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Abstract

Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder and C.
formosensis Matsum. are known as Taiwan yellow and red cypress, respectively. To
develop molecular markers to identify cypress, polymorphic gene sequences such as
single nucleotide polymorphism (SNP) and insertion-deletion (Indel) were used as
molecular markers to identify the species of timber and wood products. Caffeoyl CoA O-
methyltransferase (CCOAOMT), alpha-pinene synthase (APS) and cadinene synthase
(CAS) genes were cloned from both Taiwan yellow and red cypress and sequenced. Gene
structure analysis revealed that there are 5, 10, 10 exons in CCoOAOMT, APS CAS
respectively. Indels were found in intron 1, 2 and 3 of CCOAOMT and intron 1 and 5 of
CAS but only SNPs were found in APS Specific primers have been designed based on
the polymorphic DNA sequences in CCOAOMT, 1.4 kb fragment was synthesized only in
red cypress with other common fragments. Two molecular markers based on the CAS
indels sequence in intron 1 and 5 have been developed. For the marker based on intron 1
can identify cypress species through electrophoresis, in red cypress two specific bands
about 750 and 800 bp were found together with the common 650 bp fragment in both
cypresses. One extra fragment was separated away from the 650 bp common fragment by
capillary electrophoresis, using DNA extracted from yellow cypress. After sequencing,
the yellow cypress could be distinguished with red cypress by 650 bp PCR product by 2
bp insertion. Using primers designed based on intron 5 of CAS 700 bp fragmemt was

synthesized in both red cypress and yellow cypress but with 11bp deletion in red cypress.

Key words: species identification, single nucleotide polymorphisms, insertion and

deletion, cadinene synthase gene
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> BipAF adp B (ChamaecyparisSpach) = B £ 5 7 #8%2 — 48 ¢ 2
* % 47 (C. obtusa Siebold & Zucc.) ~ p 4 =41 (C. pisifera(Siebold&Zucc.) EndL) -~
A F @ k4 54 (C. lawsoniana (A. Murray bis) Parl.) ~ #* £ 4 3R] 5 4p
(C. thyoides Sargent) ~ % /4 % #p (C. obtusa Sieb. & Zucc. var. formosana (Hayata)
Rehder) % ‘i_+ﬁ (C. formosensisMatsum.) (fft & > 2012) » H # £ & 5 4p 22 & f%ﬁ &
ﬂjz}?’l‘ﬁ * (Fhferr > 2007) © .ﬁ*ﬁﬁ%ﬂﬁ)ﬁﬁuv MERE S FHL THEAE 4R
mip MR G BERGE  fE s TEERE - SR AT L R R
T AR A FA1000-2900 22 BARIGFLE O frL R e
FEMARANG LS AT EFRAE L ¥ T 27 BRLFEFR bld4cy
Fhi~LAFL L 3HEFUEIFAREE (50 2007) ¢

FAHRAFERE LR PREFARA AHTF 272 2 FHRERL
R A REAMZ- D EFRRERG  ERFSEAE L L TN S
HH AXREFBRRANET 5 > ERa TR FHEPFY AP A KR
TFEHAEARLER > A BHEZF AVE e A LRGeS 55 b
2412 L7 (F %0 2007) ° SEF A+ DNA §0 5 i chR ek A 5 2 o 3L 45
et AP E AYLROHRBERE KRk Rs o Hr e ass YL A E
LA (KE2013)

AW AL RPALRATIEFEAZ LA HIBHE A2 S
to @ £ H - P e Al (single nucleotide polymorphism; SNP) ~ 3 3 » % 4%
% (insertion-deletion; INDEL) » 2 = & i?%ﬁ A2 omF R WIFLH AR E AR &
MRz Ry TEF NI KRR o HH T AR 7\_{«"5?*% AEFREEY R
AW T Ry SR L P HE S AR S T L TR 24
A AAEET FALSHLBP AT FINEE AHFRAITDNAZ TR 2 %
FEM S T A P BEERERE X A4 DNARIZEUE F DNA B2 2 F H388
A AP R ST FIE



- ~JUDNA &3 AR A R

BFAOERLE T AL AR AT R FEY > w A AR £ AT
BETEE 2L AL R A4 > TS EKRP DNA BB o (T h
B iBEe e (T 2 i BHEET 4 5 358135 (morphological marker) ~ fm P2 i 845 2%
(cytological marker) ~ 2 it feo it & = A& #&.3& (biochemical marker) % 4 + & 3&
(molecular marker) (Kumar, 1999) DNA 4 &+ #3258 275 &3 A Fle DNA 2 & &
Tl TARERSRAFL R CT LRSS AT B R DNA
BAAA s SRR T BoRT s 2 2 X REFF P ENEL LAl
B#ET 3 &2 - (Spooner et al,, 2005) » H ¢ & F FiE A dg i IR - B A A
A Fed §E LR Haceh DNA 2 £ (% 5 2005) - 37 20 #& % DNA 4 F {35+
EFE > d 3 DNA THEHFEMNIR T A ASFHEM - 5 2 p F &% a3 jE o
DNA & + 38 7 £ #8345 7 41+ DNA (randomLy amplified polymorphic DNA;
RAPD) ~ {5 H # 4§ & 7| (simple sequence repeat; SSR) ~ 5 H# € 45 & 7| ¥ £ (inter-
simple sequence repeat; ISSR) ~ ¥ — % 3 ik ¥ % A4 (single nucleotide polymorphism;
SNP) % = i -

RAPD : @ *"f#E# - 2R P HMRI >  BFREFEHYF
(polymerase chain reaction; PCR) *7E {F g £ o & A Flie v #1313 3 3 cdg JL 4>
2o @33 m2%E €447 F RAPD 54 (Parker et al.,, 1998) - il % 5!+
(primer) % 10 B+ » @ *0313 &4 PCR £ P2 4 DNA % & 7 i 3
ZR I AF WA EE DO DNA Hhie £ AT F% ¢ i LA i 0 ¢z RAPD hif
FEM g B X PR

SSR & # % #& % DNA (microsatellite DNA)~“& & 4F & 7| (short tandem repeat;
STR)E - f&d 2~6 Bak A HE > nE4fe B>\ e DNA B 7] 1% PCR
Hirgis A P > A 100 Bag P > 3t SSR A # K& - Benirphsl 3 # (primer
pair) » SSR 7 IR 7| ¥ ik~ > Llefam 2 F BHE S 4pF (% 0 2005) o F)pt
SSR #his i MR » BET A A 77 #F 3 &+ (homozygote) -8 4] & +
(heterzygote) 2. iZ = 4v 2 ® & > @ SSR % I ¥ B+ (co-dominant) ¥4 (%% >
1998) « 3 5 8 B 4l4epr AL F $0% Bk S 2% A9 WAFUH T DNA 8

2



(replication slippage) * i *# P Hp* K& F # P ehE4f =8> A= SSR A& 7 & &
hA B ¥ TS @R chdpik (Jeffreys et al., 1985)

ISSR 1335~ B H =SSR & 7 » £ 30 H 53 &% 3o redif 4 AP AL 1T
w513 > WS B SSR 2 F«h DNA 3 £ (Zietkiewicz etal., 1994) o 513 3k 3+ 1t
SSRtkicfi ¥ » 72 7 & &vif DNA B 7| v i2§7 o

SNP = DNA A 77 0¥ - g A¥# 2 L 7T E7 F B2 A FedD
- =2 FIIG 48 & AP F o DR S S RPH FL T v i o SNP

L3k iR 18 B g 1‘? 3 mﬁmﬁﬁ TP R- 23 RE 2 4pi% (Esterasetal,
2013) -

MMELFAPPOEE T E RS RARY A FEBIFIRGFREGE

23 1 E (Agaetal, 2005; Vieira et al., 2010) ¢ /& fo3F (2003) §1* RAPD #jiv
R h 29 BRAE TR BN RSN  HEAEE 29 Bk SEE A L
HP BT p AP ERAT AP S HEEY 2 F o e P2 itk 3 (nuclear simple
sequence repeat; nSSR) il i > @ * @ F F SR 5 M % (Lacombe et al.,
2013) - DNA A 3 534> 7 (0] M/ 2 fip Bl hg R o & 3] fEe il
@mmmmnwdﬂ’ﬁﬂﬁhﬁ#~_I%Rﬁﬁ?ﬁiﬂﬂﬁ9ﬁj?HI%R
Bie#r A 4 i d o 817§ ¥~ 45 (Clusteranalysis) & @ #-31 A7 &4 &~ B
£ (Wang et al., 2009) - Garriga % + (2013) *t &% Vaccinium corymbosum L.4v
Vaccinium ashei Reade ® 24 - = B &4 > §]* = B ISSR 313 > P17 80%:1 %
BPAFE 2 B ERMEH P MM hE4piTh3 58 (Bluegold fr Nelson) ¥
£26% i B AR o E A (2013) £H4t4 AR K fR AR FAEE ) SNP A S
TR F R HE s S5 EAHEF 123 BLF 31422 SNP A+ 435 ¥
o g B F g e I A RR R kTR S B AR~ B BFRZ L FRM G

R4 (£ ¥ > 2000; Hwang et al., 2001 ) °

NP ST T 5 S FrY

PRERE FERBLIFERFLIP LT A2 F BSOS 4

(Hewitt, 2000) = 417 § 4o 48 DNA A 3 35 A4 % #RE L} (Pinus
armandii Franch.) 2. # @ %2 - S P FL L 3 RED J P2 EEL



pg%ﬁ'°/[«l’\4°’4'§v = r'g B}
SRR R g ¢
30 % 23tk 52 RAPD> ¥ d 6 B3l FEF3 22 B 53 FERHP d 3748

Lo ETLR o ¢ R T R0 IR
i)

£
F1E R «E‘Jﬁ g4 - (Liu et al., 2014) ¢ 4 47

sligz 5 % d 43 - BEFFAR S E (2% > 2007) - Mahar % 4 (2012) 12 = 4 DNA
&+ Rz RAPD ~ ® #¥#53 | %% DNA (directed amplification of minisatelite
DNA;DAMD) {-ISSR - & & = £ & &+ (SapindustrifoliatusL.) &3 542
BRE T ELENREN B2 XN PRERy e R B R
A @ FREEF £ (2000) 12 PCR/RFLP % 2 e B 71 & 47 230 L2 P 2L
e b B ap ESMA TR Al igd PCR #H 1 petG-trnP 7 2 2438
A% o DNA A (87 fwlctg 5 480 Bde A% £ @ 2 4RI 5 476 B trnv-trnM. A
FIREFAF e L ntp2 PG 5@ Hinfl fsr =¥ 2 28 > & petG-trnP
A FEHE R 7 %?Iﬁ._%;%‘aﬁﬂ—%i’,a:%ﬁi%“ﬁ RAIPERERE PR A
RS S N S LR A R Y NN IR R
NE %4 DNA %8146 - 5 £ (2007) 7 Hcis DNA A 458p 4 %7 & L% 2
FL LR AR R R B SR T ol BT b AR T EL
AR 2 gy o A RIGE 13 BAkiEE A TR 2 F A TS F A JRlE A
B DEALEY 25 B4 p A qipEFF (C.obtusa Siebold & Zuce.) » H i @& 4
2 EEEN S RBEH I T HEL T~ FEE S PRI RRIIGEER
%’%@éﬁﬂéﬁaﬂﬁﬁaﬁﬁ,é$ﬁ@$ﬁﬁfﬁ;ﬂﬂ&%Biﬂ%m
PR R RHRA > BRGNS F BEA b p hato BT ok
R o BN E AL P AR EEARRTE Bk 3 A BN
(Matsumoto et al., 2010) °

