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PRDM16 #1 BMP7 & & 3R 1% = 7£ 1 40 % §
FTEFTHHRIEAR

1,2 1 1 N
BEXFET EBE EEE XA
('ZhEaRBHELNAERSZAIHMAESENHUR R ELELTRT, 2@ ERXFEGHFZFER, 29 650500; *= &
ISR F R L IREHAF PR, B9 650500)

 E AR ETUIRFEL AT H A PRDMI6 (PR domain-containing 16) 2 BMP7
( bone morphogenetic proteins 7) #& & 5 3k & xf H 4 38 3E [ M98 7 8916 F, REF R E T B 4
B AR LR E A AT A R R E L fE AR R & (resting metabolic rate,

RMR) . 3E Bl £ 4 = # ( nonshivering thermogenesis, NST) .3 & & PRDMI16 F2 BMP7 %Pj%
KEWNE, FREA. FTHL LR P T ER 0K E RMR NST, 48 & fi7 i 4 4
(brown adipose tissue, BAT) & | & & fig §i 41 21 (white adipose tissue, WAT) & f1 3% & & 3 &
A2FREETEF, wmmx [l Z % % PRDM16 fr BMP7 %@%La%%ﬁiﬁ,
PRDM16 XK EWEF TR MUEAE N A F>HESEFS>EF;BMPT R K EWNF T LA H
K AFESHESEESHE, AYILEAHT, PEM B K E RMR NST & & & BAT &
B AW WAT 48 7 2Z 4 fn PRDMI16 71 BMP7 X H XK B H B2 Wi, M L4 5%
B, o 4 B 2 flg B 40 B 72 42 PRDM16 A2 BMP7 ALIE M A2, B A 2 sk K8 & 4 T &
48 7§ PRDM16 fr BMP7 %k ik & bR, (R 348 & ff i 48 0 JR , 36 Am NST ok 3¢ 4 7= #h oy 1
J, DLIE R A2 A t3R3E . PRDMIG F0 BMP7 & 48 i il 2 3 15 7= #h B 7 A it B4
REEZWNEA,

KR AN RERH; BERITAR

Roles of PRDM16 and BMP7 gene expressions in body mass regulation in Tupaia belange-
ri. GAO Wen-rong'”>, WANG Zheng-kun', HOU Dong-min', ZHU Wan-long'* ('Key Laborato-
ry of Ecological Adaptive Evolution and Conservation on Animals-Plants in Southwest Mountain
Ecosystem of University in Yunnan Province, School of Life Science, Yunnan Normal University ,
Kunming 650500, China; >School of Energy and Environmental Science, Yunnan Normal Univer-
sity, Kunming 650500, China).

Abstract: In order to clarify the adjustment roles of PR domain-containing 16 (PRDM16) and
bone morphogenetic proteins 7 (BMP7) genes expressions in the physiological adaptation of tree
shrew (Tupaia belangeri) to seasonal environment changes, the indexes of tree shrew’s body
mass, resting metabolic rate (RMR), nonshivering thermogenesis ( NST) , food intake, brown
adipose tissue ( BAT) mass, white adipose tissue ( WAT) mass, PRDM16 and BMP7 genes
expressions were measured under different seasons and cold acclimatization. The results showed
that, with the seasonal changes, tree shrew’s body mass, BAT mass, WAT mass, RMR, NST
and food intake in winter were significantly higher than that in summer; its PRDM16 and BMP7
genes expressions showed significant differences in different seasons. Seasonal variation tendency

of PRDM16 gene expression was in order of winter>autumn>spring> summer, and the seasonal
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variation tendency of BMP7 gene expression was in order of winter>autumn>summer>spring. Cold
acclimatization increased its body mass, BAT mass, WAT mass, RMR, NST and food intake.

PRDM16 and BMP7 genes expressions were also increased under cold acclimation. The results

suggested that the gene expression levels of PRDM16 and BMP7 of the tree shrews were increased

in winter or with cold exposure, which promoted the formation of brown fat cells to increase the

thermogenesis to adapt to the cold condition in winter. Moreover, PRDM16 and BMP7 genes play

important roles in the seasonal thermogenic regulation and energy metabolism in the tree shrews.

Key words: Tupaia belangeri; energy metabolism; brown adipose tissue.

