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VB THD,

E{ZLWW( EZ ML T A~ — 1 — LU, IR, MEIEER~ 271 RNA (miRNA) 257F H S0 T %, IR 7/VERUR

ZBIL THLEAEER miRNA OFFFEFFNTOTONAFAET D03, KRIE+3ETE 2700, ARFEMIE T, EMZBITS
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AHFFETIE, =T AIZ 70% Mg T )&t & (TMD) Z84HL, 14 H B O EEITHZETRE Mg B EET VEE
U7z, HREEEELC, @& & (Ctl, 100% Mg &) Z L7z~ 223 E L, B Mg BN 2 23 F miRNA &

252 282 L 57, MH miRNA Z miRNA-seq (2L, fEHTAIT o7 /55, 22 miRNA FEOK) 25% 03 @ HS 7,
2 ORI LU EBREIT 1225, TNEH CHl BEE TMD REORER FL# CZA B4 % miRNA fiLLC 9 fifi, 7 fliN
[FESIT, 2 [FOMDIRLUEBROFEREDOHDLEAEL T, mmu-miR-144-5p OIFFERBOENBHH S, 1
mmu-miR-144-5p OAFAE RO NNITRE Mg BIUR B D AAF~—T1—Lip bl RetE B R ST,

Lt BHIMEOSS DR, EHEIEDT =7, 50D miRNAs OB DL D A4~ — I —RRIF
Efi+HIET, BE~ 7 R MERRE DA F~—T—LLTD miRNAs DF I REND LB SN D,
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1. BEEH (ZIE D DIV HEE T B RS R TIEL TR,

AR, BAETEOZEAL, RoTeBFLM LA OF M,
{LFREEHZ LD HEBEOEEREIZEST, MEREHRT
HOLIRTNVOERARRPEETCWLIENHESND,
AT, AfnootfE RAEHE - T s Vickae, v
YU A(Ca), v 7 XL (Mg), 8 (Fe, LMD ), Hi

88 (Zn) 728 OFHHERGEDY, H AN OB FELULYE 2

BlZIXHARANDY-Y) Mg %Eﬁ$(20~29 %) VB
227 mg/H, ZZPE 192 mg/H THY, HELTE: (18~29 5%)
THHHEM 340 mg/B, M 270 mg/ H 2 KEFEIST
Wo, FEHARANOYY) Zn B (20~29 %) (X B
9.8 mg/H, %M 7.3 mg/H THY, HELEE (18~29 %) T
HOEM 11 mg/H, £t 8 mg/HAZLITY FlEI> T,



SFRTIARRCR I, B120E Ca RN RIS KD HLERE
VAZD SR Zn BEARRICIARRIEE DI A7 L,
fEFES> QOL MEFFOIETE L7025,

Mg 1%, 2 /™7 EHR, RS OMRE, M=
~— LSO ML E R R A & A R R 0 S & B9 5, 300
FRFELL EORESE RO - ThD VY, mxLX —fE
A, BREROVBRAL, BEBERICHMLETH DTN, BHEHR
DFEIKSL D, DNA X° RNA HilR{bEg s w4254
DAL M EETHD, £z, AL 7OV ARE LI
i, T BRI DA F L O R R 18 R 0D RE Sl iy
EOBEEIL\ ST HERERFFO Y,

Mg IZE N COHEZ L TR SND, ZHuh
BRI E ORBHUIEETLRVE O XIZLD5H 0
T, PTH(BIHFIRARF LT 1F Mg 12k THEEWRIY,
BDHOEWIL, B DO FRIL A KSEHZET,
I Mg 8NS5 ¢, B Mg B E 0V EHER
iE, DR, BERIE LW ST ATEBIER DY 20 % FRE
FH AL RIES TG 27, — 5T, BF L
BRDIRNGEEROT, R AN TIXRE IR Mg DR
et A I R L CRN RZFRETT 25720, BB 7ZRSER
ELT Mg RZMFROLNHZLIHFEAL TR Y, EEH
T, BUEOEBERERBUZIB TR Mg MfEA S
SIRWVEFINHAES TG 82 Mg KZAED YA
U, BECRIR, Bl WEM:, 3% 57, BOEAHY, Bk
THL, By, B, G, AR, R, AR
b, REERR, TEIRBIAREAE 2 ECD AT R BHD > 9,

fREFEZ B OMAET B IS N0V eV o ERNG,
BEADPIRT AR R 2R TSI Z L, 1M
T/ ISE R 12k 2 R E O FEAE L L C k< FHE A,
AEAROFF DT MEHERARE I Lo C, i/ i R
EFEFRD R ZIREDMIZITREED RONDHZEN DD, T2
EXUE, MIE/MAET Zn R LT LB AT D Zn Ok
BB ROE 3, MAEIZ R E 2372 Th Zn RZ DEFIR
RIS ) B LSS TG 12, 7, MigH
Mg HEEELARNOR Mg BORITHBIA 2N E W) AT
IS SVIREING SV bA~ i=1 2 ) i RNl B Y S
M EXEH5, 2OLT22E0 0, BRICEHHEREMER-QOL
M ED7=DIZ, IR TVABRUR JE Z 085 R <M
I DA T EOH R IR VI THD,