= R BRRER A M ER 2 2 T
Fr BHEF DNA B 7|2 % .E\}ﬁ-; FAME p 3R FEFE IR B MEL

NRE - SUIB  Re NI S ) o

1997) o =R fHfEeid @ S HpE3 > VR Y RERE H Q52 KRk o ok

## ~ 4v 1 A @ & (Finkeldey et al., 2010) = ] * SSR #&3z > 35 41 145 B 7 & =

AF I AREFRILA LR P RBEIF A F G PR T

2 EF T R YAt KR 5k (Moodieetal.,



g 5 22 AF A 2470 2 fmEs B oo kA aikhs (Degenetal., 2013)0
TEPSTERITFOOHRAFAL 55 - TH G Hoh KRy s 0
¥ RFEDETT FE LA o Deguilloux ¥ 4 (2004) ** 10 B 7 b2 B H
EHE 131 Tl}ﬁ»\#\ A& @ % DNA #£3c& B 7 F k& 3 A
(haplotype) » Rl Bk 2 K iR £ F & B A ¥ B D RRSE - R o G041
A KR AR F A R L LR ZROEA TR A® T
AR AR % - Tsumura % 4 (2011) % B ¥ %48 DNA FORE 12 352 B,
F#8 (ShoreaRoxb. ex C.F.Gaertn. species) > i% 3 DNA B 7| % fZ3|#cdz (anatomical
data) &R AR ST T H 2 A -

o~ A ARFIZH

HE L (2008) & # J_%P? 2EAatp AT A2 & 54k AT caffeoyl CoA O-
methyltransferase (CCOAOMT) mRNA 2. > & B 71 » £33+ 1103 Bde k¥t 279 ¢ 3
5" #BAe 3 A EER L 792 274 Bk AH 0 FEF 9 B P (coding sequence
region; CDS) 3+ 750 Bak A% > ¥ 7 #EFNE 5 249 Br<iiph2 3¢9 o Chu %
A (2009) E 1F = %ﬁ H jL3F v & 4 (monoterpenoid) 2. 4 & = f¥ 2% alpha pinene
synthase (APS)¢cDNA z. > £ B 7] » ¢ 7 5 ¢ F% 53 BakAH 3 e
% 160 g A%t2 CDS 1887 Rdg A%t - T # #FS 628 B i<k - Kuo ¥ 4

& ¥ (sesquiterpenoid) 2. # & = f% % cadinene

\i

(2012) & 7 =4 &

synthase (CAS) CDS 1812 i d& A ¥t 5 7] » # #F D 603 B iefiph -

i ‘)&?%5 FRMFit &2 4 &8 8

AER s gG 15% -35%% A BARd A FREE W
(monolignol) H & @ = (Zhongetal.,, 2000) - A~ F % 2 &~ 2 AFE 7R >
VoA (@ FHAFE MR FA AT ZFZE S 2 L Pg it (Poke et al,

2003)c A F % 2 & d $-4 2 fF (p-coumarylalcohol) ~ 4* ¥ i (conifer alcohol) 7 %
4 + % (sinapylalcohol) = A AR H MR &m S ot Zfa1 & F 2 B L0 B



EFRL 2T AEESGREE (¥ 0 2008a) 0 AT ARATE M S OF PR P
i /2 (phenylpropanoid metabolism) 2. # 4= » phenylalanine ammonia-lyase (PAL) &
438 {7 phenylalnine 2. % & & i o & ¥ £ & (7 — k7 |enfg it ~ 7 AL 2 plaazs
P ﬁ%ﬂﬁ@ F R 27 CCoAOMT % caffeic acid O-methyltransferase (COMT) &
78 2Lt > %= p-hydroxyphenyl lignin (H lignin) ~ guaiacyl lignin (G lignin) ~ syringyl
lignin (S lignin) = #&* % (4% > 2008b ; Harakava, 2005) = 4+ €47 12 G lignin
A EHES A4k S L G+Sligninc ¥ A4S 5 H+G+ S lignin (3 > 2008b;
Borejanetal.,2003) > %2 Ak T2 it 2 H 3 R R ORAMAE 7Y § AMHag A
Fa g RABEE LA A d A3 AR Z 2L (Pokeetal, 2003) ©

FRAE Y &4 5 S Ak 5 2 (phytoncide) ¢ & 4+ o TR & 4 2
£ A2 (isoprene) S H LA mAz b &P JHEE A FOHBES T LW
AEARRBAE 0 F FEFABREA L HEFH 2 BRE A Gere Al B
Bow BE A e o R (diterpenoid) & 0 B Y H iR B RGE ¥ &
FREF I FARAR (ME 2012 Fagit APz BF LenR A A B
fié (prenyl diphosphate) i* 5 #» 5% 4> » ¢ 7 geranyl diphosphate (GPP) ~ farnesyl
diphosphate (FPP) % geranylgeranyl diphosphate (GGPP) » & d H §L3f ~ & L L3
ZRREEE AN &4 & %% (terpene synthase, TPS) & {7 it £ @
(Chappell, 1995) -

A BRHFLESAAMATIAEF S AL
154 B & (Saccharum L. spp.) ~ =/ (Miscanthus Andersson spp.) ~ & 7 &
(Erianthus Michx. spp.) ~ ® & & ¥ (Imperata brasiliensis Trin.) ~ ;7 ~ 2 (Narenga
porphyrocoma (Hance) Bor) & 2. PAL - 4-coumarate coenzyme A ligase (4-CL) %
CCOAOMT [ i zk F1R 71 » 3283 (intron)it TR & el 4 & B> HILF R xS
FHREF RS T A0 F RSNk HF v dc PAL > 4-CL ~ CCoOAOMT 2 ¥t B & fiv
B F R A2 2 DNABFEFEEFAEA A SE NG BT ARE > P~ 3
GHRERREMGET T F 9 FREY ERART o F1* B A A 454745 412 SNP >
EK A pEr P35 AR 7] (cleaved amplified polymorphism sequences, CAPS) 4
A RS S AR o B 55 i S A 4o SNP S B B3R

q;‘g
ch—



% 3 % (insertion-deletion, Indel) ¥ * 3t % & % B 4 485 ¥ 3t CCoOAOMT F
Jn 7 F145 ¥) SSR » # ¢ SaccharumL. ~ Erianthus Michx. SSR 2. % ¢ £ 4§ = #ic§ 7]
R > 7% 2t SaccharumL. ~ ErianthusMichx B % F f&/F 2 #%] (Park etal.,
2011) - E& (Eucalyptus globulus Labill.) # % # @ A F 2 24 72 b > $43E K p
Strzelecki % King Island W3 2 % ¢ &+ % & %% > ** cinnamoyl CoA reductase
(CCR) % cinnamyl alcohol dehydrogenase 2 (CAD2) % &/ 7| % Al » 304 B 7
A 2 @ S PR RIRAR A S B L R VR AR A BRI FEI R
2_J 7] (Poke et al., 2003) o » 47 ~ &-#F% 42E 1 CCR 2 CAD2 A %] % 4|4+ > | *
7 a3t X it CCR gafs 3 (promoter) shi% Bidd » 2 CAD2 % — B'EF et i
AOoRFNIFIRBEREFRGF BAFT T RA S BEAE AE R 7 #t INDEL
i® % &+ {&3& (Paiva et al., 2011) - ** < #£4p & (Acacia auriculiformis A. Cunn. ex
Benth.) 2 5 } 48 & (AcaciamangiumWilld.) %3 ¢ $¢iE 480 % 48 & (7 &L F] 3| »
17 35 3] CCR~COMT A F]2. SNP» ¥ # 3t gz $ic & 14,1 L F] & (quantitative trait
loci; QTLs) » i& @ & * »*4p L s + R385 24 5 f& (Sukganah et al., 2013) -



e B R

R

LY 2y %ﬂ%iﬁ&?ﬂ r T THIER P TR R Y R
HAEEHRE (B 1)o@ g 2T L% ~RF-FPE -FRP S Liefr £ Fp
10 B3 4k > 2 5 155 kB4 > 1% GPS 7odr® - BAI2 2§ T 4o 10 5R50 -
AR 5 - BE2F*ATHMBE2F MY 5130 (vellowcypress) »
R 5 o4f (redcypress); #¥18 = 4% 5 4 2+ B (T14~T15~T31 ~T54 - T98 »
WA AT LEEF 1415315498 +kFL ;D45 D46 ~ D53 A% L 4 EE ¥
T 454653 4RFL I HO0 52 T LEETF 60 HIT N4 Pl 2 e RE £ % 4 H
1) Bis— BEF R AT E 2R B % - TRk B KB 34 fad & 4 7]
SR RER (B 2)2 AR s 3R & (& 1) 0 RpIRE R AFR AR ST
P2 DNAE B S HAARBRHEREE FE{TDNARE (£ 2)H P %5 RTIS5/14-
YT54/4 ~ YT54/24 ~ YH60/13 BRI Pk B £ 5 2 A 155 @ o

7R Rl R 375 T B LRy AFRFEFH T P R IR
FHRELESRSEEY B0CAMET s AHMBEE R 4Tk FeN] o Afpz 7 B
Foo 10 TS%IFPEE BRI R 0 I 7 PR AHe NS E R SR -80C K R
B o 1 B DNA o

= ~ &3} DNA 3 B

1 DNA ¢ B~ 2 iz 45 Dellaporta % (1983) #7it £ & {7 i xo& Bk & (7
gl s 7 dRin) By 23 g 2 WA ER > R EF R4 7 15mL
Extraction buffer (A 2 100 mM Tris-HCI, pHS8.0, 50 mM EDTA, pHS8.0, 500 mM NacCl,
10 mM B-mercaptoethanol) 7 Oakridge tube ® > ¥ 4r » 1 mL20% SDS 1 & F %
Eox = 104y % 4=0>2 18 B30 65C-kig 104 484 » SmLSM fsfkés (potassium
acetate) f& * £ F T HIag o BN FEE 20 A4 ¢ {83 4°C 2 8800 rpm

