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Primary dysmenorrhea (PDM) is the most prevalent
problem in women of reproductive age, casting an
enormous load on public health. It has been reported
that around 90% of young female of middle school age
in Taiwan have PDM experience. Up to 15% of PDM



subjects can suffer from severe menstrual pain that
results in the absent from school or work. The
unprecedented millisecond temporal resolution of
magnetoencephalography (MEG) is pivotal in
investigating the central processing of experiential
dimension and the associated brain resilience of PDM.
In the healthy females, we previously disclosed by
means of MEG a significant association between the
anxiety score and the left prefrontal cortex
activation in menstrual phase. Also noted is the
hemispheric flip of prefrontal asymmetry in
accordance with the cycle change. However, the brain
architecture of brain network in PDM remains elusive.
In this three-year study, we will instigate the first
genetic neuroimaging (MEG) effort to explore the
interaction between pain- and emotion-related genes
and the brain plasticity in chronic PDM subjects. We
were characterized the single-nucleotide polymorphism
in five genes, for instance COMT (Cathechol-0-
methyltransferase) and BDNF (Brain derived
neurotropic factor), in PDM subjects and link the
genotype with the endophenotype symptom (MEG brain
mapping) to elucidate the central alterations in PDM.
Compaired to the control subjects, our preliminary
results revealed: 1) the PDM subjects have higher
anxiety and depression levels: 2) the PDM subjects
have altered early percepture processing of enotional
prosody ; and 3) the PDM subjects have different
allele and genotyping frequency in BDNF gene, which
1s associated with several affective disorders. We
are convinced that this prospective study (to our
knowledge, the first study in the literatures) will
shed light on the central mechanisms of PDM.

primary dysmenorrhea, magnetoencephalography, imaging
genetics
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¥ 2 4 & 2 Keywords

Primary dysmenorrhea (PDM) is the most prevalent problem in women of reproductive age, casting an
enormous load on public health. It has been reported that around 90% of young female of middle school age
in Taiwan have PDM experience. Up to 15% of PDM subjects can suffer from severe menstrual pain that
results in the absent from school or work. The unprecedented millisecond temporal resolution of
magnetoencephalography (MEG) is pivotal in investigating the central processing of experiential dimension
and the associated brain resilience of PDM. In the healthy females, we previously disclosed by means of MEG
a significant association between the anxiety score and the left prefrontal cortex activation in menstrual phase.
Also noted is the hemispheric flip of prefrontal asymmetry in accordance with the cycle change. However, the
brain architecture of brain network in PDM remains elusive. In this three-year study, we will instigate the first
genetic neuroimaging (MEG) effort to explore the interaction between pain- and emotion-related genes and
the brain plasticity in chronic PDM subjects. We were characterized the single-nucleotide polymorphism in
five genes, for instance COMT (Cathechol-O-methyltransferase) and BDNF (Brain derived neurotropic
factor), in PDM subjects and link the genotype with the endophenotype symptom (MEG brain mapping) to
elucidate the central alterations in PDM. Compaired to the control subjects, our preliminary results revealed: 1)
the PDM subjects have higher anxiety and depression levels; 2) the PDM subjects have altered early
percepture processing of enotional prosody; and 3) the PDM subjects have different allele and genotyping
frequency in BDNF gene, which is associated with several affective disorders. We are convinced that this
prospective study (to our knowledge, the first study in the literatures) will shed light on the central

mechanisms of PDM.

Keywords: primary dysmenorrhea, magnetoencephalography, imaging genetics
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B : R R SR KA Ml s 8 $ L T (primary motor cortex); SMA-# 24 38 #* % (supplementary motor area); S1-4~ 548
B % A F (primary somatosensory cortex); S2-=t %% g £ A F (secondary somatosensory cortex); ACC-7# 4= % (anterior
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(] ¥ 454 p Apkarian et al., European Journal of Pain. 9, 463-484, 2005)
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2 IRB RN R A Y e g A 5 (meta-analysis) 0 B3 B ¥ gp R - B &R R PTG Y BT RS R
REAERTRAREOREAR o d P AT R ARUBRAOBLATFES S FP R ELAR -
(# # 4 #-p Apkarian et al., European Journal of Pain. 9, 463-484, 2005)

Frequency of brain areas active during pain in normal subjects as compared to patients with clinical pain conditions

ACC S1 52 IC Th PFC
Pain in normal subjects in 68 studies 47/54 39/52 38/51 45/48 28/35 23/42

87% 75% 75% 94% 80% 55%
Clinical pain conditions in 30 studies 13/29 7125 5125 15/26 16/27 21126

45% 28% 20% 58% 59% 81%

Comparison between pain in normal subjects and in clinical conditions P<0.001 P<0.001 P<0001 P<0.001 P=0.095 P=0.038

Incidence values are based on PET, SPECT and fMRI studies. For details, see Table 1.
P values are based on Fisher’s exact statistics contrasting incidence for each area.
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it > ¥ 3 AR B (thalamus)-p=3f £ (orbltofrontal cortex)-'a"u BEE RN SEF 0 A A % R)w g £ (dorsolateral
prefrontal cortex) ~ i& & # ¥ (premotor area)* { * § (posterior insula)f] 41 3R i 387 M IR % (T B]) 0 & B 5
R BANEARERESAZAF TR R A B ST RFBAERLFETE L BR R R L
15 1+ [9] -

A Thalamus N Thalamus
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Posterior Insula
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BESM - MEFRES ARL 5 p<0.005F EFL R %A 35F4HE -mOFC: @ it £ ?Tfr ; IOFC © % 4=t
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2 PR B Y o N AS - B § Bk i F(magnetic resonance imaging) i i 1B tt 1 ‘%%"7% NS
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RAEBREEFHARENREL AL ER [ o2 £ LB - [10] HARRREL 7 L2 57 &
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BlDRERA LA F A FUAMFCRFR - od SERBMARTF L 25 F0 R4 THMARD ¥ £ 550
M¥FRE S ARDE® p<0.005 2 ¥ LB F 2 100 B4 - mPFC: ¥ @] # 3 ; ACC/APCC : # 4o iv /% ] i 4r
Fiaw s SI: g £ % 5 STGMTG @ +/7 g o
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BEAREEF L RL ® # J& (depressive disorder)> @ & 4 J (major depression) g, % R SR G
FPREINRAFRE - RENETOHNFED DRI > 2 ERPFHeENE S o & 2004 &
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positive emotion
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W2+ N2 R A AMARE X ERE X7 FHHEE - (B 5 44 5 Neugebauer. et al, The Neuroscientist.
10, 221-234, 2004)

4 AR 2R (Heart rate variability; HRV)

BOR flg € a1z p 2 A & % ti(autonomic nervous system, ANS)eh% it » i & %%‘ d 2R A
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(quality of life)cr72 58 o
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" th (Magnetoencephalography, MEG) ™ § ip] & %75 1t 9751 4 e ¥ BHrss A 2 X% A
THOEFUPLERRER RS OERE TR R RZ 1 £ 4))0 2 v 567 (Encephalography,
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MR SR XTI RiEE B)a- fEA & GRS - @B EAF AP ven THRE | B T (standard
event)t‘ v A FeF b B R R 11 (oddball or deviant event)¥ @ Y73 073 T A ok o %ﬁ d e
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W2 "Rz FAFTZEBRA B 2EFFAES (A 128 BE&THAET B Bor $HEERE T
(Fx)2 $ B RE DT 24p M 7 R(s) e (B): &l 7 37 £ (fronto-central 4f i #7384 5] ¥t 8 B 1 e (F
S)ERBRENFDFEAEF BR(R) - (CO): 3 7 Rf il HEEREIREN T EAME B2
R E R @ P enE S 4pRF e @ 5| o (D) % 100200 % £ @ Fleh7 ™ fie f L T 301s > 0 2 B RE R o
(B % 445+ p Garrido et al., Clinical Neurophysiology. 120, 453-464, 2009)[16]

GEERMFEEIDETE- BT REFER RS T LR, AR T hjp T (EY o B
2010 # Thonnessen H. % % [45]3 4 7 % & L AP BEFH&HYUFEBF &> L@ % 28 FEEg @i
Pl BRI TR AGEFS Y 0 SRR AT 5200 AP o HAEEEOE 2 RRE
AEH =z Hep s end TR RO 0 TR R AT Bl 0 Y AR R T
P (e )M R 2 F(f » i) mlBAz? > 7 T RGEF BiRiGR A €7 TAR o BT TR
gk 18 5838 3+ (Oddball paradigm) » £ 1% 5 — 4p k47 5 & fimﬁ‘“ f¥ s TR B3 Tl (b

BRES Tl 80% 0 H P ST 20% 2+ TR F L B EFRERRENE A8 B3 TR
B ITE R4 pE - AR RS -

changing emotion changing emotion

(neutral to happy) (neutral to angry)

normalized current density

L YT Cwlk oW, - . L EW BT e .~
-0.1 0 0.1 0.2 0.3 0.4 05 -0.1 ] 0.1 0.2 03 04 0.5

time [sec] time [sec]

W:d P PaAFES AR PR 23 F 27 T RGEF B 5 F o (B 544 p Thonnessen et al,
Neuroimage. 50(1):250-9., 2010)



Nadtdnen R % % %2004 &% £ 7 ¥ - 8% 7 fie f & {7 £ (Optimum design) [46] " &2 | &5 i
RS g 50% 0 F BEREES 62 e - B TR B TN AFEY R AT R
"RE RS TR B R BERES T 50%(» i‘uij BREAES LDR 10%) - hiE
AP EERRIE T UFETRTEREBRE LML BSR4 B2 p B A o 3% 0F
FRUFHEG AT E- 0 BEEE TRERE VL RE SRR Fhfp3 7% -

WA F SR TATRYIEET O TRELAF ROEI NIRRT EREF A &
LR A FHEIRATRSLFEAL > PR IRAA L L o BW R A TR L RER g R s A S A
JE (schizophrenia)> © § 428 30 B A7 3 3 F A & Mk o B R {5 % 2 2 TR &
R BT AL T T f iR IFARECTE A F P AT E[35]0 2 B R B A A T f O RIFE A
OB E AR R ~ RRAvH G IRER[36]2 A R G AR M o tf et 2 b & g (dyslexia) s B #Y 75
HERE DR EHE > B3 TR ARG TG P REST R  H T 0 A FRORFI SRR
Wk prRent 3 A R(37) -

AP LD g BT 7 %~ 2 Schmidt 2 Hanslmayr # 2009 £ 4 #4d ~ 9T BT AP 2
FORBRPFENFEFER T REEF ORI R Y D e 2 f e )R
ERTRIFENPZFEE N 2 RIEEF Fe L6 [13]0 2 > Comnwell # £ [14]41% %7 L34 -
flgeat 0 & SAEH L g > & * F 2 4p B 0k {45 2 % (Event-related beamformer analysis) 4 17 #7183
VPGB AEL B AL 2 082 2% 5 % v (parahippocampal gyrus)en# 7 fie L (mismatch

negativity, MMN)% - 225 & f L2 B jgdp L T Ap B (™ D)

n

W : =@ 5+ 2 =#(rightamygdala); + %3 =/ % % ¥ (left parahippocampus gyrus) - (&®] #* 4§45 Cornwell et al.,
Neuroimage. 37, 282-289, 2007)

LR PR TR F P

1245 Dick % 4 & 2003 4 %7 3 [56] £+ Tohk L Stic WA R B b0 B A DI ETE o
HEfRT LA T e f A IRERT > FIRTF TR iRy < ) BREA R DR L BT A2 R R
A8 B (4o B 97T ):
(). & AUF Lt R ek fis
() & A e g4 AT f ¢TI KR Gk
(3). % B el T3 F 4 iER
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37 Active Attention Condition
2.5 Passive Attention Condition
3=
O No Pain - Easy tone -
-2 . ONo Pain - Easy tone
v m Pain - Easy tone mPain - Easy tone
¢ 15 - 2]
g1 No Pain - Difficult tone ) ENo Pain - Difficult tone
\ -1.5 4
-1 1 [ Pain - Difficult tone . o Pain - Difficult tone
A4
-0.5 4
-0.5
0 0

B:BREARFBRDT TREBFT (BT HARG BN AL DR F ¥ R SRR R B (IR 2 TR
ok RIG AR R EfREHF A AR EEF(p<0.05)c (LB B AL ARE AR 2 HE P FRR O B (g
PE A AL Ak 0 B2 T e f Ok dRIFEEF X TR B3 fk i ((p < 0.05) o

(B ¥ 44 p Dick et al., Clinical Neurophysiology. 114, 1497-1506, 2003)

IR L S o A RS R R LR R R s Rl AR R T e
B ARG < ] g uw~wm4mrwwwwuﬁwﬁwwﬁqmg@@&m_& 27 AR
g0t G 3). T Bt EE B R PR

PTRAAEFEFHEAYE
I TREAEREE F2FMEBEET 2 Schirmer iﬁﬂ’“ﬁi’“wéﬁm'ﬁ‘-‘*ﬁ 237
ﬁaﬁ HFET R o PEER R T AL A RET R BN AL ch2 T e fOL[45] o vk R
P oA kY BRI S A ']:}_BJTL SRR B HJ‘]L:E P H B R VAR VEROR B T B
Fi(Blood Brain Barrier)T s & & < "o L 304 et M > ¢ FEHREN RFE S - J 82 T OT %
BRI gUREERRE AR P 7 q‘ﬁia”“ﬁéﬁ Artg ] o~ MR RR T RIEE > &
f’“" A BRI ST E gAY o ST E 2 D7 T RAGEF BT PR
3 R v#ﬁ?f‘-’”’ VI e F‘“’@@'“E‘*“Tﬁ 4R TR taRd F T 0 tg 1 ) (40T BT
wwlawé%ﬁa- R wﬁ%F“mﬁf@ﬁwﬁr’wﬁﬁ%@v/»#€zﬁmd o Flt o B
i o 2@“3& Pl SR FF A EMP SR R LT RN
- g ;‘p‘,gﬁf’i’m/@}; foo AR R RAE R SR LT ®

Mean MMN Amplitudes
Emotional Change: Estrogen and MMN

5
40 -
B Female Listeners * Women -
4 [ Male Listeners © Men S
> . = .
=+ _ 304 -
= E . -
2 a
§3 g .
s 8 2049 . . 5 *
£ 8 . e e
< 2r = A
z w e " . .
2 10 L
= wm ) B | [T ] —.—:e_‘_O_a_; -----------
1F o ° w,"on o - e
0 o oo o
T T T T T
0 2 0 2 4 5
Neutral Voice Emotional Voice MMN Amplitude in pV

W7 Rl BN IR (2R E R ERLAR(TW) 2038 o (B 5 4485 Schirmer A. et al,
Psychoneuroendocrinology. 33(6):718-27, 2008)

U AR R EA T RS RINER L B R T A SR T AR o ARG e
FHEMIATE S VI RAFPACRE AT R SHDHFEEZ 2 CHMOERS L BMBRIFEZ
PEWEA R NHAERSLRE > 2 BTRE G SRR TP AT
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# 35 < 4= F (neural oscillation) e 12 &, & 21 4 47 i

PSRt S 4 S A T 2L H v > om AR ~f:ft\é.?.{_i(ne‘[work)ﬁ?f‘;'] AR A AT o Aty g g
A g E RSB E A g > BB S AT WA e R R AR o S AR P
ﬁgzkmﬁwwpaﬁwzk - BraF bl - BEAT U RO RET M &7 o il
oop ?)‘Jc - gUfé?» o BB R A e AR T I G o P AT

e  F&F kA (oscillation coherence)
FT D f’*%‘ﬁ AR TIMESFTOREIFRRZF S T # o - RIEE S # F(power)
ek & L (normalization)m 3-8 d1 &k » H BB A3 0-1> “07 &3 BE(D B %) FE b
FApRE e IR A A BAEL(S B )L R *ﬁ“%wﬁww@ofif&ﬁﬁwﬁhﬂa&mﬁ%
7t i #(mild cognitive impairment, MCI) <5 B ¥ i - KPP T FR AR B Al
ts (beta) # #rif (gamma)if F chr iy P B R AR TH L REDOT A P ELR -

* % %2 Fdp k%4 (phase synchronization)

P edp e A S A a2 H AR S Y SRR D FEPE R R T 7
Fraw 2 Bapd g AR Fipiaip il ¢ B8 T 2w g w@m%W’HTéﬁ
LB

Phase synchronization No phase synchronization

W W GARFTEEA RS > - HAIEAP R R % o (B 24P Felland
Axmacher, Nature Reviews Neuroscience. 12, 105-118, 2011)

e AT PR BRI AR e, T s B &4 m 3 A A
G 5 RS EAAY S B e i (neural communication) 2 RiEAY T W M 7} = 7&‘» R ,; BIZF 52

E o I 7 AR o L B AT

\4‘-
= (m\a.
™
;
?—.;_
\i
ﬂ

B oEeip sl
1980 & B4 BEATAR R S T RS A N R o S E ﬂﬁ’ﬁ“_%%&* AR
# 5' » & 2§ % heIGAE ¥ (gamma frequency range) © #c B % f§ @ (presynaptic)#? J5 2 B E
PeIE AR T AP e 9 0 T 1@ R P {8 (postsynaptic)A! f (T R-iE e 2 R @ 51 B ITR I

(action potential) > 7 =3& #F F 4p =+ # (gamma phase synchronization) 4! S 4,d T @
FE A AT HEIREARY BT R L B f o

Coincidence detection Neural communication
Target —
region M
0-[\\‘—4, \/ I l I Region 2
oﬂ) M
\/_ Region 1

W= 2B ek H (U EEA)T A BRADAH S A SR EN L I E R S (target
region) » FF FARGAF RPUEA G AR ITT o LB 2 FPE R PR T A G L g sahidil o

] * 4 4 p Fell and Axmacher, Nature Reviews Neuroscience. 12, 105-118, 2011)
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] fa\g’g_,«;d E

BBEYREESRE AR AT %%i%ﬁ@w&ﬁﬁﬁ?ﬁﬁ@ﬂe

timing—dependent plasticity) > #* & ﬁ% i B € FE L gt W) ek P g 1 IR %

(Long-term potentiation, LTP) » @ o > % pF ¥ 4p B g ..:;'” AR 2 R G

AEa R BT P A otk R 0 A oIB AR F chAp e b AR R O BEHE ¥
7

(theta frequency) { if & 3% = & PFRT AR BE codd \o 7 244 o
Neural plasticity

VeV

[ =—>r

/!