EROREE L= A A~ —H—L L, Mg
BR~A71 RNA (miRNA) 237 H ST\, i1, Zn
(2% 95 miRNA O/ 3AA~—H—HEEEICBILC, B A
BYECRFEIUEMED 3%RED Zn 2B LR Z BE 5
RTt%, 15378 In & LMF 25 2 72856 O LRI
BE miRNA OJSE 2T A_THF5E Wil b5, —HTIF
TR HI OB E DM IEER miRNA 12 &IFT
SBE AT FBNIART D720, RIFFEIE Mg O
BORILOFREEL L T ELY Y miRNA 2l A4 ~—h
— ML TR 52T, K0BEORVERIR L
Wro rTREMEAZ R DA BRE LT,

H AN D) Mg FEEUR LTI 70% Mg 78 2 ikt
W~ ADFEEEITV, L miRNA OBE#%
FRNTL, NAF~— T — I OV THRR LT,

2. ARAE
2.1 WEREMEFABT AE

AIN-93M ~X—2D Mg FRZEHTEHT Research Diets £l
(ZRRB AR L 72, 24Uz, @H R (C) 1% 100% Mg 7
RE725L9, Mg KZ 8 (TMD) 1 70% Mg Fe e &72589
et Mg 2Nz 7z,

HeBREN &L C 10 il CS7TBL/6N male <7 A (AU
TUBVERRE T (BR) ) 18 B2 Ve, EH /AT 1
MO Tl E %, FHRENRIRREL2DIC 2 BEIC
3 (CBE9 UL, TMD BE 9 IE), — HICIEH &, HH—
FHZ Mg RZR% 14 A A BERSE, bk
Mili-Q # B RS, HiREEE (£IiR
22.8 +0.4°C- 1L 44 +5%) T, BB 224 12 K[
JE (B3 8:00-20:00, K5HA 20:00-8:00) OBV H
F|\ T B EZITo72, FEORE CHB 22 B T-o7-,

A EBRMGE 14 B BIZAESEZATV, MR (M) o
WE1T-72, 1 BB OfFEICHOWTIE, fEFIEFTZ 7TMD
BEDOMERDS 1 PUFETE L7726, C#E9 T, 7TMD #f 8 LD
T—2E R\,

ARERRIT, RRKFEYERE B OAREZT,
HOR R B R L AN SN T T o 72,

2. 2 MAEDEFE

AV TNT W NREE T, R R E R &y B v
D AT MAE Z W TUBER A1 T o 72, MRIEE R
T30 MRRERER, K EicBLEZ, £974°C, 1900 x g
T 10 SrffiE Lo BEL G A 157-1%, 4°C, 16000 x g T



Sy DT BEL, I n EiEERREL T, M B
13-80°CTIRAFL T2,
2. 3 miRNA fZ#f
2. 3. 1 MmEMDD miRNA

miRNeasy Serum/Plasma Advanced Kit (QIAGEN #t) %
FWT, 1fiE B 200 uL 75 miRNA %5 E¢ total RNA
ELTHIHH LT, b= 7RI, 2. 3. 2, 2. 3. 3
DIEHTAAT ST,

2. 3. 2 IWAERIEIZLS mRNA DE=E

Quantus™ Fluorometer (Promega f1:) % H VT, total
RNA 10 miRNA JEZREL Tz,

2. 3. 3 NAFT7FZ4FIZ&SH miRNA D mEBERER

Agilent Small RNA k- Agilent 2100 /SAA4 7 F5A
P EXIKENT AT A (Agilent #12) 2 VT, miRNA O
BEeRAEAToT,

2. 3. 4 miRNA-seq fiZ#7

2. 3.2, 2. 3. STHGE CEIRE - MEAbEIC, 1 [HA
DEIEIZOWTE, FBE n=4, it 8 HOI 7 V%, 2 [0]
AOEFEEIZOWTIE, &8 n=6, 3F 12 HOV T L%,
FIEHIED, DNA T 7 i8I (BR) |2 miRNA-seq fi#tT
ZELT,