#ro 15 A48 (Beckman v JA-13) 5 #-3.w 439 DNA 3% E » 2 5 10 mL -20C £



i f% (isopropanol) g~ ¢ ¢ » & & ¢ ¢ } 2x ¥ Nylonmesh 1 iB/gfe > B {rd
RERRS 20T #E 3024512 0 @ DNA itk o 3 4°C 2 8800 rpm 3~

15~ 487 3 “fi Gk o R gtk (8 40 ~ 0.7 mL High-TE (50 mM Tris-HCI, pH 8.0,
10 mM EDTA, pH 8.0) » 2z ¥ 15 ~ 45 DNA 52 %3 2H B g 3o g @ 4
‘Cr4 13000 rpm #rw 10 & 48 > P~ i s > 75 uL 3M frfédp (sodium acetate, pH
5.2) % 500 pL -20°Cisopropanol ;2 f=353 > 3+ 4°C 12 13000 rpm .~ 10 A 487705
DNA - 2 “%j it Ao~ 200 plL 70%:EpE *+ 4°C 4 13000 rpm 3 5 4 4 0 ip|H
Gkt £ 4o x> 100 pL 100%FpE *+ 4°C v+ 13000 rpm Hros 5 4 48 0 2 “ﬁ%i AR
itk g o 11 TE (10 mM Tris-HCL, pH 8.0, ImM EDTA, pH 8.0) /% f# DNA » 4v » 3
L10mg - mL" RNase A » 37°C T F J& 30 & 4518 % 3°-20C ifi3 o * & k% &3+
Bl T_DNA ** 260nm eFnx sk & 23 5 DNAJERE T % § 44 454 DNA 7 £ &

XFERS

z ~ £ % DNA # 3

2 VIOGENE = # 2_ Plant Genomic DNA Extraction Miniprep System (GPG1001)
FA e PE Y DNAP~0lg2 E5 > R EF P FAEI BRI B~ 77 400
uL PX1 Buffer e & dw F > 40 » 20 uL 20 mg » mL”' RNase A » B R & {8 §
65C kit 10 » 48> £ % 4 » 130uLPX2Buffer’ ZF R £33 (s 30kt 5 a4
W-R £ %A ¥ shearingtube ¥ 0 drew 2 44k 0 X P ik o 4o 0.5 BRI L PX3
Buffer 2 1 & #84# 7100% Fp# - R {c¥53 {8 #% % & » Plant Genomic DNA Mini
Column *# - 10,000 rpm &~ 1 448 - 2 “%j 7k fe 4~ 700 L WS Buffer » »*
13,000 rpm & 1 448 > €47 P EHFR2 18 0 £ He 3 448 o 4 Mini Column
EAATOOME A Y o 4o r 200uL65C TE ## % 5 445 0 i@ DNA 3 f2{ 4o
1-2 248 > Pt ik B 30-20C 05 o * & %k R 3R 2 DNA 260 nm s &
vifE B DNA R R & 1% LA~ 474e s DNA 7 € £ =0 /id e

ik iainnte

(=) 3133
A NCBL T4 B 405F 4 85 AP B A PR 7] 4Rl 4 8 A & P15 1 1945
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¥ 2. cDNA A 7|3k 351+ (primer) (% 3) ¢

(=) Rép g F B (polymerase chain reaction; PCR)

4B A F)2E% > @ * KAPAHiFi HotStart ReadyMix (2X) kit i& i PCR # J&
B 1pg & A2 APl DNA (75 #04 » 4o~ 125 ub 2X KAPA HiFiTM
HotStart ReadyMix ~ 0.3 uM 513 ~ 12 & ki & F Jud i ff 25ul e @& * ch3l 3 5
BiE2 5 05CH 23 nds £ 5545 % (CE 3 = i RIS 98°C > 20+
LRSI FARE R REFAAE (R 3)040F 0 72C 12 248> B (60 72°C 0T A 48
Bk K o PCR A 40 » 3 BRA A {6 » & 1-2% I 7558 % (agarose gel) # 2 100

R TR T e R

(Z) 4P DNAZ w4 B2 F b
Heprit (74 & 2§48 (pBluescript SK-) r2fi¥% (EcoRV) it {7 fix*7 > 113§ #3 7%

N

HAE 7 2 A2 EDNA £ 0 > UV 365 nm BB sfT Bl 5 p 2 2 WH > =8

is 11 UitraClenTM 15 DNA Purification kit (MO BIO) 4 #1948 9 2. DNA » P~if
% insert ¥ vector ' H|;2 & > 4c b 1X ligation buffer (z 50 mM Tris-HCI, 10 mM
MgClz, 10 mM DTT, | mM ATP, 25 mM + mL" BSA, pH7.5) 2 0.5uL4U « uL"' T4
DNA ligase » ** 16°Ci&{7 16 /] FFi& & F J& o

(z) %% DNA 2 #3)

$ Hanahan (1983) 2.2 ;2 » B~ig 84 & F B3R 4~ 200 uL #F# A% 2 4w
e Mk B A 3044 B U ARTCRFPEFHRFLF B A4 2 TE KDY
1/} PFeo4er ImLIg#2 LBRGEEZ AL > 37C > 100 rpm B & 1 | FF > B3
FRGHERPEALELBE AR (7 S0pg s mL!  Ampicillin, 5% (v/v) 5-bromo-4-
chloro-3-indoyl-p-D-galactoside, 0.1 M isopropyl-thio-galactoside) » >+ 37°C 32 % i & °
PERBAAY ERORHT > EEY SmLLB REREE L (7 50 pg e mL!
Ampicillin) 2 3#F ¢ & 12 /) pF o

() ¥HDNA - EHA
BAE - T3 542 32 LB &R 37C ~100pm ik % 12 ] & o
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P~ l5SmL FR g g g Y 0 AR T Ee 13,200 rpm Fes 1 448
= f FoRts o A Aer LS mL BRI A 0 F T H 100 pL 2 bR R R
7 o v~ 400 uL STET % /% (8% sucrose, 50 mM EDTA, 5% Triton X-100, 50 mM
Tris-HCI, pH 8.0) 2 30 pL 2z 10 mg » mL"! lysozyme (74 ** TEN: 10 mM Tris-HCI,
pH 8.0, 10 mM EDTA, 0.15 N NaCl) » ;2 3 4> 84 % 10 A 4 > 1A KiE adE |
Ak BNk PGl A4 BT 4ACH s 13,200rpm Fes 30 A4 o 1R
27 BPF IR o e~ FHA-20C BP0 R B E-80C 544 BF
4°C 2 13,200 rpm #w 10 4 45 0 2 “ﬁ%i ot A ZFTH DNA 2R R i 0 w R
* 40puL Z 3 0.2mg + mL"' RNase A 1 TE (10 mM Tris-HCI, pH 7.5, 1 mM EDTA,
pH7.5) > %G 4CH * -

(=)~ ¥4 DNA 2 &
g % p B4 E T A ik ABI sequencer 377 » £ {7 DNA 2. @A o B~ {7
CoCCoAOMT -~ CfCCoAOMT - CoAPS - CfAPS » CoCAS » CfCAS £ F1 & 71|

AN FEERE
(- )~ 3133

it ?%“fﬁ AR AFIRE A A4S 0 S EHE > 24 4 P B (insertion-
deletion; Indel) % ¥ - +x 3 % 4142 (single nucleotide polymorphism; SNP) i+ ¥ 3%

SIS CAPAR

(=) R ép@g F & (polymerasechain reaction; PCR)

A F fRiRRE 0 @ * KAPA HiFi HotStart ReadyMix (2X) kit i& 7 PCR 5 J& -
P~ 50 ng 4 AF A2 AT DNA (%5409 » 4c » 125 ub 2X KAPA HiFiTM
HotStart ReadyMix ~ 0.3 uM 313 ~ 12 & B kA TF J 8 Mff 25ul o & * eh3l 3 &
Teifi® 5 OSCa e 3 A £ 545 BTk & BHEEIELL 1 98C 204 5 1
LRSI ABEREIRE (2 44045 T20C 12 440 BB T2C S A
B F o PCR Afr4r » 2 ¢ Bt 0 & 2-3% 2 P58% (agarose gel) ¥ 12 100

REFTRE TR R
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(2)-DNA 2R & 2R

B~ 12 uL QX DNA Dilution Buffer ¥ 3 uL. DNA - # * Qiagen QIAxcel i& {7+
g R AK & *0 BioCalculator 3.2 #4884 47 % A B# 2 T & - % DNA k& B
B % 0.1ngepl! @& * BigDye® Terminator v3.1 Cycle Sequencing kit i& {7 Z_& &
B B~ 10puL #10.1ng « uL' DNA ~ 4 uL 1 uM 313 ~ 2 uL 5X sequencing buffer
4 pL Ready Reaction Premix > . & E&# 4 5 20 uL » & * Applied Biosystems®
GeneAmp® PCR System 9700 i& {7 PCR » & Jifi2 5 96 Cw adZ | ~ 48 > £ 5 25
[ERTES = B AR S 96°C > 104 ; 50°C » 545 : 60C » 4 » 43 - PCR & 4+ U
BigDye® XTerminator™ Purification Kit i& 7 % it » 4 » 90 uL SAM solution £2 20
uL Xterminator » Jy| 7] 4 % 30 4 48 > E&74E.< {5 2 Applied Biosystems 3130 Genetic

Analyzer 4 47 5 71 o
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B.u %

- AR E APRERZ A A DNA R R0

FHEFABRBE LR LA S N TR AR A BER
kR 442 2 A 2 fde 2 A (2 1) SWRHROINAS o BERAF Y 125 24 2
2xAAHY CDNARBBEPEEWHBIFER 2 AR E -~ D FRM
5 hDNAS A A fp 2 A2 2 A FF - 2 Z F A4 B~ DNA(R 3A)°
BEARINZ AP W2 A2 42 AE - FR Y7 # ) DNA(R 3B); &im 2

