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Exploration of organ morphogenesis II : Deer antler as unique mammalian model. Journal of Zhejiang
University (Agric. & Life Sci.), 2015,41(2):125 - 132

Zhao Haiping', Chu Wenhui', Chen Guangxin®, Li Chunyi'* (1. State Key Laboratory for Molecular Biology
of Special Economic Animals, Institute of Special Animal and Plant Sciences, Chinese Academy of
Agricultural Sciences, Changchun 130112, China; 2. College of Agriculture, Guangdong Ocean University,
Zhanjiang 524088, Guangdong, China)

Summary Morphogenesis is a subject to investigate morphological generation and shape maintenance of
organisms. Regeneration can recapitulate the process of morphogenesis. Therefore, lower animals such as planaria
were usually used to study morphogenesis, as they can regenerate some parts of their bodies. Correlation between
bioelectricity and organ morphogenesis has been observed for lower animals such as amphibians. Whether this
finding applies to the situation of mammals including humans is unknown due to lack of mammalian models.

Deer antler is a unique mammalian organ that can regenerate annually. Deer antler development initiates from
AP (antlerogenic periosteum, the periosteum overlying the frontal crest of prepubertal deer) tissue. Subsequent
studies showed that the AP controls the morphogenesis of deer antler. 1) Ectopic antlers formed when APs were
removed from normal position to anywhere of deer body. 2) Backward morphology of antlers developed when the
APs were rotated 180° from original position. 3) Duplication of APs resulted in the growth of normal antlers.

4) Even minced APs can develop organized antlers. Morphogenetic potential of different regions of AP was also
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assessed. Antler morphogenetic information was mainly held in the anterior and medial halves of AP. The former

is responsible for antler brow tine; and the latter is responsible for other branches of antler. All these features,

such as full regeneration and a simple tissue-derivative, only exist in antlers comparing to other mammalian

organs. Antlers morphogenesis can be studied by simply manipulating AP. Therefore, deer antler is believed to be

an ideal model for organ morphogenesis study in mammals.

Bioelectricity results on deer antler morphogenesis is a good beginning to understand the mystery of organ

morphogenesis in mammals. In this review, the storage, duplication and transferring pathway of morphogenetic
phog g p g p y phog

information for deer antlers were analyzed, and preliminary idea for cracking the secret codes of morphogenesis of

mammalian organs through tracing bioelectricity was outlined. The findings from deer antler model are expected to

be applied to artificial control of organ morphogenesis for mammal to serve for human health.

Key words bioelectricity code; deer antler; morphogenesis

A& KRN Ry e — > BES A Dl A T R bR 14
] R AR AT Sy AR R U X — 1]
FOUF) fifp DRRF 2 2 A AT BIL A B AR T A O J 7 L i R
A BLAR RS — il AT A A A L i
A2, N REMR B S R S R A BB R ARG
BT HROB B R T AR, Levin SEEE LAY HL
WEFE UG TR B, S T A A A e
AR AR — AN R G B e Sk
ECHET LT TR C T SIS R AE MR
#RE R AR AR AE B W U7 T, G T I 3L 3 W 1 AT 5T ad R
JLARE , 32 3 EER N Dy e = 0 L Sl AR R AT S L
S RIE R AR B, A T S RS A B A
P45 A% B AT R A B R L D,
> AL Sl W A TR 25k A R R i L 5
Yy e B R AW e SR VT B AL 55 2 —

1 RHEE-— I TXxmHAINEEH
SRERA

1.1 BENESREREERERE

JEE S TR JEE 1) K OB IR A B, R 2 90O A A
A B FRE B LA K A B4 R 5 R R A N A A
JBE v PR AE — W, SR K A B AEAE TSk B
MBS KA MR 2 g X 2 Dl
WE T LB SR AF S0 25 R A, AT LA R AR
— i BER.

KA I3 HE R AP S A2 T AR AR, 25 JEE 2k
ATT ], MRS Sk A M Ak 1) R R AE B X AR . 2
SR A A B o A R S P g T TOURTS 3% 9 4 A 1l 49
SO AR RIA) A S AR S BRI, AT L g
P B BCJPRIE 20 LX), A R B TR R i A Y

Sk BEA, TR B AY RE TR 2 B B0 SRR A A R
H 2 WP A K B R, W) AR R
1k, W 225 B, 8 BB, IR R ) AR EERR S R A A&
7, A oA [ B B T F L, HBIER 2 AR R RY
SR REF I I, < A B AR B R . 500 M 5
AL, BHAEFERA MM ER AW FR g, 5
PRI, BRIl K Al B RE A, 2 2 JEE A 4 T
W& Tt b, R AEFR KBTS, T — A #E A 0E H T
GRE R W) A0 AN R, TR A A B
S 4 R i AR e Y 0 A

JE B B 25 AR U o A T R ok AR T IX Y B
i, R S A B X B B (antlerogenic periosteum,
AP). AP 5 J B B2 U8 AT W A 3 5 R
ANELA S R 5 . Goss A8 3l 2o B RS A 1 56 1
ERERER AP HARA N 1.5 cm. EH LW,
FERER) AP 22— HRBRAH 2~3 cm KW BIE 5 B
B R & 2. AP e B & H Hartwig %5 18 4%
JEEH e A 2H R B B R B K AP BB BR AN
KA AP FEAE B BE AR AT AT A7, 76 3% R A1 B
S 7 JEE T 3 e 38 A% b 1 HE AT A0 I R TR R R A
U WLER AN, AR RE ORI T AP RS
IR, — F/NVINE i R RE AR B 60~70 d A= E N
REWE T TR ER, AP R EAGMREN A K
TR AERE ). Li I AP 2 — R 7ERE A&
Je AT Ok B VR IG 2H ZURRPE 1 20 20, T2 10T 4 Ik 01 i
JURY AR oFe A B XN L 8 AE , 78 5 o 1) 4 U 2o 2 b A
Pk E ABAAIG R F A, EEVNER RS F
W, AP BT T U R R £ E

