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BDNF) iy H (W3R SR PCR-SSCP Jri% A5 MEAE REAT o PR 5 B R 2 35 M 2 IR JCHk , 452K 72 P-4 5149 ,AA 5 BB %
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The association of BDNF gene polymorphisms with normal behavior traits in

house-hold sika deer ( Cervus nippon )
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1 College of Life Science , Linyi University, Linyi 276005, China

2 Linyi Academy of Agriculatural Sciences , Linyi 276012, China
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Abstract: It is widely accepted that brain derived neurotrophic factor ( BDNF) is involved in modulating behavioral
performance in response to environmental conditions. The BDNF gene has been intensively studied; however, no studies
have addressed the effect of BDNF gene polymorphisms on behavioral traits in sika deer ( Cervus nippon). This study
investigated the relationship between single nucleotide polymorphisms (SNPs) in the BDNF gene and behavior traits of sika
deer in a semi-housed environment. This study was performed on Ping-Shan-Tang farm (25 deer) and in Zhu-Yu-Wan Park
(23 deer), Yangzhou, Jiangsu province, China. The deer on Ping-Shan-Tang farm were housed in four 20x10 m paddocks
with shelters of mantle. In Zhu-Yu-Wan Park, the deer roamed in a fenced paddock of grasses, shrubs and trees (120 m x
80 m). All deer were marked by ear-notches and collar-tags for easy identification and were aged between 3 and 7 years.
Observations were conducted at the same time each day between 08:30 a. m to 16;30 p. m and deer were sampled in a
different order each day (using random numbers). Each individual was studied for a mean (£S. E. ) of (33.3+0.09) h
and over a total of 50 weeks, 1600 h were spent observing the deer. All data were obtained with focal animal sampling and
all-occurrence recording. After all observations, blood samples (10 mL) were collected from the jugular vein using vacuum

tubes with acid citrate dextrose anticoagulant and then stored at —20°C. Genomic DNA was extracted from whole blood using
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a standard phenol/chloroform protocol, dissolved in sterile water at a concentration of 100 ng/ L and then kept at —20°C
until use. PCR amplification and SSCP analysis of the BDNF gene were performed using six pairs of primers. Two pairs of
primers (P-4 and P-5) amplified polymorphic fragments. P-4 yielded a 249 bp fragment and P-5 yielded a 224 bp
fragment. Three genotypes were identified by SSCP for each of the fragments amplified by the primer pairs. All behavior
trait data were analyzed by one way ANOVA analysis using SPSS 14. 0 software. Effects of SNPs on behavior traits were
analyzed and the SNP markers that showed significant correlation with behavior traits were further studied through post-hoc
multiple comparison. The results showed that: (1) The AA genotype of the P-4 fragment, had significantly greater effects
on relaxaing behavior compared to the BB genotype (P<0.05) , and had highly significant effects on moving behavior ( P=
0.001). (2) Highly significant differences in observing behavior were produced among the CC, DD and CD genotypes of
the primer P-5 fragment. Also we found a highly significant difference between the CC and DD genotypes with respect to
relaxing behavior ( P<0. 05). The same results were found on the grooming behavior ( P<0.05). We conclude that

polymorphisms in the BDNF gene may be involved in some aspects of behavioral traits in sika deer.
Key Words: sika deer; BDNF polymorphisms; PCR-SSCP; animal behavior

Jigq P54 25 4 K A F ( Brain-derived Neurotrophic Factor, BDNF) J& G 5 B B 32 /K F % v () — 2 A1 H,
45 T4Tbp FBEHIR(2F ) B — A FERBENE , B T 4 245 A RUERRALIIEE F1UT . 6
WA Barde SR . BDNF SEIAZ > 5 UM b 2670 B0 A2 LI B B2 A 23 2
BT SNSRI B TSRHON BONF f) mRNA i A AU . HiHK th BONF e
SRR S IR T AR AE AR OC I LRl ast AL 28 AR R 2 HUE 0 T & th IR s 1k