4 P~2. DNA & gz 8 *7 1338 (B 3) °

LR AATIZER
(- ) » Caffeoyl CoA O-methyltransferase & #1522 & 7 § 31 {£4 5

fi%ﬂ‘%?%*%ﬁ*\*?% 2 ESAPMATFIEFEAE LA AP 0 £ RHO0/1 ~
YH60/1 ~ YH60/2 2 YH60/4 2. caffeoyl CoA O-methyltransferase (CCOAOMT) 2k
¥l X ¥r NCBI FHEP © 74k if?%ﬁ * CCOAOMT cDNA £ 7| (GenBank
DQ295802+DQ305976) ¥+ = £ %4 #4f 2 CCOAOMT £ § 5 i# &+ (Exon)
% 4 B*E+ (Intron) > 2 > Intron 1~2~3 ¥ &5 Indel > @ =i 2 £ %0t
CCoAOMT A F|1& B * I+ (B 4) - CCOAOMT #4% & 1921bp > #:F 5 39 F i
coding region (CDS) R 5 750 i && A %> ¥ & 01 249 B =i it > & CCoOAOMT £
F1¢ 2. Exon R84 > VT‘ T Bxon 1 %A R ERPHREE LR HRT A
25 @ @ Intron 384 2 4 i RECE LHES o FAZ SR L Rt LR )
(B 4)o =R PR 3 B AR 2R A% EmEF 02 4 %5 CCOAOMT
S 2 VRARR S > B F a2z 24 a1t B 7] (GenBank ABB87185) £ 3 P
AR RH 7 9 By g FEe % 7| (GenBank ABB89956) ‘“ %t
oA CHT | BrRAM2 L (B 5)- ‘mg_ﬁg;‘%mm CCOAOMT £ 4 1.9
kb A 7]% 3 Indel # SNP 2% 4]+ > ® SNP % 3 iiﬁ*%ﬁﬂk;ﬁﬁ_ﬂ&i A3 E-
e SNP % A8 R 2. £ B > =% Intron2 2 CCoOAOMT A %] 3 4k (B )5 2 7 Indel
5 =% Intron2 (% 5)° @ 4% 9 SNP % =t Exon4 2 Exon5° ¥ - LSNP ¢

13



3 RAR R (2 6

(=) Alpha-pmenes.ynthase&Jﬂ“1‘;&‘_;"?)3»3l EULERAS

fi:_ﬁ-i/?%ﬁj\ A4 LA ATFIEFEREE LA A 0 & & RT31/1 »
RT31/6 ~ YH60/2 2 YT31/6 2 alpha-pinene synthase (APS) 7 %] > &£ NCBI F #L
B 7 e g4z iff APScDNA A 7 (GenBank EU099434.1) v ¥f » & 4 45
2. APS £ 3 10 B&+ 2 9 B'EF > A T4 w 4257 bp - CDS 5 1890 i@ dk 7
o VN 629 BURAR (B 7)c - APS BT AHE AR R S LE S
1/ (Abies grandis Lindl) £ 4p ke ehis4f > § %302 F 7 BHEI FH£F 5
(Artemisaannual.); @ #& = i Exon ¥ » % P i pedcd £ £ ] > 2 &£ APS
BEOPRFPHEEELE S (B 7)) kv “HERF |2 1] APScDNA A
7|0 &1 e F 452 oif B 7] (GenBank EU099434.1) £ 39 % SNP 2 4 5[5 1 bp
22 2bp ¢ Indel ; cDNA B 7% Al » g = 17 Br=Af A 7% 2 1 BiRAmR
BWELE (W 8)- LA A2 APS £ 9 42kb- AFIEEF SNP s 41 5 B
W2 £ 3> 7 %3 Intron3 ;5 » e A B (RT31/1 ~ RT31/6 ~ YH60/2 %
YT31/6)APS F 5% 5 e £ # o>t Intron3>RT31/6 &2 2 4 = B B4 E 4 13  SNP
(B 9): @ Exon #3384 » SNP ¥4 2 > Exon6 # Exon 7 * ¥ 7 ¢ i =~ #F2

e (£ 7)

(=) » Cadinenesynthase & F1 5 #-8 & 71 § |14 {7
SHEBFARHLESAPHAFREEAL LA LH7 0 &5 RT3V

RT31/5 ~ RT31/7 ~ YH60/2 ~ YT31/1 2 YT31/6 cadinene synthase (CAS) £ %] » H ¥
YT31/1 & YT31/6 R 7l4ple ; 5% NCBI FHEP @ ’é’éﬁ?i,i:%ﬁ CAScDNA E
7| (GenBank IN715077.1) + ¥ /e T g B4~ 2 CASEF 10 BAES 2 9 BES
A FHELT 5 1812bp» 7 H T 603 B 5 F1E F Indel o # 'fg,z:_%ga S
1 CAS 2& 7 F (B 10)° r2 4§ (GossypiumhirsutumL.) £ p % (Helianthus
annuus L.) z. CAS. *f##ﬁ feoo bt ﬁﬁﬁ (Gossypium arboreumL.) % 311 B&g S+ 2 1

14



BRSO AR E A AR 3 BRES 3BES > BEFEAF oa ad Bk
6w i Exon? i 2 v p B2 P HREELE ] (R 10)°§5%*+§7I\L CAS
F 7> 2% Indel # SNP 2% A4 » H ¢ Indel %" Intron] % 5> <} A %5 2 %

I1bp;SNP % 2R faf2 £ 8 > “#c BRHAR o 2% 230 p BAHT D4
A~ Em2 CASCDNA A2 Pf & X RRIEFFHRFH L2 55 g
(GenBank JN715077) 7 CASCDS A 7> & % 9 &SNP £ % (% 11)° > Intron ¢

e 7SNP % =3t Intron1 ~3 2 4(% 8)> Exon %4 B| % =" Exon7 > * %4 7 SNP

§3F WL RAR AR (2 9)

Z AL S R B
(- ) ~ Caffeoyl CoA O-methyltransferase & #12. & + 384 45

% ¥ CCOAOMT % 7| 4 2. 351+ OMT/MF-1 £ OMT/MR-1 (OMT-MI) it {7
PCR> % 150 BE F 2 A &¢ - 7 FREREL SRS L ESNG 14
kb #R P EZ S &= @] 3 500bp 2 i34 ¢ & & nip 3 500bp 2 *ERF =
Brodo TARETE Y RE (R 12) 2 AHRE (R 13) PEZR 7T g
Hlafgsd#adt o

(=) ~ Cadinene synthase # F]z_ & 3 & 3&4 7

zy5 CAS % - B'E+ 2 Indel & 7| B3 3513+ CAS5 2 CAS/MR-2 (CAS-C5R)
T PCR> AP ETAAYTHE > £ a2 2 ¥ ® DNA T & 45 650 bp i%
Foomf VLA BB F K T50bp (b) - 800bp (a) (W] 14) 5 Byt 5 s
CAS ¥ CAS5 3| CAS/MR-2 2z B A A e $tA 47 » A MA A sldak » 24 5 B
SNP % Indel> # 7 #fa~b 2 > 25 & i Indel £ 3 (B 15)° ¥4z 650bp *
BAEFEL i A LW - BEF LA RIS A - #650bp
PEREFIRAITOHIS0OBES BWY > B FEG 2bp B FEAR
Wi LG 2bp A PR AP G AS B SNP (R 16) 0 X 150 BE P
te? 0 YT31/11 ~ (Y)D45/2 ~ YH60/14 ~ YN44/8 »* CASCSR 4 + 5352 F 48
B 7> YT31/11 ~ (Y)D45/2 &~ % & % 8~ 9 B SNP > YH60/14 ~ YN44/8 R &2 1 i
SNP:»# # 1 gzw| B4 (B 16)- 1% B~ 9 DNA iF 5 PCR 4 i& (7832
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EAFE A ERFBEYE (B 17) B0 E Y DNA REL B % o PHE YT54/4 -
YT54/24 ~ YH60/2 ~ YH60/3 44 4% 538 7 & 51 4 45 > YT54/24 ~ YH60/2 22 4 3% 5
1B 74P 3 YTS54/4 ~ YH60/3 £ i 4f A4 714p e (W 18) e 2 ¥ DNA i 7 LR
AATPE O YT54/4 2 YT54/24 & ¥ Bl & B adptele » 55 2bp #6r ¥ R o 5%
EENE AHMBESFRES LA CASCSR 25 A A 73 - 279 5
2bp FEEL L AIIE ek (B 19)

44+ CAS A 715 7 B'EF 2 Indel B7|B #3513 CAS/MF-1 2 CAS/MR-1
(CASCMI) it {7 PCR> £ # htp 2 i $eé & 9169 700bp 4 (W 20)« &+ 2
Af AL N 150 BE Y B o LAg LG - B 1bp £ % P T 0
Fhlodg (B 22)- A HRSEEFRFL A I RWRFE AR i Bt ¥
£ 4% 700bp # £ (B 21) o $4:F YT54/4 ~ YT54/24 ~ YH60/1 ~ YH60/2 ~ YH60/3
AR TR AT o Indel Ak 2 htp B AARkE >0 2 2% BASNP 2 £ 8 (F
22)- SFEE S 2 AP RSRERE % 2t CASCMI £ 5 A A 713 55 7

N S G 1l bp ik 4 BB SNA B RE A R Ak (F
23); H Y g E G 1l bp 464 PR A A 130 411 Al BAER

FISNP » ¥ 130 Ak H A B 5 C/A - 411 A T/A(R 23) -
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WA SRR
® HBERBERE

OxRFuFREIHE Q@ ARFREBASHE COAFLEEE T
OAFLFEEEISHE @ KEFREBAoHHK ggiiigt\jﬁ*ﬁ@m
OAFuFrEsir QALFEESIHha FPELE |

@ AFLFXRBESHh @ FFREBOOMHRE
@ A FLFREBHE @ hRFREBMKE

LR-5 )

Bl A2 R R B RS § et Tl (PR

Fig. 1. The distribution of cypress at Yilan county Loudong forestry district office
Taipingshan ranger station. High-risk areas mean the site locations which are vulnerable
to illegal logging. The map include Taipingshan working circle (T) forest Compartment,
Dasi working circle (D) forest compartment-Luotung area, Nanao working circle (N)
forest compartment and Ho Ping working circle (H) forest compartment. And the

number indicate different area of forest compartment.
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Bark

; Cambium
TiL2 L3 Sapwood
i 1lem Outer heartwood

Inner heartwood

Bl 2 A BN 5 2 BRI T L
Fig. 2. Structure of a log indicated on the cross section. The samples were collected from
various depths of the log (L1-L4) indicated in the enlarged drawing. The L1 sample was

hatcheted from the outermost of the log whereas the L4 was the innermost part.
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Fig. 3. Comparisons of the DNA amount extracted from samples collected at different
depths of the log. DNA was obtained from trucks (A) or roots (B). The wood samples
were collected from living (L) or dead standing (D) tree of Chamaecyparis obtusa Sieb.
& Zucc. var. formosana (Hayata) Rehder (YH60/1, YH60/2, YH60/3, YH60/4) or C.
formosensis Matsum. (RH60/1, RT98/1). Wood chunks were collected from various
depths of the log (L1-L4). Each layer is one centimeter thick. The L1 sample was

hatcheted from the outermost of the log whereas the L4 was the innermost part.
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Total
CoCCoAOMT 99 155 80 719 145 187 132 113 294 1924
CfCCOAOMT 99 184 80 717 145 186 132 113 294 1950
PpCCoAOMT 129 113 80 133 145 98 132 1064 291 2185
PtCCoAOMT 93 102 80 112 145 117 132 161 294 1236