D RN S e S H R A EP A B I XA S S
AR F RN _EFEA, ILEE AP B2 RN FAR LR, T2l
LT A [ P AR T A UL AL AT A 2 X [
BB RZAER— HATEE S UL Goss™ — HIN K



52

R, 45 A IR S R AR 1 R A v 2L 3l 4 R R 127

Py R AR = N G S A |
2007 4, Li 8810 3 3 3 56 0 DA BE 09 P AR R IR T
W E IR (pedicle periosteum, PP), ¥ PP BBk )5,
AR LT AR BRI
1.2 BEEAHANYESZEEINNEAD

SRR AW FEAR L, 4 F A5 12 R st A% 2 g
g W 5B 5T N % B 3 A ) A LA PR i R 1Y) Dt PR A
TG A& WS AT DL SEAT RSN . - 35t 4% 5 B 114
PEAE R 38 i AR AR B0 58 Y 2 AT LRI ] A B A
20 2R T 2 A, Y R M 8 e TE AR S AT
SR, I 28 & HE 58 H R 204K 5 06 M50, 4R
AN T R LB RO A KA R (H 2
XTI AR B T+ U A T 22 8 2 1 2B 15 B 2= e
AL, M HTA RSN E B F B IL T A A
BRI, T 25 ¢ A B A0 98 40 20T LA AR Bl P 55 180 SRy 2804
A AR 0 B R R SO N i B i 55, X P
BEENRRBEMM . SR RS HIE B L
AR E R 2k A TIRE Y, RIS PP
BEREMFREREA EEZNS % E L, HETITE R
P75 = A S AH B R R L, 25 A LR Y
FL3h W) A Wy 2E HILT A R A A R A B T A
55 0TI, EAE AT RIS A A E T BK A
P e 2Z bR (R0 g B 00 28 2R AR B Y e Bk
BB RN EANT — 32 am0 77, 2% 5]
GO K AW SEE B A FEA D), — DAY
Wit FLBh W B 28 e AR A Y ) R A AT 53 1 — 1>
B

REBAEIE A R AR A8 o oir B 9 A K AR
FE AR B 2 KN — B BB AF BE o8 R PR st
RS JE R W] $R AR S AR D A Y 2 T M
R — > 58 36 W I 3L 3 W B 28 R A AR B
AR A HA WA R 8 57 2k, FEARIAE KA K&
FEAE BT ] AR TN /N LA T 1

IR 4 JE A ) §1%) JEE T 2 A I () 0 2 ] 4] 2 S
AR, BEA - M AFAAEEREE, ARAEK, K
HACIL R 5 2 AR R R D& . SR A 4 41, i BE fE
MRIATETARELE, BRERK, EREH, £ X
HAREAEZ RS 2 AR B BN
R JEB IS8 61 B ERE ) DR A R e 1Y R A VR L R
FEA A AR TT 06, R AR 5 20 P AR 0 R Z A KGR
JUJE B BR A1 . B0 L 9 RE RN 1 R RE 40, LTI
BRAEIA . AHEE— A HRe R A — R FL S #48 E
JHE AT B P4 %) S U R R A TR U %) ol ) 2 R Oy
W5l L3 W % BB A8 & AR 19 < I R) e 1k OB 8 & A=

HUAE R E B I B] A8 " it T R GF i pl s S i

JEAN ] BEHTR R b 09 22 S A7 AE TR S Qi Sk 3
YRS 5 10] ) AL AR LN R Y PN 3R T B Ah R T
LT (IO 3 BT 0 S ) 1 3 Al ) T H R R B
TEJEE A BOB AR A BT L T 4 A | X R
DT . — MM WM E TS A3 B PR O AL
(spike), N5 2 AR FF I i P2 LA HL AT Bl )& o4 5 1k
(R 53 A . 3K Bl B G2 S TE A8 R A < itk vk (AR A B 25 34
ANJE— A, MR TE R E W B — 4%, — 3 [
TE) R EFKOFAR & 0 RE W) A HEALRE o A, H
AT Tl & 5 S, U0 WA R KO- 1 4 v B 6 R
WRE X — 5B E R TS RAFEN
185, WE TR BRI & KA G BB PE AL
il EL A 25 W) A B S B AL B R I AN T
B HEA A EE D AERAER 1SRN
RE NI A B8, ARG WA &8 R, v A2
TR EIEER, T BT S R BRET, MR
ARSI T 2 Re i R 3 SRR T 2) /T A IR 4
AN TE S B T B UL E BT B T 58 55 B i
JE L, A TC TR R AR | A B 1 BLAT JEE TR 18
BRI, 90 B DR IE L T — A BEEIE 38 A A i il
R 04 A P AR A A0k (o B B B A A PR B i iR B T i
fERCHE .

PAEFAE 3 AN Hlm - B 3 Thompson'™
TR BEEA 25 AL EAR S W AE T — A ek 3R b
Pocock " $fi i JE T A 43 A 41— AR T 1T Ik
AL R EEIR R T HA iR 2 R4, B
Boe—~ 5Lk, Qo R R R A L T Y A B R
Heroyal (R IEZH THEIEREMTES
Jo by . BEEAE 3 A hm by oA 2R TS R
SME, Pocock X BB 2h ¥ RE 1 B AR HEAT T 1R AN
A AR, 38 o AR R E B A e AT T a2
S5 R AN [A) BB A7 1 Ll RSB AT T, 43 %)
A FE T (beam) . JH ¥ (brow, 5 1 4~ K) . WK B
(bez, # 3 RER A H W JE R 5 094380 55 3 A
(trez) FITHUAL (royal , fie b T 9 73 B 1 8 FD) . RE B Y
v VAR BLAE - D 4 R 2 80 E BB A JA AL,
H o REFR HAT VKR, T By BE R BE A 2) 34 RE Y
=2 0 REUR BER, AL ER 4 Dk, KER
3 AL, MR 43 FE A ) B 22 0 B AN [ 2 1Y, A
AR ZE S, QR 5 3) T 43 JEE AR Y 43 B Rl A IR
T RE RS JEE s 4) A — 26 R R Y RE A RR P
AR G R JEE 1) I e (— PR AR R 1) WA A, K
56 R 0 BEJEE AR I R IR AE — A1 L, BB £ b 5]



