, 77
R —NVEREITWAL, DN] E&IFEM L. £z, Zuanl g, 77K
, DN WEFNROESIZEBNTYH, FREBICEHHEENRRO ST,
Nakanishi & (2011) /X DNJ &R Y7V U FEHlic kv B n L L, ARBR
ICBWTHHE 2EmE2H T/ IR —LE®, DN EENPHBEMEICIVED
HZEEHLMILTWD. ARBRICB T 2EK, EYBICE T DMK >
BREROEVWD INOHEL RBRERESRFICERT I bDLEERX . L,
R, ERICE D D9, WBEX BN CIX % F AR & 5y OBk & o BRI
EoblRnZ bnt, EREEEDEREMRSICAETEEIRENEEZDL
iz, SHICHEGEE CHER T XE A, EAOEWVDHER Iz 2011 FikY)

—
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DIZBWT, Zau Ui, 778 — VOB ORKME, &HK/IMEDOENEK
HLRELS Y, AEENHABRICHN-ZLETHD. EANEEREBIEOFEELH
PS5 2 L BAKFRIEESICIH VT SPAD fH2VBE D HI B HEHE & 72 > T 5
Lo, EOErsuuF g, 7R —VEBRORIEICTE S A REEN R
S,
EHEIE & sy ORI OV T, Mudau 5 (2006) (X7 v v 2T 4 — DR Y

T /)= VEBIIEFRMAICLVEMNT HE L TWDN, Stewart © (2001) 1%
MO 7 TR ) — LV ERIIEHXERZICEIVEL DL LTS, KBRO
f 1% Stewart © (2001) E R UMM A R~L, EFEBEEL DR RDI1EET T
R —NVERIIELS o, 7R =N EELHBLRS T 8 A L&
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L0 Eb, B, BROEWmSOFNE, TRObbLEROEEFENRKE 2K
L RHMBRWAIZSEL DL LTS, -, BxI3HE2E=H 1S THR
EHEREMERL Sy DBIR A A~ ToRE R, DN G &P HMRZIEL Z LITEVENT 5
T EMEL, DNJ] ZA ML AEZBEMTHILICRVFEEINLIRBEDTH
LEHRL TS, LEOZ EnbEERMBIEFMFIZBNTS, 778K/ —LB
FODNJIZZNETOREFIZHDEIRA DML AITHT DREEDOKIEEZRL T
WhEEBEZLND., Thbb, 778 —VIEEEIMBA N 2ATHEEIN,
EZRIEICIZEDARNLVAT Y —TDIN] GNP RET D EEZ L.
ARBRICBNT, ERMIEEN 7 aa b Vi, 77487 —, DNJ] ORI
KLUTHELZEZDZENRHALNERY, [FA—OlESME T3 T OB
NOEREREREELSTLHZEEFELWEEX LR, LML, ThEhoMREME
Ry G REEBLTHIEREMIEKENTA LN E ol D, 5% BHNOKY
IS CTe Bt & 2 a3 5 2 & TR DAEFERE X% < TE 5 Atk
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Table 2-2-7.

mulberry trees”.

Effects of applied nitrogen amounts on the appearance and yields of

Harvesting  Nitrogen Longest
Yields (g/stock) Leaf color”
season treatment branch (cm)
o 186+2 a 207+2 a 38.0+0.5 a
I 186 + 2 a 1688 + 73 a 38.0£04 a
Summer
11 189+3 a 1724 £89 a 37.8+0.7 a
I11 185+3 a 163776 a 37.8 £ 0.5 a
2011
o 186 +4 a 1785+ 110 a 36604 ¢
I 190+5 a 1884 £ 113 a 374 £ 0.5 bc
Autumn
11 189+4 a 1856 £ 103 a 389+0.4 ab
11 188+3 a 1884 £ 111 a 393+£0.3 a
o 182+4 a 190083 a 31.8+0.5 b
I 181+3 a 1862 £ 101 a 33.1+£0.4 ab
Summer
11 188+3 a 1966 £ 108 a 33.8+£0.3 a
11 184+3 a 2000 + 120 a 345+04 a
2012
o 193+4 b 1468 + 67 a 364+£0.5 a
I 201 +3  ab 1517 £ 91 a 37.5+£04 a
Autumn
11 209+2 a 1574 +£79 a 36704 a
111 2072 a 1522 £ 71 a 377+ 03 a

