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What is the biological root of sexual orientation?
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RE LA AR, EARATHYREERRERAATERES AN, RAMRES 2 8 LMK £ EHE,

VMW A AR B AR F B AL, AnDLIR b R 0 B T 1k & 3.

Kkl

1 7] (sexual orientation)JZ: 38 BEWE A A AT/ 4k
PE 5| (sexual attraction) FIEFT A BUXT R PEF, 045
SEPEXTG L FIMEXT R RERT S B — AT
NI 42 M 501 B 493 (gender identity). [ 352 1E
NI A Wy 2 Ja M SE iy b 7= AR AT S AL BN S
FAETE NP2 R A X A Bt S ERE
FE 2P 5 B 43 A R e P A £ 2 3 sexual
orientation ¥ A PEH ], 3= L5 R ME AT Sk A0 ) B 40y
INE Pt S BEIR, 20T AT EIRAEY AR
JE M. A RS0 B 2 AR R AT N R B A A
L, AL T Z M WAL R, FRZ O % R 4T (sexual
preference)™, A SCPER A 5 AN B By P 1) 4= 4
SEAR R A IF 5% R AN EE I ] .
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PJE UKL R ST S 25 DR 4@ it I 20 £ 1
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P B i LA LI B PR A A AL BIVEAE B A
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o SRS, BE T — R AR, © R R R R
NG 23500 Gy (i, H A 55 1~22 X0 2 L o {4
A 5 Lo AL, T EL LA 1~22 A4 5T e €6 AR A
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WH R, BRXYE ks 2T, YR s
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B 45 R RN 1) e ) 2R B LM L e A R DR R AE I
RIXXBIAT I3 PR A LA BT s XY BUDUAT LoV A e AR
19904EAIF5E N Bt J Bk o N2 501 2 S g 2 1A
FRUEFHSEY B2 (sex related Y gene, SRY)™, M 7EY
Yett AR o, EIEAEOhH Y4 X (pairing region 1,
PARL), H5YYAAIREI0.5% 00, SFRY YAt 5
PL5E [X (sex-determining region on the Y chromosome).
e, Bhoe i 8z st eI AT,
ACTRY YL AR N BISRY B3R IK,  gatth— N FERR 1 5
PRI S 91 PR (B L BT, AT i 2 R 035 P AR
— ZRY) A, IR GG A= FE 4l (primordial germ cells,
PGCs)l &1 4 SRYAE A g 10, FFin 55 Mtk AR
(EBINMEBRTY, SN SHRITE Nk BRT,
TFa L YRR ORI EE. R, 1024E5 &M, %2
K O BEIE X e R N, I8 T3 b — e Rl e I
N, dnxye ks SRR 1(DSS-AHC critical region
on the X Chromosome gene 1, Dax)*F1JC# H ik
if & & R H4(wingless-type MMTV integration site
family, member 4, Wnt4)'". Dax 14375 76X Y2 (444 ) 7
T BBUR Y M B A% [X (dosage-sensitive sex reversal,
DSS), EMFRELELGMEERY LT, SSRYHR
FE S ALK B AP . Whed 1) 338 F T 02 F 40 B
2 AERKME W, i EREANSSFHAAXY R
AR SZAE O R A B, IR MeR A, AR —
SR PRI R, SR B — S S B T R,
TR e v A AR TG, A 3R B M3 2 R (M-locus
gene, Nix). fEdEHEVERG ILAETE 240 0 & & I RNAZS &
K FI(RNA-binding protein essential for fetal male
germ cell development, NANOS2). SRY & %X 9(SRY
box gene 9, Sox9). ALLF4E 4N K K -F9(fibroblast
growth factor 9, FGF9)MI X 3k & L2 A (forkhead box
L 2, foxI2)%EB~10 e i qe vp B 7 A A 2 303k
BL3JE M (forkhead box L 3, foxi3). HeiE Mtk & & %t
[X (R-spondin homolog 1, Rspol). THEFEHENH (sex
lethal gene, SxI). 424 FEBE 1 HE A B (mitogen-
activated protein kinase, MAPK)J& K Al 22 Ik & H
4% M 1(nuclear target for anti-development of
testis, NROB1)%F!181 330 s 4 4y i e PN 76 2 D31 e
A, VRIS AR TR SO B2, B L 2%, Ak
B, B RS 4 FIEDNA, #5457 i35 4% % i 5
skt 2, RIXEF G EA Y. — K
FIRR Y CERVE E R, TSR T — R s 1
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AT . XFEEDNA N H =Y Z 0B B 115 5 43
F AW R 2%, A E—3R T 5w, A8
A B S8 & F R f5 (disorders of sex development,
DSDs). il an, 4y %4 & & [ ¥4 B (mitogen-activated
protein kinase, MAPK)J:E K%, B gt 2%
H 1 Sox9FFGF9I 14 LA K X Bl 5L 2 75 1) Wned F1 B- 14
FE4E F1(B-Catenin) i PE VT, 7EME . BV i B2
B, KA FEAER. LA, R 306-3-5EH
P 1 (mitogen-activated protein kinase kinase kinase
1, MAP3K)ZEK YRS, 25| EMAPKIE 5 i #1Y
AT AR, B EY AR 6, XY)Z G
BRI ) LYE & B REfT, A LI ATl & B K4
AR R E A S 1181,