128 o K% & Bkl S ERREND

B4l

SECHE B REAE I REAR R PUNR N e —
PET O AE R TR S R R A AR R G

Fo A0 X RRARL P2 A A A B B RS R AR R —
AR RN R 53 JEE ol 1) R 2 A X BRI, AR
BN BT —HE, SR FR 45 6 ol 149 B P 40 2 A0 1)
FTRE T 3 AN <RI, 7 00 522 30— o 5 2 18 AN X Bk
A0 R A A R BT X A T RO
XFFRIL G, 30 H — 08 153 BCIR B G LR D)
— DA S A B SR A IR — ) JE A [ R ]
] A2 R 2 ST b 5 5 JE B o D0 35 b A7 1 R 1
FE WU B AL 1, A4 IR A2, B AR5 v fig B
FEATON BRI A A — B, BN e B <
bR O, TR S AR KRy B A R B
TRXAIG MGG RE 5 0 2% 28 S AR R B 4k oK T
2 Bl RE A RE FEIE S R AE , ot BTV 00 S X Bk
LG, — M4k 7K T 5 B 0 BEFR AR, AT <ok,
T3 — MDAk AR T AR RS A BE B AR Bk < ORA . I
H, 8 B R A R — 00 o A 2 1 1 X R
R IE S ARFR A B R B A 8 A 5 R S RN
FRIGACT B AT KB O 7 e g, i HOE & &
A JRIRE B &AW B ENIES EAER, A EX
WEBEESRAESBTIFARELRE(REE
A B BA BT R, Hrh RIAE— DB R K
A AR B AR R A ML . XA B AE 2 08 A AROUE L
2 6 JEEHE B IR AR, A (LM R R 8 Ay I Y
A EA AN AR 28, 3 1 A5 JEE T B 6% 01 1 [T 22 1) AR
TG CBRVIE < Bk, (815 BE RE JEE M IR AE — 1>
ST L. H R AT AN 0 A A R A A A R S
J R B i i 2R AR L B LA B R (R N Az A4 5
VFA] DL o % B 0 O R AR B AT PR S R A5 B
T8 I PE AL XA BRI B B R

JEE MR /NEAHN, B, 2R R8Ok A
ot R0 A 0% . B HE R/ 1Y R BT SR Y R
(Pudu deer), H B8 AR /N RE 3, 2 2 FUE A
WA AN AR R B R & % UK 22 KB (Trish giant
deer), BEM MY “FLIE IR F] 3.65 m, i ik 40.8 kg.
JEE RN ST & HAT —E MR, — Mk A
KRR R, ME KT VEFRRE LA
GRA WM. Ol B 2 — 2 AR 1 I 44
R, REBI K /INE 5 5 £ A 22 8] 7 R 5 R0 AR RE A
KBIRAR KRR .

AP MR L L — R EFE
F BEH MBS R AG BT AP R X &
E B ARG MG AP BARAE D) 1) FhF —FF, < Fp oA 2]

WP L R A AE R L R 2E T OB A O R Y SR
JE R O IR, AP RB A8 7E FE R 1)
AT AA] A T B RE B (R B LT B L B AR bR AN T
Tk AR 2, AP BB 75 5 Fh sh 1 I & il i
HREY Y B A2 250 K AP R B i Bz ik — e
Fo bt 2 4 Sk b, BB A R B B RE T RE B B R
RN S R 5 IR R R &AM e S
K R AR R L, IR R R S I
FE T e Vs 5 iR U AP B e
(14 JEE AR R . R ORI N b, A T — A
2.5 em ZEAT I BRI T — A B A 4 B 58 & 1
WIS AR E . s T 05 N X Ak
PR B AL Li 2870 JIESE AP 2140 1A 40
Ji P L BE A 2235 CD9 ., Oct4 . Nanog 25 i i T 41 Jifd
PRI, 3 H B9 4 1k 5L 2 Bl 40 i 2 AL, | 4
JiL U 400 6L UL A 40 R e 22 RE AN ST AP |
W oRE W ORE M, O B R B R A e Cself-
differentiation) & ZE7E M i & 7 2 F2 b 0 4 1 42 it
T — A B A A A

JEE I 2 AR TR i WA A A e MR Rt
W REH IS R A SR AL T — A W8k 00 B Ax, B &
RAEJFEIR 5 L8 T8 — HAr . AP fE K2
JRE B A5 kA 5 T B AT XM, S ) X 4 A i
TIN5 M. 1985 4F, Goss & TEH R AP 1Y
AETRE I R B, R T AR AE AL AP, M [E] 4 5
M2k R IR i AP HLAT 37 & 1 2R B8 7). X U B
AP TEJEFE B RE 1 7 T IR L R Dy E L I
N TBEEMIEA K AAG BAE AP ] fig 2 X E0R 4
i Bk AR, 8 AR R RKE AP R A E
180°, 20T iy J il A i A 30 1) B R AR IR
A K AAG BAE AP 52 XSk o A 4 4 T B B E
W AT B RUE AP R TR X A= HRE 1, Gao
U R PRl A A AR KRR R R RS
FEA 156 AP 43 AT IX 2 XL PR X AR X
AR IT R, S5 R R MR WIS R AEEE
T BAEAE T R P 2 X, H i 2 X 2 A Tt
JRE T JE R A T B 2 DX P 2 X BB T B 58 3 11
Oy A REEE, T 2 XA X H BEIE A

WA A Ao X, < BEAH B ST, e g —
S H AL Y N 2R, PR A A AR B AT AT — A
PEERAFF A X S B B M 28 Kk AR R Ak AP
TEJA S EHTE A KA T, BA XA [, SR
PP GE— R AR AR RS BE AP R S, DI
1~2 mm LA AN B0/ e, 88 5 R A0 B e, A R