EcCCoAOMT 51 172 80 123 145 153 132 556 294 1706
CsCCoAOMT 87 97 80 496 145 193 132 1153 294 2677

Bl 4~ 7 4 AR 2 veetfip g fiF A 7 LA B AL Pl R

Fig. 4. Schematic diagrams represent structure of genomic DNA of coding region for
different caffeoyl CoA O-methyltransferase (CCOAOMT) genes. Nucleotide sequences
from Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder
(CoCCoAOMT, YH60/2), C. formosensis Matsum. (CfCCoAOMT, RH60/1), Pinus
pinaster Aiton (PpCCoAOMT, CBL95257), Populus trichocarpa Torr. & A. Gray ex
Hook. (PtCCoAOMT, CAA12198), Eucalyptus camaldulensis Dehnh. (ECCCoAOMT,
ADI43381) and Camellia sinensis (L.) Kuntze (CSCCoAOMT, AFY97680) were
analyzed. Exons are indicated by boxes, introns are represented by bended lines between
boxes, and the Arabic numerals under the diagrams indicate the lengths (base pair) of the

exons and introns. The Roman numerals above the boxes represent the number of exons.
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YH60/2 CCoOAOMT
RH60/1 CCOAOMT
CoCCoAOMT
CfCCoAOMT
TcCCoAOMT
PpCCoAOMT
PaCCoAOMT
PtCCoAOMT
CICCoAOMT
EcCCoAOMT
CsCCoAOMT
PtrCCOAOMT
PtoCCoAOM

YH60/2 CCOAOMT
RH60/1 CCOAOMT
CoCCoAOMT
CfCCoAOMT
TcCCoAOMT
PpCCoAOMT
PaCCoAOMT
PtCCoAOMT
CICCoAOMT
EcCCoAOMT
CsCCoAOMT
PtrCCOAOMT
PtoCCoAOM

YH60/2 CCOAOMT
RH60/1 CCOAOMT
CoCCoAOMT
CfCCoAOMT
TcCCoAOMT
PpCCoAOMT
PaCCoAOMT
PtCCoAOMT
CICCoAOMT
EcCCoAOMT
CsCCoAOMT
PtrCCOAOMT
PtoCCoAOM

(1) MASTDVAAAE¥
(1) MASTDVAAAE¥

(HINRLT| ILVKIGG¥ (RKYVRYYRDFVIELNKALARDPRIETS{ORP

(HINRLT| ILVKIGG‘I YDINTLWNGSVVAPPDAPURKYVRYYRDFVIELNKALARDPRIEI SO P

YHINRL T| ILVKIGG‘I YDI‘TLWNGSVVAPPDAPNRKYVRYYRDFVIELNI(AL ADPRIEIS[OP
YD

YHINRLT ILVKIGG‘I TLW'NGSVVAPPDAPMRKYVRYYRDFVIELNI\'ALARDPRIEIP
(HINRLIIBLVKIGGY I[€YDNTLWNGSVVAPPDAPLRKYVRYYRDFVIELNKALARDPR IEIS{@N P
/HYRLIBLVKGCLIA YD TLW'NGSVVAPPDAPLRKYVRYYRDFVMELNI\'AL:RDPRIEIP
'NYHRRLI! ILVK‘GGEIAYDI 'TLWNGSVVAPPDAPLRKYVRYYRDFVMELNKALAZDPR I E TSNP
NYHISRL IB LVKYGGLTAYDNTLWNGSVVAPPDAPLRKYVRYYRDFVMELNKAL ’
'YIENYHISRL T} ILVKIGGEI YDl TLWNGSVVAPPDAPLRKYVRYYRDFVIELNKAL?”DPRIEIP
VIINYHISRL TELVKNGGL € YDNTLWNGSVVAPPDAPLRKYVRY .,DFVLELNKALAHDPRIEI

ATLCRRI[6]

Bl 5~ 7 A2 e fipghf iz A 7 M IRA R R

Fig. 5. Alignment of caffeoyl CoA O-methyltransferase (CCOAOMT) amino acid
sequences between the samples of Chamaecyparis obtusa Sieb. & Zucc. var. formosana
(Hayata) Rehder (YH60/2 CCoAOMT; CoCCoAOMT, ABB87185), C. formosensis
Matsum. (RH60/1 CCoAOMT; CfCCoAOMT, ABB89956). Taiwania cryptomerioides
Hayata (TcCCCoAOMT, ABB87184), Pinus pinaster Aiton (PpPCCoAOMT, CBL95257),
Picea abies (L.) H. Karst. (PaCCoAOMT, CAK18782), Pinus taeda L. (PtCCoAOMT,
AAD02050), Cunninghamia lanceolata Hook. (CICCoAOMT, AFX98065), Eucalyptus
camaldulensis Dehnh. (ECCCoAOMT, ADI43381), Camellia sinensis (L.) Kuntze
(CSCCoAOMT, AFY97680), Populus trichocarpa Torr. & A. Gray ex Hook.
(PtrCCoAOMT, CAA12198), Populustomentosa Carri¢re (PtoCCoAOMT, AAF44689).

The black boxes represent conserved percentage of 100%.
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OMT-RHB0/1
OMT-YHB0/1
OMT-YHB0/2
OMT/YHB0/4

OMTRHB0/1
OM7-YHB0/1
OWT-YHB0/2
OMT/YHB0/4

OMT-RHB0/1
OMT-YHB0/1
OMT-YHB0/2
OMTIYHB0/4

OMT-RHB0/1
OMT-YHB0/1
OMT-YHB0/2
OMT/YHB0/4

OMT-RHB0/1
OM7-YHB0/1
OWT-YHB0/2
OMT/YHB0/4

OMT-RHB0/1
OMT-YHB0/1
OMT-YHB0/2
OMTIYHB0/4

OMT-RHB0/1
OMT-YHB0/1
OMT-YHB0/2
OMTIYHB0/4

OMT-RHB0/1
OM7-YHB0/1
OMT-YHB0/2
OMT/YHB0/4

OMTRHB0/1
OM7-YHB0/1
OMT-YHB0/2
OMTIYHB0/4

OMT-RHB0/1
OMT-YHB0/1
OMT-YHB0/2
OMT/YHB0/4

OMT-RHB0/1
OM7-YHB0/1
OMT-YHB0/2
OMT/YHB0/4

OMTRHB0/1
OM7-YHB0/1
OMT-YHB0/2
OMTIYHB0/4

ATGGCAACCGTAGAGGCT TCCAAGGATTCAACACAGCAGGTCAGCCGCCACCAGGAGGTGGGCCACAAGAGTCTCCTTCAGAGCGATGCTCTGTATCAGY
ATGGCAACCGTAGAGGCTTCCAAGGATTCAACACAGCARGTCAGCCGCCACCAGGAGGTGGGCCACAAGAGTCTCCTTCAGAGCGATGCTCTGTATCAGY
ATGGCAACCGTAGAGGCTTCCAAGGATTCAACACAGCARGTCAGCCGCCACCAGGAGGTGGGCCACAAGAGTCTCCTTCAGAGCGATGCTCTGTATCAGY
ATGGCAACCGTAGAGGCTTCCAAGGATTCAACACAGCARGTCAGCCGCCACCAGGAGGTGGGCCACAAGAGTCTCCTTCAGAGCGATGCTCTGTATCAGY

tttettettetetttegattttacagaggatttggcatatacattaggtttattcatgectggattgatttggatttggcaaatacattaggtttgttta
tttoecttetctttcgattttacagaggatttggcatatacattaggtttattcatgectggattgatttggatttggcaaatacattaggtttgttta
tttoecttetctttcgattttacagaggatttggcatatacattaggtttattcatgectggattgatttggatttggcaaatacattaggtttgttta
tttogecttctetttcgattttacagaggatttggcatatacattaggtttattcatgectggattgatttggatttggcaaatacattaggtttgttta

) tgcctagattoatttggatttogcatatacattgggttaacttttgcctggattoatttggttatggtgtatttatatggcagTATATATTGGAAACCAG
201) tgcctagattg cttttgcctgoattgatttggttatggtgtatttatatggcagTATATATTGGAAACCAG

)

)

tgcctagattg cttttgcctggattgatttogttatggtgtatttatatggcagTATATATTGGAAACCAG
tgcctagattg cttttgcctggattgatttggttatggtgtatttatatggcagTATATATTGGAAACCAG

TGTTTATCCCCGCGAACCTGAGCCAATGAGGGAGCTCAGAGAAATAACTGCCAAGCATCCATGgt aaaacccaat tctgaaaaatctgtgtttgtgctac
TGTTTATCCCCGCGAECCTGAGCCAATGAGGGAGCTCAGAGAAATAACTGOIJAAGCATCCATGgt aaaacccaat tctgaaaaatctgltgtttgtgctac
TGTTTATCCCCGCGABCCTGAGCCAATGAGGGAGCTCAGAGAAATAACTGCIAAGCATCCATGgt aaaacccaat tctgaaaaatctRltgt t tgtgctac
TGTTTATCCCCGCGAECCTGAGCCAATGAGGGAGCTCAGAGAAATAACTGCIAAGCATCCATGgt aaaacccaat tctgaaaaatctiltgt ttgtgctac

) taatttgaaaaatttatgttctgtgccactaataacctaatttcagtaaaacccaatttaggaaaatttatgttctcggetgctgataatctaatgtcag
) taatttgaaaaatttatgttctgtgccactaataafictaatttcagtaaaacccaatttaggaaaatttatgttctcegiftilctataatctaaggtcag
372) taatttgaaaaatttatgttctgtgccactaataafictaatttcagtaaaacccaatttaggaaaatttatgttctcegift@lctElataatctaaggtcag
) taatttgaaaaatttatgttctgtgccactaataafjctaatttcagtaaaacccaatttaggaaaatttatgttctclegitglctgataatctaaggtcag

taaaacccaattttgagaaatttctgttctgtgctactaatagttcaatgtcagtaacgcccaaattggaaaaatttatattctgtgetactaataacct
taaaacccaattttgagaaatttctgttctg aaaaatttatattctgtojtactaataacct
taaaacccaattttgagaaatttctgttctg aaaaatttatattctgtojtactaataacct
taaaacccaattttgagaaatttctgttctg aaaaatttatattctgtgpjtactaataacct

aaggtcagtaaaatccagatttgaaaatttatattctgtgctacaaataatctaatcagtataatcagtaaaacccaattttgaaaaatcta——— tot
aaggtcagtaaaalgccaEMt t tgaaaat ttatattcteltgiitacaaataatctaatcagtataatcagtaaaacccaat tttgaaaaatct ajfdelet cE!
aaggtcagtaaaalgccaEMt t tgaaaatttatattcteltgiitacaaataatctaatcagtataatcagtaaaacccaat tttgaaaaatct ajfdelet cE!
aaggtcagtaaaalgccaEMt t tgaaaatttatattcteltgiitacaaataatctaatcagtataatcagtaaaacccaat tttgaaaaatct ajfdelet cE!