W~ XERFTAM o §7 F 2 o (B 744 P Fell and Axmacher, Nature Reviews
Neuroscience. 12, 105-118,2011)

Region 1

Hu uiptmi A#F k% 4] (complementary phase-based mechanisms)

W E4F 5 2_4p =-3= 7548 & (cross-frequency phase-amplitude coupling)
MR T e B Y - B RTTURER D > HA BRI R MR T A L08R g
A R e TH S A B RN > Fa BB - 5T BRI GRS ) o
E R ILEALY o T BART T B PR R T R R ) ¢ RER e e
FE2 LR 4ph -

W g0 5 2 4p -4p =48 & (cross-frequency phase-phase coupling)
da 7 PR T 2 B O SRR Bl 0 Glde @ B4R i (SHZ) ¢ o3 4 i (40HzZ) 4 -
N I G ST S 2 P AR B S o IR R AR e R eI R AR Y ¢ A F o 4 20
%ﬁﬁ%ﬁﬁiﬁ&wﬁkﬁ’#wﬁﬁﬁﬁﬁﬁ'ﬂﬁ%i“waﬁﬁﬁwwa%
g & BRF o Aot B F 2 IR T TG R S A S ,T“/# EXTNFE -
MHE LR -FR{VAFEBI FiEia 2 3 4pRE

Lower-frequency
/\/\/\_/\/ oscillation

Phase—amplitude

coupling

Phase—phase
coupling

4~ (F)E - BRI (¢ ) MHEIRIT hip 81 ¥ — F AR T chiR 1§ e 4 (phase-amplitude coupling)
FRE Y AR RIEE 2 B R H B R IR § 8 PO R I e PR BRI 5 (T) PUIR I i
#1 ¥ - FHAE4RIT 4P - # (phase-phase coupling) > 7 & B ¥ BAEIRF crdrtg F 20 H < JRiF § 22 %
AE 4 I e & PR BLIE A o
(] ¥ 44+ p Fell and Axmacher, Nature Reviews Neuroscience. 12, 105-118, 2011)
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A8 f*’l’?”ﬁl Rurp i AAk S e hF 2R L8 F g
R £ A ff#ﬁf*f’ﬁﬁ A g BiEs 'med QT R ER b o T A

'M@@%mwfkﬁ ﬂw%mwwkﬁnwﬁ%’kﬁ%@@wﬁ;naﬂ_WWmimwTwﬁﬁ
R 2 4 Vﬁruﬁ GMA AR R FHALPBIZTA4 SN 244 % B3 - &g on
A G o Lt s d - GRF A RFEHE B R IR GEON SRE S bl S
B IIL el 2R ILE T A o AT 4413 R 2 B ihdp -dp 8 & KIER R - fe R (40
PR B PRI R (GRS R TR SR LA LF AT A2 T TR g Fla 22
Tk P PAARERE L IFT R g o

BLEASREPMAY
Boa ArAven Yy R4 K AR e B (Resting state network, RSN) =+ % 4 ¥ 7 ¥ 5 ek F(IMRD)A&
i°%ﬁﬁi%%ﬁ4%MlDﬂ%&ﬁﬁiﬁﬁﬁﬁ%ﬂ@%ﬂﬁ 8 frinest )4 M o B B
LM RSN Ap M eimtest il it B fo * 2. 7 z:a;wg ZB o AABREY 5 BB TS
A F A B I@ i o Mantini % # i MRS B4 & e T LBL%E RSN e 2 & (thythm) 2. /F ek
%[57] - % 3 = B RSN > RSNI1 Ff K R (default mode network) L & # it §_p A I (internal
processing) > F# fi 4 (alpha) ~ P 35 (beta);d f= RSN1 & 3t 4p B - RSN2 # )73 & 4 4§ (dorsal attention
network) » 7 3 ~ B 3k fv RSN2 & 3R f 4 B o RSN3 ARAL e i 7 sk ol # 289385 B RSN 4
BT PR Aot 8 (delta) ~ 35 ~ B 3L 55 B > RSNS R @& epefob 545 B > RSN6 p 4 %
PR < 485§ (self-referential activity)frcdf ik 4p B -
TG Y R R ERUE R L B BA[SS] o R B R Rl L
TR PR ok iR LR R e ROUTFI MR (F P B S B EE) S E 2L ¥ (nonstationary)
BePEcngelt o 5 R - pIE Gl R o bldefe A~ B E “fg’;;i{ RSO PER AR I * BRI
PR AR R PR - FRLLF PRAILZ P LA ZFLILA (spatlal attention) » 77 7 %% % & 7
DR A RLR A R G ROGR AR (0T BT ) @'i g BEor ek et i Bt
AL EFTARL . ¥ - 2 6 > # R PR ETRARIN ORI RERERI L B R 3 R
Lrgz B engid o

—

&
g
=

Stationary MEG Non-stationary MEG

LplPS  RplPS

11

W:#LEF R4 ®E - (B 7448 Francesco de Pasquale et al. Proc. Natl. Acad. Sci. USA, 2010)

E Walton & 4 2010 & 4%+ % — A|4F 32 & %7 J Jg 1% ¥ (complex regional pain syndrome type I)sik
SRR T 0 AT % - AlAE e R IR }3’ JE I F e B 2 mmﬁ & %Epé‘(power spectrum) A" 7 >
i m; FF (4 delta [< 4 Hz] 2 theta [4-9 Hz])ena S fp it it B % 2 § 3 4 fﬁﬁl‘%&(ﬁm ®)
%ﬁ d Jb = = & 4~ 47 (independent component analysis) ¥ % JL - B ¥ eig Ji;l I Qf AR B R
Ji B AR & i s MR L T (primary somatosensory cortex)® £ 7% f Pl & A AP B PR iE -
A i (orbitofrontal-temporal cortex)[48] °

5
ca

E

#.
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—r

1505 —— CRPS Mean
— Control Mean
125 —
g 100 —
o 75—

LI R N N R L R B B R RN B B B |
5 10 15 20

Frequency (Hz)

B @ 2 %ehr 5 9p d (power spectrum) & i » S dLG g % - AR R VR R R F R &
g0 BA 4TF bR R enT o o (W] # 4E 40 Walton et al., Pain. 150, 41-51,2010)

AR eI 2R FRT T AT GG 2 - TR R E A FTEER Y IR o

ARE-A B & 22 ¥ (thalamocortical dysrhythmia) £ & 7§ c4p B [

RE-AFEEREY RpRE B AL T2 FFARFhp 2 BT HEE A A2 7 0§ iU g~
¥ if (neural oscillation) » = 244 55 % 47% & (neuropathic pain)[47, 48] % 3% % Tesk i 40 M [49, 50] -
X SR SR SV =T }%’vj # BEAR © §2 % (spinothalamic tract)§d AR5 KB+ 3 < "u4p
Mg EA T o A ek s L QAR e 2R AR < e T2 B enpeIi A X A 3R I (gamma
neural oscillation, 25-50Hz)@ @3 » & F cf2;7T 5 b - BAEHRIBHN ST € ;ﬁ“f G BES R
(neurotransmitter) y-aminobutyricacid (GABA)&4 i » e % Bl 7 4p M = P L B el ib > 7% g 4 chipe
WA EAET LD E A G B3 Mt R R A 2 0 gt a3 cheh e (lateral inhibition) ks
o S PREEE R A LR RO py ER(LTR A) e B AARE - TEER Y SRER
AT o ARE B H AR < B B2 B el A 5 4R i (gamma neural oscillation)Ak i MO a3 R
(theta oscillation) *72~ t* » 4oyt Ap B g LA B4 S5~ GABA cha i il €8 » ¥ 2 4p M~ oL B oo
Pyt ¢ T E o TR RD L T gRF A AL R R RoIEH § AT (ectopic gamma
oscillation) » FJytA) = 7 2240 Soms A R A EORA B oA Bk (LT B B) 0 gt T erEf e VS s
Je(edge effect) > Fgd s @7 2 A QR RMEA A s L L1 Sfe g NI poALE #FF R g
(pain and allodynia) - I ** % ™ &ARE B AR chx oA B2 B € 5 2 & 4 hMOEA A R T DR R
I e BARE A G i & 1 (hyperpolarization) 7 B [51] o

(A) Normal Neighboring Cortex without gamma (B) Normal Cortex without gamma oscillation

oscillation GABA t Inhibition Gamma oscillation in the edge

/' Positive \."‘I

Core region of cortex Core region of cortex . Symptoms

Gamma Oscillation
Thalamus Thalamus Coherence between low
and high frequency

W D ARE -4 F & A 5847 & R o (A)* fl¥rd](lateral inhibition) 1 # 7 X B 5 (B)if % »% fls(edge effect)# 4 7 2. B
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ARE LR A g
o T R LT

B)51] -

[ER

15

Controls, average

A FLEAAL R
ﬁ]?;ﬁ_‘}_. mrs ‘H:F l—/"l IIQJ};FZ\?' i@ m;})ﬁf

o 25 E] ] w15
Frequency, [Hz]

#f R A 45 7 4k i (neural oscillation)

H - 34 (coherence)F B F I 4o (T

Patients, average

%
Frequancy, [Hz}

a0

B : 2597 S5 (power spectrum)erdp b i i o T2 ¢ F AN A 2 BAEY B AP M diceng M é‘} s d kN E DT ApAE %

E S A Y

/‘3,J<]L%¢§;}B]’5§|ﬁ§§:4rg ° -rgli"j;ll‘

KR E O rRMARE-AFEERYRR -

(] ¥ 44 p Linas et al., Proceedings of the National Academy of Sciences of the United States of America. 96, 15222-7, 1999)

BRR #BMﬁ?Fa?@%'ﬂ

47 e
2R OR AR
ek =

¥ g

o=

ROF AL e gRad chigg
# #g(spinal cord) ® 1% i i ;
HaiR R R AL AR S

LT E) 2 S AR

B3R R A ek o T eH
Fﬁgrf’&»ﬂf o 3
R ARTAS T BB E X
A&

P © SR ek ORI
2% [60] -

PRI R R D geehi £ ﬁi;!? # (transduction) ;
v B AN gE S 2 49 3 5 30 3F (sodium and potassium channels)4p B

56}]‘ V‘wrr!/'ijé

F le ik FIH $ A ok S

Gene Protein Phenotype Disorder References
Experimental pain
CYP2D6 Cytochrome P450 2D6 Altered analgesic efficacy (Stamer and Stuber, 2007;
Caraco et al., 1996;
Sindrup et al., 1990)
COMT Catechol-O-methyltransferase  Altered pain sensitivity (Diatchenko et al., 2005;
Zubieta et al., 2003;
Diatchenko et al., 2006)

FAAH Fatty acid amide hydrolase Altered pain sensitivity (Kim et al., 2006)

GCH1 GTP cyclohydrolase Altered analgesia (Tegeder et al., 2006, 2008)

MC1R Melanocortin 1 receptor Altered response to pain and (Mogil et al., 2005; Liem et
responsiveness to opioids al., 2005)

OPRD1 Opioid receptor d1 Altered pain sensitivity (Rady et al., 1999; Kim et

al., 2006)

OPRMA1 Opioid receptor m1 Altered pain sensitivity and (Fillingim et al., 2005;
response to opioid Lotsch et al., 2006)
analgesia

TRPA1 Transient receptor potential A1 Altered pain sensitivity (Kim et al., 20086)

TRPV1 Transient receptor potential V1  Altered pain sensitivity (Kim et al., 2004, 2006)

£ 1 B % w7 A& (pain sensitivity)eh F] ~ # & h3-9 T A 2 2 4 A (phenotype) -
(% &4 4 p Ritter and Bingel, Neuroscience. 164, 141-155, 2009)

ATV EY APREHE L

(Cathechol-O-methyltransferase)

RSB ARG L
> BDNF (Brain derived neurotropic factor)

T

FL 2& F%

a8 F] . COMT

Opioid receptor mu-1

(OPRM1) » 5-HT-transporter-linked polymorphic region (S—HTTLPR) in SLC6A4 gene (serotonin transporter

gene) % 5-HT2A receptor (serotonin receptor 2A) gene %
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Brain derived neurotropic factor (BDNF)

A 5% & F]F (neurotrophin) @ A K P AR FAGAH L d T A L2 0t mE R £ d
BDNF £ H ¢ - fa# % % ¥+ (neurotrophin) » & 4 5 % ff 0¥ # |4 (synaptic plasticity) * & # 3 it
(long-term potentitation, LTP)4p & [20] » £ H §_#.;% B w (hippocampus) ~ %4 & (insula)# # =4 ¥ (anterior
cingulate cortex) ¥ fw o BDNF & F] =3t % 11 ¥+ %4 ¢ %8 & k* (chromosome 11p13) » Val66Met(rs6265) %
BDNF £ #len 3 A4 (polymorphism) » % % BDNF ¥t 2k Fl(allele)d & A = Val & & (Val-Val, Val
homozygotes) » # # - i & 3 i Val(valine) & F]44 Met(methionine) & F]#78~ % o &4 § Met &£ F] ¥ © §
LEA S rv!~[21] P § [22]% mded w[23]dhig b g o P R T F R AN T e sRs
EixpE o4 3 Met Zﬂ;ﬂiﬁifﬁq‘iﬁa*?ﬂ + 3 Met z.l_\ﬂﬁ("r’ Val &) B3 5w ¢ 5 ARSI g[24]-

BDNF ¢ vyt {2 5 :I,%(affective disorder)4p B » G4 A A B [25] ~ & mor % B W [26,27]
?x@ BDNF ffi-$§dZend ¢ 197 F # o Mukherjee % % #2011 ﬁ;ﬁd # 7 BDNF ezl FlA| 2 2 1
'TE T4 g enip b 14 > 48 % BDNF Val66Met polymorphism $t*a{%# fu s > F2 2 F B H 5 ¢ 12

ARG 3L R 5 v 2T H M w g I RGN gy PR IR S B ie Bk l“,*_még oo ;fgﬁzﬁ? Val #
@ =+ (Val-Val, Val homozygotes) e ;éiﬂ" v # 3 Met A& Flex 3 F ER ] JEE 'E AP B N eI P o W e
Fw iz i A el BREC SR NR(TRA) d BieF w
et ‘J’g—“ F(THB) D HEBIEEEIRLTR S TR 2 BT
A b cRg & BB | G K gL [28] -

3 % 7% B w (hippocampus) 1174
* 2% 7 BDNF Val66Met 4 7] %

(A)

W+ 5 Met & F](Val-Met & Met-Met) 5 Féﬁ AP #3T Val g & & (Val-Val, Val homozygotes) s 38 & f B TE AP
B eniF AR i ded w 2 A e g B R E I % IR(A) 0 @ s 4o w1 2 R 5§ v (hippocampus) & & 5
% w (para-hippocampal gyrus) e ic i % € T (B) - % ¢ & 5d § £ 4t @ (multiple comparison)& & e p i -]
3 0.005(2 %) 2d RAEd FEMIVRET hp B3 0.001(2 %) e

(] ¥ 4 4~ p Mukherjee et al., Psychiatry research: Neuroimaging. 191, 182-188, 2011)

K/f TEHAR BB f G B RIEAP Rt AP fRA (8 7 AR "GI%)R R 93 & (pain modulation)
P BDNF M FEFHFEFER & -0 20938 A5 Fap (hyperalges1a)rr1t‘ ¥®ac R 1t (central sensitization)
5 41[29] - f;‘?;f\ A R RFRAGRERLEFERY PSR 0 3 L E E RS BE R T
T L N AT IS SO ety lv+ %3 » 324 BDNF Val66Met &ﬂ A do e BB R R SR
% 5 42 0 2 BDNF Valo6Met 24 7] 5 3| 1220w sk i (£ g ~ 2 #)nta b2 -
17



Cathechol-O-methyltransferase (COMT)