1.2 RAGVERR - At 5 R 9 2%

SRY i PK] 2 35 fiih 2 J5t 4k A= B 40 L (PGCs) Y 434,
JFEE WM HEPERR, ANE—Bmr i . MWPGCs
I BE . R . LB IR, LR AAAEE R
22 5 % 0 HE BE A ) S IR RUAE )T A 4, BfAL TT
Rk A RAE, SEERFE"Y. NIRIG3~48, fE5T
PREEMRFR I BLPGCs, RS ITHRIERS, ZEH6JH AR A
B, E A [ Y 40 M R 8T b A2 B 2 R R B AR 5
SN, B 28 VR G e B 1 PO 5 (K] zimp 7 11
zimpl0 (contain the zinc-binding SP-RING/Miz do-
main), 7 5T% & B G E A gAY, 2% & 0B BOE
AT A R R SR R EE. N (Mus musculus)
2R JE12.5 dTE/N BG4 Ak s BV BRAA B zimp 7 5
Rk Kk 0, 13.5 d7E IRJIR S AUBR A DL AR i 1R
20 L PN zimp 103 35 7K - 35 w0 PO /N UM iR A
il B N 38 A — PP RA- S 3 [ 8(the RA responsive
gene 8, Stra8), XME . MEVERREAE AL 210 RA
{552 h 44 E AR (retinoic acid, RAYf &K B X & 4
Yr2EA5 5. RAFH VIR A 5 0 ] 16 1% v VB A 248 L 26 i,
T RE & PG PR BR P 8 Stras; {BE1 5 Sk 40 Bt (6 K T
P45026B1Z ik 1(cytochrome P450, family 26, subfam-
ily b, polypeptide D)RIFETMIZIE; J5& &7E ] o 40
JIt PN 8 JE K Nanos2(Nanos  family genes)3é ik B A= i
SRY i i CYP26B1 J¢ e AT PR AR 5 it o i Ak
R 5 5 I Sox9FN Fefo ik 4% EATHETR T, 3 Sl IRJIG iy
PRI MEMEAR T, SR CYP26B1, B XY Y (o fk
B FE AN, SETT U6 StraSFE I ik, R B RARIEK
AL T P 2R B 20 B T AT, R B Y A B 2



i & AR L. nT BBt T FGFOMPER, Sox9 F 17
PR FIE, HA YOS A SR, BiTE
CYP26BI RN Z WY 5F T, XY A= 58 41 B 68 08 3¢ i
ANZZHCW . R LA, CYP26BIF X RA A4 4051 48 I Xt
T T B A T B AR R, B AT T S
Stra8H 5 i FN IG5 14 R 1 U 5043 24 I A g 5 R,
UL, SRYRHEIRZ G, ARKEKEEYFIF T
2 B0 A= W T T 43 1T R 2 A R b S B [ A 4
R BZ, TCiE RYER e K A R R 1k,
HOA S gl e s TR — 3 iR — RS
& G B8 AR B PR IR — B TG Shim LB A o — gk
FEVEN B FE R Ik, A TR AR Y, R A —
PRAT B B UMAPE NG 8, A S IEH AL R AL
HEIXY N & BB A s E, BRI L%
PERSE, DAL AR T e PE R, R AR R
17300087 4 L. #H5, FEFBXXE N BA LR E,
WA HUR B, U AR T 1) B PR PR AL
H & R 12000058 A8 LMY, X —HE R 5 & ik [
P AR S A 1) A0 D RO PR 2200 N 1 10% 9 HE R
MR, FERD3IN RS, Fr2ER. FrLL, LR
MR TR, 2 RAEMBrE DB A
KEI1Tool By L, AN T RS0 1) 1) = 22 AE A 2 AR U

1.3 PEEEAHSUE I RROE

B —FW S IA A, SRY FE P 8P P e 1 R B0 N
PR AN B S B R Ak A AR R R T
WM R, JoE & BIEAE R 22 5, LS I P 1 4y
PRI B | R DA R 6 & W AT A R EAE 22 52 PY. MR
F R MRS, & RS LR A 2 AR e A
B2 b R U P R — S R b
WMERMTMR. 52, T N LR FEZEE SN
R, BANE LR ELEEMMEKE. RS LR
JLi# (congenital adrenal hyperplasia, CAH)AY % %, i
THERG I b AR D e T A R R MR, B i
TEAAEF T i, (LS50 oAb 25 58 i, 2B s,
AN BT ) L PR AR B AR SRR %, TR o B
A B RS, SBOLHEFT AR LN EBR S %
P Gr, RIMAEXBeE | R SEM I ls. XAt A
A I TR 2 1) R AR 2R K31 %, T %98 78 R M AL
FE WY S AL I 6/100000~1/100008526,

PR H L ARVE T ANZEIR LA P 9 S i
FR 52 JLTH (testosterone), = % H JIR iy 52 AL 410 A A= 5%

S R A PR S AL, D00 A% BT 2R BOHE B (estradiol),
75 B AL S Bh A i €0 25 PASOT5 75 (L B U PR ME B &
JSCTE ) A PH TG S B Y e e ) B2 R AT R 28 L
ER,FER. 7555 A VP IE 40 ML i ixi 25 44, B 7E 40 i
DCAT Fr i i A M N, D7 Al & at by, He
YR A2 it A R i) i s A /0 1 O A AR P FER A L
H, HEMCR HLURAE, R AT X s R 2 T
A 05 25 441 200%~300%, i H. 38 22 1) 05 58 J& 7K A1
(o281 R AR S, IS 20 R A B R N T 2 R R
Z R (ERMERp) /N, & & AR, 2k )5
Sr6~8JE, WENGYS . Lok A0 M o3 Ak I 7 B o3 A AH i
MIVERCR, REIRAE TS TR, XFH A M5 22 510
HLULAER . X R SUAE T 248 R KB i
M2 A A Be R RUE Lt 8, R AETERR G L S I
FAE LRI FEG LA EE A LI Y kv o3k rh,
TR G5 22 5 Lo MR RR BT P R P A%
(ventromedial nucleus of the hypothalmus, VMN)J&4:
17 AR EE P LT X (preoptic area, POA)
AT K. MR AL E R RIRAES | R
G ¥ S5 RN B B R A, 5 K B B (R
JOF AR ) B I3 1 G 3R B /N T 2o L AR LAAR Y
s By PR bt & B, A BT T AR R T b A
EE BT E/NTHEE. B aTBER L, Mot
HEZ B0, AR PR B AR R X R AL 2, W BR G
2T Y 4 D20 BRI s A P 2 S, IR BN
VFZUIRE2E 55, TE MG 14 25 3 M v e e 52 TG i) A 2 345
PEFIHE, AR E R 2R E SR he:
L VE R AT T 5 D RE P R 3OS IS i o Pk
JRI BTG A, AARRR BT B PR L A Y 25 S
DL K LR X e B 4 Fr 5 B 0 P A ), RO R R
AU AR PG 25 52,