ttgtactgatc——attttgaaaaatttatgttctgtgccactaatgacctaatggcagtaaaacccaattt

tidotag telasklddeEla tle t Elgwaaaat t®at gelt ct@t gciac tigaeklalic taat giicagtaaaacccaat t tfekleEEEIRRIAT IR Aol (o[ IR FE:
tidotag telasklddeEla tle t Elgwaaaat t®at gelt ct@t gciac tigaeklalic taat giicagtaaaacccaat t tfekleEEEIRRIAT RN o (o[ IR FE:
tigotag telagklddeEla tle tElgeaaaat tgat gElt c tigt gcjjac tigaieklajic taat gljcagtaaaacccaat t t|fekleEEE R {elqE-Ne]{e[e) -Teh f:F:
————— aggaaaattcatgttctctgctactaacaatctaacgtcagtaaaacccaattttgagaaatttetgttctgtgctactaatagtt-attgtea
EEARMla00aaaat tcatgt tetctgetactacaatctaacgtcalitaaaacccaattttgagaaatttet——tctgtglctactaatagt tgagltgtca
(EEMMMla00aaaat tcatgttetctgotact@acaatctaacgtcalftaaaacccaattttgagaaatttct——tctgtglctactaatagt tgagltgtca
EEMla00aaaat tcatgttetctgctactfgacaatctaacgt cajftaaaacccaattttgagaaatttct——tctgtglctactaatagt tigagltgtca

) gtaaaaccaaattttgaaaaatttatattctatgctactaataacctaaggtcagtaaaacccaattttgaaaaatttatattctgtgctacaaacaate
832) gtaaaaccleaaklt tgaaaaatttatattcti§tgctactaataacctaaggtcagtaaaacccaattttgaaaaatttatattctgtgctacaaaffaat

) gtaaaacclgaaflt tlgaaaaat ttatattctigtgctactaataacctaaggtcagtaaaacccaattttgaaaaatttatattctgtgctacaaafaat

) gtaaaacclgaaflt tlgaaaaat ttatattctigtgctactaataacctaaggtcagtaaaacccaattttgaaaaatttatattctgtgctacaaajaat
taglferlelt aaaacccaat tttgagaatctttatttctgtgctagtcatagecctaatgtcaggt tteccatggtctgaagtatttctttecc-acatttett
teltgatctaaaacccaattttgagaaeMt ttatttctgtgctagtcataglcc-taatgtcaggtttccatggtctgaagtatttcttteclgacatttett
teEleEle t aaaacccaat tttgalgaaeMit ttat ttctgtgctagtcataglcc-taatgtcaggt ttccatggtctgaagtatttcttteclacatttett
teel{ekle|t aaaacccaat tttgalgaaeiit t tat ttctgtgctagtcataglcc-taatgtcaggt ttccatggtctgaagtatttcttteclgacatttett

aaaatcgectctgattttttacagGAATTTGATGACTACTTCGGCTGATGAGGGCCAATTTTTACATCTGTTGTTGAAGCTCATCAATGCCAAGAACACC

(1057)

(1031) aaaatfigcctctiiittttttacagGAATTTGATGACTACTTCGGCTGATGAGGGCCAATTTTTACATCTGTTGTTGAAGCTCATCAATGCCAAGAACACC
(1031) aaaatfigcctctiiittttttacagGAATTTGATGACTACTTCGGCTGATGAGGGCCAATTTTTACATCTGTTGTTGAAGCTCATCAATGCCAAGAACACC
(1031) aaaatpgcctctigyttttttacagGAATTTGATGACTACTTCGGCTGATGAGGGCCAATTTTTACATCTGTTGTTGAAGCTCATCAATGCCAAGAACACC

(continued)
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Fig. 6. Alignment of caffeoyl CoA O-methyltransferase (CCoOAOMT) genomic DNA

sequences in Chamaecyparisformosensis Matsum. (RH60/1) and C. obtusa Sieb. & Zucc.

var. formosana (Hayata) Rehder (YH60/2). The black boxes represent conserved

percentage of 75%. The gray boxes represent conserved percentage of 25% and 50%,

respectively. The hyphens between sequences mean deletion. Exons and introns are

indicated by capital letters and lowercase letters, respectively.
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OMT-RHBO/1  (1157) ATGGAGATTGGTGTGTATACTGGTTACTCGCTTCTCAGCACTGCTCTTGCCCTACCTGATGATGGCAAGgtatacaaacgtgcacttctctgttgtttaa
OMT-YH60/1 (1131) ATGGAGATTGGTGTGTATACTGGTTACTCGCTTCTCAGCACTGCTCTTGCCCTACCTGATGATGGCAAGgtatacaaacgtgcactfectctgttgtttaa
OMT-YH60/2  (1131) ATGGAGATTGGTGTGTATACTGGTTACTCGCTTCTCAGCACTGCTCTTGCCCTACCTGATGATGGCAAGgtatacaaacgtgcactfectctgttgtttaa
OMT/YHE0/4  (1131) ATGGAGATTGGTGTGTATACTGGTTACTCGCTTCTCAGCACTGCTCTTGCCCTACCTGATGATGGCAAGgtatacaaacgtgcactigctctgttgtttaa
OMT-RH60/1 (1257) tggaagcgacaggattttaagggegtccetcetttattcagtgttttgaccttttacatatggcagatcataatcatgeattcatctgttecttat-ggtt
OMT-YHE0/1 (1231) tElgaageglecaggattttaagggegtecctcetttattcagtgtt telaccletttacatatggcagatcataatcatgeattcatetgttect tagegdet
OMT-YHE0/2 (1231) tElgaageglecaggattttaagggegtecctetttattcagtgtt telaccletttacatatggcagatcataatcatgeattcatotgttect tagegdet
OMT/YHE0/4  (1231) tglgaagoglecaggattttaagggegtecetcetttattcagtggtt tglaccltttacatatggcagatcataatcatgeattcatctgttect tagleodgt
OMT-RHB0/1  (1356) gagaaaataattttaagggtttcccaatttacagtttactgattttcgtottgcagATTTTAGCAATGGACATAAACAGGGAGAACTATGAGTTGGGGTT
OMT-YHB0/1 (1331) gagaaaagaattttaagggtttcccaatttacagtttactgattttcgtottgcagATTTTAGCAATGGACATAAACAGGGAGAACTATGAGTTGGGGTT
OMT-YHB0/2 (1331) gagaaaagaattttaagggtttcccaatttacagtttactgattttcgtottgcagATTTTAGCAATGGACATAAACAGGGAGAACTATGAGTTGGGGTT
OMT/YHB0/4 (1331) gagaaaagaattttaagggtttcccaatttacagtttactgattttcgtgttgcagATTTTAGCAATGGACATAAACAGGGAGAACTATGAGTTGGGGTT
OMT-RHBO/1  (1456) GCCAGTAATTCAAAAAGCAGGGGTTGCCCACAAAATTGACTTCAGAGAGGGCCCTGCCCTGCCTGTTCTTGATCAAATGTTGGAAAATgtaaget taaat

(1456)
(1431)

OMT-YHB0/2  (1431) GCCAGTAATTCAAAAAGCAGGGGTTGCCCACAAAATTGACTTCAGAGAGGGCCCTGCYCTACCRGTTCTTGATCAAATGETGGAAAATgtaaget taaat
(1431)

OMT-YHB0/1 (1431) GCCAGTAATTCAAAAAGCAGGGGTTGCCCACAAAATTGACTTCAGAGAGGGCCCTGCYCTICTGTTCTTGATCAAATGTGGAAAATgtaaget taaat
OMT/YHB0/4  (1431) GCCAGTAATTCAAAAAGCAGGGGTTGCCCACAAAATTGACTTCAGAGAGGGCCCTGCYCTIRCAAGTTCTTGATCAAATGETGGAAAATgtaaget taaat

OMT-RHE0/1  (1556) ctcatctgtatataaccagaaatgaaataactgttcaaaatggtggctatttttttgtgggtagattctgaatctagaaaattatgggtgtgatattgea
OMT-YH60/1 (1531) ctcatctgtatataaccagaaatdgaaklaactgteldaaaatggtggetatttttttgtgggtagattctgaatctldofiaaat tatgggtgtgatattgea
OMT-YH60/2 (1531) ctcatctgtatataaccagaaatdgaaklaactgteldaaaatggtggetatttttttgtgggtagattctgaatctldofiaaat tatgggtgtgatattgea
OMT/YHE0/4  (1531) ctcatctgtatataaccagaaatdgaaklaactgtgldaaaatggtggetatttttttgtgggtagattctgaatctigoaaattatgggtgtgatattgea
OMT-RHBO/1  (1656) gAAGGAAATGCATGGTTCGTTCGATTTCATATTCGTGGACGCAGACAAAGACAATTATCTGAATTACCACAAGCGGCTGATTGATCTGGTGAAGATTGGG
OMT-YHB0/1  (1631) gAAGGAAATGCATGGETC®TTCGATTTCATATTCGTGGACGCAGACAAAGACAATTATCTGAATTACCACAAGCGGCTGATTGATCTGGTGAAGATTGGG
OMT-YHB0/2  (1631) gAAGGAAATGCATGGETC®TTCGATTTCATATTCGTGGACGCAGACAAAGACAATTATCTGAATTACCACAAGCGGCTGATTGATCTGGTGAAGATTGGG
OMTIYHB0/4  (1631) gAAGGAAATGCATGGETCETTCGATTTCATATTCGTGGACGCAGACAAAGACAATTATCTGAATTACCACAAGCGGCTGATTGATCTGGTGAAGATTGGG
OMT-RHBO/1  (1756) GGAGTGATCGGGTACGACAATACTCTGTGGAATGGATCAGTGGTGGCTCCACCCGATGCCCCAATGAGGAAATATGTGAGATATTACAGAGACTTTGTGA
OMT-YHB0/1 (1731) GGAGTGATCGGGTACGACAATACTCTGTGGAATGGATCAGTGGTGGCTCCACCCGATGCCCCAATGAGGAAATATGTGAGATATTACAGAGACTTTGTGA
OMT-YHB0/2  (1731) GGAGTGATCGGGTACGACAATACTCTGTGGAATGGATCAGTGGTGGCTCCACCCGATGCCCCAATGAGGAAATATGTGAGATATTACAGAGACTTTGTGA
OMTIYHB0/4  (1731) GGAGTGATCGGGTACGACAATACTCTGTGGAATGGATCAGTGGTGGCTCCACCCGATGCCCCAATGAGGAAATATGTGAGATATTACAGAGACTTTGTGA
OMT-RHE0/1  (1856) TTGAACTGAACAAGGCCCTCGCTGCAGACCCTCGGATTGAAATCAGCCAAATTCCTGTAGGAGATGGCATCACTCTCTGCAG ‘GA@TTATTTGA