Cathechol-O-methyltransferase(COMT)£? % = #i(dopamine) % i+ %+ HJ"]L—% (noradrenaline) e 1% 24 2
(degradation)4p B - H {0 %f ¥ (prefrontal cortex) f § % 60%: % = 1t 38y > Fpt > COMT fw 27 £
W EEMER A £ R4k d o COMT % 7 3)3F § 22 & & (conscious) % T &, 2 (unconscious)4p
DT A o Aot B s 1 TE R B A 2 SR 2 $[60] - Vall58Met i COMT A F|# Leh- f
H - & 5 4] (single-nucleotide polymorphis,SNP)» £ % 158 & fk ]+ (codon)d i & 52 valine(val)
# methionine(met)#7B~ > )t f 5 A2 € A 4 = f4 7 & fﬁﬂ F]4| > T Val-Val~Val-Met 2 Met-Met' COMT
Vall58Met £ & & (heterozygote) 2 = ehfi¥ % & T4 2 F 2358 COMT Val-Val &3+ 5 <> Fpt
COMT Vall58Met £ &+ # % = sk B € % *° COMT Val-Val g &+ o COMT Vall58Met # %] 5 4|1+
© aegrgelas 3015 BRI B A M -

Fa¥RFE 3K 4 B (default mode network, DMN) P & 8 #g T crin i > @ dr g £ 3| B W A F1 % B A e 5B
[32] » T4 Liu £ 4 £ 2010 & % % 1 #24 COMT Vall58Met fh F] 5 2] 450 563070 28 e B o 38 » 5
3. COMT Val-Val f £ & 4p >t COMT Val-Met & & & 2 & > %ﬁﬁ- 21 {8 30 w (postcingulate cortex)
L g TR (T Y P E SR AR SR B T R AT DR
EFEH B GFHHa @ 2™ %m0 Rc B JT T e 4 T 0 de gl COMT Val-Val
BL3x F:é‘vJ PRATF G T 'R G BE[33] o A R AP M cha 173z i (verbal working memory)iB3E P 0 F 7
Met 118 L Flen- i B X Féﬁf'— % g COMT Val-Val &3 8- HEF 19" " %=kR o

B 6B TR g AE[34] -

R.SupF R.LatP
2 (&)

L.Sup.F

W : COMT Val-Val & + &2 COMT Val-Met £ & 3 & %GR FR PR » TR REH BB ENLR o
FRA 4L COMT Val-Met 8 & + # i 3@ %8 COMT Val-Val £ + 3% » =% & 4 COMT Val-Val g & +
50 i 2% COMT Val-Met £ & 3 35 -] ¢ ¥ 2 COMT Val-Val g & 3 # % 37 ¥ (PFC)2* & 40 % w (PCC)
2. [ ehrt iy g B COMT Val-Met £ & + 7 *% o (B ¥ 454+ p Liu et al,, The Journal of Neuroscience. 30,
64-69,2010)

R iif'-’ 'ﬂ’w% EH LG 2 e ML R RIL S A S 0 R R ¢
PoARA SR B A Sk B R R PB4 @ 52 & e "=(catecholamine)4r i B “f}i‘,% (noradrenaline) %
TORPIAMILG T lé‘_m/'i 5 44 s ¥i(descending pain defense system)® } § & & e 4 & > F]Ligut
TRk gk seens Gy 6 X PR N BEE T “le—,% 2 5= COMT fiE 4 2 3255 § B2 oL
AR R Tgcis 0 COMT Met-Met 8 & &+ eh% ?‘f:ﬁi‘ BB g R € H 4 0@ COMT Val-Val
BEF g R E SRR 2[35,36] b4 LA ﬁv T COMT v tpil ¢ HR R AHNE S o b
2010 # > Mobascher & % [ * 3 AR F > @ % # i PEFZ PR EZNIe § k& % 1 (blood

18

A e -



oxygen level-dependent response, BOLD response) > % I COMT Met-Met & &+ 4p #3% COMT Val-Val &
COMT Val-Met =% g‘éi’f g ended A A RE SN FRRAOR T > A B et v a4
37 5 H_COMT Met-Met B £ F $H73 B 5T H8 B 07 i & FI[37] °
5% 2 > COMT Vall58Met éﬂ A E R A GHA R ARG T FIRPIEELE R
&(restlng state network, RSN)eidt ig @ + $finivinfrie - 2 E g™ 5 & RAPM o £ R LR L
%ﬁ d 245 L e B > LR COMT Vall58Met £ %) % A1 8.7 ¢ #rait# L gl
PR f AR SRS 2 2 gk BBl IR Bt R E <hip] L COMT Vall58Met

AT 5 A Gp B A 5 0 L% COMT Vall58Met # %1 5 41124k 3 10 5% 38 R F A g R a0
_zg_lgo

Opioid receptor mu-1 (OPRM1)

KE 5 =45 X E(Opioid receptor) € £ 5 PéL-—(morphine)ﬁ #pvE 2 Fe (opioids) i & @ A 4 1 F gk o
BEEXBONRAG? 9 F B RE g B riyd 3 {Viﬁin P LR e chimre it T 61,
62 o KErBr2dh X BA BV A L op(mu), 6(delta)£ k(kappa) = % % > @ p-ZEeEH eI B L TRk b ¥
i * 2 W R gEE e 2 B 82 Rl 63,64 0 B i OPRMI B Ak R 447 7 08 — P e 5 3] 42 (single
nucleotide polymorphism, SNP)Z_OPRM1 A118G 65, % % 118 B { & d adenine(A)#t 5 4 =
guanine(G) » ¢+ - H - P FAIM 6 e RS WS B T ﬁﬁw&:% » % 40 BrRARL €
asparagine ?i% = aspartate » "% X p-sERE R X R A =r MR ST A T (secondary somatosensory cortex) 3t
Lilfamesy > Ba BFETHRARARR DR 66, 1395 Sia F A H#HJNHA L THFL R B R P #""
791k 7§ (patient-controlled analgesia, PCA) &%= 5 3 T > Ap AT A F1 Al 5 A/A enB 8> A F1 A B> G/G &
H_G/A i RARZER $% J§ AR 1(pain sensitivity) € 3 4v > P HEEeE e E L )l F ok § T E (T
B) 67> & Chou ¥ X £ 4B S - f,ﬁ&mﬁﬁ"‘* i I}%EB#”” N iz i A - R E =
TT68 o #4301k * sl e kN R R OR Dl R AT S G/G FHETFREOHEA N ETERA
13 5 A/A F AP AR b f 2k T69]

40 1.2

L
n
M

b

=

M
@ =]
"

)
[ —
T @
T +
o =
a5 @
254 ]
= =
Ej 2.0 OPRM genotype L g OPRM genotype
o : 3
= 1ss = < =
&_ ¥ AA o v AL
g 1.0 4 I Q 1
5 mGA = 7 - GA
54
- N cE w  w » 1
0.0 ThTGG n.o “ATGG
4 & 12 16 20 24 4 g 12 16 20 24
TIME (h after TO) TIME (h after TO)

W : OPRM1ALISG H+* 3| A U4 & % B LA TN LA (PCAZ FFHEL AR RRPLE - 2
EEe > %L 251> o G/A %2 G/G AT BEE @ * morphine (3| £ 58 F 33 A/JA £ 7]
A erBA o LB IS S 2 5 AP GA 2 G/GAFIA B ER G AEREE B AA AT
B4 o (B ¥ 44 p Siaetal, Anestheology. 109, 520-526, 2008)

Fillingim % 4 # 2005 & i&{7 7 - IE",}“'“":?} OPRM1 A118G ¥ — ¥k % A 4> R 65 2 #5 »
BRFGEHFLMERFE BEFT o AFA 5 G/A & G/Gm,s’é‘“J’t"t‘bf VAl n o ek R BB B Ap R
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£ 714 A/Am;\éﬂ TaEFLL RAFIAS G/A L GG = E g f'—@f}?'rﬁ@fﬁﬁ' R
%‘x?‘]’@ﬁ' TR T E(T R 0 e IF—*‘«}‘E‘_/F‘J LIRS i A_F] R AllSG],t RErE e X BTG e
(B-endorphin) it & L & 4 i‘a%t’%ﬂﬁf&f FRATRS T FE o g ¢ F’OPRMIAIISG § % 2. P4 49°C
Fof R AR R T 2 BB A 49°C g™ 0 A FA R G/A & G/G h§ MR Fé‘v"’ﬁ B3
BOR ALK MK FA Z A/A 0§ l“*”‘H*J & 714 & G/A & G/G % ,“}”’4*41" JOBELR R ARR R BT
AT AA sk sy 70,0

g+ ) I AGIGG
| Trapezius (p=.002) —
B4
B -
| i_L
34
o
1 Masseter (p=.023)
D 4
=
=
[“EE-E
£
3
= 2
£
0 =
. Ulna (p=.049)
8
6
5
Za
o+
Male Female () # # 47 Fillingim et al., The Journal of Pain. 6, 159-167, 2005)

d s e Ao ApEet A FA S A/A B AT 5 G/A & G/G F o BT ORI AT 2 i
vRR RS F o B F A eng RORIE G4 v T il g ok o A H R G
ARG IEHEARMEE A T - 2 - ReNEFRZATFIZ AR OFTHRRB Y 2 kR TR
>0 RRARREA PRATEF A AR AP DR R EE A

5-HTTLPR (5-HT-transporter-linked Polymorphic Region)

& % (serotonin) &2 i (2% F chdp B fER A AT TRA PRI Y E R ML R £ v e dl# (selective
serotonin reuptake inhibitor, SSRI)%L'& e f B 7 F ipfgra%k o SLCOA4 AT 5 i jF A8 & 79 A&
F](serotonin transporter gene) > # i & # i & &R ff A I4 (synaptic cleft) ? i jFF £ v oo w IR ff @
(presynaptic) m® ¢ > I % \F 5 —% sl G L @iE o Flpt o SLCOA4 AT ¢ BANF § & H i) g
¥ ’}‘ﬁ (monoamine neurotransmitter)4p & “ER w7 5 0 bldcE g 0 B 0 % 18 g (obsessive-compulsive
disorder) % 3¢ 7% § {jgrenk Jis % [71] - 5S-HTTLPR (5-HT-transporter-linked polymorphic region)4p £4_
SLC6A # Flenfré % (promoter) % B I enE B-& B # 4] 4 (repeated-length polymorphism) » #* - 3
A g B FAEE Jd FUEE[72] o F S AEE R P DE R A J K R #AE(short allele, S allele)FF 0 R
% T 0 A FI(SLCOAd) g2 dalit i ¢ 7% > a RIPAN Y i F R v oS § T

T73 > 7]t 2 #14] % long allele/short allele (L/S)#¢ short allele/short allele (S/S)= 3 %8 » B A& % g2 M. 7
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i i F £ w oo § & long allele/long allele (L/L) <3 48 % L

By o (fibromyalgia) 2 P o0 ¥ AT 7 e Mk 7 %83 > H A B g 5 2 LR L avep B
Jiooig S RAVeR gE e R F1R W )Y 3 5§ Offenbaecher ¥ 4 7 1999 & 62 i 4k v T Bz
110 = IL)% X FE B {7 5S-HTTLPR s/ F) 3] & 7 > % T avef }i‘—’”ffi B> SIS £ F1A] et 51(36%)
FRRELRBE(6%) 2 SSAFY g Ep LR RHRREFR LS 2 LL A 73 s
i «]j]‘;[]%,é, [74] = I #4444 5 @ 5z 5 &+ Cohen % 4 52002 & & - # A S/S A F4 e
B G 4P BE e 4 12 4% T (anxiety-related personality traits)F 2 ¥ An B [ 75 ;-

5-HT2A-Receptor
7 1 it S-HTTLPR ho g R S - A RIERR B(S-HT2A-receptor) sl — 13 L 5 A1 430

SERRVUR RS M B 5HT2A—recept0r T102C B] &_5-HT2A-receptor ¥ — % HE A enH ¢
- fA R A% 102 B H Y thymine(T)4 4 # = cytosine(C) > # - ¥ - P H e 5 3125 7 € B FE &
2R AR S o A R g R Bihky TR 0 28a SHT2A receptor T102C @ A GES
144 & 2 g (schizophrenia)4p B 76 - Bondy 7 1999 # %t 168 4 a3V Jx 5 BE 1S =
#3187 5-HT2A-receptor T102C azk F1 3] A 47 » 3 AR oo ik o & >0 C/C 2 T/C A F13) vt b
BRREXFEE L ATIOT FERT R Wé;ﬁ;mﬁ& CH R R E R BAORERR
& F13] e Fﬁg VB R A R R AR > AT S TUT hsk R e b 2 AR R ARR M F B
AR S T/ICE C/ICH 77, Pata ¥ 4 & 2004 #4141 54 1+ X % B (irritable bowel syndrome)
k2107 2k B % 3 H i 17 5-HT2A receptor & {7 2k ¥]3 ]Aq\ﬂ]:ﬁ- 5 T i S B CIC 4 )
S BB A £t BT 5 CIC s &5 A4 BB AT S T 5 TIC
mf?f Boo#kd o 735 TT s &2 4L penn A ﬁi}iﬁle"éﬁfg’%*?ﬁ. A3 TIC2 C/C#4 78, A

|5 T/T B A H R f B ST R o e R )R g7 7 - 3K 1 R Aoki 2010

’l‘ﬁl PR R AR B 0 AT TT kRS2 E S OB F REF R AT

|5 TIC 2 CIC & £[79] -

Imaging genetics
ITE Kd e 3 4 & (molecular biology) 2 # /5 ¢ 82 H jt(neuroimaging) e:E # o % B 2 -

k73 f%rﬂ CRadtE R 7L 2 F 2 BARM ML & 3T S [15] - Imaging genetics TR B
Mg R R ' & & A (phenotype) k 3% Zgr‘jﬁ;@_;ﬂi S5 5R  77 4R 3 4 717 (genotype) £ £ ] 2
R enjp k|4 o B % imaging genetics ¥ i * B AN R TR A BT ke IE %
& Flehsg & ¥ A B 5 (psychopathology) s 58 o r4re = AL B o 4p B 2L 128 B 5o A FI[16] 0 B W
¢ f£ > DTNBPI1(dysbindin) % NRGl(neureguhn)¢5 i# A Fler 4 4¢ & B (schizophrenia) 3 B & F4p B
BTIRT &) o f&d d 30 p 5 505 > G4 pop g A Fltre 2 >+ 5 feelf 4l 8 o 2 <.-;f;51;z$g;m
PRI TGS R A e 0 § 0RO AT PR R £ 20

g FORL(% ADPE o & (false positives)sh R JE & 4 g R 4L o £ @ 0 Meyer-Lindenberg %

i 2008 # &% imaging genetics M IR GBS F AT T F IR > TR A MAPMOAFIFTHE LR
A F'xf}f'(”m:é PR &> &% A * familywise error rate(FWE) 2t false discovery rate(FDR)# &+ = 2 >
BHE D Bk T 2T 005 FF 0 R “"Iﬂ,mﬁﬁ € ¢ M3 5%(0.2%-4.1%) > ] > & * FWE & FDR
snEg % 0 IR 4 i imaging genetics (T R ¢ o o 3 e % — A thF(type I error rate)[18] °
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Table 1. Schizophrenia susceptibility genes and the strength of evidence in four domains

Strength of evidence (0to 5+)

Association with schizophrenia  Linkage to gene locus  Biological plausibility  Altered expression in schizophrenia

COMT 2211 +++ ++4++ +4+4++ Yes, +
DTNBEP1 6p22 +++++ +++4+ ++ Yas, ++
NRG1 8p12-21 +++++ ++++ +++ Yes, +
RGS4 1921-22 +4++ +++ +++ Yes, ++
GRM3 Tq21-22 +4++ + ++++ No, ++
DISC1 1g42 +++ ++ ++ Not known
DAOA (G72/G30)  13g32-34 +4++ +4+ ++ Not known
DAAO 12024 ++ + ++4++ Not known
PPP3CC 8p21 + ++++ ++++ Yes, +
CHRNA7 15g913-14 + ++ +++ Yes, +++
PRODH2 22g11 + ++++ ++ No, +
AKT1 14g922-32 + + ++ Yes, ++
GAD1 2g31.1 ++ ++ Yes, +++
ERBB4 2q34 ++ Yes, ++
FEZ1 11g24.2 ++ +++ Yes, ++
MUTED 6p24.3 ++++ ++++ +++ Yes
MRDS1 (OFCCT) 6p243 ++ ++++ + Not known

Revised after: Harrison and Weinberger (2005).