FARIRE T W e PRSI A A 19 i 2=
T VAR AT S Y AR | AR A AN AR H A A AR
BDHHEA & HEE 520 ( Heldmaier et al. , 1989 ; Zhu
et al.,2015;Gao et al.,2016a) . TS5 119 7%
b, BB R S A AR EAE T SR RS2 A sh W) BE
4 RE R AL EE 2 TH AE (Corp et al., 1999 ; Zhao
et al.,2013) . MG FFEEASALBIIREEIT 2L YA HLIA
AN R B B B A A AR LA 4R R R AR A
(Johnston et al. ,1996;Gao et al.,2016b) . AEHTZHZ
TESN IR B A A Y i AR rh R A B EE S A
FH ( Wunder, 1984 ; Tews et al.,2011) ., WF. ¥ &=
B TIPSR i D5 2 21 4 €6 15 1D 2H 22 ( brown
adipose tissue , BAT) Fl H g 4141 (white adipose
tissue, WAT) , B F L& | A W)= D e #5R A A,
WAT F 2 57 DL =WEH o E R R g e, 24
PUARTS ZERE I i th AL~ B8, DI 2 AL XS RE
FRTE 25 T BAT & —Fh AL 0 7= I 21, J2 AR Bt
P 7= #4 ( nonshivering thermogenesis, NST') ) 32 %2 &
AL, RTINS B R P i By B
YER (Nicholls et al. 1984 ;Seale et al. ,2008) .

H AT, #1177 40 i) LT 1 A R A A2 2
4145 PRDM16( PR domain-containing 16) A1 BMP7
( bone morphogenetic proteins 7) Wi £5i& 1%, PRDM16
H1BMP7 2 {12 #4515 7 40 il 3 4k %) 22 22 [N 5
(Seale et al. ,2008) , PRDM16 J& Spiegelman f/f57 2H
TE G 18 /)N U A S ) st 2 S IR AFDRT 3 5 &l 140
kDa 548 8 H (Seale et al.,2007 ; Friihbeck et al. ,
2009) ,7E BAT Hrpp S PE ek, vl fil & BAT 41 g
AR 1( uncoupling protein 1, UCP1) EEFLIR 1Y
Fak R R AR 605 1D At BT 10 O SR 45 A 5
(Kajimura et al.,2008) , BMP7 Z#: # 4K HF B
( transforming growth factor-B, TGF-) PR R
B1, AT YE PROM16 %536 [H 19 26 32k, ) 3 BAT 41 i
O3 Ak B pE B R ( Balint et al. , 2003 ; Canalis et al.
2003) . BMP7 R 4 /8 BRAL & 2> i AR 3K UCPL

(¥) BAT, 1fii BMP7 i 215/ U BAT &5 f2 i i
(Tseng et al.,2008) ., H UL A] U, PRDM16 1 BMP7
TEAEFHAIR FIRE RS T HAT 2R, Er Ll
RHJETT BAT B 77 FVRE ) ok 52 T BE = 4% A FITHAEZ
(i) F4) Y167 , 3 T 5 Wil ) 40 % A 5 ) i oy %o SR 4K EE
R

TR B 6 ( Tupaia belangeri) J& %2550 H ( Scanden-
tia ) B4 B} ( Tupaiidae ) , J2& A% i 2 A7 6 i) — 4>
v, R AR AR A /NI EL Y, E 2 A T AR
R FRE = mE DU P RS ) P R i e 5 A
(ERFESE,1991) o FP 4R i) 0 A7 2 1 22 T 1Y
L A bl N S R O S RE B PR
TERD SR Y F L AR, ORI — 5 1Y 22 Sk
(EBRF,1995,1999) . W5 R APk 4%
KRB HGE , BA IR SR AL, PR A=y B2
2= LW R o 5255 3% ( Abbott, 2011 5 Bremer,
2011) ., A3CH THFSE PRDM16 F1 BMP7 5L A 76
ZAR A EE RS T VR L I E T T M A WAL
AT HARE Fr RS (resting metabolic rate,
RMR) NST 4 it PRDM16 1 BMP7 JE[H ik i
FRIAZAL, , Sz i DX /N B 22, 2 0 0 v o it 2
AL IR 3 O SR B — SE IR 5 [R) I 6AiE
Hh 2 AR R4 €585 1D A L A AP AE LR PR I