DELL
Highlight


52

R, 45 A IR S R AR 1 R A v 2L 3l 4 R R 129

REAE JEL A Az C— P 3 B RE 8% AP AL B
T RS AL AR TR0 AR A R (RS AR PEANE, e
AP B4y, B AR R A AR BE B 0 RBEE R A AP |
TR R AR BN A A AP 2 b (HERE R AL R R,
Fo AR AL AR IAE W M RE T, 5 Bk sk BT A A%
FLI AP I WG RY JEE B AR L, 4 B2 Y 53 %6, 3 BB
R 38061 R TR R A R SR S R SR IR
T AP W42 s 4 4E )2 b 02 A WA, X i AE RE
AT AP L SC Y K B, AP JE AL BT B B
CHITJG B A R A= 784, AR BRI ) 5 A 1 JEE
HEARSR HAT TE 1 N AR PR CBOHE R 2 3% . BB i
HAEFRA SRR b, MR EAT T 18] 1E H U7 ) 9
B R . FR S ER U] T AR, RS kA
FEZBSMNRA TG, 76— FE B b B i
A DX A 7 R DU B 4 £ 0 W R B B ORI
REEARMERBE S OF HAUZ & S e , A= 568 ) 1
SROERCE REAE Z Ry EH), BB &K
A G BAE—E P E FW A SN,

JEH R 25 K A e 5 i L 3l W I A AT O
ZAPE T D BEATER R IR T X B I S &
AR, 4r & I A AR 2 (lateral plate
mesoderm, LPM) Al AP. ¥ LPM 55, KA H
TR K LPM B A8 2R Jif (9 00 T8, 76 7% A R 06 23 0E
J A K LPM e RE I, T8 U R A R 4 B
.2 BR Mk E I H T LPM By — #3006 19 (8]
F0 0T A MR RE A 098 R R IR T AP 4y
AT SR 1 [60) 7 S5 40 A ) R 5 e L 3h 4 0 S 1 T 25
A T BN U BT = i R G B T 45 AR e
K, SR, A OG5 — 92 56 5 0 LT e LA
REH LY IT e AH S AE 5T, 2 AR BOR R BE b T AL F
FERE AR AEME L

JEE T T A BE P AR S 3 L Bl W 2 s A AR
PEAL T ) S F B E A B A B iDL R,
Bubenik %7 4% 3% A L@ XA < H FF L
(trophic memory)” : ¥ F-G 455 AT S B A9 15 0 Ab
TES 2 AETE L — /N 3 B, XA/ 43 S RE B < 35t
e BB 5 JUAF A9 A4 5 b, B35S 4 A H
Z AT I, R 32 0 1 X0 1 B2 AT AT 52 ) L X b 5
R PR o2 T O Y B 403 5 R 1% B R A% gt A% I R
K JUAE R A B b, FLIE A A% AC 0 15 T 2 7 ek
5§59 . XA EE 2 TR AP E R DR
e 2) & e AR R 4EHE . LLX Fh @ 45 14 7 2UAE JEE
B R L B Y R W s AL {5 BT s B RS
AEFFHLE B A R 2 AR A1 2 A DNtk Ak £

JEZZ &, B FRICAL A S R R R R S 1 O R
TE NPT REA B G &R, RE Y 40 B b AR T2 X FETE 1
B AR AR R v, B FRICAL A I Bl ) A i
P65 1 BUE AR R 380 82 T Ok B AR E 1 5 1%
PEAR 3K T B2 Y 388 1% PR IR 3R B0 h B R R 5
IR

JEHAE MR AR, B — U 0y fn
JEREH R T 88 AR, FOB R LA 2 MR 4,
XMW T A e Az St T — A T A 45 1 O kL
REFNHEREHS LA AP, {H I A HE BE A= B FA A A
HLOXGER R AP H A 52 3 i oK 1 09 1 3= s
A RE A AR R A Rt B A
T R e s A S MERE AP & A A A JEE D)
KT MR M AE FH AT BB 58 N 53 DA Jhy 2 52 T 34 A
AR E R o= = RN <0a o = i 1
e SE TR e T A5 Ak R IE S 5 R0 A5 T R
f . SR SR 8h T RE Bk R I B N
JEEAE T A 300 25 A, A AR R R B R B R AR K
EERPGEMAC T, AR AEILE N %, BT
TERA BT AR B 2 00 i 7E E B AR KT &
P RER AN E T K, WA E ik, W RS R
Ko B R AN B2 AR AS 3t 9 1 i 96 A 1) RGO
X Fofr W I EEAE AN [R) BE A b HLA AN W] B R BB 2, n
EAM BB & A (peruke), TE &5 fE [ 52 BE 45 4R
(mushroom) %) Fennessy %555 1A b 52 B 42 1l £
TR0 R e 7 J7 22 AR B R DR T 2 R X
AP 1) B4 J . Li A5 A S50 0E S8 T X A N
DNA 2567 FUS A B & B n AP &4 F¢ 57
) SE TR 25 5 32 A, SE TR 3 o 5 X e A7 IR I 25 5 B
TAWRYIE RS AR P, 7R T B BT 2 S A
WA B IR B A H UG, AP 320N 2 52 7R A9 41 3%
T AR A B A

FE T b AR AR A < R R A K A B I SO A2
PR BT FE , PRI 2 — 1 500 AR 1 1 < I 2 T
K REBEREG, BENIEE LA TIES
RAEAT B AR F AR T Y 0 I AR 4L B S R
A HA I RCHE R A AR B E A, HEI RS B S ) A
1) 7 iy AF X 30K B A £ 77 A — A XA B & B
F¢ B R SR [R) R, i I L 3 ) e AE K
5 (A7 i R D Y R AR R L AR A AR R 23 LUE R
IS IBL 2 T ok NN IE K — A g IR B 2
BB A, XA S AN B A AT R
A7 BT A, AT LA SE A A R A K R
B A . JCREIX X T A i S K S B A B BF 5T Bt