0 ¥HEA & B £ AT 2 (susceptibility) s F] 0 0 3| 5+ £ Fp 4 05533 o (% $a4E 40P Straub and
Weinberger, Biological Psychiatry. 60, 81-83, 2006)

Pk R ATE RO AN TS A R OBMET G AFAY DL B AR SRR DR R
- ARy PR 2 FNRFEF S SRR R FREARE AR B ] Tk
Fre 8@ FATTmEe P ERETNL &ﬂmﬁﬁ ﬁw4@%*§ﬁxmﬁ%MH£%W%ﬁf§
Pk Rt e %ﬁ d ¥7 R ROR ﬁg Feodl KBRS o A S B E D it 2o e R Rk
% B {7 % (pain behavior)e? & %\ 7.4 (intermediate phenotype) » © E AT 11 2 5 2 zl_\ _rﬂi"?r%? PR
HE e PR 9] A T & ¢ 2 P k-4-4 COMT (Cathechol-O-methyltransferase) ' BDNF (Brain
derived neurotropic factor) > Opioid receptor mu-1 (OPRM1) » 5-HT-transporter-linked polymorphic region
(5-HTTLPR) in SLC6A4 gene (serotonin transporter gene) % 5-HT2A receptor (serotonin receptor 2A) gene
BT B B REE R G RJDAARAP B 2k FE 7 2L F] 3] 4 47 (genotyping) 0 £ ;ﬁ d P B enF R

PR R T R B T el MAR(L T ) -

4% 1.74] (Phenotype)

21 (Genotvoe) ¢ AR l. RAREHEBRRFEE
’ 2713 e:10 y;;eﬁ (Intermediate phenotype) 2. | o B
B RAPM A FID S -' LR TeH SRR B 3. A 1@z E
A M "~ v . =FY u
2t T A AR "
5)

R i !

B
(1) F# 1< # (DataAcquisition)
l.ﬁ%ﬁ:ﬁiWﬁ%Eﬁ%ﬂrﬂﬁu)éi&%ﬁﬁ@ FEFEHREHE L R
EE & ﬁﬁ@ﬁ)—,ﬁ’#ﬁﬁﬁ%&ﬂ 2SR R é ”‘“@:}ELE,VZ%%#%@Q‘E’ w7 A FA)
?ﬁ%ﬁﬁ‘ﬁﬁiﬁ&?ﬁwﬁHMMmm%n~ Wz Epene@pld ~ F AR DR
”%L"L€&§ﬁ§~ﬁué%ﬂﬁﬁwo
& FllaRPEaeR R IRORFEALLFLF00 o B HEE)
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6215 FoRiEFY HRFHALLF R 27T & REHBET 16 -
¢ ERmFLE RS YRER IR 2 Bk T KA -
EHEFATHRE D2 R
Tefh (75 TR RRIFSIEE B TR EL §ocii i amid 1 o A o
e R SRR /R R SR TR/E A RA/ B %ﬂ%ﬁi?' DiEfFEe o
%é.ﬁaﬁ:ﬁ—zklrw?w TRTGEA SRR S TR RFY
itk B R T .
(2) P‘P-Av\’}‘r (DataAnaIyS|s)
Lo VRAFEASEFEEELHN RGP A6/ SR R/R R SRR/ LR E
[os R AR F oA B
2. Papd SR Ap MR R B PR o
& Chplasia Eg
& M ASE RER A
€ L TR R A T G2 A ]
3. EFEMRAH CERRRE AN CHEEE
& Lt gl AR AL
€ B R B BRI A SR
€ i RUT S B T R 2 oA g e
4. B S PR L B RRZ RATITE R N R R S
& PSR R
L Q=2
L A REAR
L Rl S AR I
& e A
& nEE R
5. I ReB AL T AL R
¢ PR BPRE IR GERF 2 R SRR ASL AR
0&%ﬁﬁ£wii@ﬂg@ﬂﬁ%*ﬁfﬁ—ﬁﬁﬁﬂﬁ%JEﬁm@@;
® AEMASREF AT RFEYETCHE KY)FFLEN ERRELLT ) R FRL
@ﬁﬁﬁ@%~ué%ﬂﬁ‘gﬁ%@p%@ﬁ°
(3) ¥l (Group Analysis)
L% 3 ie 7 5 Fl- B EAPTEMIBMEL YT > FA 3 R EH 2 ARYTEFHRLTESR
AR +.€izé TR Ml e g o
2. 1% Bt 78 RS RAEAATEM IS AT FA A R AT R F R SR F &
/% L EA LR I S =R R T I A

LA W

SRS AFIRE R RAB L 0T AR RAT > AP T ORI RGP R R 2 B RE
TE L iF38 P 2. B RS R :
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EEREEALLFE
TET X

AFFE/ TR/ TR =
B/ IR/ R &R/
RERL/ BRI

A i

&ﬁ%kﬁ&i@ﬁ@%
PR FE/ SR M
i ¥

1

BLZ e gy
[ B 1R S R

R s N e

AELRiE R

PEAE A 47

;4,:-

Fllugigltsnzr ™
FeromR B L T
A

- et d %

TL*Y“*EF%’ Zqﬁ‘:‘
/,IilFi

GRATIE R 7 0 i )

e 2 e 7ok

A i 3% 8 /AP
FEFEMLZ
&R
& ﬂﬂ’.f‘_,‘_‘-«i*lﬁ»ﬂ
PRy

‘TJ’”’ o A
+ %R
/v\’f‘rlfi’f‘ﬁ:?%‘ti

R R SE 2

*&éﬁﬁﬂﬂ
%Eéi AT

5. PR G HP S 4 47

" %K P T#—@%ﬁle
lfg\_y#?%‘

31 Bl ivH I

RS 2B T eI

A 4

TR A 1

A 4

FI% & R ez iRl
ol FA G T g B o
s R =T B AT
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BLIFHESFTHRE2LER
-SRI ATHEEN F
DIFBPRFEETD > ¢34 5 B2 EFF - RE29¢ HE
e fEE L G HEL (deiDa~Ga-Wa~ \)EREZHIFITH 4o THE TP E£3) ki
YL TR bl
= A s
AP ELEEEV RO AR F R w-’f ERVRIAR B i orenE 4 F (T AR
HEIAFTHEOLTY > THRI0LFY - TR 22 Bl X FSRET O FRE X
L R R 17%7'*“’25~302?/»\f’7'7r:]@““ A FERAFFE > MBALIRR B RF A BTk
Boo g A AR IR T AT LA Fﬁh?‘.i* BRAAZAROER - B3 gy 4 2
e &R A7 FREES R 2322 7 (Angry) ~ B-%(Happy) ~ % ~(Sad) ~ /4 = (Suffering) 2 ¢
. (Neutral) & o #75 ¥4 » L B dl Al <) o AP R WUe BEF & %5 (4o Da~Ga-
Was \)Efes=ftbis Wi 5 £3 )j\z\ E TR s e T TR R S
5 60048(10 4 kS5 k4460 5 & %3483 )7 b PFHEL B o
Z o RBTER DTS AL G B R A
BRI PSR L A LG R R AR AR 2 E A0 LR (T
L) REFIRR O GFEFEHT R?’m‘fj‘”‘ M A T PR S R AR R R
B ERP T #'E@#ﬁi%ﬁ.ﬁ?%%ﬁé% o

L 2
v
SN
— H

312 %3#% z F&&& (gynecological screening)
1. li!’:éf’*ﬁ’ ShFRFFF

WEBEFTEGYEFRA DR REBIRY YIRS > PR A FISF E A
% ’i‘J A ﬁt/% APt & Lo NP * g3 %12 # « 3,81 8% (Hemrlch—Helne University ) #73 & 2_

SUR
o

G*Power3 1.2 5= (http://www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3 ) it {7 #7% + #ciz & o %
¥ % £ (effect size) 5 0.5+ A W44 {7 2-sample t (12 )22 pair-t (P )i T¥ » 4oix ,ﬁ% ko
(significance level )0.05 7™ & %u3t 4 T x4 (statistic power) ]0.85 P& 2 & 2 859314 » @ F g =
0.62. F R & 22 2 B30H[54 o FIpt NIzt d F L2 DB F B(R S BREHBE)L 60
o E&E:“;’“&O 057 i RS Btz B e B - R B2 F w30 £ i B S i
BPR UG R AH URRER . DR F 530 R E R LR - AL o b
# 'F”kkb EEEICRVES £ I i S
Bt APPES ELPREY 60 LESLAN0I30K L REEAGCREEFLT LV RFHE

PERAMEREEREYZEE)EFAFY o R SR RER S
(1) » SFPRE? - BT 427323 2 F
2 METER IR EERERER LI LS
) RFLAEHEAL SAKAWAN  d b- CWAPLEFILEL RFRALEY 2 B4

= BN LIRS AR R L 2 B F = % (numerical rating scale):® s T w A o
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W F AR LT RREA YRR BRSPS o T2 Y 28 AR F
i S R e R S (R SR L R R R N ] R ﬁ‘iﬂﬂmaﬁ“H—%(#&‘PﬁFF‘*)

2. WRHREFEF
Boarm LN E R ?I’s REBRSET fie 2 EEHRES502 70 5 R e T f’\;ﬁﬁﬂ‘kﬁ;
FARMACK > 2 ) S B R ST R o

L ZRFETRG T THER S FPRY 2 5% 4 2 5 5 5H(DSM-IV Axis I or Axis II
2. psychopathology) ~ %o *t i & H s #¢ ;]&_;ﬁ;%

3. %ﬂ&p{?whgm«’l
4

4 i
FLAER S CHMESRFRMEF > FEXFFIREDT AN RIFAUF Y RRE FN

f'FEéE 3 R
SET RS

5 SEREEL L RIBREVREDE LR
6. F%}au%, BY PN RE vIRREE &

7

8

N
=
AR L e L
_mﬁ Wga4a@£ ARk & RFES S P R R A
)3 _,'__aw]j;nfiiﬁ ":_.'__EHZ }E]ﬁ;i

“Tﬁiﬁ"ij/ﬁé%‘ é‘v"’FF',E,’}%F]Q'E’P‘%;Q

ﬁ&*%v
‘m}

=R ki%iﬁ”‘ﬁ%“ﬁ%éﬁ%i RgRpED

3.1.3 4 F)&# (genetic screening)

S E R R _-..5. K2R Fié‘“J #-¥tBDNF » COMT » OPRM1 > 5S-HTTLPR % 5-HT2A
receptor & F]enH - % H P 53 I”* (SNP) w2k F13] & 47 (genotyping) > 3 B~ % ;f:ﬂiﬁ" ra @ *H Lond 3
¥ 1% A 5 P32 %) 2 (DNA extraction kit) 5 B~DNA> » {7427 @& * K & f¥ % 484 F & (polymerasechain
reaction, PCR) % *24|f# i i* & J&(restriction enzyme digestion)[28, 33, 38, 39] -

ﬁ@ﬁ%@ﬁﬁﬁﬁ@m?mexﬁ@ﬁ%@mAmmmmmyumeAmav& | 5 BdE
(template) k& & = #7enDNA %% o H & d (1)% 145 & (denaturation) i@ DNA 7 3% 4 3 o (2) FLREF K
(annealing) # 31+ (primer)¥? p #-DNA fe ¥t o (3)af & & Ji(extension) & = FTeIDNA 3% = i 4 Z i
B itE =¥ @ DNA & ”J Rhbe— B FEAFEIT S U HEE 2378 E s DNA i\géc 18 #-¢ £2n (n
B 4 E AR TE e ) -

PCR #% iTiF423 & & = = % 3R :(— )1 B H(92°C-95C) i g% #i-4x DNA %~ #t(denature) » (= )i
51 2 H T DNARSE /4 FeH(40C-52C) > (2 )R #E AN KIIDNAR R 2 v chg »UfE A A &
F FTIDNA o — ki * FIDNAR & f2 & chj i if mﬁC*ﬂ“L%“ﬁ%%%%g&@mm
FEp% nEt e il B i ok F(Thermus aquaticus)® 4 &t ) k (7DNA & & ff % (Taqg DNA
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polymerase) 95C ¥ H & (end % I (half life) & :£404 48 > #& ¥ #&PCR # i£i¢ * - TaqR & % hj »&
T* ERET2C > AT 0 & 247 £ 202000-4000 & +% 4 fs(nucleotides) °

3.1.4 tem £ % (psychological assessment) £ % J§ & %

A PAD O FRRFEA G FEN R GA TP R R idplicg a2y R
R OPER e > F)pt A R gk b W % 2 8 X K g £ % (Spielberger’s State-Trait Anxiety
Inventory) » B ;% & & £ %4 (Beck’s anxiety inventory) % £ ;% & # & % (Beck’s depression inventory) % 4
B X ?ﬁﬁ S mE R RE D R ;éiﬁ SR SBPE Y $ R R B % (McGill pain questionnaire)
Rzl LB F J MR PR EHKE R * A H #YE £ (Pain catastrophizing scale) % 7% 7% 7 4p b e
ks o £ o Adrie A A AL E & (Basic Personality Inventory)# # % & F £ 4 (Quality of Life
Measure: the SF-36) 4 B|32fp X 38 chzk & A RA&FFT &4 F 2 -

3.15 A 7 B &Rl z-2 & ¥ # & (quantitative sensory test, QST)

P RE LR SR AT LY R IR R AR R R 2 A R R (2RF S
¥ 0 A &[dermatome] X 5 F - I H AFFEDE S PPUEERG Pl Ye S (FHA RO ASHL LT L -
EAD = B R 2 (T B ) 2 TR R F RE(Quantitative Sensory Test, QST) » Bl 2 X2 E A7 F ! &
W2 RoR BB RS N5 2 4R (ascending limit method) » 32C 5 A%E R - 15 F)
ISCEFEHBA DR RRIRFHREIEA ARG L 2 BRERYRI ASRER > FIg+ 4§
E BT RR . AR XIS E XS ARARE 2t BRI E AR REL T o SR
FORGFRERFE AL AR ORI R LR SRR 2D BRI ES
FHIC > 2 EARP L= UG EERRFFRT -

. Abdomen
Thigh
(L2) (T10 — T12) -
(CT7=-C8H)
i o _ e SR
___‘_——-— e \1_f e
-\\\_‘ - B R —
—— — T T — e

|

L.ow bhack
(S22 — S4)

M tFTERERBRLBTAM TLERTRBRAT R SHPF > &t D20 F R %
(BaTH) #0228 5PR % (28) &F  HRRERFLAARE -

316 2 @A R — ~EHE M (Heart rate variability, HRV)

P ARG MR RET  SERBPERG AR TR RERAY 0 BRI A
(BMETFR)EF P R L RARRG M T AP FREVRAFHAGRE A G2 2o
EREPOPL LR AR E(LERALRA) AR BA(FARAR LR AN SRR L) AR E
B2 0 AESTEAZHELFLEARNEREA RS EREAZZLNBHE L) A4 1
B R S ﬁ.ﬁ poAA g ks B2 AR R (quality of life) g 58 o

317 ¥FEFERARER
LA A WHRERXA XL OSEA 2 FMEL > LERIE FM ( Testosterone ) ~ Mg %
(Estrogen) £2 % %2 % (Progesterone) %7 F ? G2 kR P o 210F S TIHL28% izt
FoZEATERHPE -T2 AT GPF) S D IR EAY SR e F L (R
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) o) v TR R B R BRSBTS o B R FI G E R 10cc 2 R
it 7 radioimmunoassay (RIA )2. T & ~ 47 » fh o PR MAe 8 R E BT HR2PFR o

3.1.8 #3 T
B A PRELZ BFFEEI NS BEIy 0 27 5 T R R AP E MBS T R
l)ﬂkgﬁﬂlﬁ@fr?&%{@w$@@ﬁﬁ=~ﬂﬁ@$%#ﬁﬁﬁ%&%ﬂ)ﬁﬁﬂkﬁﬂ
AhRFHAGERFERE PTG r A tERLR -

321 WHEFAAF F T RIGEAR H

%FI*?%wﬂ&gitxé BAp R BRI ES c£ A BREGDITE S E R
BES BT %%¥°*ymﬁikﬁﬁﬁ*ﬁ(i%‘%%\ﬁ%\ﬁ%)%%%*ﬁ%ﬂ’ﬁ
%%%ﬁ%&zfﬁwmﬁﬁﬁ VHEHEF BHEFEM600EH 03 BHESFEF 950~1050 £ )
DR & BRFE AR BB ISR REFFVHR Y BRFHDES > BT LRk

FsME3 o b BEIEP ¢ HES ¢35 200 £(50%) 0 = 87 SS9 ¢ & f % 50 =
(12.25%) b4 §F 400 = e fle e B A ML B H hL- Sdhe F &R 4T W7 -

isteningto auditory
stimuliwhile paying
attentiontowatchinga
silentvideo

+ Auditory stimuli presentation sequence

neutral happy neutral angry neutral
<} tone c})) tone cj)) tone <j)) tone <) tone
600ms 600ms 600ms 600ms §

950 ~1050 ms 950 ~1050 ms 950 ~1050 ms 950 ~ 1050ms =™

BRI HF 7 TREEAR BRI ENEHEERESH -

3.22 £ pIroi L A B

FEREFY X éi“" RARE RUEIRDE ok h Y b5 BH IR 5 B (shielding room) »
FRg R R g Rk E: PR 6 DR RARE T & - T d 5 % R
F1# ﬁ%%ﬁﬁﬂ:&-f{l oA PR 3 REUE fi 3 (shielded room)AZ et ¥ o & BALE TR R - g
TR G AR FEE T UL RN B e 2 e TR B R S R 100 D AR
{6 500 EF) o 2 FRFEAREHPLTHIIR > 3 IARE N2 Ferpr B o g § %KL 323 -
SR AR 2 A TARLE @% B ji e @ ap o AP RIS T R TR PR SR 5 1000Hz (sampling
rate )o kR BIRA K- ® * = LA KM E L P AGH T Y o] B2 "o B k(306 channels, Vectorview,
Elekta, Finland) "2 % 3% ik B4p % 2. "6 & L $7B~ o
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Fz Difference