PEVCR WOE VR A2 AR 9 3l W %) it v b
WA R VEER, A SRS B0 ET R, X
PEWCR XPEAT Ty AP BOTEAE . M B I b Y
WS BARARABAR K, (H X Fh A8 A 2 DL H 3 H 5 i ig i
e, Stk H & RS A . MR 5 el 2 40 i i
FRZARGE G, S A RS RN, LA ST b AR
k. RSN WV A RN T Fr Bk 4 A 4 B AZ 1A
WMREE, BI85 A, 8 20 Pk 2%y
A2 8 2 i P9 96 5 RS e ik 40 AR Y82 A 3k Ao PR A%
L. AT, AR A 2 A AR AR 2 A A A [
FCZH AU AR T 32 22 Bk A M Ak, BTS AE T 3222
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RATEVEAT A& B 2 ix . HEWCR A W 25 Bk
(androgen insensitivity syndrome, AIS)fi A, 23X} 47
RAER XY, AR B T & U R Z R E A
LRI ZE 78, ANRE G U R 3244, PRI XA P 1 e
WER RN, X ANEERC I E L %5E, B
SECPAEROR, R ZE, B s g R 2,
TR N WA R IR, BA @S A
SRR, B AT X SR Lo, W S e
PR AR, o R AR i, A S A
PEAL A B A R 2420,

Zi bR, MM ENALUE RS ERZ
], YEHIRYES 2 . ¥EAR AR P RS AL A AAE IR
JIG SRR Al JLBH, A i %) P o3 Ak v e e 40 AR Y
MR 2 RN, e R AR A&
RAAE U], R4 POEAT S fl 28 v iKY 3 i 20 g
JEFNANLAZ N« Ao AR R 2 AR, AR R Y
PEAT WOV TR R B 4 45 il T AR R
T 00 P 22 A LA, AR S S AT BE AR (P28 41 4 B
A8, PECR X & GO 28 th KR BE 5 A H SR
AHERI, 13~16% HAERMATRN AT EL 50
T W Y78 A 52 ) 7K T A DG 38 3 KT, 3 U I 7 ik
F BT 2 2 HiE, S ) 4 SUAR A I8 T g Ak 22 AF
RN WA HRIERR, A ARSI &, il
MAREBMER, 7 FEIL 5 BC 2R/ K A ek
AR SR A SRS 5E 42 SRR SV VE T A BRE

1.4 Pefing iy H A P 2 A AiE

204K R, AT K 5HEINERKZ
FL(2D:4D), RNEEMERIA K, I H -5 H il i i & i
FAKEA K. B HEMR Ttk Bz e
P8 N L 98 T 8 28 KT s M i R U R K S
2D 4D B AR E 1 gk — 2 R B, AR
HHA 2D 4DIE; B FEMAE A LH2D:
ADHAAE™. JLF90% N EFIA T4, RA10%MA
RALETH. 2049, KB FPE AR R 22T
#31%, LR AR R A 491%™, X FI {4
fiE, BN 55 AR B L I 0 3 KA 6. it
A, PRI A F B G R 5 80 (fraternal  birth order
effect) &35 A I F= 104 & S0 i AR B 400 7 51, S8
A LBAR I A& B TRl PR AR A MR SR A 7 . X R F 5T
R, PR L, A BB L, Bk
BB G HE PR, HR AR & AR R R
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HE bk K, A 3K 15.1% 8% 28.6%14047). H SR AR £ 1 il
FAARAE, BMEA ettt X, (B Z WA Y AR TR
K H 5P ) 6 R, B BZ v SRR AR .

2 ARSI i A Wy S

N AN EAE R PEAT S BT s 5, {E
N THLIBEMIALNIE. kB E R
YR NN DN R R P VNN e
TUE 25, A BORE R E B oAy R
SN R Sl ARAF R R PR A A 2 L KEE L DA
ARSI P % R, T3 1 9 i 22 Dl Ak R 48
AT IR T AT, ik B R 8 A SO T4
PRINZ B 70 A, T e AN I N 2R & A=A TR
TEA W) FE .

2.1 hesp R R g

(1) BB SO M4, ERIFES)
Wy v e B P R A3 S TR e i P A A
PO AT DX, R ) IS A R S BT o & A B
AL, FROAPEPIE 41 i (sexually dimorphic nucleus,
SDN)“L i i 4 8 2 UMK 243k, HE 2N 45 2 (Lle-de-
France rams)5iN &M, Z5PEhHURITELT 835 (Y
g FRAX BRI AR X Ab, iR 5 R . A
MR, FEMEYEZ 8] A AW 5 RN 2RI, PIIRLX
JEAFEIBE Y. R IR BRI A, A3 A /N
BRI N 5 LS - 2 (B A R PR AL 2 A L R Bk, 4557
MR A AT R e, MEME /N B B R 1 O
MMIERH, 5-F5 {01 BE #4142 JT(serotonergic neurons)7E
PR b A AR, 2 A5k, Stk
fit ) 55 R Fe A X 25 = (6] JJi 4% (the third interstitial
nucleus of the anterior hypothalamus, INAH3){AFI#
K, AT S 2 A 245, Al 1 5 W4k
WFR2AE. WeF 2, T3 R AT o it AR A
FRUS Lot AR ) I ) i S AR 0F 9 B9 K S
MR, AN MEATE o A D MR | A2 R
TG FE 3B AH BT A, PR ST i X2 508 80 50
YRAHAR LT PEARIOLS | PR 4 | (e L | P
1o ) TR 2% R AN O 30T DX 285 i B PR G & ,  )
Ho W RESIM f 202 B Er gD Re it &g = Uine
() B e T K, FEPEPREGE R R R AR B
R0 o] A0 RE 9O R e, R R NS 4 i
TR K2 2 s R K, R I R G TH R