MHAEREJE T 7L 49 ( Mammdia) 5 H ( Atiodactyla) | BER} ( Cervide) A6 )& ( Cervus) . FREMFIERESL 6
AFP  ZRACE A ( Cervus Nippon hortulorum) AEFGWFF ( C. N. pseudaxis) VU)INEFF( C. N. Sichuanicus) 1575V
(C. N. taiouamus) \NVPGEFN( C. N. grassiamus) FAILEFH ( C. N. mandarimus ) S CH R, 3R A A AR RE
IAE 3 AR BB N E R T Ry sh ™ N TR AEEE (14 R 5 B AR A R 14 JE Aty 28 16 75 17
B IEARSR [ P B FRARAE R AR W R R L, R AR AR R IR B BRI R R R A A
D7 REAEAE RE AT R 2 s AL Ie AT AR I AT oA IR SR B A S 1Y BDNF 356 R 22 25 1 I 75 5%
P M AE B 0) H AT A AR AR A AR OC W ol il . R, A WF5ELL PCR-SSCP AR} F-Be, 734t 7 BDNF
IAEMEAE R TP B B TR 2 285 1, ASRTE B H 2 8 M sh W AT 0 AR 02 5 OCHK, B 1 0 4 e it — B iF 5%
BDNF 5 A 7E FERF S WA T Jst AL ek S it B JLA
1 #R5RE=E
1.1 BFFERE

ABFFEMEAL RER F 47 N 17 S e Az M- 1 s SR 537 P, - LU FRAE 7 o M AR 2 1500 m®, 324 4>
PHOT R, S AR 20 mox 10 m  FEMNICSE 25 HORAEMERE (P 615 H, 210 H), LAY
N T S BE A T4 M T X8 X S A8, 122 el o T R 2 52. 6 h® |, M6 BE AR B8 B 2 B IX 9 (100 m x50
m)  FEUIESR 23 H( 813 H, @10 ) P RE R [E] 25 5K 8:00 #1500 ZE4714% 1 1K, T
N =M (Trifolium repens) 5EAEE T (Medicago sativa) T T 5L ANSEREE A BC S R0RE, T 32 o F oK
(60% ) FKPZ(16% ) EEL (1% ) RZFYEER B Y E TR,

1.2 W55k
1.2.1 fromPRiRus

T X P A A8 AR AT BRI LA A RS A N A i R EAR A BTE R S B B BEIR &
AR NGRS SNSUARFAE DX S A A RE A

TEIEAOER Z HHEAT 3 7 d TS, SR T H AR 3l ) BORE SR LG8 s W 047 S LI s A AT R R
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RS2 ] B0 SV T AR R . TE OB ] R 2006 4E 7T—12 H K 2007 4E 2—6 H , B EEL 4 d, Wi
B 35 S A A JEE 5 AR 2 YR, 435018 8:00 h K2 15.00 h, 25 & WS 45 R W EZ 4 1 #%55 K 8.:30—16:30 h
FE 5—15 m BE B ALK sh A TSR BT A AT MBI LI R (8 h) AT WFRREm e 5, s/ N R ISR
Z I 22 5 A SR ik Zead 7 d OEREE I, WA 1 AMEE 3R 1 Aidsk, &2 h #8401 IR, Birsh
LI 36 4645 PR B AL P 264 T, DA AROULI R A AN P8, MR AN ] 1) 35 2 A A A A6 3R A LA BRI N A
FELEIE , B BT oM AL EAT J i W o 4518 WAL EAT B B0E SLInF .

B MERER L NS R SE, 65 5 AR e T U0 ) TH R AR ek AR SR A R A FME
MBSt A7 LR E kA v A AT R,

4 HEAEREAEARBRAR B, S0 s T v P B kA T X RHEG S5 | 2 24 43wk 37 S 2 L RME [ 2

EbE MR RN AR S RME AR, BN T B, RCSEEE N 5 T B, B M b, 5 J T f
M, FMNZ S A 20 M RNFIA b

WER AR RE Sk B, BRI S s A I B 8l DU B Lk N 15 1O e e D) LS | FH D s
L2 AH Y T E R T B —FP TR

ol MEAERE N — b 5 B 5 Ah— S B SR, B s dE ok sh A g, LOE ok 35, HA I8 2GR i A
High,

BME FeMEAERE R SRATET I8 AT A F AT R S HERR 0 TP o0 B A L S A T NG e B 358 |
YT R,

HE Bl oK HER HEZE Gk gy s

LI A G SR p T IR AR SR R R REORI , DI 1 ] PRSI ,  FR T 3 P AR AR RE 2 i R K
PRI, O v A L B 1 ik o 1 ORI iy el g A REAS i — 2 G 1B . ORI 25 SRS, XA 7 i s s
PEATHE PR S AT EALIEAT 20HT
1.2.2 [MEERSE