1715 —# (fastq) 1% miRbase Release 22.1 &7 /7 —
TareL T, UMLY—RITMIE#LT-, UMI V—R%
DUMIXL, TR IV ERE R BAOY T =T
Bioconductor & VT, fEMNTALERZAT 7=, IEHL, FER
FEEZ 21T edgeR & V2, P<0.05 2 H B EHD &7
L7,

3. MIRHFER
3.1 ﬁ#@ﬁﬂ’é@#?&(ﬁﬂ’é1 EB)

<A REREIL Ct BEE, 70% Mg & e &%
FafEL7- TMD BEZAEE B 14 A 8RS L7,

AfEAE 7 BH, 14 B HICBTAEREBIOAREE
M OREIEINET Ctl BEE TMD BED 2 BERICA E 5
Rbnen-7= (Fig. 1), £7-, ?ﬁ%ﬁﬂ*%%ﬂ&%c:ou\f%
Ctl #£& 7MD #ED 2 FEMEICH BT RN -oT
(Fig. 2),
3. 2 miRNA f#7 (15 1 B B)

Ctl #EL TMD BEOZNZ NG 4 (ERESeL, folé
A CEUS U7 M S L 72 miRNA [#43% miRNA-seq
AT L2,

ﬂﬁ

A.

0

51072 miRNA-seq 7 — X128\ C, UMIU—R B
RS Ctl BE 4 8, 7MD & 4 ROV IO EIET 2
P EE72 o7 miRNA FE, OFED, W IhOEE RS
17~ miRNA FE|Z 538 i CH 7=,

538 > miRNA @ UMI V—R Ao hEREL, Ehk
ST EAT ol B— R FER W7 my
FCIE, Ctl BEE IMD BEE T/ TAX —Z AT D2 L1372
Ho7- (Fig. 3)

Ctl #ELLLIT TMD BEO L HEM O -2 (3 EfR) T
UMI U—RA7 w08 2 BL E&7e o572 miRNA Fl 241 fE(C
DWTHER 2T 572, P<0.05 Zfi/z T &AH)
miRNA ff1% 9 FECh o7z, Ctl FEO V1LV TMD #ED
SEXIA RV miRNA FHiX, mmu-miR-144-5p, mmu-miR-
142a-3p O 2 i, Ctl FEDO V) X0E, TMD BEDOF-HIHME
VN miRNA FEIX, mmu-miR-483-3p, mmu-miR-125b-5p,
mmu-miR-133a-3p , mmu-miR-434-5p , mmu-miR-6240 ,
mmu-miR-149-5p, mmu-miR-30b-5p @ 7 HTh-o7-,
FEARTOEFE UMI V=KAo b7 ayhd5d
(Fig. 4) , mmu-miR-483-3p 33X O mmu-miR-30b-5p 1% Ctl
BED3AE TMD BED AN K ES R IR > T,
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3.3 BMAEDHE(EWE 2EHE)
EBROHBNEEZHER T D720, 2 [ HOFHEEIT-72,
<D AW E REGEELZ C BEE, 70% Mg BB %

FeEEL7- TMD BE2ARGE M 14 ARHIEE Lo, AfH

7HHE, 14 HBIZBITAREBIOAEEHIHOKE

T Ctl BEE TMD BED 2 BERIICH B 21T R0

~7-(Fig. 5), £z, MEEHEIREIZ OV TS Cl #EL

TMD #ED 2 BERIICA B 2T RS 78> 7- (Fig. 6) .

3. 4 miRNA 7 (& 2 E8)

Ctl #£& IMD BEOZNENE 6 fEIRE R, Ffs
HICES L7 g D L 72 miRNA [E43% miRNA-
seq fRATIZHEL 72,

miRNA-seq 7 —XIZEBWTC, UMI U—RKA7 b8 Ctl
#E 6 fH{A, 7MD B 6 [IEDWFHDOEET 2 BLEE
72-7- miRNA FE, OF0, WOk clitshz
miRNA fEi 467 FECTH o7,