JERZZ R 2 T AR,

(1) 225 A2 > 47 A0 AR 22 Jil /9 Ak 3R
ge. NATTEY M SR M e i, Gl A A g bk EE
65%~85% 1) 2 11 e i 2 &1 4, Pt BRI A% . X —
T 3 SR T 2R TR ) P B AR R T Al A AR L e
I SCIRAR FIR B % 5 3R A5 22 Il s P i 98 775 FnA 7ok 3%
KA K eI R R A RS P R - TR
b A% 2 B i3l i AN S AT AR OG, 5 AT 2 Fp
ToRAE, 46 2R AT M E Ry 7 R B0 mi it iz
25 K )E T R RSN G HERZ A 2, i
R A FAT N RE Y B Je L IR, FERA R R L i A
ZFIAT R, S S i 55 A A A A A AR 2%
AR RS 5E, N X L BB AT O ME T IS K
W 3t 5 T 52 & 1 i 405 # LAk 100 2R SR A5 B ek
TR A S HRAE AR PR A% FHE %5 iz 2 v oA Bl 2 k10204
WIS ERMEERZR SR K. 5. LRnHE
TER BRI 2 J510~50 minzZ N, FHiMEIR N 2% AU PA ik
A S HARMERNMR. 52, BRMESES L
Ji B 0T 2 A A WA R R A A M L [RIPE AN IR
R PR W o3 e BN, PEE) R A N A I
o7 384 2 I

(i) TERMEMBRMGHEAEN. gt
P2\ A 8] 9] 2 V7 (orientation response) e 5 5 ) 4
Fr s B HEBE & SN, A4S Sk T ERAS F 5 5 [ 1
1% 4, LU R, O, B
I35 RN B Bk P T B0 3 0 S R ) o 8 A R RN 0 B
2 W R B AR S 0 ) P R N TR B L
DB AR A B R, N E BTG S, TE
JUEE RO B A AR g v, R R4 L 22 55 A9 0 o,
WA U A AR YA, WL A ST ML
() P A o R 8, AR SR L EE T B R AT ) 4
T BO001 kL i FL [l R ) Pm) o, 7 R 5 | 45 1 4
FESH, M AR LS R 2 48 B ()
&, SRR T AR P SO BN, 201 14ESE [
B 2E R B AR T | AT A R 51 By — 4
BE . RS IR WSR3 —EUk
P R 5 R S [ AL ) A s A o As e, A 4 BE Y
e PSS SR e N I NI i 2 e il T = T
S ULOT=691 530 15 B A Wy 2 AR TR A AR 0 R P A A S
HZE AR E M. B LR 5 A 17 o8 A
KM &, 53 R A fie X i A TR 28 AN )2 IR, 78
EATZ B P AE B AR, AT 2 A A S e o )

FRAFRNIE 0 pf 22 FEmlt . A R TC R AS BE A 1 2
SEROERN, GUFERL . Wr. MR BRI SEIERGE RS, B
TR F AR, St AL, 2IERENE B P
FXAE FE bk X R RS, sk 2 22 A A 2R 48 A il
ke, B BT M EE 454, JFTRE A BI8CRIR . B
BR ARBBAZ A A A% AE 2 T 2% A DL B T 550
Gt IH R 2. 25 P00 ) B 40 9 i 45 4 LT 43
A T A, b R HE AR FH 0 J2 RE 5 - . i P 0 i
YL 15/ N € s 1 71 55 N 1 5 =Y S L B =
HO T LR R L = P K, AR — LR =
P st I B R SR

(Iv) AKEERR R R E . 1999~20054F, 3
E12~23% A FEM)LE S, BA RN E, &
i RO A R T T — T X 59944 v e
S ST R B, A TR) A 2 AR 2% 1 A R AR
Ja T sk 2 2 271, 2004~20054E, 6
TR TRAT IR F 2 E S A, %H346534420%
PL_E AR NG AT 40 A A& BR, T8 L[] 20 R U 7 A
HRINFZ R 2%; HA FEETT IE 4%, [FHE
W5 7 6%, X SR/ BOREAR, R T i
o R 2B AR TN L 24 FH AN 25 4 O S A
SRS ST ik s B AT R R b R TR A D AT
W25 K e WAL B 78 S

2.2 AEgaid et 1L AL

PR, L F R 2k R Ak
()35t AL AL, A7 AE T Y o Ak Py 3L R 40 5 1 3 2 B 7
KX, BIETOZAER], Wit 1% 2 (epigenetics) Y
W&, e H PUAE 8 AL 2 TR G 27 0 28 BT 58 45U
EH]20104F, 5T 3 WL K 2 (epigenome) [ WIF 5% %,
AR, AR R 0 ALY e W AL S i
DNA % 2 A1 iy 43 st 4% 07 =2, ORRIE 2 i 35t
fEHLHI, L5 DNA AL Fn 2= /1 34k, 418E [ B,
/N HERNA(mMIRNA) 5 IF 47 i RN A (ncRNAs) 1 H1 2%%
JE B E VB, YR, A0 £ ARk A0 4 R
W 358 % 1) ik L R PP 20 5 JE T DN A G it 18t 1% HL 1
AN, EFHAREE, FERBE, &9 205
IR 5, J5 35— BB e SZ PR EE 52 0, A 25 7 1B
AT EE VI Bl B e SR S E Y, S5 A 225y 3
AL G S D0 I R (=00 i o i NG A i - A P B
N 28 AR A PR B X AT SR 455 SR AT 1) 7 52 T
WAL ALH o] BETE S . i, At K
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(antisocial personality)# % fisi 45 4 FI1 2l BE I 45 il 2 T
AN &0, ARG bRic, JFAERE S 52w 3k
DR 3%, 5 i i 45 A A R LA B AT s 2,
i 3 il S AR AR 2R R I, X BRRE 2 AT LAAS B A AT
FR) T 5 AR U0