“Four experimental groups were formed based on the amount of applied ammonium

sulfate, which provides nitrogen: O: 0 kg, I: 6 kg, II: 15 kg, and III: 30 kg per 1000

m®. The branches were harvested on July 11 and October 4 in 2011, andon July 9 and

September 19 in 2012. Data are expressed as means £ SE (n = 20). The same lowercase

letters indicate no significant difference (P < 0.05) during the same harvesting season. ” Leaf

color was evaluated using a SPAD 502 chlorophyll meter.
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Nitrogen contents (%) J>

Flavonol contents (mg/100gDW) (@)
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2-2-2. Effects of applied nitrogen amounts on the nitrogen content and

functional components of mulberry leaves in experimental fields.

A: Nitrogen content, B: Chlorogenic acid, C: Flavonol, and D: DNJ

Four experimental groups were formed based on the amounts of applied
ammonium sulfate, which provides nitrogen: O: 0 kg, I: 6 kg, II: 15 kg, and III:
30 kg per 1000 m>. The youngest opened leaves with completely opened leaflets,
and the subsequent two leaves of two branches with moderate growth, were
sampled from each stock. Data are expressed as means £ SE (n = 20). Significant

differences are indicated by different lowercase letters (P < 0.05) in the same harvesting

sc€ason.

84



HmE

JOEIIGEENLIHBEERPOEFROM EA AN E LT, HKEERESME
MW7 TR ) —=NVEBIONDN] ERICKIETEELRF L.

ERERBMER S ICRIEZTAROEELZ, J7USEZ AW RSSO
W (B Z M, I REFEAR) ICXVMAELE. ZUERFT IR —
NWE BRI T AEREEAENBA LG CHEARFLIBAO L., £, TI7RA=E
HERBENA~BE LBEAERO 7 7R ) — L ERITERRIAFE L vEML, £
OEMBEITIEMIZ LY B o7, EETIIBA LIV AEICE LS RN,
FRALEE IR ERIRREE, FALEEXERAMCHENFEICKRLS, 778 — V&K
T HHBOEEBIIFENEIZERN -T2, —FH DN] & EIXIT T AEFHEDEHN
EV@ELS ot NZEDOENVTDLT N7, BREMHIE, 798 —ABIY
DN] BGR&ICHELZEZ D2 ERHLNERY, EREEMNOAREETZT 7R
J —Jv, DNJ TERhZENnRioT.

BLH RS M O R7e D& TR SN VEF OBy & 7 TR ) —
v, raua U, DN GEOBBRZFHE L., SMkEmG o 7 VEICE E
ND MRS E R D B BOBBRICBWT, EEEEN /o X UkEe &
2% L CTIE-0.4 oA OFBIA, DNJ & &% LTI 0. 60 D EDMBERTED & i
To. BIMIFAEIC LV EREREER S ERICK I TEFZORERN TR INTLZ &
NhH, Ry FRBRBLOBEGRREZ AW CERGIEENEREEER Y E R &
G258 e L., BHEMICEICKTT 2HEMERS S BIX, EHMINE
oMb nwrra v BEEBL VT 78 7 — & &XEAEME R L
7=y, DNJ EEEFHEMEmICH 7. EEEEEE 7o U BEEBIOY
TR —AEEICITAOHED, DNJ ZEICIZIEOCMENGE O b, EHEHE
ERZNETNOEPHEEMER S ERICEZDIEBN/PAL N1, EHES
HEMSE2200FRBESRMEEIRY) 72/ =V (Z7TF7KR )=, 7aa v
f2) & DNJ TENENELR -T-A, BEYOR SR U7 b 7e 22 3 i e & % 5%
ETDHZELITRY, TRENOEREMER DS EL NS 625 TN R
ST,

85



BIE JVIRICEFLLIMENRSTOFHEL

AW DOH 13, F2ETIE, 7 UVEPHEBERSEEOELERAEL, 7
TR =, DNJGEMNMEICLVERLZ L, 77K — & DN] & &ITH
ALY EBEZZTLL, SOICEZREEN 7 IR ) —N, Zono
Vg, DNJ G BICEZRERIETZENRHALNCR-T-. RAJZUVEDAFEIZE
WTIX 7 VIEOIE XM TAEE o BRI E D THE 11, i 2BITHoT
B, BERCHSISNZHRESRBERAALOA TS, L, HEEELABL
LB CIEZ oM ENEERBER LD b, SHBITHEEKYOE
HREEZZLTHEDORGEUENEEICRD. FZTRETIE, JUDEHER
BEREMERR S CTH DT TR, — N, yuaF LU, DN FNEFNORSNEEE
ERBINHER I A ST H OIS, 7 UEPEEMERS OFEH LA A
L.