1004 Hz —=meecm—

1008 Hz ,AJSUAm&""' 1008 He ==

1016 Hz A 016 He "“Avﬁ
- MMN
AN
1032 Hz R 1032 Hz
NASION e e

5 00 400 ms s 00 0ms

Fl:F82 2GRy o e THRE B 12 TRE B3 T2 "hRfdkr k-
(B % 2 22 p Duncan CC. et al, Clin Neurophysiol. 120 (11) :1883-908. 2009)

3.2.3 P BT IR
d RO R B EL A > TR RBEHE R LN A2 "1*»&? WY E < Fpt
AR 0 U B SRR SUBLET R R T e L S PR LA AT S B R R A
FEHTEL - FHRY TRIE ﬁm%éwﬂmﬁf Kp A gl FRad igAgzdd de g
&ﬁ%wz#i@ﬂm%%@ TR TEER CRET AR ARSI HE
A ALt :K%%A-Wﬁ?ﬁﬁ“ﬂléf’JlT%“w-@m:
1. AT/ 5 AR TR P g e L R A SR Bt A A2 PRk Hf{
2 g s AN ELE §OBF R 2 (time- locked) 7}5 i~ 7] ¥ (phase-locked) z 4F{+ - F
A T pcow pF R Bh(stimulus on-set time) > 1 * § & F Al e TR F iE 2 Fﬁg 2
%%ﬂ%ﬁ$%ﬁﬁM@$’uﬁ$ﬂﬁﬁ°
2. A2 4L+ 27 (baselinecorrection ): ¥ #F > i FRE AT > * Ao A F iRk EH o F
ek AP E AR TR RIF LA ) A E AP A S AE 2R > Kg G A
ﬁﬁﬁé’ﬂwﬂ AT R R A UL R 5 P {a—&ﬁﬁﬁ%@aﬁﬁﬁ%ﬁ
% 2h(baseline) » £ #-3\ PR BAGHPF R A FLR L AR 2 BnE ot [ T hra)
'E';f T AP M 2 oA SE B o
SWWﬁ%%@memm%mwMMWMmﬁd%ﬁﬂﬂ%@ﬁwk%aﬁﬁﬁﬁ@ﬁﬁa
PP R P REE ¢ D (R R A TEEL > Ft f R SIER fm/%g“f JESURLRER ok St
e+ 33 T BRI FREE TR 0 MR E SR AR TRE AR E
il gy S i

324 # 7 peramk it A H7

ARG A BT R T AT R RET T R B B R b R
PREEEAREER)F TR LT ELIACEF R v T 2 o) FE AR
TERED TR A GBI T FAE AT BT
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— Standard
% o© — Deviant
o 2
= o
0 100 200 300 400
Time (ms)
EEG (N=1) MEG (N=1)

Voltage [uv]
)
magneetic field [fT]

URNESES TR S Sk N RN GRS E-2 7 S S R 7 P Sk

325 BRGANERAIT-E0T B iR ER

"

T NGRS EF T
Bl B ATt 2 ap ks

22

Ee AR 2 R A SRR ERD TR LB LA

mll’l‘

2,

Rk BE AT F R AE R L G ABEC R T F R R e 2
%’g*%ﬁﬁﬁ¢%RMWﬁﬁﬁﬁ?%ﬂ&f%%d’ﬁ%ﬂwd
TAAECET S LH - g RS
f&ﬁ@@mﬁ”@“aﬁﬁﬁﬂﬁ‘%ibﬁﬁ%%ﬂ° iR A =5 §iﬁ i

PR R o B EEA T A T A st 2 B (source space) i - B 3R I H M G

£ Vé—iﬁﬂaawﬂimﬁéé’éé%mm?maﬁgﬁwy%?gﬁﬂﬁ%@
é—z

mlnq TWq, subjectt Gq >

[

HY W i - & 24 (positive definite matrix ) o i&4f > /2 3t BE A F 2 A vl (Rl iR %
) BN T A TR~ V=G B constraint #F % & s 2l

underdetermined » F]#t g ] 1+ q'WQ iEARY o ¢ 3 B F RE L RNEHER BB
fRod 2 AE AT R 2 R et ] foih i T R B AERET 2 A E v Ft R R eh

BiplE V@3 BRSE A FOT A (R R ] o T TR e R e
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326”&5/‘}*» %ﬁsu/r-' /E'l]%q_év\ ﬁ'é‘
7 —‘J-§ EEAC S If’a—;z';au BT EE R 2 z%ﬁ—m] SN sk \#\’f#q\,} (beamformlng) ER RS ’Fﬁ‘?fé s oL {L L&E

r'
EFH o GRleE S 20T - B A#ki0={r.q}H =& &(unit dipole)’ 2 ¢ r& 7 BN E A q&
TR e %;ii—ra-ﬁ(leadﬁeldvector) lp# 77 % 2B s P o Mot e N B R PIEZRIF 23

5l = Leq, L2 A% & o 5031903 5 3R> 2 8 rendif £ 45 (gain matrix) o #o&i ik 3 5im(1)
Ad Aot m(t) =my(t) +m,(t), B ¥ m(l) =lgse(t)% 7 d S8l 5 # syt )’fLré'r_
0 @m,(H)F T d e ArH B B R R R A L GUERR R B o B Ak d 2
o B R AR g 2 i H s %%m%%ﬁﬁ’éw RSB L OFF » H R
Bk Bw,® ik D3 8y(): y(t) = we'm(t) o 53 RE BT EEIRASs (1) ¥ 1% H 23 5 U4
(unit gain constraint) £ & -] ¥ B #ic & & (mlmmum variance) e £ A 0 PV da H )
y(t) = wo'm(t) = se(t) + wo'm,, (t) o ¥ HF L4 H [t S mﬂ‘a | o BEIRT g TR DR Bisy(t

f’bfd;}?“fé/'{ﬁp« /r'fhl);ﬂmﬁ—”‘-’Wgnl()’Lbipf'fxﬁkj‘ E %ﬂﬁi’ﬂﬁ“ 'im;ﬁaz}%ll)iﬁﬁ?g
GRS

_

—
—\
|

. (C+ al)™
Wo = T, —
19 (C + (1:1) llg
# P CHEd m(t) i ehs % el > I £ 8 =45 'L (identity matrix) o "5 & FA G5 2 BFHF 5

{WHrCn Crafwﬁ}
{Wﬁ!C,.C,.fWH} '_

T FRODEER B 7] yp(t) = wo'm(t) o

HERTL TN EBae Fy =

R 1T i i e Rk BT £ 4

3

2

FAPERNEHRAEFT LR R E Nk EFER LR LGRS -

F- 71| Bl (spatiotemporal map) » T B & P v 2V * odf 3R i (gamma 0sc1llat10n)”m'x& a2t
WAREFALY 24 F AT LA T2 A SRRITATEH - d L 7EEDT FHRS
FE R o ATy 'F"%‘Eﬁé D ZE S NURRIFREIERAFEE I T R TR SRR
B o

Eis
G
S5 by
& =3
30

b
SN

F_L
BN e

ﬁﬁrdﬁ

Ry okt

Angry facial expression
70 ms 75 ms 80 ms 85 ms 90 ms 95 ms 100 ms 105 ms 110 ms 115 ms

T XXX
= R e
- y

W ek PRI S B G E P B 55 B (TOMs-115ms)id & 4 5 e g e B2 o

o
-

S
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3.3 F#El- 3@11%,9#

FHARE A T ERF OB > AP RPN T A A2 2 R AT 0 7 AR 2 SR
/& 1 (neuromagnetic activity)enr4 5 #7 3 & 7 (power spectrum analysis) > " BELZ & w7 SR K g AT
Fﬂﬁ@ﬁ?m%fmm$ﬁﬁﬁw%wrmww%%ﬁ4j4mm@’#%ﬁﬁ&i$99ﬁﬁ%
i A AR A B KR > A P AR RO R A :}3 et b R R SR O
AEF P AP e 0 T B ) 7};1 P chiie g = s B R SE A (primary or secondary
somatosensory cortex) ; ¢t “F > i A 2009 & 12 i+ F f5 (positron emission tomography, PET) &8 7+ f 2
b R ﬂ ¥ A AR p -pE%f E (orbitofrontal cortex)-# %‘ # % (prefrontal cortex)=n§ § S = 5 o Fpb S
#OARI T MR AR Rt R DR S A AR M O R A PR BRSO AR
S e iR B -

3.3.1 # F 4 3% A +5 (power spectrum analysis)

A ¢ * multi-taper > 3% 4 {7 & = & 4% (Fourier transformation) » k3-8 #1524 g F g Fp
ZFHFE N - P EERFIVREREER) N FEGI T & s - RE PNPAN LS R T g
PR A B d R EHB A E IR BT HpenpE AT S 0 B T PR IR N F OB S e
B PRHEEE TS VEINREIOH FE R LR X éi" rs FAREE B A 1Hz R

# {* (normalization)sF7ds (¥ » 12 3 f# R R et R B R 7@35"&5%7 foirig = e+ (T W)

A . _ Controls B e CRPS
300 <
200 -
ug 250 — g
i 150 —
g 200 E

150 100 -
100

SOW

50

T T I 1 T
5 10 15 20 5

B @ 2> Geha FAF ¥ (power spectrum)F 354 F o M o FIh R AT o EEhR A B F o W E2 AN A
= RRE R R R F SOGEY M LRl R MU A - % - AR R IR R R R & he SO
& o (B % 44 p Walton et al., Pain. 150, 41-51, 2010)

3.3.2 Bz = & & 7 (independent component analysis, ICA)

A -2 * Infomax EEGLab #ic#8 ki& (7 > " e A sianfh > = & 247 » & Bg s g d keh
Bz s (independent component, IC)3% § F M2 7 3t gt DT RAGI M & B2 =4 F0E
- B4k 5% R (@ (projected variance) » 45 5 R 1E £ (K 0 A Q- Jh 2 84 Y 2R MRRE A UL
TReA g -

fF g EE st ol S A(I0)Y AT AR K P bz A R T

HPGIRE L T id o F B
(1) b2 = A a5 g B e 3 et 4 17 (bipolar magnetic configuration) e
(2) s bz = e e 4 01 MAE AR A (theta and delta frequency) 3 2L 0 F &2 > P et FAE 23 4 17 )
IS AR o
(3) i A R R 6 M ﬁﬁ*ﬁ%%$9uﬂwiﬁ%§Fﬁu%¢ﬁ$;§
A2 GE 2 B BRR S E EAE A R A THCIE R (4 Bl T ) -
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C ccicrs D

80

20—

B rapia-tp s & 8 AT bl o = Bl AR PE Pl A (ICI3) e A ff o (2 88 2 wigehsd S A
i Bl ) tAg 2 4p 2 & 5 + B %t b & & 12 FOCUSS algorlthmixkf*“ﬁf%‘-_ﬁafm—-\ ot A
v 3 PR E(OFC)% = I #&(temporal pole) - (] # 4 4§ Walton et al., Pain. 150, 41-51, 2010)

3.3.3 pF -4 5 4 5 * i (time-frequency analysis)

K RS A4 ik S AR R TR TS BRI L R KRR
R EEDELEEL o SHSNT B2 GBI AT IR L e R & 2 3 3 (short-time  Fourier
transform, STFT) > #-2MEA X B RET @ F P T %K @R 7| P i = ﬁ—%a‘x‘é (fast Fouricr
transform, FFT) > §d 2 27 % Rjp 57 AR A5 0 > Kadic d g ez B e
B-PrE AR & o 3 (frequency spectrum)4e e 2 47 F (alpha band) 2 B i 37 % (beta band) A B e S A
R R RS ] R R S [T HRUELR A A L e 30 U 8 4R 03] (equivalent current dipole
model)fie & PFRF -4 F 2473 2 P w ¢ EF ¥ /Y T IR4E R R (epilepsy) i B2 J “+(epileptogenic
foci) T+ & iFan 321 (4o @) o

A Case 1

Mispbe- BR@T g 10?“%‘%%1%«'@%11&: BTM e Fz 2 Cz THBAT LW ¥ are T (v ¢ By -
B B: " B¥ L et RZFERSG AV e - FC ST B 5 T e i Rt L 2

L

A= 538 B ¥ (primary motor area)[ ‘= 8] - (] ¥ 4 4% p Shiraishi, Brain & Development. 33, 276-281, 2011)
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334 PR B EAERSH

At d R B AP MRk A4S 2 %Rl 3 12 (coherence) 3 BLIR > L 1 * ] it (Morlet wavelet)
A A5 iE B e RIRGUBLE - 8 S SLE T PR (time-frequency) 5 B 0 £ 35 B 3 A gL L il
AR R o B RITEDFRT » AP & Fr%%t? BY AR g ke o %&g&% A A
ﬁ%%ﬁ%%&ﬁiﬁ%ﬂﬂﬁwkﬁfﬁﬁ° FAERT LR REARFEEE AR
o BAIPE- & - BESk(trial) o A T2 o FH N3 2 B Uk é\fl’g‘;;\ PE E’s&ﬁ—"}#
AT e 3 Bl B o

PR L AT L 2 U (e R AR RGUEL) 0 B 2R e PR 2 (short-time
Fourier analysis)» #7+ & 3 &3 BBE> e d e & = FA472 § Sl H e [ A7 R 7
BARRE < F S #rr s ir L R o % o o] kg3 (Morlet wavelet transform) 735 2

m%blp )uﬁ* ’

(D{Sref
=p{M"} >
Vg 27 Mo XFra)X1e £ 0 ¢ 2 %3 C8a BlABERBROFFET T, 5 A2 2484 F

b P R BE o @ &7 L kB3 0 oM7Y M LA — 7]V E (T, xFp ) x N 5] 5 5~ 7|
F ot & — B R & E(sensor) ] gk Thdlc o $F - EE(trial)d T 0 Al AR poAp L
(auto-correlation matrix) D

2k B oA
mwt|F ‘j"' ""é'

ERVARVYA
met,i _VMiVMi
W PR ERBAETHOFEG 3 BN - SRR ERE- B A GERERY FREERS LY
F
met
24 o
22 =
20 o0
Z 40 g1El
& F_ E Foui o
g-'lﬁ mwt é]g mwt, 2
£ 14 E1a
12 12
10 o Foyt, 1
;] =]
- 0 i =4
tirmelsec). timeisec),
(a) (b)

Ap R (2l o (a) metXme—E»‘%IIjg, (b)d BREAFRHEABT A BF c B R A AT AR T F A g
PinEAR RS ¢ 3 AR Sk Thdic o

TR B B S e 4 352 < 4p B 'L 5 (cross-correlation matrix) D F 0t b R P F Y

%77 A Demuti = Vi, Vier Veet Vi,

ref Yref
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POV ETEAAMPER AN APEIE PR EAD,, ~ RIPPMELIND, 0 AT FT NS

1
D wt :N; met,i
1
wt =N; Dc,mwt,i ’

2 18 R B Dpy oDy M > B A ARBE R RN 2 2 S S B R A R R -
A AR ] ¢ E 4% @46 | i (% Bic(interesting wavelet coefficients) » o Bl F et F 0 AN PE A i en
%]—%] ’ Vref Fﬁ“a.)i {(met,lxlzmwt,l—'_TmMZ mwt, Z)Xl ’ FF’*%‘% ’ V {(metl mwt1+T mwtz)XN K'é-‘

Flo A L EE R EREAEEFLFHOERT o O B)AT hiEise R 0 etk 25 B
XE 0 e 2 5L R # ik i3 #2(Dynamic Imaging of Coherence Source)(Gross et al., 2001) °

WA TR S U R B AR F L ER AR BB LS v LA 7 A

ﬁﬁ"%\%’iﬁz\/ RENL P\?'*‘tm'}'br%* # ’zftﬁ":(; o Ml’M27 ’Mk "l'l\:"gr IBFéfﬁﬁ'{o ok o

F GRS, F M, BE - FGEER Y AP E T Dy B Dy o 2 F TG SRR A A7 M5
2R AP L] FEID & Dy I o KA LI o ok BRI PR AR E S R R

BB TR T A AL EL R o AR 4T B o

3.35 ﬁi,é,’i—k ‘J‘i:é"f HE ‘g; .;'\‘E e & %‘Lﬁ%

EHERIRERRIL S SR REN ﬁx(sensor-level)i R FE B (source-level) » R B~ 2 F) ik A
AE e e TR 0 1) % pEAE (time-frequency) 4 47 1 T T & LB R I (bldefe 4 8-12 Hz) » B F J1* I
A2 AR R A L3 N 102 B g b o3 S BBt TS o F NIEER A B oo £ I
R EME L T2 BB AVILERE RS RT - 1% Lo h3 W F O R R N F S
B oAl SRSk ‘?‘\’fﬁ‘%\' E R A GRS TR R /]?%b‘Tﬁaﬂ_ fa R LRk R GER
PRI R T RER AT R A LR OIERER)ERE G (TE4EE B T 1 (clusters of interest,
COIs) > fI* % £ 3% jF 4 17 (Multiple Regression Analysis)™ 2 » 7 i COIsAx g 17 p %35 » ¥ 7h g 4c H
BORE(blhe R T IOE S ] 6 T RIS T 2 R R BRAEE SRR
R ﬁr; H-A) o ;g;rﬁ g€ i+ &1 B COIs (7 PRI it our Eﬁ Ti#c(Beta) B A s MU E a2 B (linear
fits of functional connectivity) o 3* & i ﬁp: % ¥ e one-sample t-test ¥ fe AT N & e G i B
(Rotarska-Jagiela et al., 2010) °
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Morlet Wavelet Transform TF component Selection