(1) DNAHI 34k, DNAZ%» T 7EDNA H H: {5
#4 [iff (DNA-methyltransferase, DNMTWE T, 8% 7E
AT 2L 0 BRI e b A I LA S, AT AR
A7 5-H L R ms uE () H AR RN, 25 SR R BRI UTER
A B B 366 PN RO (25 P 3Rk ) DA S X A A
DNAH AL 5k KRB AL E B AiE M, BUN DR
FE DA B BRI B N . AR AR AT 225 R, XL AR R T
(X-chromosome inactivation)a {T Bk & PR A1 3 (R 41 E)
il (genomic imprinting) 55 # /ZDNAH AL 45 2R, A
i, BRI BRI FEE G L, AR ED i
PRI 32 222 52 W) o8 A M PN %) R M Bz )22, R il s PR A G
MR B AT . RGE B 5L R RN RN, S XY
o AR i 14 e s £ 7.

(i) dEABM.  AE A B, STt
DNA Ik 1y ¥ FA ok i B B ig i fE . AR m e
AT pR I I 2] Z RS R B 5 18, 2 Bt
b BERRAL . SRz Ak, XL A T AR
R TR ARIE | A S A R D) RE AN T AE
ARSI IR H K A AR 4L AT R W R R
F(k9), T HEA B I (me) . AT 3L (me2) 8k 3 FY 3t
(me3), U1 H3K9me2 ¥, H3K9me3. 3 i (Drosophila
melanogaster) [ IRFA 1%, . K 1A= BRI A 5 1 20 e 4
Frep, 8 A AL AR 1 2 F U0 g HL 3
20 2 1 (H3K9) 1 25 H1 B AL B (Jmjd La) 76 K 1A 1
FVAR T ) J2E DR v B AR A, = X A g Y
N R A e ) PR BB A, T HoImjd1a 2 A 1E T
SRY 3 K 2 35 A 78 A Y, Ui B 4l 28 1 B e Ak X Fh &
WL L HLHIAE M FL s Py bk v e h A EEAE . B
WA 28 R AR AR AR A I 22 B TR B i, RTH3S10ph,
ZRAETEMMBA 2257 24 fE v, 5aE s A8 L% VI
Ky HEHM WAL BT F 85X, tH3K14ac
AR AROE IR B, 2 R AR R AR R A, R
HIJEH2AK119ubMIH2BK 120ub. H2AMYZ E 1k, Xt
oA A BT S e i I 1 A 4 A 2

(iii) FEZRABRNA(ncRNAs)XT Bl 1 J5 2 1 1 5
B M. /N T P RNA(mMIRNA) 5 JF G 15
RNA(ncRNAs) X #1128 5 85 1 5t E 47 55 3 A i, il
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o, AR R A R A SARAE T LB, neRNASTEX
R G AR I HLE T R R BN E L, AR Ik
DNA F bt B3, e85 3 24 o ) e Wi A5 1
HAMWRESM, M. MR 2SR, 7 2 micro-
RNAs b H 5 5% 53t 5 2 0008 35 71541,

(iv) Je@anEmEmmanfe 2 aet:. MEFELRE
TER NG A 22 57 S48 5 Sk # vy, ok % €5 5
A5 T DNA |, HE FHFIRNAZ A 4548 5 D g5
R, BB TERK BRI, AR TENC &
PRI 20 e ol BT AR Ak, DA 52 5 22 B 1 R NG 40 i
M A . e, defa it & AR Z R ARk, i,
1 N 3L i 43 (Transposable elements, TEs)fit i Jk K
SRR RRAOVERE, WA R Ak, el R R Y
4418585

i BTk, AR MR SR ) R T AN AR,
W AR . SURY R, 38 A 3R 05 1 A P
W2 A R G R AR, Ho 7R S R T
PG T RGO, N W RS . W
IV R G PE R G IS5 5 28 i, 0 R kS
HE TR, BT I 4 ¢ FR M H EE Bk,
WA RFiE—2 R .

2.3 wfEES SMAE SRR

WAL G S 7R W R N AT ARG i, R
R IES FFa e K. WAL L B 7 A W A HL
FE7E T 40 M A% 5 A0 R o 2 [ 35t 4 2% i 1 7 St A M 2
R, 5 AN A A5 8 A8 T HE 2R st AL AL % i B
YER RS #2055 038 . ANREFIT AT 2
DI #0555 PR 5 5 AW sg i i A /8, i
BRI IS v e NP N 2SR N1 B o =R ]
B, LT T K FDNARRE Sk, g
I b, A AR B RJC B AR AT A OC Y i 45 4 R
PIZRAE5 LBZ2WRAPE R 0. XA B 4R T A0
W RIS M4 AT A, kTR AT ik, HoAzo
KR REFNEREAFTERNEAR, 20 FE
40~60 min. FrLA, ZEfil5 3 N Z [ 0y, SCET
P25 B AL, A N —A IR, SR
HAGFSITANEEREZ —. BARXA SRS
Yyt A B B STE (HEASF B EA H B AR
A L RN T B i LR N R RS SR 2 1]
MAT AR B 56 R 91 B3 0 8 A5 i sl 1 2290, A
R wAELFNIGEN S S, BE 2, BhA



K e AR Y AR Ty, TR i 29 T
H B 10 358 15 R AN R o

AR A A O ER Y PR SO SO A T A
2 A PN P DR SR T R . MEVE R SZARERs A B
A R DR SR R Y IR B R TR — A b, LR
RUBELA—ANFERUAR, VEREER LG, RIMER
B %43 (hormone responsive element, HRE). 75 HRE
HIZIKER, BREAEAE TR an ot b, M AFFE T 40
AU EAZ N, I AR 5 2RSS &, TE LR BT
PRGOS R B A, 7T LU |6 A 20 A% N
Y5 R B S TERLAE S i b, e — B RE AE A B
30 minZ W A F IS s, BERTHAER
[ 1k 1) 34 B (40~60 min); [A] S5 M B A B B, FEOK
RSN 5 P 5 A 28 L I s s Ak b4 hBO) g
FeFrAEBNE. UL, MEERNMEE L
26 A AL AR 7S, B T — B T AR
T AE by it A% {5 B 5l B 7 AL s st A 15 B, &
RS ARG AR R AR . X Fh o A P i FE G R
SR A 1 PRS2 N7 ) SR A