B IV9FRICEFLALIBEMRSOFHEL

RAESCHEDFRE L 2 F Y OETIEIIT I EHOGENUER_RL X > T
EETHZERMBATWD EHIC (PG, 1985 ; Tk, 2007), 7 UIEDOH
RRMERTICBE W TOINHERINENODEREICHGADIEBIIREIVEEZZIDL
nNo. 7UVOKEMER?EEOFEH LBV TIE, Kimura 5 (2007)
Nakanishi & (2011) IZX > T, DNJEEB L RDINJ IR T H7 TID a-7 v
a2 X —BHEEER, RIERRELS 2 8 AICELS b tnREENLTVD.
7/, JUEDOKRY 7)) — LEREICE L TIL Lee » Choi (2012) 28, 7 UED
sau U, 7R —NVOEHEENSH, TH, 9 HDO R D INERFHICE
WTH5AICELSRDZEEZRELTCWVD. LML IZOFIEEIEHEILOHERS %
HREAICH AN b o TIERL, AEBRL TITOL TWD 2 BRI s LT
W, 6L, H2ETHLMNMIRoTL XL, ER T IR — & DN &
INEFNEREAETLDEODOHBRLEREILEDORMEN/HRK L TN b,
TRTORSGEEVKETHENICHL-OICE, 778/ —L, el v
iz, DN] ZNZNOK D OHER 2 i U, BE B9 i 72 IR 2 B D 2
VENDD.

ZZTCARBETIE, VU¥EDT IR =), zuaa U@, DN] THEh 0K

86



SN EEA LR DINER Y 2502 D BT, 7 UARE I T o R Ak
X oA EROEBZFHEL, £HORKEELLL

HHEBLUHZE
AERCES

7 U EEN DR G BEOFHLIL, 2015 4, HRRHENREER
it 2 —OBGBIZENT, Z7UVO—KHUREHEERICLIVEBEINTWDIE
MsFEEHOZ UMM “— /W ZHOWTHELL. ZENI3 A LAICKEEZ R
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Fig. 3-1-1. Total hours of solar radiation and total temperature for 14 days before
leaf sampling in 2015 and average yearly values”.
“The database of the Automated Meteorological Data Acquisition System was
searched to calculate the average temperature between 1981 and 2010 and the
average hours of solar radiation between 1987 and 2010. The values for a period
of 14 days before leaf sampling were used as standard values. Total temperature

for 14 days was calculated by adding average temperature per day.
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Fig. 3-1-2. Seasonal changes in functional component contents in mulberry leaves”
A: Flavonol, B: Chlorogenic acid, C: DNJ.
“ The youngest open leaves with completely opened leaflets at 20 cm from the
shoot tip and the subsequent two leaves were sampled. Data are mean = SE (n =
30).
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Table 3-1-1. Correlation coefficients between functional component contents in
mulberry leaves and total hours of solar radiation or total temperature for 14 days

before sampling”.

Correlation coefficient

Total hours of

solar radiation Total temperature
Flavonol 0.59" -0.51"
Chlorogenic acid 0.33 -0.69"
DNJ 0.05 0.94”

“Total hours of solar radiation and total temperature in 2015 were calculated for a
14-day-period before leaf sampling.

¥ Asterisks indicate significant differences (** P < 0.01, * P < 0.05; Tukey’s test).
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Fig. 3-1-3. Functional component contents in mulberry leaves per shoot at harvest”
A: Flavonols, B: Chlorogenic acid, C: DNJ
“ Because the functional component contents of mulberry leaves differ
depending on the position of the leaf, all the leaves of each shoot were used to
determine its functional component contents. All the leaves on the longest shoot
of each stock were sampled to evaluate the functional component contents in
bulk. Different letters indicate statistically significant differences (P < 0.01;

Tukey’s test).
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BRIZVEOAEICEBNT, 7 VEOIMEIMTAEEOBRBEICADLE THE 1
[, £HF2ETOA TS, HEHZY OKEERSEIX, EFERELI D
EOWNEIZELY RELLEHTHZ D 1B DILE & KD E