S .| MWT : Interesting

ref E> Coefficients of E> Coefficients of
: : S : : S

ref ref

M. |: MWT Interesting D
1]: E> Coefficients of |: E> Coefficients of mat.|
E E M | E E M . c,mwt,1

M MWT Interesting D
2| E> Coefficients of |: E> Coefficients of mwt,2
E E M ) E E M ) c,mwt,2

mwt,k

M, MWT Interesting
Maximum normalized )

E> Coefficients of |1 E> Coefficients of
M, M, correlation beamforer

o o 8

; \
Imaging the coherent
sources in the selected
TF domain

c,mwt,k

WWHIF;‘M

Bl% 2 ip Mg e B BN AR o

3.4 F3dlz e

34.1 g Pg# i il .%%i%.m

Pa s RGO o FARARF - ERTEEF > 22 FEREBATRORS RTHFF 0
Behdd o FIFETHFRF I AP EROT LA fr- BA LI B F AR B R M V'J"ﬁ‘-’"?’?
1AL i gz (Cover et al., 2006) ~ 4= & 24w (Mild Cognitive Impairment)(Stam et al., 2003) ~ 7 3% /% Bz
(Stam et al., 2002, 2006)f=#f #¢ 4 % J& (Rotarska-Jagiela et al., 2010) o #7121 AF 7 #4345 & F (oscillations)
B = e R ,]&{iﬁ A AR I A s AT E s BlAck A (coherence) ~ 4p = ¢ ¥ (phase
synchronization)f-i54f 5 8 & (cross-frequency coupling) 4 772 » KiE = < "g# it [ S e @ -

BALLBHF AL 72
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SRR Y 43 I 3 M (spectral coherence) % T Rtk R EEHS SR L E R
W 14 #ici@ (Rappelsberger et al., 1988) o pt ¢ A M- ficiE - 5 258 4o

—F T

f,
f (A f, (1)

Coh,, (1) =

Xy

- 2

AF e AR EEBELX 2 y i 2 M ¥ (cross-spectrum) f 0 AZ AR 0 A * AT ELX 2y

L p hp Ap B AE ¥ (auto-spectrum) (f, 2 f ) PR A M dcEdp 5 >0 AP B GBI R enT 2 o Bl ¢ 4

O 1 2F 04 mEAM > 1 2755408 o 4ok b g 973k > Mol iF 5 ot i g 3% ,T*u{
Bed B R BB R ETE N R 2NERESEL > B - BRARDEEE - A& TR
T2 R AR AT
® - BREHRVESHEREDEALEE SIS FA S delta (0.5-4 Hz), theta (4-7 Hz),
alphal (8-10 Hz), alpha2 (10-13 Hz), betal (13-20 Hz), beta2 (20-30 Hz), gamma (30-40 Hz) -
® URFPAPEETIS.
® FhFEe?  PAPKENAT LT IHFLE -

3412 JRF Ak H A 152
(a) #p =4 T (Phase locking Value, PLV) [59]: &% — BHE F =BT > B[ E 3 A 3 5L7 % {2 4p (- (phase

lag)efg < |+ » A R s wgiemmeprip =g (f,tn)feg, (ftn) P f &2 FHF >t 2 7FF »n £
TSR PR EA T L R AT

e(fatan):¢l(fatan)_¢2(fatan) °
BEF R G TBE(PLY) > R B Bojp L ARt R T I0E

PLV(f t)=—

NATRFRE e TR 2B ELA0L 1278 > 2733 EFRHEDER o
(b) ¥ i24phf 2 % F 2 4+ (Event Related Phase Cross Coherence, ERPCOH) - 2> ;% #_s& 4 (Delorme
and Makeig, 2004) :

a b *
ERPCOH (1,1 = L3 P (LOFC(LD
nig | FA(FLOFR(f,0)]

FO(F0) 27 FO(F,O) £ 8ridice 2t 2R padbliciEs 4012 04 7&FH 1
RN

3413 BHEFME L H7i2
ile- R - BiE o 72 R F(f, )2 B hs ik 0 fL 5 B 5 48 & (cross-frequency
coupling) - BS#E 5 8 & * 2 5 3+ 5 A 2 %i% Fe #F 5 # & F (power spectra)2. B e1Af % (Bruns and
Eckhorn, 2004; de Lange et al., 2008) > & 35 © % [ 4 5 4p 2. & e % (Palva et al., 2005; Schack et
al., 2005) > # 7 F4F 5 (A AR 4 B 4F B 4F 8 B (Canolty et al., 2006) ©

(a) B 5 4p >-4& t5 48 & (cross-frequency phase-amplitude coupling) Lt @ H4E & iF chfp =7 7 £ v
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BAHAD o B g e R IR H o - BASEEIR § U R hih 8 e fofed R A T
W o P A AP 2-9R 4548 & (phase-amplitude coupling) & % SFHGT A F Sk» F R Il o BER P Wi A
PUOIR e ) A g\ga;g-*{, emm FMARRTARF REFAGREB m T P IR %
2 FIP A SR EN BTN R R R T ORI AT B A ¢ 4p #(Modulation index,
MDE* k&7 d B2 FHF2 F2r 484 42 (Tort et al., 2008) - H 3+ 5 "'}},5}?%—"1 :

A ABRASAX L ORI KA f 2 FAEf, 0 S R X (1) 2 Xu(h) 0 5iE
# f a(Hibert) 4% 18+ 73] g (1) MOEAR = 0 A (t) B #E4R48 ¢ & M (amplitude envelope) °
® FATE S L [dpt), An®] -
® Mg (OFIR20AR:Z-Hiz> A% I8BO AT 60 R) td - BEEJF-H A, L)L

E o BELEE <AL > ()) e
® - & ¥ (entropy)id H > 2 &40

N

H=-> P /logP,
j=1
N=18 * P, 3
~ <Ap>d,())
iT N
2 <Au>dp(J)
j=1

® fI*E AV WEH TRICHET WEFIA fﬁ%‘ﬁ #MI) > F] 5 323 & pe(uniform

distribution) P, =ﬁ s H o =logN -

M| = max o

MI &0 % 7 4 £ 4p 4R 153 R F]S > ik e MI 4 7 £ F 5 Ap 4R 15 R F)S o

lﬂ.ﬂ‘)

b
180

140

100

%IPUI LOIENPOo

Frequency for amplitude (Hz)

2 4 6 & 10 12 14
Frequency for phase (Hz)

W) B54E & 48 & A 45 )3 4 7 1 172 (Fell and Axmacher., 2011) ©
(b) B5HE & 4p -4 =48 & Hji(cross-frequency phase-amplitude coupling)(Palva et al., 2005) : 4p i+
B ¥ A RPHEFDRT > AT D ﬁﬂi&—f}'\”m:n A4 LA mn AP 7 o Ap e
WEA P g R B PIR G o oy T Ay MUF R T AR A T B E - W g (AR o A
Ao A FED AR S M % b4e SHz & $5(theta)it - 40Hz #r5 (gamma)it £_1:8 4p i~
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BE T - BoF 0RPE A EROR 45K ~90 & ~ 135 & ~ 180 A& ~ 225 & ~ 270
BAc3l5 Ra s ip gl o g L1Ap =k d » F n A MKHEE T frm X 3 ARTAA L
m@ﬁ#{ﬁ&mn%gwwmsgagﬁwaﬁ1%%5%w&w

a

Lower-frequency
oscillation
Phase-amplitude
coupling
Phase-phase
coupling

WA B B R oSO R AP de M enff 617 LW

Ea ErReBEFEEL o FR PPl io,=n0,-mf, % £353 & % (uniformly

distributed)/® - 6, % 0, 4 % 5 x 2 yiofpiz o PRE S f 2 f Apiet F5onf, =mf > fL 5
nm A4p = A o i G 3 2L gt ficdp =X & (nonrandom phase ordering) i * ip =4 € ¥+

hase-locking factor, PLF) #f 3 * % 2 _n=1 2 m=1-6>¥ N B4 #& Z > | PLF 3 Zy °
g B R L N

342 B A AP IL AL LA S 2B B KR B SRR L 6 R
AR P BT T RS R o S LB I e

1
t t 3
{wﬁ Camcmn wﬁ'}z

{wy'C,owy}2 E{|a(t)[*}?
m%{"\q’. m (f) IT B /f"‘ m+ %;’.—TE'BE‘ cumq'\ﬂ /?J; %r;m Afr
%ﬁd Rgmgi'@ g+ pr:' % S B TE

Ry =

ﬁ‘imxyﬁﬁ
R £ % B et (cross-covariance matrix) o F]pt ¥
B2 AR D BT E LR o A P R A BRI E & BB eh é% &
ER e ST R AR APMARR o FAA T SRR R AP L T B
’é; ’“f prz vk g ¥ m%{m]{ﬁ;—]—"&&g&ﬂ}fpm( mEﬁF'&spFé&Z e H3 Ve

15
F PR BEp R A F B 0 IR T B AT o

-

)y d @ *
m

t)

g
R E o

O ]
H ook =
™ e ok ﬁL

NI MY
éﬁ‘a

e

< o

=)

—
o

boy

W
W
=

F In

-
3
[

b i g

wmzm

*

Choose the reference region

Choose an interval from source signal ar the
reference region as reference signal

Apply to the entire brain

Caleulate a optimal spatial filter

Calculate the correlation between the
filtered source signal and reference signal

Next time point?

Finish
@
BETRF > FoH*ANEREEN ZFRNET RBOER RN

Lir R Bt Mk R R -

(a)
Wl: (@ip MEF g AR o p AR F,sqsi&
B X EPFR MR MG PE - R R AT R H
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PR e Ao b A BRFFEEAAFZHE DA FRE R %f.f,é‘fi o R HAEARM M > Aot i@
7 F I(b) fi A LA T ] -

343 Biptbeiir BB G g U

AR TR F R 2 3TRRE R L R R o T R 6 d & £kt
FFg (53 B dFdy o pps X Fé—*fig‘\ RIBT b fFBREBEES R (o F ) AR R

RSV HHE
P kA SPM (Wellcome Department of Cognitive Neurology, London)#c 48 » 4 47 #7 i 2_ " % 1 ]
3 TR AR S AT °

344 FIHHEF A F T R 2 et KRR

%ﬁ%@@ﬁabm+ FHEARS NPT 4L&F%€£%7“ﬁogk%%,wduphm+
CERBRFGATFECRFL A GRS LS RSN SRR R T g X R B ORIRE RS
f#%zrﬁl?*SPM SR B R PIRR T R AT e ﬁm#&m'ﬁ'm e wzf'“ﬁ’f
Y B D H BB E (voxel )i gR R T B ¥R T Talairach 7 B eng iz B 10 3% 18 5 st

l, s

s
q_
¥

:%F

KB RN H RS A 117 3oway ANOVA » i beB b 4 b IS (2§ ~ Wi 2
BoRF)EY GH R PO R RS SE D RS2 T RN F AR o LA
post-hoct-test F 6t TA1T2 3 T eF LR A BRET "RAFF BRI FFRL DT MK
100-175 % % #3448 "k 5 2)FCE Tlicte 250-280 % F) et 8P 35 % "ok (P3a) o ;fﬁ o BB N
LT EEREFRREG BT SEH)HEH L T &I A2 (pre-attentive auditory processing) <
Kol 3 -2 JREPE NS S R Sl T I T

V- B d AR L R ZRIE R R RS R BN RRES BRIA T
aggﬂi@fwg’@,%%ﬁa%%?ﬁﬁﬁ*ﬁ%ﬂ%%?ﬁ’@“%ﬁﬁﬁﬁﬁﬁ%’ﬁ%
AFFATRT AT NA LT FED T > M e A R EEE DA G RERAS TR -
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BEEHG (2 8RB ER)

THEFF BT L 60 LRFWALEF Do iR HEL - AT BEAY R
y4ﬁ§£%ﬂ'4%¢#@mg%%ﬁma’k%%w%%*»hﬁﬁﬁqﬁ@’%*§W%$w
e Tlgeb R s R R 0 ¢ F TR R R R YRR BB B T
R e N AR ERS LV P ERE P e RN PR L E TR
éi“-ﬁamﬁ&wgﬁﬁﬂﬁ@gw*ﬁwﬁwﬁa%%ﬁLﬁpMOﬂw” 102277 &
EP - ELRY ) APHEOLEE A BA G DRI FRORFLA SR F G 50 =i
xﬁ%&ﬁ62|;%%@ﬁﬁm&%ﬁﬁ%wﬂiﬁ27&‘@%%%£F16E°%wimﬁ{
ﬁ%f»ﬁima«ﬁégaf_aagﬁiﬁﬁ@%ﬁ@ﬁzﬁﬁﬁbﬁﬁo*?ﬂﬁiﬁﬁﬂE
FRMETDREHESED DR R S B Fl A PR £ (100 £)RARE D E Y F LA
F508001 ER)Nz EPFE o D A ELR KD 4iﬁ#r”ﬁ4@%ﬁﬁ¢&ﬁ&&°
PR AA A RE L A B P AR A R TR A A Hp b
B e TR AT R R S T

101 & & A%

(1) £HFPETH

11 AxFp
%Pi%éﬁii;éﬁf D R e et TR RN MR o R MR Sk BiE
|;".£“_n—l?

B 7 SR REY - BiEE A 2732 % 2 /F

I R i L

B R REEAGREREAD SAEREAN ) b CRAPL RS R A
FRE T ELABY P TEERARR S A2 8F ™ & (numerical rating scale) = f &
W A o

B RRLEHREFRGHFELAPMACK P B KTARRE P SRP AR ET R

LN N ﬁ.’ﬁ & "i%"'ffﬁéq BREY 2p% #4255 pDSM-IV Axis 1 or Axis I
psychopathology) ~ %t i &% 3 i ¢ (5 %

W FEpinct o d 4

W 2AG%K CPEAEFMEF > FEBEEFRE DT RN PR AF YRR R EAT
AR

:_‘ BN

Bop AR R RTEEACEAEL S RABEE IR A S
m F%w%@ﬂﬁg?rﬁ@&%éﬁ@ﬁﬂw’ﬁgﬁﬁ—%gm%Lrém@@&#uar

PR ¥
m _%w FgazBRSTIRPRRS S RS 2 P L FEILRES

TRRBFFEREFLRFERAT AP A ST AR L R ACHRRL R §RPED
TEeMEAVRFRAMERLA §FLLE -

2 A& 10032 10l #RAF+4EP > REFMEA. TR F w306 4 y HY B A B ERIEE
P93 FLEHRRA BEAFY RAELR SELFEEEDG 164 2 R Bl B AT R
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R S e —‘i&ﬁ EE G 19 s TR A F]ER A Hehg 37 s P Sk 7 R (“-i‘lé’Iﬁu%k?»—ﬁ)
3 96 WG TARRHKE FIFAFFAINFR PO AR R e g 199 =
He B efskigitag 116 > Fgh kRt f L APy kELHLER éﬁ—",}f rﬂ}a 20 =~ £ B
AFE R B bR A MY ﬁ—‘*]@i QI é‘v—"lufi»mm)a 7:«~\rﬂxﬁkkﬂ—%z feny 41 = 5 e
7 OARRKREY FIBAFEAINFHR - FEHPFIE R L HA34 3 EFH A REH
ERGF - R(FPFRF DR 114‘@’?F*13’ SRR AR L R GARR )T F A o F Ee AL
FIR® BB EY AN R A - AT VR F)ARE B AFRR KR
P EBTE/BET/FTE REREFHFT ~ Z4cF ~ JEMRI - #8220 R <3530 f& - ]
Sk L AR I TR ARFEA G R RSB EREL L5004 2 014 A BEHLTD
L0235 A[t(180)=143,p=0.16]" & &2 KT AL X ERE o

12 ==
AFEF A1 € 7 I * £ K % (Edinburgh Handedness Inventory) k 3% & WH Y 2 i
BB il L e A LA gAY AR [1(180)=143,p=0.16] -

13 ZHFH
RO PR e 12,0 Ao MBS 123 & 0 8 % R0 £ B[1(180)=0.26,p=0.081];
BB Ce S s 205 % s HEEL 207X 5 A —%‘ﬁu 1 £ B[4(186)=-0.89, p=0451];

B iR ek E (TG RPRIEERRY E)5 113 # 0 HRES 1142 0 3 F @t
% 2[1(186)=-0.69,p=10.58] -
Rog MR ST iag & %45 93 E R ‘fi]{]%]ﬂ‘*lj'j? 1.8 = grjf @Ak TTak %mﬁ 7 A

PO EPE G RFE G 9 4 o R Hf e HEG 59 gk i 3 (Premenstrual syndrome, PMS)4 & 3+ 11

i~ 3 g0 A fg (Premenstrual dysphoric disorder, PMDD)J Ealy B R

14 $ <B& %% (McGill Pain Questionnaire, MPQ)