3 b SRR

P ) A A IR A T B AR D BRI TR,
M HZERME . 2R 2= R A Y= L], 24
A W2 AN ] REAE 0 A P X AR R 45 Hh R A 2R
WARMERS B 2 M PR e . B2 AN Rl AR B 2
Tt ANREE Y (genome) THE £ 42 4
T AR 1203250 1 R g I M, Hob
A ERE g LR A9 1.5% Y. BB R ERH21240 Y Fh
FER B, H5HER 29150075 F s ##0.015%,
i HL 22 BR T3 HE sl 4 A5 1B sh 9 i 50iE ©Y. 201048
DI, FEWIE K 4H 2% (epigenomics) [ AIF 7T % - 1 o8 14
KO g 2R R 9 Z AR g i s AL L, A= 4
P0G ) LA ) EE A, M RRUE— 2 R AR, XU, Lt
WA Wy 2 RN A AR ) 2 ) B — e ST, WERIACh
AT ) ERE R B = 2R G A0 7 40 B S A0,

R B AR BERE, AR A bk e DL
YR, EAESY . MY . AR AR, BTN E
TR ZhE, ML Y i Be (i 257 (mating  types)
M TC I B B0 A P B, MBRAE S A. —FhEhs
POE NS R ERT A IS, TSR M )
Xl 8% £ (0] K o) —Fh BRI i oe i A it Ak
1 X BTN AT EER M. a2 Xt B A m

e HE R ZH Y BFSE, BN BT R B, (HEE S
%, AN

3.1 EFHEYwEPRHEE SRR

(1) MBS FEER—EWENNSHEA. K&
B, S0 AR P R TOE i 25 S AR A, Lt R 2
B Y AR AESh Y, i m SR RRAR [ Y S 5,
T e Rm AL, SR ARTE . X 3 o B i BT 58
L, TE AN SR B N, B — ORI R ] (a
single conserved mating locus gene)ifith & —Fh 5k [A]
e 7. XA N T2 AR ACEE N,
RAFEA R R AR, (B2, @il 7 B B AR E
B, X AR R AR 2 AE LAY V. carteridE N, 2R T
MO R B WP+ B, Jorkm i e 288 59
PEERTR L, fEsSsii i, B 2Lk iy st 14 5
R B2 AR, DA R 73, AR
INAZE AL, BEAT Y R DVEBC R A7 45, ANt
PEAE A |« R R SE S RV 2 Y0 Rh, AT
Ml A5, FE—2e S sh Y, C &b Bl E S
A R M SRR, FELZR B (Caenorhabditis elegans)
Hh & xol-13E K (the X-linked gene cause the feminiza-
tion and death of XO animals); &5 B a4 40 H
SR R, 2 3 [N Sxi(sex lethal gene); TEMHFLzhY)
P B A3 AR 327 JC FE A (master-switch  gene)
SEMEAH YL (SRY), BATTT B 25 A 14 G o 4R
JE R L R s A R . O TR A AR Ak A
e o A3 S Y R i PO 2 2 A2 S A TR
B, G SR 4 L R g XGH H B IR S sh i o
B IR H G RS s B g, 5 AN ZE M fh e
M TCEAEE IR, 4R 28R S PR P & 0 A4
BB R, AR A R A

(i) Y-JeeEfk iR fhie S i, K184
DARGAE S AL Py, BT 3 g P i e 1
R Bl S (AN 5 (Ornithorhynchus anatinus))
AL R Y K2 [ 5§ FRanti-Miillerian hormone(AMH) . i %L,
SR Y S AR R FLIR AR YR AR, R21.442
EZHT, FEURH Y (Protarchaeopteryx) H BLWEE A,
MERFLEN B 25, fl T R ) 2 ST R G R A
TRAYIWH AR, FAEfF9~251 D BEEIN . B TE
RS FLG A s BB e 5 R, JIRTENE D,
HEAR 3% SRY JE KA Gy (A, il T HAE K 7 A2 iU
Fakpd firh, R T — S0 ss [] F ] AR S ROk
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BIEE. PrLA, & SRYFE P 1Y e o iR A 28 4k i
P -4 N R AN €7 S SR NS Y e SR S
2/ EWEIEE: (1) PR HREEH B SRY ZEA,
PRAE AR 46 A FE A M & & SRR, (2) FEAE
T A A v, AR 52 LA BORS 7 IR A5 24 51 22 4
RES]. B R, AMUEA L PR R Y QL ik,
R il R A R Y et Ak, L HBLE 4 SRY
LR FEif2s3y(a Y-encoded subunit 3 of the eukaryotic
translation initiation factor2)ZE & A9/ BRY YL Bk A
B, fhfgm T A THEBh A SRR, SeBl AR s ALAE Y.
X — KRB S 2 T 104 AT 4 H i Y e (0 R £k
WL, ZEIS I, 5XHE RO, YAk
Y& — MR AL B S A gL R, DO A XYL a5
150071 DAL JE s iy 2 1A 5 23 14 8 i i
PR, i L H 35 R P R A sl 0 £ R 4 5 i .
R NFSR Y e fk, JF AR & A2 3 N 1960077
e, A ERAMSE. MENYROKZEZE
SARK: BS54 A ME YO L, #%5 KR Z
PR, i HOE D A 25 A PR AR 22, AITE B PERE R IX
LR — SN AR B Y G R 25 F A 22 1R
K, VMRS, YR @R R A T R ESHA56 J5
FARIE, AR SER A