—MRIZ 7 VDOEOINHIIME LEREFEEERL, SR LEENOE L ZEW
52 ETiTbng. 2EINEDE AL, 7T HEIC—EIHEKEE LZ%, X -
MELEEZ ) AETFEINET S, F3-1-2RICINHERFIZBIT2AFTRE XOE
BE AL, FIMESOLEERMNECOFROESEZRE LEKERT, 1 [
IHEX N 2 EINER LV 3 MHBELS o7z, HME & HERIT 1 BIILHERX 2 2
[ FE X (10/26) IZEERENZENK 3 f5, K L8 [ER Ro7c. ThIE, FiE
MELSROTERERTMNEOZRENME T LZZEICXDEEx LN, 1 BIY
HEXORERIT 2 FIUEXO 10 ANEL V2 holzcbDD, THE 10 AULHE
ARto¥yict EE o7z, 1 BINHER OB, BEEOBIMNCXE 5EROWRH
DR KRERBRTHDLEEZOLNS.

H2EE IMICBWNT, 7 UVEDOKEMER S EITTAMICLY R, 77
R —N, DNJ] EHicEAREIZIEMETHS FTMETKI AL L, SbI2Z
OBEMIE DN FEBICBWTHETHLIZ EBHALMNIR T2, 2O &b,
NI VET X TOBRBERDEZEET 2720121, 1 K2EOHKEE
PR EREORENLETH L. INHRFO 1 KREOHREMNK Y S &% Fig.
3-1-4-A-C T, SHLIZZEDMELER, KoBEEZMNT 1 Kb ORI
NEEFRERBLEMEZS 3-1-3 BICRLE., 1 EHEVDOT7 IR ) —LEEIT 2
N FHEX > 10 A 26 HINHE CTied @V MEZ R L7722y, 1IN T 6 iy &
WEZRL TWE GE 3-1-4-AKD). 1 f&d7e 7 eu o gE &L, 2 B
D10 H 26 HWHEEN I b @< oo 722y, 2EINHERO 7 O E 1 [ELH# X
FRIRE L o= (B 3-1-4-BX). TOMEEZLLEICHELZ 1KLY DY
TR —=ABIOZ e UG EIE, 2 BINHEXOAFEA 1 [a I X2
FTNENLTRE, 2.2 %< o7 (5 3-1-3%). —J5, DNJ & & 1 [BlLf#E X
N bRV EZ R L2 (8 3-1-4-CX). 18H77Z0 D DNJ &1L 2 HINEX DA
G 438 mg (ZkF L, 1 BIURHEX (X 78 mg & 1 [N FE X CHs L 7= (55 3-1-3 &).

7 DEDOINEIT 1 BUREEX S 2 [FINEEX D5 L0, 1KHZD OREME
RABENRNTNG 2HEINEX TEL Rl EMD, 7 VEDOIEIE T TR L,
BEREMERL 0 DAEPEREIZB W TS 1 EINHE LD 2EIINHERS R W ERP B E R
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STe. FRliZZ o, KRICE2FFAEOERTICS DA, 1 BUNHEXIZ LD
RIL DS, DNJ IZEBWTHE Th o 7o, 2 BIUEIC X 2 itk o 80
smngUoBEER TENroll &b, WEELZ T TRIEEEKR YD EEH
DE/NG S 2FEINENRWEZ X bR,
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Table 3-1-2.  Mulberry tree growth and leaf yield at harvest
L t shoot Shoot length Int d
Date of ONEESt SHOO ) ¢ ,  Leaflength Leaf width HiCHode
length without leaves length
measurement
(cm) (cm) (cm) (cm) (cm)
Twice-harvested 7/15 203 £ 3 48 + 1 231 £ 0.3 183 + 0.2 4.1 + 0.1
group 10/26 188 + 2 48 + 4 220 £ 0.3 187 + 0.3 39 + 0.1
Once-harvested 10/26 341 + 6 159 + 4 225 + 03 179 £ 03 2.9 + 0.0
group
. ) oo Leaf/stem Leafyield
Date of Shoot’ weight ~ Stem weight Leaf yeild :
ratio per year
measurement
(kg/stock) (kg/stock) (kg/stock) (%) (kg/stock)
Twice-harvested 7/15 1.84 £ 0.07 0.58 = 0.01 1.26 68.5 517
group 1026 1.24 + 0.05 0.33 + 0.01 0.91 733 '
Once-harvested 1026 194 = 0.13 0.80 + 0.04 1.14 58.6 1.14
group

“Shoot length was measured without leaves after defoliation. The length from the base of the shoot to the remaining leaf was measured.