130 o K% & Bkl S ERREND

B4l

T =AY ICAUAT B ) PR A A AR S
KA M BLGAE A AR e — Ak v g LA, DL
HON BRI 0T 5l e — D MERT A 2 %

JEE RN R )~ S O YR T T A Y — X AR AR
o5, ENTRAVF 2 3L R B ReE , o R S 69 1
AR R IR H AR R, B — B A TR
AR S TAR LT, MR E TSR
AERIER, KB R MRBEHEEF LT EK
S T AN 98 A 25 e A LA, 2 T 5 Al 68 P 9
(WS R P2 2 S SN R R el NN U8 -2 = N 1
A [ 1E H A0 A BRAT < R AR

2 REGAHILIMBEBEHN SR LR
A ey B T

A H B B 5T RS R 2 PR 2 R A S ) A
FEAAR, B 2 58 RE B AEVE N FL3h ) i BB
A R A T A ARy T H 22 R . Levin™ A I
L 3h W W 16 98 2 I AR B Ak O i BB 2 e A IR
R IA B ) B A R A AT B A A 45 X A
F 2 W i 98 AT — 1 B I 1 i R TR B M R K
%, P E B = L&A R 0.053%.5 . BEE )& K A SR
T L s R WIR T E YT
B oE B BB 28 R A s AR X — sl 1 25 1
A G K W L Bh B T 6 A A 0 v A 1 5
— 25, W SRy AR W L R P 3N S R ol 4 it
PR A

XoF A= 0y R B i AR N P e Y — A R R
ERA YRGB R, ORI AP B — A A
fities At A HAEY T RA MBS K AFE,
i 32 BRI TR 1 3k 4 {5 2 {2 F 5 A ) P % R 1 A
P2 . K BE % AR /T AP R AR W R Y Bl S (E R R
WA Wy A5 A SRl AR B R 1 & J 0 L B Ry T
e, Ak Wy 9% O M 4 4 (fluorescent bioelectricity
reporters, FBRs) i i FH i #9F 5% A 51 B8 6% 00 0 2] 3%
W RS A AR SR EES
R F LG X 1 06 R, 2 1 A W L 2 8O0 TP
ARAEAF B BYENE, I A& BLAE P i g i =
T g T R E it AL B AR
W 3k B SRR, X A B A R R PR A kAR T
JHHY A= ) v 35 4

T A ) B R R R R S kAR B A B
REBIE AR AT B 08 A7 B 4 . 7 RE 3 11 26 i i iR

N, BAT Rl B4 S BE B S R AR B A7
it T AP (R AME BOF B 15 2 R 05 A
HAWUR , AR T X ME B A RIS R
), TRIEEERAEFRNIES T, AP B F KA
FEAE T80 b B0 A A R0 8T I B R A A
AP IR, Z 5 AR S R AR R IR T A
B (PP) X UL WITE AP 8 2k iF, AP R IX A
B T PP.PP IEXME BAHE T, B4
T9 3 F) — /N 23 (CBUUIX ) ok 2 5 BE AR AR )
PP W XS T FAE IR A R A B 2R R X
XA PSR AEAE B AP Fesg sy PP T
A2 B - 1) AP R 25 S A B o T
Oy 805 BEFE AR AR B ) N B3R % — 2 B ML
o B AE ke PP L, T2 PP B4R IS — 1 R
SEIBEFE M AR 5 2) AP IR A B 248 K A A5 B A2 Al
17T TE ) A B A LR I B4 % 22 45 PP, PP T 43 4F JiE
HEHEA R Bl A2 — O A% 1 4 BORLIX, I IR B ROR
B — 33X 2 A5 AT DLE i 40 R SRR Sk Bk 1) A8
REFEFRAEATHE PP MBI DX R S50 DX 52 2 3t 4 ik B
o] PR BT, 25 45 52 FEAL (Y PP, K Bl Xl 58 15 Bk
JEAL e 180°, WL I -F AR B A JEIR . SR B AR E Y
TR A U, BEWTIE 25 4 AR AR B U e it A 7 T 2L
B, Bz, IR ROR S %, DA 28 kAR
SRR RS 2 00, R R AR R AL, A R fE
JEFARBAETE K PP ¥ A A7 . 2) 16 FE 5 #4528 B ff
PP 7315 B SO i 3R 5L DD 1, 23 531 O3 B a5 B At — 4%
Beity PP, LI P A 5 A IR 4 SRR B DX A B AR
T B A B AR B A T e S 1, DT R HOE 25
K A AR IR T BAT R Y, B 2 W B AER AN 18 2 B
AN FE DN A 25 5 K B — AT 2 kAR AR R A 5 A A
B L S 4 0 B A SO A R e LPM A A
KA U, JFAFEAE PP REAL L, DY e /D
TAFRIE S KA A5 B 2 LK . EH RE 8 14 1Y
KRN Z A BRI 25 e A 1R B B0 52 1 AAT i 380
Rl PP.

JEE B U XA 1A e i ik 2 0 v B BT 25
KA AF BT AT — AN IE . A5 BE B A LURT, AR
MAN BTG B RE A 0 B3 G, (H G i 41 21
FWTR AW, BEMNAE 2 MERPLoE& R
B XA BT BTN ARIESSESL
A TR A 2o B B, B S O A 4P 25 e A i MR 5K
P B R HOHE 2R AT = 4R 45 A0 19 5T . XA K B 5 R
R IG b BT 25 09 % BUEAUL. E AR 3 aod A 4 v ]
LA JU 6 309 S5 LR e G ¥ 8 B, IR A Ui SR R AR5