3.2 RAAME A Kk A e ?

PR S e M e R A R A S AR
KRZRTEMNG K& T W58 5L KA BR R R, BFE S 4
AW S AR R th B E SR A ER
TREE B W) AR P PE B AR il . A — 2L DR A= 3
Wy B O A B0 58 U R AR A i PR R 4, R R
PR oAl AR e O R R A — R BRI, Y
At 22 B BLAE N, 275 0T BE B A IR 3R kA
ke

R A ST IR S i ot bz W O By & 1) X o
Y2 Wi (Pogona vitticeps), KAREF A= AU il I AR
SRR ZZm, HEPEAS ARSI RIZWE. 35 3 R 8 5
TR — B S5 Tt AL LA BRI DR 1 e ML
(genotypic sex determination, GSD); #fl)z, S5 % #
o IR Ak 3t R AR R SR 32°C DA b, MR 2 kAR
B, RPRAUFNEL DI RN — 2, MRS AR 8 A2
ZWm, MEPENMREY BB R ZZE, K Z B8 AR ]
e 5 ML il (temperature-dependent sex determination,
TSD). B ar 48 U0, 3% Hi X S0 o 360 2 110 1
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R, P B B 1Y A R R AR EAE BT, 20034F
6.7%, 20044F-13.6%, 20114F1K22.2%. 3 Se: f%% Y
BEVER A 2 0, RO 7 A (IR B T Ak, AR
PR B MEPEFAR(ZZ0), ORI AR W R R 4R
OKE 25 S BOZ YRR ) TR ME T A, ] 8
YIRET. XF IR RAR S AR S R AEE?
et HIBA = (1) RITZRES kb bl
IR, B2 AR A b, st A% P i e e AL
IR T 29 1L.8ACAERT B HBR, B A= 5 WAL S8 2R 1Y
ANSEFAE T VB Y. (i) AZSREMER i
Ak, HEAEHER A EOTER S, MU T
KB =M, MRILERMERKA MR ELET
B, RIS IR, A )R SRR
U R A PR A, 3 S S A ] L Ath 3l 1 T TG 1k A )
. (i) B2 R — R —ZEHI G REAR T 55 R 1 5
Grok 7y, SN R BERERCR], B B
Pl RN B3 7, o N HEAT S A0 5 i N 1A i
F R A BRI R A R A S HAh RASE Sh WA Tm] 1y el
Ap, AT REEN LY W ISR A E T
PRI I 4 0 Bt Yo LR R b 5 i i, Ty e
178l Wil B o e M ) = 5, AR L RRAE R N2
05T 1) A ) 2 AR U ) SR B

3.3 PR ag N BE A B

IR TV AT 16 ) V8 R T 1 18 R o A A 5
EOAIMAFMLL, &4 1R d, HUF
TE—SEToIL R R AL

(1) AEMERMRIVEPIESE. AR . Lotk m
TEAELR T AR FE A | R MR TS A4 G 40 L ) 18 265 B A
AE TR R 201 22 704 AR R B Y A AL g
TEPISEME R AL P i, R i A 2L
PN A1 ] A BEIEA5 BI8)Z i94% 32 20122 904F
AROGF SR A v B0y 5 08 B 52 K% FE IR A 1 1 T 200 D F 52
P 205, LT HEPIE SR Rl 2 B UL R,
W 7 30T 45 DY 05 Ak 2 P R MRS R Ak AL L, A 22
FORTE SR, DA PR A ) N I A ) B A
Fﬁ%%[l%]-

(i) EEELMERAEUL. A AP —
SR, o5 — S R, AT e L g
A P9 2 KA P T ) R 5 1] e 2R S5 28 R S M A
23 % % Kinsey 5k TP Ah 23 27 [ 45 98 25 119 45 21 i 42
PR BRVEOUL A (EL [ BN 28 B0 3 S e e g 1) AR



2yl NHI10%. WRtRE B, —5290% M A M, &
T HI10% I8 3 Z K 0 AE S PR PR 1 AR, 2R RER
R4 A ) — B AR AN ST B /N, 0 HLIX A /N
FIRBRIELE, Yo THDBEANBBWILR. i, —
D708 25 NEWNEE — DB 705 )+ 5, X
25 I3 > Jet A T H5 A O A D A P R iR M SR A, 5502
ACONTT90%) [ NHE, 154 RT RENS B3 2R 4 M0 A 2

(i) Z4Esrfvl. VOB LR E A
AR B PN AERE, 7R 4E B AR AR, ATREST AT A 4
MG ERB YR RR, XAE), ety
NE, XK ABARLX, Y RIE) BN X, Y
BIRR). TOe 2O B2 A% I 36 30 2 M i [v) 22 4 5
A A)E XT B A N R 55 1 A 0 2 Ak 1) 48 B
B = A, s segedh &8, G IR B
(Rattus norvegicus) % 1 i 5 I % (prostaglandin E2,
PGE,) &b P 3l 25 5 503X Fb SO S P PR AT R 2SR
T A A A FH B A Tl 0 ) 7] BEL BT PN 2 14 PGEL Y B
B, BAE DL JC e i M i i R B AR, T4
PEAT RERER T . IR, B L A 2
AN ek S A RO SR, HO™ R AR T b
UNEE: gD =R E

4 XA TEWRE Y

TET X >4 37 5 22 S Y Yt o P fE 1) A= ) 27 BF 5
APRRLE, i TAERL RS B, IR RrRS 2 B Y
SRS, M SCHR (3197 51 A4 4288 7 BHIE p OO ) TR
W, AR SO B4 By B2 HE Rl A 54T /iSRG
W drm, =%,

4.1 PEMURA TS . SORMFE RIS

W NS . BT R BT B B Oy vk, B
FE A ] A= ) A ARUR AT Ry st A 2F A

HWE20124F, 17 8B 2T B B 8.5TT X B
BRALAE L, 1077 % XN XA JLAN4.577 %) 3 18 22 4R
JURS G, T SRR 5 R M 5 50 FIIQ 114 33t 1% A
U B VEAL AN LA AR SR T A I A7 1 G 4 B
Lt B O B 56 0 5 SO A g U OS Oeh R
B o BT il B — b AR R g 3. Horp
S At 2 AHE (antisocial personality) 131 2 1 A#&, DA
Z VR Z K MU I o 2R IRz —. A AR
B AR B EN AN, ZBAGRN
UL N A ) R, 359 T P A 8 4 ) T