Y Shoot includes stem and leaf.

*The leaf yield was defined as the leaf weight, which was calculated by subtracting the stem weight without leaves from the total shoot

weight with leaves.
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Table 3-1-3. Amount of functional components per stock”

Date of Flavonol (mg) Clorogenic acid (mg) DNJ (mg)
measurement  QOnpe time Total One time Total ~ Onetime  Total
) 715 3979 1938 352
Twice-harvest
wice-harvested 8700 4096 438
group 10/26 4721 2158 86
Once-harvested
fice-harveste 10/26 5203 5203 1839 1839 78 78

group

z

To evaluate the amount of functional components in the field, we measured the total
amount of functional components per stock. The total amount of functional
components per stock was calculated from the functional component contents in
total leaves per shoot, leaf yield per stock, and average water content (70%) in

leaves.

UEDOFRERNG, 1 EINHEOSES, WRBMER S N2 Z % < 72 5 I HE R
X, 778K /=, ZuouaFZ Uit 9 A TAUBRIENKS ZHRE RS-
RE, DNJ IZTRIEN G 22 8 ANZENENHEH THY, I HIT, ZTD 3 DD
DTN T2 E < T 270 0IER I 8 H&iidlo% B RE2S v
EEZONT. o, 2HEINHEEZIT O HEIE, WEEHICHRDLL2 7 VEOHE S
EEL, MIBCTZHBEAHS THA~8 A LUETCICIHBEDON#EZKZ, TD
% o2EBADONMEL 9 HRETIITYIDOREWE Bbhl. 7=, KRBRORK
ENOHERIER SN ZENETNE < 72 5 IR ENIX B REERH, REZ2 S5
ETELHEERON. 2015 £ L& VFEMORBE H M & AR E 2 ikd
He, BEARBHORNAEN 2016 FTREVWE OO, [FITFEMOEHE A
PEEEM, MEEE LR CEMZ TR L TCWEEE3-1-1K). 20 &b, 2015
FORRTROONTHEMERSEZELZESEAT ORI, BN SE
HFOFETIZIFERLCICRDZ EZELDND. ST, £ Lo H BRI, HE
DB Z MWK 2 2 &2, EEA & WA A 7o IHERF I & o8 B 1) b A7 %0
ThirtBAbNS.

100



F£20f BERI-TFAFXL/PUZA4Ly (DN) EEIZRIFT 8

H 3 EG TN ARAMEREICEYKECEMLEZ LMD, ATK
GEE T DN S RICRIETIRE OB L.
HHEE & UHE
LR

IREEZ DN] G ®ICEH 2 28T, 2016 FRERTE L ¥ —DANLTRRELH
WTATo 72, ZUMH X TEND’ OB LR EEZD 2 FEAE, Bk
BHRMELEEZ 2 RICHRHELAWE., SAOFKX 5 6% B TRE%R, 104 2
AIZ A TRBEICKHE L. ABEE IXTRKIR (6 KF-18 I, 18 FF-6 Ff) & Z 1L
ZIE iR X (30-25°C), {RIRX (23-18C) Ik E L=, B#tk 10 A 16 H, 11 A

IS DK 20 cm DALEOES ZHI L. £72, HIFFIZES [ OE
Wb BAH LR E 10 pLERRL, JLIRFO DN G 8&Z2HA L.

YU TIRE

AHEIT 60°C T 36~48 FFfH], HZMEHE (SANYO CONVECTION OVEN) T Rz M8 L,
< /L — (IWATANI MILLSER 700G) THyfts, HEREMEAL /o tricft L7z, fof L
727 UHEE 100 mg FFEHE, 10 ml © 60%T ¥/ — L&z, 30°CT 3 KRR &
9 %, 10000g THAMELHEEL, EEAZ 0.45um DAL T LT 4L H—
(ADVANTEC) TU&ia L DNJ O JIEICHE L7z, FLIRITEE K THREZEY 7L e L
7.