DELL
Highlight

DELL
Highlight


52 RAEF, 45 - A8 IR AR A IR 1L - R 1 ol 7L 3l A R 131

[l RE 0T LA i AR W B fE AP 8 PP 1 & BILRE 5 19 T
LIPIZON

PR X 5 AR 28 K A R S 2 kA
MR Pt T — DB AU A L R R 54
HZ B AA 2R R R, B RTHOR AR R
%E\ﬂ?é%%%h%%&%ﬁ%ﬂ&@ﬁz%%%#

A TR AR R 5 D R R A s — PR R

EHA S R R BB R A B a3
Wk WML AEFE R B R T — 4 R4
FRIBIL 2, 0 25 A A A JE 2 11 7 R o 8 i A e
A B SR EARME R B R TE . AR R AR B 25
T A A A A L A A LU A B REE S A
R R AR R AT L Sl ) AR 3 A 1R R B A2 A
J5 SORAF it A28, A0 AT DA i o572 A 0 v 1Y T B A
25K R IR )?ZIKKE‘E’E?E'JE"J%U%ZEEFM HATE
i, PR L AE A B A 0l B L LR b TR S B AL
3 A B30 U W 2R AR L DL R 48 SR IR
Je e W1 FL S B A e AR B BE T I N JH
WV AT T I8 A A i Bk AE TSR R T, 58 e B T E
AL A Al R REAT O, PR A

5 % 3Lk (References) :

[1] Sheldrake R. A New Science of Life: the Hypothesis of
Formative Causation. Los Angeles: Tarcher J P, 1981:3-81.

[2] Tseng A, Levin M. Cracking the bioelectric code: Probing
endogenous  ionic  controls of  pattern  formation.
Communicative & Integrative Biology, 2013,6(1):e22595.

[3] Goss R J. Deer Antlers: Regeneration, Function and
Evolution. New York: Academic Press, 1983:297.

[4] LiCY, Suttie ] M. Deer antler generation: a process from
permanent to deciduous//Sim J S, Sunwoo H H, Hudson R
J, etal. Proceedings of the 1st International Antler Science
and Product Technology. Canada: Banff, 2001:15-31.

[5] LiCY, Suttie ] M, Clark D E. Morphological observation of
antler regeneration in red deer (Cervus elaphus). Journal of
Morphology, 2004,262(3):731-740.

[6] Goss R J, Powel R S. Induction of deer antlers by
transplanted periosteum I. Graft size and shape. The Journal
of Experimental Zoology, 1985,235(3):359-373.

[7] Hartwig H, Schrudde J. Experimentelle Untersuchungen zur
Bildung der priméren Stirnauswiichse beim Reh (Capreolus
capreolus 1..). Zeitschrift fiir Jagdwissenschaft, 1974, 20
(1):1-13.

[8] LiCY, Suttie ] M. Deer antlerogenic periosteum: A piece of
postnatally retained embryonic tissue? Anatomy and
Embryology, 2001,204(5) :375-388.

[9] Goss R J. Future directions in antler research. The

Anatomical Record, 1995,241(3):291-302.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

LiCY, Yang F H, Li G Y, et al. Antler regeneration: A
dependent process of stem tissue primed via interaction with
its enveloping skin. Journal of Experimental Zoology Part
A: Ecological Genetics and Physiology, 2007, 307 (2):
95-105.

Levin M. Morphogenetic fields in embryogenesis,
regeneration, and cancer: non-local control of complex
patterning. Biosystems, 2012,109:243-261.

Gao Z G, Yang F H, McMahon C, et al. Mapping the
morphogenetic potential of antler fields through deleting and
transplanting subregions of antlerogenic periosteum in sika
deer (Cervus nippon). Journal of Anatomy, 2012,220(2):
131-143.

Thompson D W. On Growth and Form. Cambridge, UK:
Cambridge University Press, 1917:628-632.

Pocock R I. The homologies between the branches of the
antlers of the Cervidae based on the theory of dichotomous
growth//Proceedings of the Zoological Society of London .
Massachusetts, USA: Blackwell Publishing Ltd., 1933, 103
(2):377-406.

Goss R J. Is antler asymmetry in reindeer and caribou
genetically determined?//Proceedings of the Reindeer/
Caribou Symposium, 1980,2:364-372.

Goss R J. Induction of deer antlers by transplanted
periosteum: 11. Regional  competence  for  velvet
transformation in ectopic skin. Jowrnal of Experimental
Zoology, 1987,244(1):101-111.

Li C Y, Harris A J, Suttie ] M. Tissue interactions and
antlerogenesis: new findings revealed by a xenograft
approach. Jowrnal of Experimental Zoology, 2001, 290:
18-30.

LiCY, Gao X H, Yang F H, et al. Development of a nude
mouse model for the study of antlerogenesis: mechanism of
tissue interactions and ossification pathway. Journal of
Experimental  Zoology — Part B: Molecular  and
Dewvelopmental Evolution, 2009,312(2):118-135.

Goss R J. Of antlers and embryos//Bubenik G A, Bubenik A
B. Horns, Pronghorns, and Antlers. New York, USA:
Springer-Verlag, 1990:298-312.

Li C Y, Yang F H, Sheppard A. Adult stem cells and
mammalian epimorphic regeneration: insights from studying
annual renewal of deer antlers. Current Stem Cell Research &
Therapy, 2009,4(3):237-251.

Goss R J. Induction of deer antlers by transplanted
periosteum: III. Orientation. Journal of Experimental
Zoology, 1991,259:246-251.

LiCY, Yang F H, Haines S, et al. Stem cells responsible
for deer antler regeneration are unable to recapitulate the
process of first antler development-revealed through
intradermal and subcutaneous tissue transplantation. Journal
of Experimental Zoology Part B: Molecular and
Developmental Evolution, 2010,314(7):552-570.



132

W K g & BRI AR

Al

[23]

[24]

[25]

[26]

[27]

(28]

(29]

[30]

(31]

[32]

Gao X, Yang F, Zhao H P, et al. Antler transformation is
advanced by inversion of antlerogenic periosteum implants in
sika deer (Cervus nippon). The Anatomical Record, 2010,
293(10):1787-1796.