467 FE> miRNA @ UMI V—RAv M ERUEL, &
o T EAT T, H—ER L R A W
T, Ctl BEE TMD REE T/ T AZ—Z BT 528
137203 7= (Fig. 7)

Ctl BHEHLLIT TMD BEOE B O 4 (4 E{K) T
UMI V—R A7 b3 2 LU EE72>72 miRNA fifE 161 FiZ
DWTHER I 24T 572, P<0.05 Wiz T &4 H)
miRNA ffl% 7 FECh o7z, Ctl FEO V1L TMD #ED
SEEIANEVY miIRNA T 1L, mmu-miR-30e-3p, mmu-miR-
144-5p @ 2 F, Ctl FEOF-EI0E TMD BED V-2 HME W
miRNA 1%, mmu-miR-486b-5p , mmu-miR-184-3p ,
mmu-miR-541-5p, mmu-miR-382-5p, mmu-miR-361-5p D
7 fETh oo, HERTOESLE UML U—R AT b
7uyht5E(Fig. 8), Ctl #ED434& TMD BED /347 A3
KEL 725 miRNA FE 3720 o7z,

3. 5 miRNA ##7 (815 1 BB & 2 B B O# &)

2 [AIDOFAE THEHILT- miRNA-seq 7 — ¥ & &b, %
TEn=10 OF7 —X& HW T 21772,

UMI U—R A7 858 Ctl B 10 8K, 7MD 10 {E{ED
WA OERT 3 LI k&7 miRNA fE, ©FD, \»
FHOOMERTHRIE 72 miRNA ffil 597 FiChH-7=,

597 D miRNA @ UMI V—RIw R ERYEL, &
o T EAT 2T H— R & R W
=2y T, Ctl BEE TMD BEE T/ I RS —Z BT 528



13727 ~7= (Fig. 9), — 7, fil B 1 [BlH LfAE 2 B HOZ
NENRITAZ =R L THY, REFOEN (CH &
TIMD R D7) LV E EBROmy bE (1 [EHE 2 B H O
72) DD miRNA BT 077 AL ~DEERRKRENL
DRSS,

Ctl #HLLIE TMD BEOEBLE D45 (6 fH{K) T
UMI V=R b3 3 Lh EE7e>7 miRNA fift 161 I
DWTHEM LR 21T 272, P<0.05 Zifi 729 &4 H)
miRNA F&/% 8 FE Th -7z, Ctl FHEDFE LY TMD D
SEEIAE miRNA 1L, mmu-miR-144-5p, mmu-let-7f-
5p, mmu-miR-142a-3p O 3 T, Ctl #ED 4510 TMD #E
DFEIHMENY miRNA FEIX, mmu-miR-486b-5p, mmu-
miR-184-3p, mmu-miR-382-5p, mmu-miR-541-5p, mmu-
miR-379-5p O 5 FETH -7z, KK TOIEH L% UMI
V—=FAo a7y 4 25& (Fig 10), Ctl BED A e
TMD BED 53 AT I8 K& 70 % miRNA FE 1370772,
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Fig. 10 1 [5] H & 2 [8] H ® miRNA-seq T —# A FRATIC R
T Ctl FEL TMD FEORER Ll O B 200 & 4172 miRNA
i (p <0.05)

4. ER

AHFFETIE, <7 AIZ 70% Mg 75 /& £ (7TMD) Z1EE5 L,
14 H Fﬁ@ﬁﬂﬁ%ﬁk&?ﬁ%ﬁ? Mg IR RET VEE
HLU7-, AHRBELLC, W% & (Ctl, 100% Mg i) #48
éﬁbt—v?z% XEL, B Mg BECR 2 230 miRNA

2525585 b,

70% Mg Fo/&1E H AN Mg BRI A48
ELTELDOTHD V2, Fi2, bbb OB EOHFFENE
BEITENIEE R 52 W e EESNZ72), 20
JERREEIToT2, ZNETIC Mg BRER (0% Mg FEE)
EEEEL-HE Mg RZEWa VT, Mg RZ D2
ERBELIZHAE DB E ST Y, 2057 Mg b
EREBHIZLS>TUITYOBERITEINEL, EREN
REPDT 2L, 2L T, (KENBADTLIENHBI
TWb, —J7, RIFFET 70% Mg & BEEHEL-GE
X, BREIECET, REOHBBIOEKERENED
SFRRE LA BT o7, DivbiuT 80% Mg B /e &
% SD 7y MIEBEILI 54, BREITEILNWI AR
LT 19 BaRCHREOEITAERICRE P Es
5.z, MR 1M H miRNA 707 7 A /L~ LB ES I
Do RHFFETIL, 70% Mg B Z s ETHIET, B Mg
EERZE &M miRNA 7177 A /L EOFBEE T35
DI LT R A TET,