RESEAh, o), 155 J I i i 0 5 U120 0 AR
(19 i K FC A P A i A . S el 2 R 2
55 B DR TR R R A A U AR OG. X 3R S
P ] B 5 A% (R, A 32 BERR TR Ak 2 A E 270
AT, B, KodrRM, R L B
SRS TE, MNIALY, Lot MY R AR
SRS, MCRREY 2 8hs, ST
AT 9T R AL

4.2 JRIPELF . AT RS T S TR B 5

WSO TR e 4 . AT AR AN 2598 55 5 R TR Y
WFTE R, BEFEINRE AT gt A L. bR RS
XTI S S AN 25 il T S OB AT S AR R T AR
FR TR, AR AR ARG, LR
5 RIS RS B C R ), FE AR S R
T A% BEAG OC R B, TN 25 ) SO AR e 14
Ty, TTRER IMEET T o 5 M i B 2 — 072,

4.3 PEMR 8 1% N R

19 1% ) # 7Y (endophenotype) J2: 5 XF 1% 25 i A\ K&
HERERIATHMAR | A SAEYFIE R A
T R I IR LA [ 5 AR 0 E sg b, il
N, XK AR o B K LA R ARE R AR A R SR
KT 55| #I%Z% 5% — 7 3L I DISC 1 (disrupted in
schizhophrenia 1) VFZ2AHC 1 fL A BE2A R BR, R
HE T XHZPRA TR AIAR, IR R KR S Sk e,
Wi SRS it o SR 3 A% P9 3R R AR 5T T 8, Ko P f )
IR AL N RO | A B2 TRy TR )
SEAEIEAT Z PR A, AR AR SC LA BT A4
A PRTERE Y, L8 BEASAUAT DLz P4 ) i A1,
WA 15 TRF 2 HA I 1847 B GH.

4.4 PEMURI UG 1% B 005 SCIE RIS

Fh T B A T 2 R 3 R AN B, A
AT AR Jof R AR T 7 A (i 28 R D). Ak e RS Ak
R E AR, BT RE R AR AR IR 2 TR R g
R rh. e ) 2 R T 2R WLHE IR 2 A BT 58 S IR R
ERFR I K di. — 30 LB SR A - A Sk B 1
T2z SR B R IR U A R BB AR R s, R AR
615 3% 56 [ SCALEE B 1 B TR I L O@ /UL A
R 5 VIR AL A4 700 H A DGR AR AIE R BRI 88 R Wy
, HEARL A& SO RO A B LAE 7.
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What are the biological roots of sexual orientation?
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This paper contains first a consideration of the biological roots of sexual orientation. Next the paper reviews the different
points of view about the SRY gene and the Y chromosome. The paper then discusses three models of the distribution of
sexual orientation. The paper concludes with four suggestions for future investigation on the question of the biological
determinants of sexual orientation.

The biological roots of sexual orientation are considered from two perspectives: endogenous and exogenous. The
endogenous roots are the consequences of genes and prenatal development, while the exogenous roots are the
consequences of postnatal development which include environmental, societal, and cultural factors. Both the endogenous
and exogenous factors influence the acquisition of non-heterosexual orientation through induced changes in neural and
genetic information processes as well as changes in the communication between gene and brain. The SRY gene
determines the sex of the fetus, including the primary genital cell and its hormone secretion. Then, the sex differentiation
in the prenatal brain is influenced by the sex hormone’s neural organizing effect. The brain’s sex differentiation in the
prenatal period and early years of an infant’s development are potent determinants of the adult’s sexual behavior. The
occurrence rate of sex reversal in prenatal development was reported as one thousandth of the sexual minority in a
demographic assessment, therefore neither the sex related gene (SRY) nor gonad differentiation as well as the variations
of sex development seem to be the dominant biological cause of non-heterosexual orientation. The exogenous influences
on the biological mechanism for non-heterosexual orientation occur also in the neural, hormonal, and epigenetic
mechanisms as well as the communication between neural signals and genetic signals of an individual. These influences
by the exogenous factors come from the society and the culture. The exogenous factors that influence a person’s sexual
orientation usually evoke excitatory processes in the lower sex centers of the sexually dimorphic nucleus (SDN), which
are under the regulation of the higher neural circuits between the sub-cortical sex centers and neocortices, including
orbital frontal cortex (OFC), anterior cingulate cortex (ACC), and ventral medial prefrontal cortex (vmPFC). Although
evidence for sexual orientation from neurobiology exists, it is not definitive. The question remains whether or not the
observed biological factors are the behavioral prerequisites or the behavioral results. The non-heterosexual behavior must
activate the brain stem reticular formation and get reinforcing effect from the reward/reinforcement system in the brain
(mesolimbic dopamine system), so that the memory system puts the non-heterosexual orientation as an acquired behavior
model. The processes are similar to those involved in the formation of other compulsive attractions, such as to the
internet. The changes in neural signal processing must be connected with gene or epigenetic expression, because any
form of long term memory is accompanied by new protein synthesis. Especially, the sex hormone evokes sexual arousal
more rapidly than a neurotransmitter does, due to sex hormone receptors with special double exciting units which are
distributed not only among post-synaptic membranes, but also both inside the cell plasma and cell nucleus.

The questions as to whether the SRY gene is either degenerative or evolutionary and sex reversal under a natural
environment are relevant to the understanding the biological root of sexual orientation. The paper gives a promising
answer by some new findings in the comparative investigations between the Chimpanzee and the human Y chromosomesas
well as between human being and reptiles.

sex orientation, sex-related Y gene (SRY), organizational effects of sex hormone, sex reversal, epigenome,
reward/reinforcement system in the brain
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