Kieny M. Variation de la capacité inductrice du mésoderme et
de la competénce de 1’ ectoderme au cours de 1’ induction
primaire du bourgeon de membre, chez 1’embryon de Poulet.
Archrves d’ Anatomie Microscopique et de Morphologie
Experimentale, 1968,57:401-418.

Todt W, Fallon J. Development of the apical ectodermal
ridge in the chick wing bud. Journal of Embryology and
Experimental Morphology, 1984,80:21-41.

Li CY, Suttie ] M. Light microscopic studies of pedicle and
early first antler development in red deer (Cervus elaphus) .
The Anatomical Record, 1994,239:198-215.

Bubenik A B, Pavlansky R. Trophic responses to trauma in
growing antlers. Jowrnal of Experimental Zoology, 1965,
159(3):289-302.

Suttie ] M, Fennessy P F, Lapwood K R, et al. Role of
steroids in antler growth of red deer stags. Journal of
Experimental Zoology, 1995,271:120-130.

Li C Y, Littlejohn R P, Corson I D, et al. Effects of
testosterone on pedicle formation and its transformation to
antler in castrated male, freemartin and normal female red
elaphus ). General and Comparative
Endocrinology, 2003,131(1):21-31.

Wislocki G B, Aub ] C, Waldo C M. The effects of

deer ( Cervus

gonadectomy and the administration of testosterone
propionate on the growth of antlers in male and female deer.
Endocrinology, 1947,40(3):202-224.

Jaczewski Z. Further observations on the induction of antler
growth in red deer females. 1981, 29:

131-140.

Folia Biologica,

Jaczewski Z, Doboszynska T, Krzywinski A. The induction
of antler growth by amputation of the pedicle in red deer
(Cervus elaphus 1..) males castrated before puberty. Folia

Biologica, 1976,24(3):299-307.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Bubenik A B. Endocrine regulation of the antler cycle//
Brown R D. Antler Development in Cervidae. Texas, USA:
Caesar Kleberg Wildlife
1982:73-107.

Suttie ] M, Lincoln G A, Kay R N. Endocrine control of

Research Institute, Kingsville,

antler growth in red deer stags. Journal of Reproduction
and Fertility, 1984,71:7-15.

Suttie ] M, Fennessy P F, Crosbie S F, et al. Temporal
changes in LH and testosterone and their relationship with
the first antler in red deer (Cervus elaphus) stags from 3 to
15 months of age. Jowrnal of Endocrinology, 1991, 131:
467-474.

Fennessy P F, Suttie J] M. Antler growth: Nutritional and
endocrine factors. 1985:
239-250.

Li CY, Bing G L., Zhang X W, et al. Measurement of

Biology of Deer Production,

testosterone  specific-binding  ( receptor )  content of
antlerogenic site periosteum in male and female sika deer.
Acta Veterinaria et Zootechnica Sinica, 1990,21(1):11-14.

Li C Y, Harris A J, Suttie ] M. Autoradiographic

localization of androgen-binding in the antlerogenic
periosteum of red deer (Cervus elaphus)//Reid H W. Third
International Congress on the Biology of Deer. Edinburgh,
Scotland, 1998:220.

AL, SR SR7E, 45 op 7 L W IR R 19 TR AT S A AR AE
AT R R 22, 2002,33(1) :111-114.

Dai L, Wu Y Q, Zhu ],

investigation of perinatal teratomas in China. Journal of

West China University of Medical Sciences, 2002, 33 (1):

et al. An epidemiological

111-114. (in Chinese with English abstract)

Li CY, Mackintosh C G, Martin S K, et al. Identification of
key tissue type for antler regeneration through pedicle
periosteum deletion. Cell and Tissue Research, 2007, 328
(1):65-75.

Li C Y, Suttie ] M. Morphogenetic aspects of deer antler

development. Frontiers in Bioscience, 2012,4:1836-1842.