1 #RExHZE

1.1 ki

ZE T SR i F 4R R T 2013 AFEH B BRI
FEAE (25°26'N—25°62'N, 102° 13’ E—102°56'E ) ,
13 1650 ~1700 m AY4R FHFNGE A A 9L 5256
S FH v AR ) oA S 5 = B A
1.2 sh¥ubs
1.2.1 25— .PRDMI16 Al BMP7 JE K %k &2 i) 2
WEAR L, 2T PRSI0 BT P 4R T 2013 4R 3
HA(n=10;586,52),6 A(n=10;68,4%),9 A
(n=10;38,72),12 A(n=10;4 5,62 ) i A &
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WA B SRS S T = B i R A
BheE g e S50 s by (R ) B8 3 R 5% (1 57 98
FEAE M. 120 mm % 200 mm X 300 mm ) ; O B8 & 14
121 = 12D DR eSS fRDE ( B B A 7 1 7= 2R AR RS
Tk, 69.1%) AR (2.7%) (FABE(6.9%) LI
KSR (21.3% ) AW, BRI 1 K, i1 7K 2R
(SR, B, flisha@ iy 3 K, T4 4 R E
i, IR 2 RFIE 1 K58 5 RINE 4R, BT
A LA RN, FIRTIRE RS AL ES)
P HEAT A 0 G B A 2 R A TR b, U B2
TRE T H8UE T -80 C R VKA h - 17, H T
PRDM16 il BMP7 JEH SRk Gl , SEE sl
BUAREAR BHE A4
1.2.2 525 UM% PRDM16 Al BMP7 JE K
INEEAYSEIR K 20 Horh i R BEAL 3 P A % R
H(0d) BYIfbal (28 d), 54 10 H(56,59),
SCESHT A L SR E I B E =R, LAY
BT (5+1) C,12L : 12D &AM T, 94k 28 d; X IR
HIPE T (25+1) °C,12L : 12D &4 F, Yifk 28
d., 70 F128 d e ML Zh# K RMR NST Al
HEE, AT 28 d IS Wiaiab s, B B g i
HLAUHF-80 C A7, 1T PRDM16 1 BMP7 & [H
FIREME , SEE s AR BRI
1.3 fUiRmz

FHIR AN AE 72 ) ADML870 1 JF i 3 ME i A
e FE A, AP R A TR 7 VA IR HILL(1972) B
W, 7€ RMR WE 5, & FESEHE LR (NE),
JH ADML870 AT jis 2T SO 22 B 7E 30 °CF Y
NST., NE {5570 & i iff 2 FH vl B2 0 B8 ok A7 T 2%
SRS, BE A LR R, A NE 55 & 6
90.8 mg + kg™ BW,NST %€ 30 min, &R K
SEFE AR N B NST( EBUR % ,1999)
1.4 HEENE

SRR V- 1k D 5 29 B 4% £ £ ( Klingens-
por et al. ,1996) , ME R, 15 BT+ 572 58, 76K H
B2 DAL — 23R, 7 NS A
SRIG LA FE R E B, i F R Aok, 3
KIGWER A&, & FHEE TR 70 CHL =
B FTLirdrsemkt, REE=RREeywT
H-FREYTH,
1.5 PRDMI6 Fl BMP7 J&[H 5k & 1) &
1.5.1 RNA 2 2l 2 %58 . e PRI 4L 5
RNA [F42 85 4lifk 3 i RNApure /55 405 RNA PR

R & ( BioTeke Co.) $2 At it 47, R A
RRHEEIE FL VK IR AT RNA 40088 A2 S AG 0, HRE
[ RNA F-80 CIR_1E.
1.5.2  ¢DNA 55 —#f 4 i cDNA 25— 4% A9 4 i LA
KRR B 4H 4R B RNA A, & IR FastQuant RT
Kit( With gDNase ) il & 24t kA7, #%3R 1 5
[KIZ1 DNA () R BRIk RBCHITR AW, WRIRS) . Wik
B, IFET 42 °C L, 3 min, ARG E Tk Bk
B MR 2 MR SR IROVAR R HITR AW B
SR AR AR R (mix) JIE] gDNA KB 5§
AR, R4 IR A) . 42 °C 9% F 15 min, 95 C
JEE 3 min ZJEHCTUK 1, 75519 cDNA #£-20 CF
R
1.5.3 PRDMI16 fl BMP7 3£ [H ¢cDNA J# 51 54" 14
M 4E T A HESh Y PRDM16 Fl BMP7 3t [ 48 5t
FRARSF RSN 5 (% 3) . LA LA cDNA 55—
MR 4T RT-PCR, ¥ 34 55 4 3424 . 95 °C 2 M
4 min,95 C 30 s,54~56 °C 1 min,72 °C 40 s,3t 37
MBI, 72 °CHEAH 10 min, §HEAZR N 50 wL, H
%A 1 puL Template (10 ng - wL™") ,1 pL L3514
(10 pmol - wL™") ,1 pL #5149 (10 pmol - wL™"),
4 wL dNTP Mixture(10 mmol + L™ pH 8.0),1 pL