M AL RE RS SR KR ML 5—10 mL, B F 15 mL F5 B ( N B 1—2. 5 mL MK , 78504530 2 i 41 g
SEAME R R AR N 1k P R AEREAR 48 iy Horf P M I B R R AR AR 25 iy (815 H, @
10 H) iR REFEAR 23 43 ( 613 H, 210 H) .,
1.2.3 51¥MEE

M Primer Premier 5. 0 #ff, # ¥l GenBank W5 YA ¢ BDNF 2 A J¥ 51] FD698038 . NM _007540 Fi
BP460083 , it 5 [#1 (R 1), &5 M Ll TR RA RS M. 51 R Ry 2 ik AT i mR
RIEE YA 10 5, 20 °CHRIAORAE ; (i FIE FEARRE 10 4% 7 IE 5 (0 A 5 [ vk B

#1 57 BDNF EEGI¥ER

Table 1 Information of primers for sika deer with BDNF gene

(A 514 K/ PCR iR KR/ C
Locus Primer sequences/5’ to 3’ size/bp Annealing temperature
P-1 GTTATTTCATACTTCGGTTGC ; GGGAGTTCCAATGCCTC 604 55.4

P-2 GTTATTTCATACTTCGGTTGC ; AATACGCTTTTTGCTATCCATGGTT 663 55.4

P-3 TGAAAGAAGCCAACCTCC ; GAACCGCCAGCCAATAC 638 55.7

P-4 GGTTATTTCATACTTCGGTTGC ; TCCGCGTCTTTATTGTTTT 249 54

P-5 CCAAGGTGGGTTCAAGAG ; TGCGGCATCCAGGTAA 224 53.5

P-6 TGGATGCCGCAAACAT ; GAACCGCCAGCCAATAC 341 55.6

1.2.4 ffE PCR ¥ K&
PCR JIViAKZ N 20 wL, Hd 0.20 pL (5 U/uL) Taq @, 2.20 pL 10xbuffer( & Mg™ ), 1.20 wL ¥ N
1 wmol/L 314, 1.20 wL ¥ EEN 2.0 mmol/L dNTPs, 1.40 wL ¥ N 50 ng/L FK 4 DNA, /5 HEE T K
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PKANT 2 20 pLAKZR . PCR IVFRIFANT « 94°C FAEME 5 min, SRJ5 94°CAEPE45 s, 54°CiR K 40 s, 72°C I
#1130 s, 3533 ANMEH, 72CHEM S min, P24 4°CH-ATT
1.3 5tk
SR
y; =u+ I, + e;

o,y AT PRI ; w S REARISME 5 1, M58 0 SRR (B ; e, FBEHLIRZE . i SPSS 34—k
LAY XA ] B R 54T R PRIR B 5C R AT LU A . BT s AT MR DL 8 h Geitid sk, AT M52k
BF ] (M£SE ) S I AR 5 | DI [R] B RIAE Ry o) — A8 o i A SPSS B R 48, BV AT A 74815007
2 HER5HH
2.1 N4 DNA $EHuEs R

AR RE I RE FP 42 A BE K 2H DNA % T 300 wL TE v, 28 IR A% 24 h J5 7 1% B8 6E I v vk a6 i
&8 TR 2 I B B0 o DR A B At , I BETE 30 kb DAL T DNA £5 S E WA EoR (| 1)

2.2 PCR ¥ 7=k 0
T 6 X518, RASIY P-4 5 P-5 3459 8=y (K 2)

E1 #EEES DNA E2 354 P-4 PCR =¥t 5 R
Fig. 1 The genome DNA of sika deer Fig. 2 Result of agrose gel electrophoresis for PCR product of
Primer P-4

1% P-4 PCR 4 34728 10% 291 HYARASVE R NI BB BE C A U A 3 Rl R DRI AY | 435l i 44 1 AA (AB
BB, fr 45 SR anf&l 3,
X 51H) P-5 AT SSCP /3T , 45 SR BL 3 FpSLAI R 43 B4 44 4 CC.CD DD, L&l 4,