OMT-YH60/1 (1831) TTGAACTGAACAAGGCCCTCGCTGCAGACCCTCGGATTGAAATCAGCCAAATTCCTGTAGGAGATGGCATCACTCTCTGCAGARGAATTATTTGA

OMT-YH60/2  (1831) TTGAACTGAACAAGGCCCTCGCTGCAGACCCTCGGATTGAAATCAGCCAAATTCCTGTAGGAGATGGCATCACTCTCTGCAGAR GA@TTATTTGA

OMT/YHE0/4  (1831) TTGAACTGAACAAGGCCCTCGCTGCAGACCCTCGGATTGAAATCAGCCAAATTCCTGTAGGAGATGGCATCACTCTCTGCAGACGAATTATTTGA
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Fig. 6. (continued) Alignment of caffeoyl CoA O-methyltransferase (CCoAOMT)
genomic DNA sequences in Chamaecyparis formosensis Matsum. (RH60/1) and C.
obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2).
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I I Ul v \ \ Vil Vil IX X
Total
length

CoAPS 270 377191598 103 349222 82113 17890118 216284139260 249 121 297 4257
CfAPS 270 377191598 103 349222 82113 17890118 216 284139260 249 121 297 4257
AgAPS 261 107203 88113153212 92 9553799 99 216 94139106 249 120 300 3283

O W m O

ArAPS 213 128 280 109 364 138 216 94139271 249 122 288 2611

B 73 2 £ R A T R

Fig. 7. Schematic diagrams represent structure of genomic DNA of coding region for
different pinene synthase (APS) genes. Nucleotide sequences from Chamaecyparis
obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (CoAPS, YH60/2), C. formosensis
Matsum. (CfAPS, RT31/1), Abies grandis Lindl. (AgAPS, U87909.1 and AF326517.1)
and Artemisia annua L. (ArAPS, GU929215) were analyzed. Exons are indicated by
boxes, introns are represented by bended lines between boxes, and the Arabic numerals
under the diagrams indicate the lengths (base pairs) of the exons and introns. The Roman

numerals above the boxes represent the number of exons.
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APS-RT31/1-cONA
EU099434 .1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cDNA
EU099434 . 1

APS-RT31/1-cONA
EU099434 .1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cDNA
EU099434 . 1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cDNA
EU099434 . 1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cONA
EU099434 .1

APS-RT31/1-cDNA
EU099434 . 1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cONA
EU099434 .1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cONA
EU099434 .1

APS-RT31/1-cONA
EU099434 . 1

APS-RT31/1-cDNA
EU099434 . 1

(1) ATGTCTCTCGGTTGTATTACACCATTGGCTTCCCHATAIT TICCCAAGT TAGTGAGGCCACTCATTCATCATAARCCTCTTTTTCATCACAAGCCTTTG
(54) ATGTCTCTCGGTTGTATTACACCATTGGCTTCCECRATGET TAECCCAAGTTAGTGAGGCCACTCATTCATCATAARCCTCTTTTTCATCACAAGCCTTTG

(103) AATAG

CATAC GACCAAAATCCCTCTGCGETCTAGAGTTGCTCAAAATCCCATTAAJATGGCACTGATTACCACTGATGAAGGCATAACACGACGT
(156) AATAG 0]

ICATAC GACCAAAATCCCTCTGCGY TCTAGAGTTGCTCAAAATCCCATTAABATGGCACTGATTACCACTGATGAAGGCATAACACGACGT

(205) ATTGGCAATCATCACCCTAACTTGTGGGACGATGATTTCATACAATCTCTCTCAAAAGCTTATGAGGCECCCTCTTATGGTGAACGTGCTGAGAAECTGATA
(258) ATTGGCAATCATCACCCTAACTTGTGGGACGATGATTTCATACAATCTCTCTCAAAAGCTTATGAGGCHCCCTCTTATGGTGAACGTGCTGAGAARCTGATA

(307) AAGGATGT®AGGGACATGTTCAATGCCCTTCCTCTACACTCTTCATCTGCAGACGATCTGATTCAAGATCTTTCA®TGGT TGACAGHGTAGAACGCCTGGGA
(360) AAGGATGTLJAGGGACATGTTCAATGCCCTTCGTCTACACTCTTCATCTGCAGACGATCTGATTCAACATCTTTCAIITGGTTGACAGEGTAGAACGCCTGGGA

(409) ATTGACCGCCATTTTCAAAATGAAATAAAAACAGCTCTTGACTATGTTTACAGATATTGGAGCGACGCAGGCATTGGATGTGGTAGAGAGAGTACTCATGCA
(462) ATTGACCGCCATTTTCAAAATGAAATAAAAACAGCTCTTGACTATGTTTACAGATATTGGAGCGACGCAGGCATTGGATGTGGTAGAGAGAGTACTCATGCA

(511) GATCTAAACACTACAGCCTTAGGTTTTCGAATTCTTCGCCTTCATAGATATAGTGTCAYEECAGATGTGTTGCAACAATTTGTTCTTAGAGATGAECCATTC
(564) GATCTAAACACTACAGCCTTAGGTTTTCGAATTCTTCGCCTTCATAGATATAGTGTCLIYICAGATGTGTTGCAACAATTTGTTCTTAGAGATGGRCCATTC

(613) TTGGATTCAAATAATCAGCCIAATGAAGACGATATAAAAAACATTCTAAATTTATTTCGTGGTTCACTCATAGCATTTCCIGGGGAGAATGTTTTGGATGAT
(666) TTGGATTCAAATAATCAGCCEAATGAAGACGATATAAAAAACATTCTAAATTTATTTCGTGGTTCACTCATAGCATTTCCGGGGAGAATGTTTTGGATGAT

(715) GCAAAATCCTTTACAATGACATATTTAAAGCAAGTTCTACCAAAGATTAGCAAIITTAAATCTTTCAAGAGAGATAAAGTTCAATCTTGAGTATGGTTGGCAC
(768) GCAAAATCCTTTACAATGACATATTTAAAGCAAGTTCTACCAAAGATTAGCAASTTAAATCTTTCAAGAGAGATAAAGTTCAATCTTGAGTATGGTTGGCAC

(817) ACCAATGTGCCTAGGTTGGAAGCAAGGACCTATATTGATATATATGGAGAAGATAGT TCATGGGCTTCCAAAAGCATTAACAATATCTTCTATACAAAACTT
(870) ACCAATGTGCCTAGGTTGGAAGCAAGGACCTATATTGATATATATGGAGAAGATAGT TCATGGGCTTCCAAAAGCATTAACAATATCTTCTATACAAAACTT

(919) CTAGAATTGGCAAAGTTGGACTTCAACATAATTCAGTCACTACAACAACAAGAGCTTCAAATTCTRITCAAGATGGTGGATGGAGTCTGATTTGGGTAAGCTA
(972) CTAGAATTGGCAAAGTTGGACTTCAACATAATTCAGTCACTACAACAACAAGAGCTTCAAATTCT®TCAAGATGGTGGATGGAGTCTGATTTGGGTAAGCTA

(1021) GATTTTGCTCGCCATCGCCATGTGGAGTATTACCTTTGGGCAGCTACAGGGTGTATTGAGCCCAAATATTCAGCTTTTAGAATTGGGTTTGCAAAGTTGTCT
(1074) GATTTTGCTCGCCATCGCCATGTGGAGTATTACCTTTGGGCAGCTACAGGGTGTATTGAGCCCAAATATTCAGCTTTTAGAATTGGGTTTGCAAAGTTGTCT

(1123) GCACTTGTCACATATHTGGAIGATATIITACGACACTTATGEACT TTIGATGAGETCAAAATATTCACAAAAGCTATTAAAAGGTGGGATGCATCAATCATA
(1176) GCACTTGTCACATAT®TGGASGATATEETACGACACTTATGggACT TTGATGAGQTCAAAATATTCACAAAAGCTATTAAAAGGTGGGATGCATCAATCATA

(1225) AAAGGACTTCCAGAATTTATGAAAGTGGCATTCEAAGCT TTTGATGAAGCTGTGAAGGACATGGCTCAAGAGGCCAAGAAAACTCAAGRJAGAGACACACTT
(1275) AAAGGACTTCCAGAATTTATGAAAGTGGCATTCRAAGCTTTTGATGAAGCTGTGAAGGACATGGCTCAAGAGGCCAAGAAAACTCAAGGRAGAGACACACTT

(1327) GACTATGCACGTAAAGCGTGGGAAGTATATATAGATGCTTACATGAAAGAAGCAGAGTGGCTTGCTACSGGTTATATGCCATCTTTAGAGGAATATTTAGAA
(1377) GACTATGCACGTAAAGCGTGGGAAGTATATATAGATGCT TACATGAAAGAAGCAGAGTGGCTTGCTACEGGTTATATGCCATCTTTAGAGGAATATTTAGAA

(1429) AATGGAAAAGTAAGTGCAGGGTCTCGTGTTGTGACCTTGCAACCTATTTTATCACTAGATGTGCCTCTTTCAGATGARATTCTCAAAGAAATCGATTATCCA
(1479) AATGGAAAAGTAAGTGCAGGGTCTCGTGTTGTGACCTTGCAACCTATTTTATCACTAGATGTGCCTCTTTCAGATGABATTCTCAAAGAAATCGATTATCCA

(1531) TCAAGGTTTGATGAGTTATTATGCTTAACCCTAAGATTAAGAGGTGACACAAGGACT TTTAAGGCTGAAGCAGATCGTGGAGAAGTGGTATCATGTATAACA
(1581) TCAAGGTTTGATGAGTTATTATGCTTAACCCTAAGATTAAGAGGTGACACAAGGACT TTTAAGGCTGAAGCAGATCGTGGAGAAGTGGTATCATGTATAACA

(1633) TGTTACATGAAAGACCATCCTGGATCCAATGAAGAAGATGCATTAAATTATCTCAATTCTTTGATTGATGAAAGACTCAAAGAATTAAATTGGGAATATTTA
(1683) TGTTACATGAAAGACCATCCTGGATCCAATGAAGAAGATGCATTAAATTATCTCAATTCTTTGATTGATGAAAGACTCAAAGAATTAAATTGGGAATATTTA