F1 gDNA EBRERMNEZR
Table 1 Reaction system with gNase

fEwl P il AR (L)
5xgDNA buffer 2
Total RNA 4
Rnase-free ddH,0 4

x2 RERRNER

Table 2 Reaction system of reverse transcription

jEwl BE AT (L)
10xFast RT buffer 2
RT Enzyme mix 1
FQ-RT Primer mix 2
Rnase-free ddH,0 5

£3 ¥R PRDMI16 71 BMP7 EE T HS| 4
Table 3 Primers used for amplifying PRDM16 and BMP7
genes of Tupaia belangeri

ElE7) FF3

PRDM16F 5'-CTGTCACAGCCTGGAGCAGCACAT-3’
PRDM16R 5'-GGTAGGGTGTCTGTGCACGTTACC-3’
BMP7F 5'-ACATCACAGCCACCAGCAA-3’
BMP7R 5'-CACCATCCAGCGTCTCCA-3’
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Taq enzyme (4 U - uL™'),5 pL 10 x PCR Buffer
(Mg>),37 ul ddH,0, RT-PCR F=#yi% % B WA BH
BHE A BRA B AT IE R [
1.5.4 SEZF9¢GE B PCR(FQ-PCR) : B cDNA
FH ABI-7000™ SZH 285 PCR AXHEA T4 38, IFAG0 5
A5, FQ-PCR 1A &K SYBR Green real-
mastermix Mix 1277 & Ui B EATBC ], VAR R A
20 wL:9 wL SYBR Green realmastermix Mix,0.5 wL F
Primer (12.5 wmol + L"), 0.5 pL R Primer (12.5
pmol + L™'), 0.5 pL ¢DNA #ifg, 9.5 wL RNase
ddH,0, ¥ HE5AM4 R —2 94 C 2 min, 55 "2 94
C 15 s, 5= 60 C 35,58 FE=HFEL 37
MEA, —DEEE AR AT 3 RPATE
2, RHEAE R 3 AT E 25 R, A
Z RN 5 Y F: 5 -GAGAGGGAAATCGTGCGTGAC-
3';R:5'-CATCTGCTGGAAGGTGGACA-3'
1.5.5 27°°CTHIXTE Rk H IR SE P L SR K
R 2702 A A e BRI TR XX R
A, AACT = 0, 2742 = 1, 1iif % T &b PR 20 FEAS | 2
2740 S 1 UL SR R Rk IR, A7 2700 <1, T
W EE R A T,
1.6 ZdEab

FIH SPSS 16.0 St v+ #4442 iF 47 A8 G 48 3 4b
P ZE AR R H HL I R 7 22 (one-way ANOVA)
5301 219 RMR (NST | B (K 41 i £% 2 & . UCP1
8 K PRDM16 il BMP7 )3 1k &% FH ¥ K £ P
772 (one-way ANCOVA) 734, LUK A hA i, 41
[F) 22 S 22 H LU ( Duncan ) 7087 5 @ YL S5 F T
(IFE AR 22 52 R ST REAS ¢ K003B, &5 548 LU
P +AR1EIR R (Mean+SE) | P<0.05 2% 5 3%,
P<0.01 22 53 i 3

2 ERE5SH

2.1 RERRTEEL

AR ZET 8] R gAY R R (F, = 6.446, P<
0.01) FIHE & (Fy45=6.471,P<0.01) 22 74K
=, RENEE RN G AR A
e, B RN, R BRI (E )
2.2 RMR FI NST 251481k

ANTR) 5 (), o g0 A% B B RMR 22 5 0t 3
(F, ,;5=8.741,P<0.01) ,NST 22 5# W 3 (F, , =
4.125,P<0.05) , H#A R4 Bt , AR (E 2) ,
KW 2 RMR #i1T 41.80% ,4Z= L 2= NST