DNJ D E &

DNJ D E & X Shimadzuft O UPLC, Nexera HPLC system : 7N > 7°LC-30AD, A
— M%7 F —SIL-20A, 5 7 & A — 7 > CT0-20AC, DiodeArray Detector
SPD-M20A, Fluorescence Detector RF-20Axs & AW TAT > 7. 7 7 A lEShim-pack
XR-0DS (50L x 2.0) (ShimadzuftHd) 2 v 7=, Kimb (2003) D FEIC LD, &
7 LRE40C, BEIEO. 1%FER L 0. 1%FEL90% 7T & b= KU L ZH, 0.1%F
B277. 8%-33. 3%MDBinary gradient, #i#0.7 ml/min, Ex:254 nm, Em:322 nm®
SUECTEEL.
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T— X ORF I IIHEALE Y 7 by T = AR E AW TITo 2. A
FIT R R E TR L. 7 — Z 1% Turkey-Klamer ® % & LR E 12 X
Y AT LTz

BRERBLUBE

BAMEE LT-6k% 10 A 2 HIZ ALK RICEE %, EH B L OHLKEF O DNJ
GRERZMELEEREEI2-1KIZR L. O DN & &iX, miEX (30-25C)
THEHBE#Z 4 AZICOTNICELS Y, Z0#% S DN ZEOBA XD bk
Mmooy, RIRK (23-18C) TIERBEH®Z A OREIZE bR L., —7,
FLRHP O DN] G EITBEORMICE b RVERRK THIML 722, KIEX T
F—EDOMEZ R L. WKPODN] ZEAESRKTHEMLZZ ENE, &R
L VHIED DN] ARkITBEE St BZxoniz. DNJ 2 @EaR&T 57 VIELSG
H70iE, MR THREDOZ WESFMENEARREICINELZIT S 2 &N
HETHDLEEEDNS.
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DNJ content in leaves

Fig

200 —— ®@18-23°C m25-30°C —— 350 - ®I1823°C W2530°C ——
E 300
160 )
S E 250
>
120 + 2
%n ? 5 200
= =
S . = 150
= 80 =
%D S 100
=7 £ E
40 ﬁ S
— 50 A
Z
0 @) 0 -
0 14 35 0 14 35
Days after transfer Days after transfer
from outdoors from outdoors
. 3-2-1. Effect of temperature on DNJ content in leaves and latex of mulberry”.

A: leaves, B: latex

“ DNJ content was analyzed in mulberry trees cultivated in plastic pots, which
were transferred from outdoors to artificial climate rooms on October 2. Five
mulberry treeswere usedfor each temperature treatment. Leaves located at 20

cm from shoot tip were sampled. Data are expressed as mean = SE (n = 5).
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LN oTe. T, REEERECBOCEEABAENE ORI LD, KM
BRI KD @S A EEERSO TR RE I T,
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MoEEz, 7UVBELZAWERESRGEOLK (AR B, FRR W
TAR) ICKVFHELE. 77K =V iE AT AROENIT I Y ARNLE S
W, BACHRT IR ) —AVEENEFELIWD L. £, TI7ARRE#E
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Summary

The benefits of functional components of mulberry (Morus alba L.) leaves have
been attracting the attention of the health food industry, with an increasing market
demand. To more effectively obtain a mulberry leaf yield and high levels of
functional components, the following factors were investigated: 1) selection and
crossbreeding of mulberry cultivars to obtain high levels of target components, 2)
effect of solar radiation and nitrogen fertilization, and 3) optimum harvesting timing

using our experimental settings and common culture fields in Shimane Prefecture.

1. Varietal differences in the functional components of mulbeery leaves
and breeding.

The varietal differences in the flavonol glycosides contained in mulberry leaves
were elucidated, including rutin, isoquercitrin, kaempferol 3-(6-rhamnosylglucoside)
(K3RG), quercetin 3-(6-malonylglucoside) (Q3MG), astragalin, quercetin
3-(6-acetylglucoside) (Q3AG), and kaempferol 3-(6-malonyl glucoside) (K3MG).
This information was used for breeding mulberry cultivars with high concentrations
of functional components. The content, composition, and proportion of flavonols in
leaves varied widely. ‘Kobuchizawa 1’ had the highest level of total flavonols, five
times greater than that of ‘Mikurasima 15°. Q3MG was the most abundantly contained
flavonol in many of the cultivars, although it was not contained at all in some
cultivars. Q3AG was found only in ‘Keguwa’. Study of the mode of genetic
inheritance and the content of Q3MG in crossbred offspring showed that malonyl
transferase, an enzyme involved in the synthesis of Q3MG, was transcribed through a
single gene according to Mendelian inheritance. An offspring with a higher Q3MG
level than both parents could be obtained from the crossing, suggesting that
crossbreeding was effective.