(HIKRFFEHR (KWL SEFRER)IRY

1 (HZXFFRORLEAGHFROIAHIRFESNA AR L AGHFEZRBH (AR, BRIAF LT, @&
MIMERS . E BRI B RLMF AWM FERHRK RKEHF AEMFERR BRFERR EMNEBRERRAL A FH /ML
FHAFPRLEXLEZRE . BESE AR ARG BE L SGFRRGBTFFARASF.
2 ARBERAEEFAR
2.1 RAGLSRAERH HHML, KB EATE, BIEST L H A, LFHE, EQDM, TRAEIRTLEMH. LF,EL
XA EREPLAL AR EE P LALLM AF) AL (RARE 25 F) AR LA T (M E R T— R, HF
QIEMGP), PIBE(ALLAIERRORA Tk ERFIT )R XA G~ AELALAREGLHK), PAS> LT,
R MHBLGENFT(BRE, L AFFRE), L5 FL % B, AXLHEZ(LERALEEXABRERZ L, H
FHEm, 1R, A 500 NEHENE ZAKBES, B FESEFEBE)ELLEF, EX, 808, £ F LR (A F LR H M4 A F 4
KEFEREXLAPTEZRAALERGEREZR AL FZALZEZZZN R ERE) W EXFERAMEN S 4%
XA R A LAl BEEERG —FHEK R ELERL E-mail #ik.
2.2 kAFAF AR ML http://www. journals. zju. edu. cn/agr, & & A MG VEF BB, BRFTTREAZRERBAE(E 1 G
AR BAGHEE T REM, RBEHERB) . EXRMBRAER, NWFTF, A mTATIECTRA 1.5 B478E), F AR LIE; R
AL ARE, TLEEF ST (M TEK Re 5 25 M EH Ao pHUMESME M — R EANFBEAFTOLAKSCE T4 E; LA
HEERZHERENEFREARNFST) AL EZZ LA T HRERAH (hm®), ppm #H % mg/L 3 mg/kg F.5b L FH LMo
FRINBREMAKR(EEADETEL AR LA T ERAK;SIAL TR BHAERERE KT A LK),
2.3 ARHBHRAAZZE FFTEXR B ALV ml, BARXBOSE AR AWM PRkt FERMELR TEMA, KW
N B ARHFEELARRBRAZE BE A AFPREADLRL EHEFATHAZRA T AR . XETXEFALAETABATR,
XLFHRSBLFINEER A ETLAHF KEFA P IR M AW 2N, FadmRda. o s BFRats B Ad. 2HE
KA B, B P AR R ) R fe 45 a5 &), BE 7 B0, KO£ 4T
2.4 AEXBH—AERAEXNR G L HABBELF P HAGAESEIRA% T FD, RS %EH %S . ELFI ALY
HLAMFTIEFTAFARALKS T XL SAARRAINH BT 3ANANTNIA, Emetal RF. ZEFAEEYRETLE
AP E, LHE, RmdE 5 5 AH B ke EH R T SR E S LR BEEE LR B EAH Lk P3R4k %
XXk, R HRXAFAEIBXFE A EIHBXIN R, FERABEZWEN. PP Lok, RBPEIHEGALER
# & #7 % (in Chinese with English abstract) & (in Chinese)% . 7] % .4 & A 4K . LA £ B A F TR F ZH X4 T
[# Y Dy5] fEH. 4. A&, HRAEDG, 50D &k 5.
[ Z1 Uy5] EH. BA MR@IMAE) . FEJREART) . MU - h R, 1 RRAE 5] 0TI .
(it X £) UFS] HilscmiE® B4/ BRE S0 . MR (AR, HREAE 51 SC RS
(XY [FS] (EH. B4 AR HA A S0, 4R
[EFxw] UrS] LRIAE. BL - LRER, LR 5. A5 Y. 5RBOR; R E$AE.
[BFx#] UF'5] FEFEE B HAME A E R ORI RFR S/ SRR AR ] . R 1R, AR . 2R BRI Uy ) A2
T (1] WORERE ZEHT A, E/INEL 5 R R ALY W0 TE MR TERI WL A A S 2R A B RR, 2011, 37 (4) :421-424.
Xiang Y J, Li X Z, Wang X D. Preliminary study on cold resistance of five different lianas. Journal of Zhejiang
University: Agriculture and Life Sciences, 2011,37(4):421-424. (in Chinese with English abstract)
» L [2] IR, B BRI  RE A A B AR T B R L bt E AR AL, 2008:77-79, 252-254.
Sun X S, Yi X F. Plant Physiology Experimental Technique . Beijing: Chinese Agriculture Publishing House, 2008:77-
79,252-254. (in Chinese)
2.5 ABAFLERER HBRABAIEZECRAALGHRERATTE.
2.6 RBEZBIT.MTFHA ML RABAAELARER. ABSFEREITNRLA AL EXT LB RAWE S WAER, KFIRELS Y
3@ B K6 PDF 258 LA, B ER AR ERATITH. AL EHHRZRRFHNL 2B BE5 LR, ETAL %R L—
Wt E AN A e fe) A X PDF XA A 4k E 7.
2.7 ABIXTAR ARCATERFINLKEE FTEAHRAEILAT SN HAEE PEFRAANEZGFNREE .7 5 KB
TRAAKFMPIBFHIEESF KL EGIA LT, AR E LR BRLE AHE LT ML A H FEA R A
% 5 A ) A8 B — R AT 45

(I KFZE|R(RUSEGRFR) Y RIES



HEigtH: AEFE

AHE T EERETR RFEUER:
£8 (fux ) (CA)

Zhejiang Daxue Xuebao
(Nongye yu Shengming Kexue Ban)

#*E (BFRR LS £ A5 8150 7.8 L4E) (CABID

I (AR E) (A))

% B (Fh4p¥ieEk) (ZR)

EE (&) (FSTA)

BAE AR 2 Rk %31 (AGRIS)

£ B (5447454 ) (Ulrichsweb)
TR FE B P A #T

o B4+ Btz s

RCCSE & @47 5 A3 )

Wz K g %

Journal of Zhejiang University

(4l 5574 G Bt 22 1) (Agriculture & Life Sciences)
(AHT 1956 4611 (Bimonthly, Started in 1956)

WAl 2w (A 1894) 20154E3 H20H Vol.41 No.2 (General Serial No.189) Mar. 20, 2015
FE #BIY: A AL [ B Responsible Unit: Ministry of Education of the People's Republic of China
EhBELHTTIRY Sponsor Unit: Zhejiang University
F ®AE Editor in Chief: Zhu Jun
YRGB (HTL K2R 2R (ol SRR 22 18)) 4’ 3% Editing Unit: Editorial Board of Journal of Zhejiang University (Agric. & Life Sci.)
SBAS Hudik B R HOl B148 His4 310028 Commun. Add: 148 Tianmushan Road, Hangzhou 310028, China
4% #hdikHetp://www.journals.zju.edu.cn/agr Website: Http://www.journals.zju.edu.cn/agr
B F {548 :zdxbnsb @zju.edu.cn E-mail: zdxbnsb@zju.edu.cn
% S15:0571-88272801 Tel: 86-571-88272801
HH R BT W VL K2 MR AT IR 53 AR ) Publishing Unit: Zhejiang University Press Co., Ltd.

E Y BAASE o PH ~F 5 R AT PR 2 ) Printing Unit: Hangzhou Fengyuan Printing Co., Ltd.

B} AT WA R TIR 1505
1T T A A 2 Sl )y
EISh R AT 1 B Pl 5 50 5 4 T AT B2 )
(bt W BEDK 4520 JE VG35 5 18%5:100048)

Domestic Distribution:

Overseas Distribution:

Zhejiang Post Office

Domestic Subscription: Local Post Office

China International Book Trading Corporation

(35 Chegongzhuang Xilu, Haidian District, Beijing 100048, China)

[ NI ST A T Dewey #:630 CODEN ZXSKFJ

Tl

ISSN 1008-9209
CN 33-1247/S

o N 3248 . DB
RIS T ematos MPVETY 5000004




	封1
	封2
	xb150202赵海平
	封3
	封4