140

A a
120} b —
be T
i . C
100 T
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L
& 60f
40t
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25 b b
C b
= 20t
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Fig.1  Seasonal variation of body mass ( A) and food
intake (B) in Tupaia belangeri
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Fig.2 The seasonal variation of RMR and NST in Tupaia
belangeri

FE AR ERE R A ) 25 55 2 3% (P<0.05) ,
BT 26.71%,
2.3 BAT Fl WAT i J & i i 2= A8k
ANIF) 25 Y5 ], of 40 AR B BAT & EE(F, 4 =
29.499,P<0.01) #1 WAT & & (F, 5 = 8.821, P<
0.01) 2= 5t i 3, & Z& h 4Ry B g 7 2 o 0 B o
BEHTEZ(E3AK4), BAT SEHAFHES
4N 53.85% ,WAT & it 42 tL L 24811 8.9% .,
2.4 PRDMI16 #1 BMP7 A& 421k
Hh 4 % B A 5 41 41 PRDM16 mRNA (F, 55 =
6.432,P<0.01) FIBMP7mRNA ( F, ,;=2.754,P<
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Fig.5 Seasonal variation on the expression levels of the
PRDM16 (A) and BMP7 (B) of adipose tissue in Tupaia
belangeri

M B ANTR) R R AL 1] 22 5 1. 35 (P<0.05) , PCR 7 ) HL Ik 45417 4]
rh ) S S BEFR RIS WA, SR R R R IR A

THEE(KS),
2.5 BYMEAMET g Rk s SR n i A2 b
HRAR RYA D4k 28 d AR R X R 4 25 S
WB#F(1=-10.268,P<0.01,% 4) ., XYtk 28 d )=,
Hg A B R PR S IR 2 R W (1 =
-8.482,P<0.01,% 4) , WYLt rh, b4 i i1
RMR Fl1 NST & i 7+ #5155 28 K40 A i i) RMR Al
NST 5%} B 4] 2= 53 e |2 3 (RMR ;¢ = -30.593, P<
0.01;NST:1=-17.676,P<0.01,% 4) , XYL &1
X REZH AN A2 A ) BAT B 5 R B
WAT & & 22 5 B % (BAT:1=-6.921,P<0.01;
WAT:t=-5.561,P<0.01,% 4) ., ¥k 28 d J5,+
AR R BAT & B AR AR WAT & &2 b xf i/
20 N 35.719% 1 8.02% . ¥&9I4k 28 d )5, T4
R PRDM16 mRNA )3 ik W i 3% = T 5 I 4]
(t=-3.335,P<0.01,3 4) ., T4k BMP7 mRNA
MRBEERLIIAEXNBAZRMEF (1 =
-5.519,P<0.01,%4) .
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F4 RYMEX HARFIEE RMRNST IR R ENZM

Table 4  Effect of cold acclimatization on body mass,
RMR, NST and food intake in Tupaia belangeri

Xt R BIIfLA
hE (g) 105.38+1.38 106.21x1.54
FrEACHER RMR (mL 0, - g7 - h7h) 1.57£0.13 1.54=0.16
FEGEE = NST (mL 0, - g7+ h7!) 2.72+0.22 2.69+0.21
(g d") 14.98+0.65 15.0420.72
e
A& (g) 106.57+1.52 127.79+1.66
BRI RMR(mL 0, g7 - h7h) 1.58+0.15 2.78+0.23
JemiEE A NST(mL 0,¢7" - h7") 2.67+0.23 3.34+0.28
HEE(g-d") 15.12£0.71 20.02+0.85
BAT F it (g) 0.45+0.02 0.73£0.05
BAT % (%) 0.42+0.01 0.57+0.04
WAT F i (g) 1.99+0.05 2.59+0.07
WAT (%) 1.87+0.03 2.02+0.05
PRDM16 mRNA Fikte (RU) 1.0020.02 4.35+0.39
BMP7 mRNA ik & (RU) 1.00+0.03 5.87+0.63