Then, crossbreeding was conducted using ‘Yonbaiseisou (tetraploid)’ as a
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seedling parent and ‘Kokusou 21(diploid)’ as a pollen parent, and obtained a new
triploid cultivar ‘Souraku’. Consequently, compared with ‘Ichinose’, ‘Souraku’ was
found to have 1.4 times higher content of Q3MG and greater leaf yield. ‘Souraku’ was
applied for a new variety registration in April 2013, and was accepted as a new

variety in 2015.

2. Effect of environmental conditions on the functional components of
mulberry leaves.

Effects of solar radiation, which may influence production of flavonol and
1-deoxynojirimycin (DNJ) in mulberry leaves, were investigated by comparing
greenhouse (poor solar radiation) and outdoor (rich solar radiation) settings. The
level of flavonol in leaves cultivated in the greenhouse was markedly decreased when
compared with those cultivated outdoors. In contrast, the DNJ content of plants
cultivated in greenhouse was only slightly increased when compared with those
cultivated outdoors. Interestingly, the flavonol content was markedly increased in the
upper leaves of mulberry trees that were transferred from a greenhouse to the
outdoors, compared with those cultivated only in the outdoors. Under high solar
radiation, the flavonol level became very high but the DNJ level became slightly
lower, suggesting that the impact of solar radiation is great on flavonols, but is small
on the DNJ synthesis.

Then, effects of applied nitrogen amounts were investigated regarding specific
functional components in mulberry leaves. The relationships between mineral
elements and the functional components in mulberry leaves were examined using
mulberry trees cultivated in different soil conditions in four cultured fields. Then, the
relationships between the nitrogen levels and functional components in leaves were
studied by culturing mulberry in plastic pots and experimental fields. In the common
cultured fields, total nitrogen was negatively correlated with the chlorogenic acid

content (R = —0.48) and positively correlated with DNJ (R* = 0.60). Additionally,
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differences in nitrogen application levels impacted each functional component in
mulberry leaves. For instance, with increased nitrogen levels, the chlorogenic acid
and flavonol contents significantly decreased, but the DNJ content significantly
increased. The selection of the optimal nitrogen application level is important to

obtain the desired functional components from mulberry leaves.

3. Seasonal changes in functional component contents in mulberry
leaves.

Optimum harvesting timing of mulberry leaves was investigated to obtain
maximum yields of specific functional components. The components of mulberry
leaves were analyzed to assess seasonal changes in the concentrations of functional
components, including flavonols, chlorogenic acid, and DNJ. During the experimental
period (from May 26 to October 16 in 2015), the ranges of flavonols, chlorogenic
acid, and DNJ contents were 1134-2230 mg/100 g dry weight (DW), 616-1014
mg/100 g DW, and 53-199 mg/100 g DW, respectively. There were high flavonols
contents in mulberry leaves from late May to early July, from early to mid-August,
and after late September. There were high chlorogenic acid contents from late May to
early July, and after late September. From late September, the flavonols contents
increased over time, and showed the highest level on October 16, the last day of the
experimental period. The increased flavonols contents after late September were due
to the synergistic effects of solar radiation and lower temperature. The DNJ content
showed a bell-shaped curve, peaking in mid-August, and the DNJ content was
strongly correlated with total temperature. The flavonols and chlorogenic acid
contents in mulberry leaves were higher after late September when the temperatures
decreased and there was still high solar radiation, while the DNJ content peaked in
August when temperatures were highest in the year.

Based on our experiment findings, August is considered the best time to harvest

mulberry leaves to obtain the optimal yields of beneficial functional components. If
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mulberry leaves are harvested twice per year, then the first harvest should be in July
to August when temperatures and solar radiation hours are high, and the second

harvest should be completed by the end of September.

With a series of experiment results, the conditions to obtain high levels of
specific functional components in mulberry leaves were identified pertaining to the
selection mulberry cultivars, the effect of solar radiation, applied nitrogen amounts,
and harvest timing. This knowledge is considered useful for producing high

functional components of mulberry leaves in the future.
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