AA - AA AB AA AB BB AA BB BB CC Ch DD CC DD DD DD CC DD DD DD CD CD

B3 5% P-4 ZEMRUER
Fig.3 Result of polymorphism amplified by primer P-4

4 5|#P-5 ZEMERNLER
Fig.4 Result of polymorphism amplified by primer P-5

2.3 DFPE5 AR5 RSB
2.3.1 BDNF S 72550 S Rl g

AW BDNF FER & X 51 Wi 2G5 PCR 7k bifg A=) TAE m) AT I Km0, 31 Align IR
BN Blast A4 7455 5 BDNF (1) DNA JF 9 #E47 X, BDNF J K 555 77 91 L 25 58 il R PR P a8
3 92% ; 54 Bl sh ¥tk 45 B FIVEYE Rk 98% ., PHL, A3k A4S 41 AT LATE B J2 A A6 E BDNF 3 [H P 81 1) |
B, @R EHe 2 (L S) JTES 1Y) P-4 P rh AR 157bp K E CoT MRS

[FREXT T34 P-5 I FF4E R FWA (K 6) , 7 H: 127bp Ab KA G—A IZRAE . GIERR Y W, X
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5 BDNF E[H P-4 5| ¥l FE &R 3T
Fig.5 The sequencing alignment of P-4 primers of BDNF gene

120 »L 130 140 120 v 130 140
GCTCTTCGATCACGTGT TC GCTCTTC TCACGT GT TC

VA i i
UL ’ /W A A/’\. AR | | .”\ i \‘l"
B nLLU : - \ Ll lde 7 le‘ | AANAARRAREN

6 BDNF E[& P-5 5| #ill 7 45 R L34
Fig.6 The sequencing alignment of P-5 primers of BDNF gene

2.3.2  BDNF J A A% i R A3 1R PR B A9 K. Hardy-Weinberg P56 45
TEMFAE RE WIS REA T X BDNF 514 P-4 H1 P-5 fi4 5L DR A3 D BB A EATAG I | 45 S 36 2,
722 3R] /¥ BDNF SE[H 519 P-4 R 45 Rkl 3 iR b AA TR0 56 DR U AR S fi o, T AB 7R 0
RIBUUR AR . 7E519) P-5 T IGE R b ke 31 3 ARSI A e ali & DD (Y5 RUBUR i w7, 2% & F CD
FER R . IEA T xR I 4 R R U], AL BEAE X AL s 4L T Hardy-Weinberg A SF-AR R 2 (P<
0.01),

%2 BDNF ERE &S| MERNEMEFESTEK Hardy-Weinberg &1
Table 2 Gene and genotype frequency and equilibrium test of Hardy-Weinberg for BDNF gene
514 Hor M S ,

Primer Detect Gene Genotype X
P-4 A B AA BB AB
No 26 16 6
Value 0. 604 0.396 0.542 0.333 0.125 12.50
P-5 C D CC DD CD
No 9 32 7
Value 0.260 0.740 0.188 0. 667 0. 146 24.13

1Y P-4/P-5: df=2, x.052)=5-99, X5.01(2)= 9. 21

2.3.3 BDNF B ZENE 517 R D50 B

X BDNF SE[E SNP A7 1 5L R 1Y 545 46 RE AR T R MR T B /D 3 40 Hr (6 3) o S5 R W51 P-4 J
PRI AE B RN EA T N 520 (P<0. 05) s MAS 24T R A ) 0 35 52 Ml ( P<0. 01) 5 X AR 447 Mtk Tt
FRM 51 P-5 7R AR AR A5 S R AL BN AT N A BE S (P <0.05) , X XLERAT A iR R S RS (P<
0.01) % HA RS T i 2 52 ma