AEERESFRBLT  FRTFAAANERFRLIRE SRR OR R ER o P AGFH
BIFAPLERLEEEFET %R o R IR St 2 THgR 5 725 4p #k(Pain Rating Index, PRI) &
31.33 & » § T & J 5 & (Present Pain Intensity, PPI) 5 2.61 4 -

LRHETAARTH

£ipaA TR rhens | zea s
=X # ol
LEF K (L) 90 91
frE (F*+ <041 %) 84.35+ 18.76 74.82 + 4.88 1(182)=1.43,p=0.16
42 () 23.3+2.22 23.8+236 | 186)=-0.72,p=0.129
il E A (B 12.0+1.23 123+1.03 | %(180.64)=0.26,p=0.081
TR (R) 29.5+1.07 29.7+1.2 t(176) =-0.89, p = 0.451
RLE & (£) 11.3+£2.43 11.4+25 t(176) =-0.69,p=0.58
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REMER S8 (&) 93+265
R SR () 1.8+ 0.76
FARRE A BRF TR
* P 31.33 £16.22
(PRI)
bR EA FOAARR
2.61 +1.61
(PPI)
FIF JEm 4k FAk T #8345 1T A
R EPEZ R R AL RA 1624 5 % E D8 A
A R R E AT A F 1434
AT &£ 122453 1684

) &»Fl:‘t'lév\%‘r

%90 fAmA P FFAAL L RE A S (2030 AR ) 2 91 LE#E KT AP FDREL
TR XRE ARELESE A SRR R EAR M A Flehst a (L H - P L Al 14 (single nucleotide
polymorphisms)4 #7 » & 3 32 & fin-O-7 2 #& #5 fi= (catechol-O-methyltransferase gene, COMT) Vall58Met
(rs4680) ~ "k A 5% % ]+ (brain-derived neurotrophic factor gene, BDNF) Val66Met (rs6265) ~ p-7] %5 7§
% 4 (mu-opioid receptor gene) OPRMI (rs1799971) ~ x i % # i& + (serotonin transporter gene) SLC6A4
(rs25531)% 5 % < #(serotonin receptor gene) SHTR2A (rs6313) > 4~ 4723 B # ic (8 - P e 7 4114
{E’L BRELAESERARETE LM - R FLE2 A MR IRBH L Y2 Yol

CRE AT HM S ARPTRAEETRE £ T EREPA S A T6 il B h
B2 =T BIEEA R 75 TR A 4T o

alRA ;,«’ % F]5+ Val66Met (rs6265) 4k F]74] (genotype) & 1 % ¥ 1% £ Fl(allele)» & fm 3 17 &
w2 if”"#l 2 B3 BF LR P=0.032)> 7 frrefk(methionine) ¥ % A F] & 3 g Sl U ant G B F
B EP=0.021) 0 F F 7 mEL P A F13] & F (homozygote)si-= 1 d I R g R S € B F B
8 /’tr% 7T ERE e i’xﬂi‘] & ek i (B 5 [odds ratio] 2.37 > 95% 1% # % & [confidence interval]
1.23-454,P=0.010) (AT &) Pan 51k > 27 52 R % - BHFRRF IR GEGRN SRR T
<+ Val66Met (rs6265) ¥ - 1% s FAIM AR o 2@ > d 2> BDNFMet 8 A Fl a7 Ffd B H A 5
T RFLR > L MR TA0%-50%) 4 F B >R £ B 725%-32%) 0 * #HB AT DL L BT
gene association study 15 % » FI AT T R E LR D) 22 RF MG EEED > v FAR MRS
¢3RRI QR S
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PDM (n=90) Control (n=91) » Test
n (%) n (%) P value OR (95% CI)

Genotype

Val/Val 22 (24.4%) 28 (30.8%) 1.00

Val/Met 32 (35.6%) 43 (47.3%) 0.032 0.95 (0.46 - 1.95)

Met/Met 36 (40.0%) 20 (21.9%) 2.29 (1.05 - 5.01)
Allele

Val 76 (42.2%) 99 (54.4%) 0.021 1.00

Met 104 (57.8%) 83 (45.6%) 1.63 (1.08 - 2.47)
Group

Val carriers 54 (60.0%) 71 (78.0%) 0.009 1.00

Met homozygotes 36 (40.0%) 20 (22.0%) 2.37 (1.23 - 4.54)

Abbreviations: BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; Val,
valine; Met, methionine.

2R aARFALAB(LT &) Flpt > AP k4R4 A2 BDNF A FAHF 5 TR OB
PDM (n=90) Control (n=91) 3 Test
n (%) n (%) P value OR (95% CI)

COMT genotype

G/G 55 (61.8%) 51 (56.0%) 1.00

G/A 32 (36.0%) 34 (37.4%) 0.335 0.87 (0.47 - 1.61)

A/A 2 (2.2%) 6 (6.6%) 0.31 (0.06 - 1.60)
COMT allele

G 142 (79.8%) 136 (74.7%) 0.253 1.00

A 36 (20.2%) 46 (25.3%) 0.75 (0.46 - 1.23)
OPRMI1 genotype

A/A 34 (37.8%) 31 (34.1%) 1.00

A/G 44 (48.9%) 51 (56.0%) 0.584 0.79 (0.42 - 1.48)

G/G 12 (13.3%) 9 (9.9%) 1.22 (0.45 - 3.28)
OPRM1 allele

A 112 (62.2%) 113 (62.1%) 0.979 1.00

G 68 (37.8%) 69 (37.9%) 0.99 (0.65 - 1.52)
SLC6A4 genotype

A/A 54 (60.7%) 53 (58.9%) 1.00

A/G 28 (31.4%) 29 (32.2%) 0.957 0.95 (0.50 - 1.80)

G/G 7 (7.9%) 8 (8.9%) 0.86 (0.29 - 2.54)
SLC6A4 allele

A 136 (76.4%) 135 (75.0%) 0.757 1.00

G 42 (23.6%) 45 (25.0%) 0.93 (0.57 - 1.50)
SHTR2A genotype

T/T 13 (14.4%) 9 (9.9%) 0.644 1.00

T/C 44 (48.9%) 47 (51.6%) 0.65 (0.25 - 1.67)

C/C 33 (36.7%) 35 (38.5%) 0.65 (0.25 - 1.73)
SHTR2A allele

T 70 (38.9%) 65 (35.7%) 0.532 1.00

C 110 (61.1%) 117 (64.3%) 0.87 (0.57 - 1.34)

Abbreviations: COMT, catechol-O-methyltransterase; OPRM1, mu-opioid receptor-1;
SHTR2A, serotonin receptor 2A; PDM, primary dysmenorrhea; A, adenine; C, cytosine; G,
guanine; T, thymine.

* 1 PDM subject could not be genotyped

** 1 PDM subject and 1 control could not be genotyped

B) ~EREERESITES

ARG @Y IRE ¥ Y 28 N B g E 4 (Spielberger’s State-Trait Anxiety Inventory, STAI) ~ F ;% &

Ja £ #% (Beck’s Anxiety Inventory, BAI) ~ [ ;% & # & % (Beck’s Depression Inventory, BDI) % 7 7 # 4
44



¥ # (Pain Catastrophizing Scale, PCS ) %k & & &5 £ ;éiﬁ" E R B RRE B RGARM TR oo
z ﬁ % JA A A2 % (Basic Personality Inventory ) % 2 & & & # (Quality of Life Measure: the
SF-36 )~ B3 @ H hih M A RFF LA FEFod Whn b oy 2 L WE% 7 ©F 5 BDNF
Met homozygote # 4 % % ;éif’f DI B R gm0 T AT s Tl as 4P 0 AP - BDNF
Val/Val 2 BDNF Val/Met & & 5 - 2 (BDNF Val carriers) » £ ¥ BDNF Met/Met (BDNF Met homozygote)
Ti7 5 Tt o e pF o S Sd BN A R F R Sle 4l e Y > BDNF Val/Val &
BDNF Val/Met & B A F1 A2 Fenim S TR s FL B (LT 4)-

PDM Control
Val/'Val Val/Met Val/Val Val/Met
n=18 n=2s VAl o n=3s | vale

State anxiety

MC 42.9(8.55) 41.4(8.79) 0.583 33.9(6.62) 32.9(7.28) 0.480

ov 36.2(5.23) 35.5(6.17) 0.681 32.7(6.53) 33.1(7.39) 0.831
Trait anxiety

MC 44.4 (5.58)  43.1(9.99) 0.587 37.5(6.97) 37.6(7.54) 0.955

ov 42.8(6.18)  42.1(9.99) 0.947 36.6 (5.15) 37.3(8.27) 0.738
Beck anxiety

MC 13.1(7.81)  10.0 (6.35) 0.165 2.3(2.25) 22(2.29) 0.854

ov 6.8 (5.75) 6.8 (6.28) 0.998 32297 2.4(3.07) 0.233
Beck depression

MC 12.1(9.18) 11.3(10.97) 0.808 3.8(3.65) 4.5(4.89) 0.827

ov 5.4 (5.11) 6.5 (8.56) 0.959 3.1(293) 4.0(5.91) 0.981
Pain catastrophization

MC 19.9 (10.59) 20.2 (14.22) 0.946 4.7(4.39) 8.1(7.97) 0.109

ov 19.5(10.72) 16.8 (13.78) 0.496 52(7.28) 6.5(8.40) 0.826
Abbreviations: PDM, primary dysmenorrhea; MC, menstrual phase; OV, periovulatory phase; Val, valine; Met,
methionine

3144 HE 4

hARARE LTRSS BARETY o & H (depression) ~ £ g (anxiety) # g s (hypochondriasis)
ZIEEFFY > 5 & F e ok (main effect of group) ¢ it & & ¥ <Ak F1 3| > i (main effect of genotype)
% % 3 i¥* (interaction between group and genotype)e i 3 277 Ko SR H hig = BT e Bickp AN

edlie o (BT £)

32 2ERFEA
SF-36 £ #

v ehd 32 K G 4 #i(physical component score) % 2 & & 4 #c(mental component score) F
B ¥ on e s i (main effect of group) » e & & ¥ eh4k %3] 5 i (main effect of genotype)2 % 3 ¥ %

(interaction between group and genotype) o f 3 f2F = ;f:ﬂ?‘{ 2 FE SRR E Ml o (BT 2)
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PDM Control Main effect Main effect Interaction between
Met homozygotes Val carriers Met homozygotes ~ Valcarriers =~ ofgroup  ofgenotype group and genotype

n=28 n=43 n=16 n=60 (P value) (P value) (P value)
Basic Personality Inventory
Depression 3.2(2.72) 3.7 (3.57) 2.4 (2.53) 1.6 (1.64) 0.004 0.666 0.189
Anxiety 6.1 (3.25) 4.9 (3.45) 3.6 (3.07) 3.7 (2.56) 0.001 0.284 0.256
Social introversion 3.5(2.49) 3.3(2.63) 43(2.21) 3.7 (2.49) 0.218 0.394 0.689
Self depreciation 2.1(2.14) 2.6 (2.82) 2.2 (1.60) 2.5(2.07) 0.978 0.370 0.881
Interpersonal problems 4.8 (2.43) 4.0 (2.33) 4.8 (2.93) 3.8 (2.53) 0.396 0.058 0.476
Impulse expression 4.6 (3.29) 4.6 (3.00) 4.4 (3.56) 4.4 (2.82) 0.808 0.989 0.970
Deviation 2.4 (1.93) 2.6 (2.36) 2.4 (1.50) 1.9 (1.75) 0.273 0.599 0.363
Hypochondriasis 4.6 (3.25) 4.9 (2.89) 2.4 (1.46) 2.2(1.92) <0.001 0.921 0.589
Persecutory ideas 2.72.11) 2.8(2.14) 2.9 (1.73) 1.9 (1.85) 0.391 0.179 0.114
Thinking disorder 1.8 (1.94) 2.0 (1.64) 1.5 (1.63) 1.4 (1.82) 0.208 0.928 0.750
SF-36
Physical component score 46.4 (10.19) 45.0 (10.23) 53.1(5.52) 54.5 (3.99) <0.001 0.990 0.320
Mental component score 46.2 (7.48) 46.4 (7.27) 53.0 (4.98) 54.0 (4.43) <0.001 0.594 0.721

Abbreviations: BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; Val, valine; Met, methionine.

AEF R NRAARELE AR R AT E P R AR SR E R
BEZRRHFREOLEPHE 2 RAFEFTE  Af > 2% L RH A L0842 » BDNF
g_grjm]v PRFEP A REFTE L EET -

3 3 iu« -}) fa

ERBEMREEY EHEEERF T F T AR A F1A] £ 3 (BDNF Met homozygote)iia-% 4 H
& Bk g £ % (McGill Pain Questlonnalre MPQ):73sensory subscale & ¥ B > 254 7 7 fidsfi e A F3] &
—;- rj’]——‘b l,‘i o (/XEL s %\,)

Met homozygotes Val carriers

=28 n=43 P value
Sensory 18.5 (6.35) 14.8 (6.37) 0.031
Affective 4.4 (3.54) 3.6 (2.34) 0.510
Evaluative 2.4 (2.04) 2.1(1.99) 0.540
Miscellaneous 7.2 (3.80) 6.5 (3.86) 0.482
Pain rating index 32.5(13.71) 27.0 (12.34) 0.163
Present pain intensity 2.7 (1.03) 2.6 (1.02) 0.681

3 9 BDNF A R3] § B 5500 0% BB BA g4 B ad Do fgET o« wEg g1 7
AR 1t (central sensitization) 3R % » @ 1 I viscero-visceral hyperalgesia %2 viscero-somatic hyperalgesia
eI % > BDNF protein B] ¥ fRacf it ¥ 7 £ & andk & > F]pt 2 i 4225 BDNF Valo6Met (rs6265) g

e fparp itiEn R R AR NLE o 2R A > BDNF Val66Met (1s6265)%t 7 fpagp i e B2 R % Fi
”W?%ﬁﬂﬁ FAHEF Y

34 ER2AWEL AR SREL

g K E 4 ¢ dostate anxiety & traitanxiety s FE N EREEA LN BEE A Z A HAEE LG
B ¥ enle [ 5 i (main effect of group) » B MR Gledmeh L p ~ P Em ~ B2 {5 f rf”ﬁ*
WOHFFHBRE . AL NERE A A KRV ERT G 22 A 742 3 (5% (interaction between
group and genotype) % R ~ FL F|A| &2 0 =i dp FF e 3 (T * (interaction between group, genotype and
menstrual phase) o &3 05 SR B GH DRGR BF o F 3 R SRR TS T RURE R AT 8
ek B E GRS ERE A)BEFF T R LR E TS T pURE AT & S ek
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Moo W E SR DR E AR SR o R AR FF A TR 2 BRE L RRED
HEk oo (LT 4)

PDM Control Main effect Main effect  Main effect Interaction  Interaction between Interaction between Interaction between
Met homozygotes Valcarriers Met homozygotes Valcarriers  ofphase ~ ofgroup of genotype between phase and phase and group and phase, group and
n=28 n=43 n=16 n=60 (P value) (P value) (P value)  group (P value) genotype (P value) genotype (P value) genotype (P value)
State anxiety
MC 45.4(9.84) 42.0(8.62) 35.2(6.12) 333(6.97) -
0.001 <0.001 0.010 <0.001 0.626 0.786 0.484
ov 38.7(8.03) 35.8(5.75) 36.6 (6.69) 33.0(6.98)
Trait anxiety
MC 45.6 (10.30) 43.6(8.37) 39.1(8.36) 37.5(1.24)
0.188 <0.001 0.203 0214 0.665 0.996 0.920
ov 43.9(9.67) 424 (8.62) 39.3(7.56) 37.0(7.05)
Beck anxiety
MC 14.9 (7.08) 11.3(7.08) 42 (445 23225 20,001 20,001 0,060 20,001 0,007 0941 0.049
ov 6.2 (6.05) 6.8 (6.00) 3.9(3.68) 2.7(3.03) ) ) ’ ’ ' ' )
Beck depression
MC 13.9(10.68) 11.6 (10.15) 4.8(2.64) 43439 -
0.001 <0.001 0.237 <0.001 0.898 0.948 0.141
ov 6.1(7.27) 6.0 (7.31) 5.9 (5.54) 3.6 (4.84)
Pain catastrophization
MC 22.2(10.98) 20.1 (12.73) 4.8 (6.65) 6.7 (6.90)
0.073 <0.001 0.965 0.048 0.781 0.430 0.621
oV 18.3(9.74) 17.9 (12.56) 5.1 (6.03) 6.0 (7.90)

Abbreviations: BDNF, brain-derived neurotrophic factor; PDM, primary dysmenorrhea; MC, menstrual phase; OV, periovulatory phase; Val, valine; Met, methionine.