%1 EfEELE 2 [fFEEOZNEN TMKIG
miRNA ZHH L, miRNA-seq (25> TREFERIZ miRNA
Ta7 A NVERIT LU, IS U7 miRNA flilE 1 =1 H
DY 7T 538 Fl, 2 [E H 0P 7L TiE 467 FET
&7, miRBase [ZEFKIILTNH T A miRNA FllE
2045 FETHHD T, TDHIBR) 25% 3 HE T, MiHS
%5 miRNA O = — g (AR LT B
0, ZLOEED 7V TRIBEBHREL T &72oTHDHD
BIET D, ZUDEMENT RIS E L TR 72, Ctl #EHLL

1% TMD BEDELH2 D14 T UMI U—R D RB 3

P EE7257- miRNA FEICK o7z, EDRER, TS E
7257- miRNA FfIE 1 B HOH 70Tk 241 1, 2 [0
HDOHW 7 TlE 161 FETH-72, ZiUE4 miRNA Fl
DF) 10%IFY T2, Ctl £EE TMD BEORER LR O#E
R, p<0.05 OBE TSI miRNA fRIE, 1 [FIH O
YT NATIEOM, 2[BIBDOY T A TIE TR THHT,
I SH72 miRNA FEITAEHT R4 LU 72 miRNA FEOK)



4% TH Y U e, AMFFEERARIZI R T VAR IS 2 & ik
H miRNA 7775 OB Z RL7-iF9E & L C, Ryu HOAF4E
HERDHD W, Ryu HIFER~DI AR (n=9) 12k~ T,
YO Zn KZ (0%FE R, 10 H[E) Tl OfF7ER N
{£3% miRNA FEOREEZRAT, FlEEL TUi~v Ao
TLAEERNTEY, 85 Fi> miRNAs ZfiHL, 20 ff
@ miRNAs OAFFEENZE(LLIZZE (p <0.005) ZH AL
TW5 W, Z5{EL 7= miRNA Ff I3 H &S 72 miRNA D
) 24%I A LTz, £, MiHS/z miRNA FEO %4 L
T D&, RBFFEN T 5L RKELS, miRNA-seq {EEH WD
TET, v A7aT VAIEIZEAT, MR S B2 &
BEzohbd, —JF, IRTNVERAR R CRBILE L
miRNA i XBE B2 51200 b b T, T ol
o7, B ELTIE, Ryu HOHFFETIE, F—fE{AT Zn
RZ BOEBIFIE OB ZIT > TWAHTed, fEEZED
WENPEBR CETWAHIE, T ik 7 — 2B ED
FERNFET DL, MHRELTNDIRTINERDT L,
Fio, BE(0%FER) DR TIToTNWDIERENEZ R
HD, AWFFEITIEC O TRREIRT VIR E (70% 78
I DIMAF miRNA ~DFEBEE LS _T-AFIERER TH
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Summary
In recent years, dietary changes, unbalanced diets, use of processed foods, and soil alteration due to the use of
chemical fertilizers have caused inadequate intake of micronutrients, namely minerals. In Japan, average intakes of
calcium, magnesium, iron (women), zinc, and other minerals do not reach the estimated average requirement or
recommended amounts specified in the Dietary Reference Intakes for Japanese. Similarly, countries around the world
are also inadequate in their intake of various minerals. Insufficient mineral intake is an obstacle to maintaining good
health and quality of life. On the other hand, there are few opportunities for individuals to recognize mineral deficiencies.
For example, only Na, K, and Cl are examined in blood tests during physical examinations. The balance of minerals in
the blood does not fluctuate unless there is a severe deficiency or excess due to the homeostatic mechanism of the body.
In order to maintain health and improve QOL through food, it is necessary to implement a simple and accurate method
of detecting mineral deficiency in society. Recently, blood circulating microRNAs (miRNAs) have attracted attention
as biomarkers that reflect the state of the living body. In this study, we first identified circulating miRNAs that fluctuate
in response to mild magnesium deficiency in an animal model.
In this study, mice were fed a 70% Mg-sufficient diet (7MD) for 14 days to create a model of mild Mg deficiency.
As a control group, mice fed a normal diet (Ctl, 100% Mg-sufficient) were used to examine the effect of mild Mg
deprivation on blood miRNA levels. The miRNAs in the blood were subjected to miRNA-seq and analyzed, and
approximately 25% of all miRNA species were detected. Nine and 7 miRNA species were identified as variable in
the Ctl and 7MD groups, respectively, in the two replicated experiments. An increase in the abundance of mmu-miR-
144-5p was detected as a change. The increased abundance of mmu-miR-144-5p in blood was presented as a potential
biomarker for mild Mg intake deficiency.
Further reproducibility checks, robustness checks, and biomarker discovery studies using combinations of miRNAs

are expected to demonstrate the usefulness of miRNAs as a biomarker for mild magnesium deficiency.