X} BDNF &£ [H 514 P-4 F1 P-5 A[RIFERBEAT MR /D e PEHAT 2 E LB (R 4) , ATHIXM
AL RERFAR , 519 P-4 5L A A BN ATA AA AU LE BB FUHRFZERTR] /D 50 min, H 255 B3 (P<0.05) ,{HY
AB RIS AR E  FBahiT A AA I BB BUFFZERT[E]) /D 12 min 2245, HZF B3 (P<0.05) ;{01 AB 27
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NTE N
&3 BDNF EREZSMEXGEEITAMIKERMm(F 1 P)
Table 3 The influence of BDNF gene polymorphism to behaviour traits in sika deer
PER 549 P-4 Primer P-4 5% P-5 Primer P-5
Characteristic F P F P
B Fating 0.315 0.732 0.380 0.686
JZ % Ruminating 0.113 0.893 0.429 0.654
fif B, Relaxing 3.299 0.046 4.507 0.016
WLEE Observing 1.894 0.162 59.554 0. 000
%3l Moving 8.358 0.001 1.606 0.212
&4 Grooming 0.395 0.676 2.368 0. 105
HAth Others 2.143 0.129 1.602 0.213
%4 BDNF EEATEEEBEEERESTAEKPAILLR
Table 4 Comparison for behaviour traits of each genotype of BDNF in sika deer/min
(FPSNERIN 314 P-4 JER Genotype of primer P-4 519 P-5 K FE A Genotype of primer P-5
Behavior traits AA BB AB cC DD CD
I Eating 243.926+12.011  231.251+9.969  247.445+27.258  231.903+15.945  245.044+9.720 228.319+25.527
JZ % Ruminating ~ 38.763+3.971 35.741+6.597 39.742+8.176 31.757+4.411 39.547+4.471 38.119+5.245
[it &, Relaxing 101.724+11.059*  151.558+15.518" 126.478+32.485 87.073+11.495*  120.798+10.935" 173.63128. 145"
WLEE Observing 56.360+6. 509 40.579+5.971 37.268+11.340 99.389+7.469° 41.113+2.747" 18.291+2.986°
%3l Moving 21.554+2.263° 9.066+1.306" 13.867+4.249 17.896+4.057 17.527+1.99%4 9.531+2.890
&4l Grooming 7.223+1.376 6.199+1.067 4.978+1.980 3.239+1.402° 7.799=+1. 138" 5.444+1.260
HE Others 10.415+1.613 5.606+0.784 10.222+4.876 12.743+3.350 8.140+1.281 6.664+2.032

[A—1Thr A A AR R 225 83 (P<0.05)

TEWIHUAAE REA T A R, 519 P-5 43 R AL [RDULER AT R R 4L ] CC DD .CD BRI /D, HLW M 2 [A]
Z 5 5E  ENSA TN CC RUEL DD AY/DT 40 min, H CD BU/DGHT 90 min, H AP # 22 53 B3 (P<0.05) ; &1
i CC HUEL DD #4704 min £, H#H 225 5% (P<0.05)
3 g
3.1 BDNF EH &M SHHRB L2200

FRYEIAAR-TRAA S L, BER AL T AR S S — A BEAL S BE () BRAE KR, PRI L, 6 RUAIUR 7R REAAR IN 1)
AR A AR S R0 1, A A BB AE BERFAR S | A ARJESUSHRAERE , C S AE AR ML IX A6 5 a DL,
HAERE AT  AE YA IRI IR I R vy | A3 BEMG A6 R AR A T R S AT R SR B B T TR ATt A
WFFEAEM AL RE R 0] Ji PR3 56 A0 356 PRI TR 48 1) 22 57 P RS2 X0 AR SCA T S R s B 5 | R 1), B AT
SR AT T2 DI s, e X i N S S T AT AT R 3 e B s AL R B A (A S e S
IS EETe TR AL HE W L R s S AR SCA T MR AR G

S 2&W] BDNF JEH 514 P-4 5 P-5 (754 BEA5 S rh Bk 2] 3 A A | HAE A7 s # AL T Hardy-
Weinberg ANPAPRAS . BT o] B2 T2 1 st A I AR sl e B BB AF IR I, i TABFR A
T D AR DA A SR 1 1 ARSI A A NS AR A 1 LR R AN AR SR 45 et nT B
ot U VPR A A R PR A 7 ) 3 A e R PP i o7 o — L2 B R % 1 5 0 5 () A 43 B T D i BRI T RE R AR AL TS
AR, i PR R A I B RS PN P A0 B s AR N A, T DA O A A A JEE A I R R R A R A
A SR BEUR , EXT AR A BER IR 75 I 1 275 TR 7 1R s R I AR B 00 R A TR B 25 FEe 8 | XA AR 56 A1 ot
RIFZM 255 M RTshPIIRY10 & R a 35 Be A 7= S BB R, 70 B AR IR A2 08 K P S e 2 il 28 e N T
TERL
3.2 BDNF EHEZEMSTT MRS

A FTHEAE RERE R CLAE G D AR 15 B0 5 a DAL HEFE R 2 8] (03 Bl 06 R B ks T, EhEGE A
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T AT R A TR W B SE PAIE ST R EEAS T 53 0 e B PR 1) A8 55 5 AT S R A 7 R 56
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