ApE R A g ﬁ #1 3 ! eh neurotrophin model for stress-related disorder X f2 iz B IR % - & B
model 3% % stress ¢ T *# BDNF protein % hippocampus 74 & > @ hippocampus & i3 & & & «4p B
MR FlAm AL G Fwo4mwwﬁ1;wugﬂékﬁ%ﬁ?rhr"ﬁ%ﬁﬂ“ﬁﬁ“wé%ﬂiﬂzﬂz
fis I- 78 F13] & 5 (BDNF Met homozygote) s 2 105 S5~ 14> &' S ehf gA2R B 32574 3 "k §
ok TS T EOREE AT S S ﬁ (BDNF Val carriers):

1. 7 58 enig A2 7 AR5 — f stress » 2 hippocampus 7 BDNF 4 ;& % o
2. 7 ¥ pEawtigeE (estrogen)k B L > mrpc A R R 2 BDNF B &R 7 2 ApRE > Flpt o S pF
BDNF 7k & 75 g is o
3.z et R Bk B Y G RIRA SRR TS T ﬂiéfrfz I & 13| & + (BDNF Met homozygote) e
80 # BDNF h activity-dependent release § & "% 30% » i = £ g 7 5 °

Fle o F G RRA SRR F1F P pURpi R A F13] & 5 (BDNF Met homozygote) s 28 1207 S5* 1 &
el R n«mﬁpwa—;‘& BDNF protein )k & ¢ 28 % T ' » Flm A4 £ { s -

(4) 2BAFCERPRERRE S

ALY CHRERRRR Y PIESHF RG] AP AR A TR F B
AR FHREFRETYLI A M RF TSR R A EWABF RGP
gﬁyﬁﬁﬁﬁﬁ@’%@ﬁﬁﬁﬁﬁ% Bl &4 4
LooEFARPERELA

‘T/‘ °

]

L ik TS kil B9 ES

A 2 . e L 5
2 T D R Bl <0.4H FIHEL L A o A 6

total power, TP ms 2 L ST R A =0-4Hz L
[l A s
low frequency | ms? ['595%7%‘5@'}?“]‘“?# Al AgE gy |0.04-0.15HZ | ERF Y & R
power, LFP
R
high frequency | ms? ﬁlqﬂ;‘ﬁ%‘ﬁﬁt'}ﬁfj‘@\%’ H ARy | 0.15-0.4Hz FI A
power, HFP
(> Ry
Bl S (LR B o i F P HEH ATV KSR
LF/HF
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PR R L & AT B L R T B ALY R R RS R LR
SRR A
) %2 smts P FRE
5.1 »fa&giiﬁ‘ﬁ
AFHEE T O R B SR FRH AR Sk RS S RN A F S iF
i&r}ﬁ‘?} F“}'E‘m%\/ﬁ'ﬁ o & ¥ A E K A wiE g 5 l—‘%\/ﬁ‘#gfﬁgpﬁ(ﬁi "‘5 LR If_%:/ﬁ’kijﬁ
%‘H—",g,.g, TR RAEATE S S EREL AR IR LENTT 2R o X B %;ﬁ”ﬁ"‘ii i+ Tiax
# 5 21 +0.52 k(£ #§F:20~22 )5 § 4 2 o TiEE L 22+ 1.79 f (£ 8§ F:20~25 &)

52 BRI TR

G P BE A A RRFEL N N RHRETTNRAT > ENTAETT R R ERFE > A
,iw,?] Fg,:x EREF EH 0 HSUR BORAEAFFD DS & 3035 2 HHLE - A &’**’“&»Jg’%
Bo@wai T4 7 am PRk o &F oo giﬁ:%f-'j‘”’ BES POSLTARR E % Q%
fﬁ#;—; FFomEqlr Goldwave TR F 8T 0 T IRS R - f-"—'{rﬁ»—‘@imﬁ% psur,;izalw ﬁ»—*

=4 % (Angry)~ 2% (Happy)~ &% (Sad) % ¢ |+ (Neutral) ° # % ﬁﬁ FI* 4p Elizg)

%3’- % (4v:He, Da, Wa, Ga % .. )k & &t e f5 3 b enfiss > = BEH 3 é’ﬂ?’”# 6005%%/'3\}?
4l e L1 L 1% Goldwave i 8 -5 DT B> T RE B MR A LA AR R -

c‘ﬂ} c"=B N

W : R R TR A ()3 B R A ()

5.3 Wl raHleni g LG et A g

;%ﬁﬁ%@*kﬁﬁwﬁf’4&Mﬁﬁiﬁulzkﬁﬁﬁ%f%ﬂﬁaﬁwﬁﬁfM
H % 55 & (Arousal) » 2 * i * presentation®2000 # k4% 3c & B #F > L T X Fie THEE A
LR 2. MR 0 d 45 % éﬂ-ﬂ BT e R S w2 B R B IEE o ifé .
Y- BB ERRRE(LE T S O%M F)eh#ed o R BD A 8 %08 I““"%—‘ki’zﬁ:ﬁ .
SR KT TR #71‘ PIERRARE - SRS o ok S AT 0 (R R AR BT
FOHE

BRI RCIES SR A

EHMHIIEMH! Happy | _Sad | Angry

Accuracy 78.05% 87.8% 95.12% 97.8%
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Bl 2 A RS A E

(6) R iR Lk H %%ﬁ%ﬁ%ﬁﬁﬂ“ﬁ%&%@MMMm¥:W3Pi**
61 Mt 5 T i
BFEGRA R R AR RTRODE T R E X g Rt F R R T %x%‘:ﬁ
T 2 PR SE ﬁ‘“ g W] (valence)fr3s & (arousal) ezt o 240 Kezt 18 = B MR 5 X #FE o
20 HHER T 0 AP SR S 10215%  Ah i RS AR L 198.75% » hd
FOERER FERF L 195.5% 0 AT BT e

PSS R R TR o B S
T POM(N=18) |**® [ Control (N=20) | ™ @ i85 liRlf7 & T« 2R o 1L 04w
(n=18)} P38 chfF 255 8 5 : T4.58£14.14% ~ 215 1

100~
= 4% R SLOSEMSA% - L F B R G
o 1 [T T T | ss83eina0v ; s, 9(11—20)1:;@,w Mg g R
: | S 7 LD 7120610.0% 5 45 & 5 76.40+10. 3% 4 F
“ B A 5 74.80422.0% o ¢ f«; FHET > A7
E - Frrid o eh= ﬁ iﬁgl@ar }im,rj’_&k_;;m/;f
= # 42 & o Error bar=2*S.E.
s sas rogy g 2 rory

Emotional Category

6.2 Wi T prem L A

*P***ﬁﬁﬁéiﬁﬁﬁi%ﬁ%m%P*zw%&imﬁﬁo?ﬁﬁ' =5 RN 12
(A F B for By 0 F .@;ﬁ S DR ] gz& o F BT E AR B
*5 15 Z% e riuz H ﬁ"* ‘b ,.,L;;l Iw}#‘_‘,iﬁkﬁ, %»{04 ll?ﬁ‘ ;; 600 %-f"}’ﬁ & ﬁ,j F'&(SOA)

§F 950~1050 E4) IR o # X EH VY ttﬂ B ads o %ﬂi BASH g« b B
i R, g%«: 180 =% (50%)> = #&% I H512 85 € & f #7260 =2 (16.67%) %+ F 360 =
m?ﬁ»—q ujog,f(&rz\»» )o &3 = nﬁﬁ;;g‘ﬁnf’r;é‘ﬁ' ,_‘E,’“f’;é'cl 5 g;ﬁi;é.%z A - A4
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Standard Deviantl Deviant2 Deviant3

Emotion Neutral Happy Sad Angry
Probability 50 % 16.67 % 16.67 % 16.66 %

Fo M3 T AL igR Rk (emotional-MMN) R 2% K 2 A

AL A2 ) SRHREDRFEAGERF {020 RS T o AT R B
EH (PEDE-DZA2ZF S FERARL) fe2rl (P EDHF L oFF AR L EER) B T

P BRFREFER -F & € A 3w 10ce 12 #ats A F1 A F1 A& et TR SRR BB o AP BT
FFEHeRkpEe (SREAELF L) 0! S8 (P S {cfrdp) £ FATRIAIT -

MC ov
MEG MEG
task task

Luteinmizing Hormone

Estradiol

Progesterone

y Follicle-Stimulating
= Hormone
£
= — L3
Follicular Phase = Luteal Phase |
Mcns‘lru:l.lind =
=]
=1
Bl Afohupk I REF RS SO R ER R -
Control (n=25) _ = neutral
PDM (n=25) happy
. sad
40 L
i L % angry
= 20t £ 207
S 9
€ o S o
=] =]
@ ]
w .20 o 20
A0 ] ; : ; ; : J 40 . : i : : . ;
-02 -01 0 0.1 02 03 04 05 -02 -01 0 01 02 03 04 05
Time (s) Time (s)
40} : ; ' 0ty
— 20 L e 20 L .
§ g
€ o S o0
) °)
] ]
w20t w20
L) e : ; ; : e | IR SR : -. : : : ;
-02 -0.1 0 01 02 03 04 05 02 01 0 01 02 03 04 05
Time (s) Time (s)

Bl SR e2HRBRELT R SFPF - He FHEOF BrOBER -

6.3 # F BDNF £ %14 & Control 3 PDM =53 9 5 Mamiid 24 1558 § chils 5
£ 4% 7  BDNF 4 F]4| #Control &2 % PDM Em,\’é—“‘é\ o AW 5544 255 A st Glgd }
i3 27 b BDNF £ A0t b » & e u]deT
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Control %= (%54 *):GG (18 *,33%) ~ GA (24 *,44%) ~ AA (12 *,23%)

PDM & (% 55 %) :GG (14 +,26%) ~ GA (21 +,38%) ~ AA (20 *,36%)

1% F 2345 T (ERP)A 45 % 2 %% BDNF A FIH R 3 Bf (SR 4 2 /B L3 {13
B GBI ERRFLRARLE F AR SN A RE R F Y T E R A FREF
HRLELE L P A T R IR §ﬁ§&~£%°ﬂuﬁﬂﬂf &%ﬁﬁ;%ﬁm%%%?iﬁﬂﬁ
Bred2 b A GA Ba s A d oA iR éimﬂkmmﬁ ﬁJAAﬁmm% 4§
ThEa B o FE A IRANES A g, R RF A RPES  AHRTFS FLFEME
3t e

e Meuaral, £ Channel 145 Neutral G20 HBpEy, G Channel 145 Ha pRY
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3 3
g g
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§ 1 § 1
0 | P e ol
1 1
o0 100 o 100 200 £ 00 500 300 100 o 100 200 £ w00 500
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op | o I
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oo -100 o 100 200 ) a0 500 - 100 o 100 200 300 ) 500
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6.4 WHEFAATRRR LMW EFFLPTHEVR

AR RFHEA R FEF T (trait-) % 1t 0 ARG A A2 FPRRIRET LR o
PRk LR F 2 4p M 4 17 (event-related analysis) 35 IV E F AR PER G 5 0 e RS B
e i sk v‘z’\ﬁéa\l HitF (Beamforming) &5 FFR B 7 e+ Bgia i o BLifszt @ % SPMS» 2 W' 17 F
FHT 2% P ARRDLR - B3P EF L FREMARSF R ML - UL 2 e R
BEAARME ST B PRREPAE AT 2R RS % o A PEY 2054 bz RIFEL Rl
(superior temporal gyrus ; STG)i® % #4875 % (region of interests; ROI) > @ STG #if2 < )[?% P AR
R AT A BT o %I ER I e U] -

80~120ms 150~280ms 80~120ms 150~280ms

700

R-pSTG - MC phase
T

Angry
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s00 Sad
550
= 500
Z
5 450
2
Y400
aso )
200
50
200t L - . : 200
100 a 100 200 200 400 Y00 0 100 200 200 400
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Control PDM
Bl %%+ R STG s ROI #1717 2_ P3R5 i 20 5L 8] - (Control: it & %1 6 2, PDM SR &

B E AT 25 R £ R o 25 iR A R R 0 H M LRI Wl WA o
Fera Tl B A 55 BREFE D 80~120 F 5 fr 150~250 & 54 #7 Findrs i b HEt o PSR A
TR SEHE RS BRI OEWRIE > PR E R c P E LRSS o H TR E
g e P H AL FIANALELE RN F (= RIfES Bl (STG)~ + REHH 4 F (SMA) ~
+ B 2 £ (medial-OFC) ~ + & K +% (caudate) fr+ & ¥ (insula))> Z R M EZPE - 4pF 0> ¥
frodgaafaget T4y i f L2 maiRiETe (IFG) ~ 2% 5 fra P fFEw
(MFG); T | enZ BRI E AL S c B9 hE & UFE T ASTE LM 58 51 h
A2 46 Tg® ol A2 PN ALR T2 5 ) B imazfl: s AAPT
hAlg® s aft IMECLE > foFEarfpla -
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)

80~120 ms

(

(A) Happy

x= 48 ]‘ x= 10 s
SMA ' \

150~280 ms

x= =44 . x= 16
STG caudate
F 1@ ﬁ 4*

Sl

—

medial-OFC
Putaman

ACC medial-OFC

(C) Sad SlI/ insula
Z= 20
t-score
5
0
\_*
DR e ML ¥ HERy s T ZBBEET N (B2 G 25 ) Tl 80~120 EH R
150~280 = ) PadREe f S e
CEREHRBIV e BN 2T o2 AATSEE A (BB G 2 F ) Tl 80~120 4R
150~280 = i PadREe f S e
peak MNI
Region BA t-score p-valuse
coordinates (mm)
X y z
Happy [80~120ms | y 1edial-OFC 1 2 32 -8 2.9 0.002
R. SMA 6 48 8 56 2.94 0.002
L. Putamen * -18 16 -12 2.93 0.002
R. medial-OFC 11 10 56 -24 2.93 0.002
150~280ms | g Caudate + 14 28 2 3.97 <0.001
R. Anterior Cingulate 32 10 32 -4 3.83 <0.001
R. medial-OFC 11 10 58 -26 3.54 <0.001
L. Superior Temporal Gyrus 38  -46 6 -24 341 <0.001
R. SII 13 46 -26 24 3.08 0.001
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Angry 180~120ms | |y ferior Frontal Gyrus 46 -48 44 6 3.43 <0.001
L. Insula 13 36 22 4 3.03 0.001

L. Middle Frontal Gyrus 10 -34 44 2 3.1 0.001

R. Medial Frontal Gyrus 9 26 34 30 2.8 0.003

150~280 ms | 1 pyferior Frontal Gyrus 47 30 32 20 3.03 0.001

L. Middle Frontal Gyrus 11 22 30 -4 2.86 0.002

Sad | 80~120ms | _ S B B

150~280ms | R pnsula/ SII 13 50 22 20 2.68 0.004

L. Middle Temporal Gyrus 21 -60 4 -14 2.65 0.004

FOOHEHER AT ELDFP LR G REE A HE SRR ’)5 LR A i R G o P
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AT RS BirHRE LS F R T L BN E 5 = B Anterior Insula ; B o frip s g T
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L R B E R R AR —‘ﬁi I p gt 'ﬂrﬁ ¥ b e i 1 PATR (TR I o &
# §_anterior insula i3 < }gk“ S RIZRFAL AL LRI HIERY IR E R SRR B LA
B SR BX 4 R BT R Y GEE % é kenF o @ anterior insula F B Arfi M 0 F] o
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(7) REHARSEAEEHREFLEF PRI 2ZER
7.1 B4F & 4p i F % & 47 (Cross-frequency Phase Synchronization)
AERBEL G BAETE A G FIRR %R oo LT A R LRk e

BBl AP EaE S e s A1 eh X {1 MEG §ORF PR R R BEE Y 0 T T B TR gt
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AR o v prt > A BE A A & £ 3 wide-band oscillation £ cross-frequency coupling #5475 18
& o j&_oscillatory hierarchy #-3] 5 3> ¥ 12 17 4rfiu - oscillation ¢ phase-locked ** & & 171 4F oscillation
e A AR A LR L G ISl TR

BRI ]k e g R LR RS LB M ¥ > 4~ W 2Hz~4Hz~8Hz~ 12Hz~ 16Hz ~ 24Hz -
32Hz ~ 40H {= 48Hz > £ 1343 n:m phase synchrony ¢+ 5 & & 7 g4 chjp =4 8 » ;*%’ﬁb SIA N X
RV S0 s

To A BAETEFXEEE PDM & MC # > MR B B (large-scale coupling)~ 7+ 0 B h
resting salience network 1% £ o iGH 4 ¥ AT WR AL ERIKRET » &F ODLPFC 3 # i it
d gk 2 7 DLPFC £ 4 3niv 2 M & % 5 i o T 54 i 4% = ] DLPHC § v &4 Bhie (734 5 o
%% Kot gamma & % lower alpha ;i 2 i 2|4 parietal % 3 > £7 upper gamma /& % beta j 2_ i &3
occipital ® 3 > 3 2 BFMME AL o §F b A5 1% regional PSI & 22 PPI & ¢ correlation » 2% ¢ 5 F A
gamma/lower alpha 73 % 437 left temporal % 32 2 gamma/beta i§ % |27 right parietal %3 F > & 22
RN FEELR - JLH - B BB (local-scale coupling) 4 7} » 245 I PDM {& gamma/lower
alpha ~ gamma/upper alpha 2 gamma/beta £ %1 > BF A NC R ¢ &+ L% - £ @ { upper

gamma/beta i B4+ > AR ADIFEEME o
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e
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Tl }I?%_F frontalparietal ki e frg v £ 85 & (perception-somethesis-pain)fp = & o 2 ¥ - g & B 5
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