3 i

THI X Ah IR AN WS Ak, B ot B A B AR
AR R R B TT S | DT R £ A 5 RE i T A
Z AR 3] — 1B 25547 ( Johnston et al., 1996 ; Zhao
et al.,2014) . REEIRA S ARHE MR R AKX,
R RS ) B TR B — > - X
T RE A RE R IEAEZ A P47 . 17 22/ NI
BRI 7 R o7/ R RS BERI DB XN 0 L B U R AN
BT oK B AR B, AT Ny BB, T b B
( Meriones unguiculatus) (Li et al.,2005) , /= L1140 &
(Apodemus chevrieri) (Zhu et al.,2012a) Fl K 2 i
( Eothenomys miletus) (Zhu et al.,2010) 5% 1 4 4
WY A E AR AL AR 5 BTN ], B P45 1 1Y)
AR AR AN W R 88 0, X 5 4 6 B ( Mesocricetus
auratus ) FIE A BT B (Akodon azarze ) 55 1 0 #H 1)
(Nagy et al.,1995) , X1R AT G5 4 i i A= A7 30
BEAT O, R iR i 23 T B P L DX &= A
KB, Y GIRARXT e Fe e . PRt A e it
TN B R A2 B BT AR R A T 5K T2
REEIG I, (R, 4R R WAT & & 09 28 1k 3
HEEB B AR R E S T ESE R YIA
R TN R I 7R AR B A A i o 1 A
Wit A R R RE S T FE

AR A MR/ NI 7L Bl A A R 2 T e £ ) L ke A
Ref 7 K 38 0 BT 7= A= 19 BB (Jackson et al., 2001 ;

Zhu et al.,2012b) . B YIHALL FIGE T K 3G 0 2Z 1]
(1) S S AR A R e — R B I AR BRI T R 3 B
(Zhao et al.,2013) . /INEIR L B4 7 W %) FE A& Bif fi
HE)— RN S 7 IARE T ARG, R e
B A AE BAT #R02HY NST, A BF5E 2 W, 26148 IRk
= A & i T NST BE 138 1 BT 8 ( Merritt
et al.,2001) . B 75 i BE A FEAK, b 46 3% J9 9 RMR
FUNST 34011, 78 4 2 fig 5 NST B 5 7= #0 HE i & 2
INFREF BEART 8%, 4 FHE & RMR ¥ T
41.80% , 4 Z= V. 2= NST #4417 26.71% ; NST %} 1
AR = I ST A AR B R 2 R A LU R
KT 13.75%, MiBFEEMBEEZEF AR E, B
AR R 25 AL, IR AT UK RMR F1 NST
B X 5 USSR WAL S E R R RIS 2 R — 3K
(EBRE, 1999) , 5 FE¥8 Hb DX 1 JH: Al o 24 46 01
(Heldmaier et al.,1982) , "4k 4340 TAK 4 B,
TR VA M X S R ) A AR A4/, RMR T NST #§
T T 2R A v AR 3 G A 2R RS
I A AR 0 AR Ak 3238 0 FEVR PR B I — R HIL A
Hh 2 R 2 SR RIS T Az B 78 e AR AR D i
HEIACIE G N 7 2, DTG B 2 B e L A
b DXV B R PR A AR ) P R 1 B B R AR,
A R R E R, & T e, MM
(1), SHYITEA = 7= ARG 0, O AR 5 i 2 2= 7
Pg D BRI D X R T IECR AR 1 ( Duarte
et al.,2010)

A €6 1 15 200 Jf 2 /NI 7L 8l 0 NST 1 2 82 &
AEBAL . HRTIA A8 G 1 200 A A UL P A DR A A
FE AU 45 PRDM16 Fl BMP7 M 4% 4%, PRDM16 Fi
BMP7 S 48 € Jg 7 4t M 53 4k i) B 22 Rl F ( Seale
et al.,2008) ., X/ By A5 & B, A0 &k
PRDM16 JE (K G5 = 25 A5 25k R R (g 17 s 2 2 1
(W PGC-1a F1 UCP1 &) 9 3%38, I 30E 48 (i
5 240 b 43 AT 1 ( Seale et al.,2008) , BMP Jj&—2
IR Z A R, Tseng 55 (2008 ) [AAFFE A EE,
BMP7 BEE7E48 (i 17 40 B 53 Ak i Bt vl € i b
ELP UCPT 9323k, BMP7 JE A B 5 19/ B,
WA R = | H UCP1 S84 323k, T s
BEAMF BMP7 A3k R8I /) A o 4 £ B I i
S FEHEAN ( Farmer, 2008 ; Tran et al. ,2010) . ASHFSE
o 46 B R IR B 41 41 PRDM16 mRNA 1 BMP7
mRNA (1235 7K -0 58 45 5 260 . PRDM 16 1 BMP7
HAFRFEAAFTEEM AT ERTES R
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