(1735) AAA ‘TGATAATGTCCCAATAATTAGCAAAGGTAATGCCTATAATTTATCAAAAGGTCTCCAACTTTTGTATAAGGAAAGAGATGGATTTACGGTCT!TAGC
(1785) AAAASTGATAATGTCCCAATAATTAGCAAAGGTAATGCCTATAATTTATCAAAAGGTCTCCAACTTTTGTATAAGGAAAGAGATGGATTTACGGTCTITAG

(1837) ATTGAGACAAAAAATBTTAT®TACAGAATGATGATTGGATCAATTCCAATA
(1887) ATTGAGACAAAAAATIITTATIITACAGAATGATGATTGGATCAATTCCAATA
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Fig. 8. Alignment of cDNA sequence for alpha pinene synthase (APS) genes between two
different individual of Chamaecyparis formosensis Matsum. (RT31/1, EU099434.1). The

black boxes represent the different cDNA sequence.
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APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

APS-RT31/1
APS-RT31/6
APS-YHB0/2
APS-YT31/6

) ATGTCTCTCGGTTGTATTACACCATTGGCTTCCACTATGTTTGAACCCAAGTTAGTGAGGCCACTCATTCATCATAAGCCTCTTTTTCATCACAAGCCTT
) ATGTCTCTCGGTTGTATTACACCATTGGCTTCCACTATGTTTGAACCCAAGTTAGTGAGGCCACTCATTCATCATAAGCCTCTTTTTCATCACAAGCCTT
) ATGTCTCTCGGTTGTATTACACCATTGGCTTCCACTATGTTTGAACCCAAGTTAGTGAGGCCACTCATTCATCATAAGCCTCTTTTTCATCACAAGCCTT
)

(1
(1
(1
(1) ATGTCTCTCGGTTGTATTACACCATTGGCTTCCACTATGTTTGAACCCAAGTTAGTGAGGCCACTCATTCATCATAAGCCTCTTTTTCATCACAAGCCTT

101
101
101
101

TGAATAGAGCATACCCTAAGACCAAAATCCCTCTGCGCTCTAGAGTTGCTCAAAATCCCATTAATATGGCACTGATTACCACTGATGAAGGCATAACACG
TGAATAGAGCATACCCTAAGACCAAAATCCCTCTGCGCTCTAGAGTTGCTCAAAATCCCATTAATATGGCACTGATTACCACTGATGAAGGCATAACACG
TGAATAGAGCATACCCTAAGACCAAAATCCCTCTGCGCTCTAGAGTTGCTCAAAATCCCATTAATATGGCACTGATTACCACTGATGAAGGCATAACACG
TGAATAGAGCATACCCTAAGACCAAAATCCCTCTGCGCTCTAGAGTTGCTCAAAATCCCATTAATATGGCACTGATTACCACTGATGAAGGCATAACACG

201) ACGTATTGGCAATCATCACCCTAACTTGTGGGACGATGATTTCATACAATCTCTCTCAAAAGCTTATGAGgtacatcctagt ttactattcatcttgage
201) ACGTATTGGCAATCATCACCCTAACTTGTGGGACGATGATTTCATACAATCTCTCTCAAAAGCTTATGAGgtacatcctagt ttactattcatcttgage
201) ACGTATTGGCAATCATCACCCTAACTTGTGGGACGATGATTTCATACAATCTCTCTCAAAAGCTTATGAGgtacatcctagt ttactattcatcttgage

) ACGTATTGGCAATCATCACCCTAACTTGTGGGACGATGATTTCATACAATCTCTCTCAAAAGCTTATGAGgtacatcctagt ttactattcatct tgage

) tcagttaaatcactaaatagttcgttctagttcttttggattagtttatgggattttatttttccatgtttgggattatcgttcatgaatgaacaaagag
) tcagttaaatcactaaatagttcgttctagttcttttggattagtttatgggattttatttttccatgtttgggattatcgttcatgaatgaacaaagag
301) tcagttaaatcactaaatagttcgttctagttcttttggattagtttatgggattttatttttccatgtttoggattatcgttcatgaatgaacaaagag
) tcagttaaatcactaaatagttcgttctagttcttttggattagtttatgggattttatttttccatgtttgggattatcgttcatgaatgaacaaagag

tcataaaagttactatccctgcataatttgttgtgettaatectatttcttaatttactatttattctgaactgaatttaatgagtgcataatttgaatg
tcataaaagttactatccctgcataatttgttgtgcettaatectatttcttaatttactatttattctgaactgaatttaatgagtgcataatttgaatg
tcataaaagttactatccctgcataatttgttgtgettaatectatttcttaatttactatttattctgaactgaatttaatgagtgcataatttgaatg
tcataaaagttactatccctgcataatttgttgtgettaatectatttcttaatttactatttattctgaactgaatttaatgagtgcataatttgaatg

tttcataattggattttgtgagtgttcttattgattaatgttttagaccatgttttagaacaaacaaaagaaaaaagagaaatgaaaagttgtactaaag
tttcataattggattttgtgagtgttcttattgattaatgttttagaccatgttttagaacaaacaaaagaaaaaagagaaatgaaaagttgtactaaag
tttcataattggattttgtgagtgttcttattgattaatgttttagaccatgttttagaacaaacaaaagaaaaaagagaaatgaaaagttgtactaaag
tttcataattggattttgtgagtgttcttattgattaatgttttagaccatgttttagaacaaacaaaagaaaaaagagaaatgaaaagttgtactaaag

aatctgaagttctgatttctttttgcatctgtgatggccggtcacagGCCCCCTCTTATGGTGAACGTGCTGAGAAGCTGATAAAGGATGTCAGGGACAT
aatctgaagttctgatttctttttgcatctgtgatggccggtcacagGCCCCCTCTTATGGTGAACGTGCTGAGAAGCTGATAAAGGATGTCAGGGACAT
aatctgaagttctgatttctttttgcatctgtgatggccggtcacagGCCCCCTCTTATGGTGAACGTGCTGAGAAGCTGATAAAGGATGTCAGGGACAT
aatctgaagttctgatttctttttgcatctgtgatggccggtcacagGCCCCCTCTTATGGTGAACGTGCTGAGAAGCTGATAAAGGATGTCAGGGACAT

(701) GTTCAATGCCCTTCCTCTACACTCTTCATCTGCAGACGATCTGATTCAACATCTTTCACTGGTTGACAGTGTAGAACGCCTGGGAATTGACCGCCATTTT
(701) GTTCAATGCCCTTCCTCTACACTCTTCATCTGCAGACGATCTGATTCAACATCTTTCACTGGTTGACAGTGTAGAACGCCTGGGAATTGACCGCCATTTT
(701) GTTCAATGCCCTTCCTCTACACTCTTCATCTGCAGACGATCTGATTCAACATCTTTCACTGGTTGACAGTGTAGAACGCCTGGGAATTGACCGCCATTTT
(701) GTTCAATGCCCTTCCTCTACACTCTTCATCTGCAGACGATCTGATTCAACATCTTTCACTGGTTGACAGTGTAGAACGCCTGGGAATTGACCGCCATTTT

(801) CAAAATGAAATAAAAACAGCTCTTGACTATGTTTACAGgtttgcttgttttctaagettctggatgagtgttattatgttttttgeattatgttatgaaa
(801) CAAAATGAAATAAAAACAGCTCTTGACTATGTTTACAGgtttgcttgttttctaagettctggatgagtgttattatgttttttgeattatgttatgaaa
(801) CAAAATGAAATAAAAACAGCTCTTGACTATGTTTACAGgtttgcttgttttctaagettctggatgagtgttattatgttttttgcattatgttatgaaa
(801) CAAAATGAAATAAAAACAGCTCTTGACTATGTTTACAGgtttgcttgttttctaagettctggatgagtgttattatgttttttgcattatgttatgaaa
(901) aagactttttcctagtgtaacccatgttttcaagtaaacagtgatcagtattttaatagaaatatatcacttgtatttatgatagaatttaaacaacata
(901) aagactttttcctagtgtaacccatgttttcaagtaaacagtgatcagtattttaatagaaatatatcacttgtatttatgatagaatttaaacaacata
(901) aagactttttcctagtgtaacccatgttttcaagtaaacagtgatcagtattttaatagaaatatatcacttgtatttatgatagaatttaaacaacata
(901) aagactttttcctagtgtaacccatgttttcaagtaaacagtgatcagtattttaatagaaatatatcacttgtatttatgatagaatttaaacaacata
1001) ttttatgttttgatttgttaggtatctaatctgagatcatattaattagectgatttcagatgatttatttggtgtgattacgttgtctttggcaaacac
1001) ttttatgttttgatttgttaggtatctaatctgagatcatattaattagectgatttcagatgatttatttggtgtgattacgttgtctttggcaaacac
1001) ttttatgttttgatttgttaggtatctaatctgagatcatattaattagectgatttcagatgatttatttggtgtgattacgttgtctttggcaaacac
1001) ttttatgttttgatttgttaggtatctaatctgagatcatattaattagectgatttcagatgatttatttggtgtgattacgttgtctttggcaaacac
1101) tgtttatgttgaaaattgagtcttcaagtaaacagagtaaactgaccatataaaatgcatttttgtgctcgtatgtgtgtgtgaactaggggttggttct
1101) tgtttatgttgaaaattgagtcttcaagtaaacagagtaaactgaccatataaaatgcatttttgtgctcgtatgtgtgtgtgaactaggggttagttct
1101) tgtttatgttgaaaattgagtcttcaagtaaacagagtaaactgaccatataaaatgcatttttgtgctcgtatgtgtgtgtgaactaggggttggttct
1101) tgtttatgttgaaaattgagtcttcaagtaaacagagtaaactgaccatataaaatgcatttttgtgctcgtatgtgtgtgtgaactaggggttggttct

(continued)
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Fig. 9. Alignment of alpha pinene synthase (APS) genomic DNA sequences in

Chamaecyparisformosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa Sieb. & Zucc. var.

formosana (Hayata) Rehder (YH60/2 ~ YT31/6). The black boxes represent conserved

percentage of 25%. The dark and light gray boxes represent conserved percentage of 50%

and 75%, respectively. The hyphens between sequences mean deletion. Exons and introns

are indicated by capital letters and lowercase letters, respectively.
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APS-RT31/1 (1201) actgaatataatctaacttttgatttattgagacgattcatgtaaaattgtattaacattagaatttaacttttgatttattgagacgattcatgtaaaa
APS-RT31/6 (1201) actgaatataatctaacttttgatttattgagacgattcatgtaaaattgtattaacattagaatttaacttttgatttattgagacgattcatgtaaaa
APS-YH60/2 (1201) actgaatataatctaacttttgatttattgagacgattcatgtaaaattgtattaacattagaatttaacttttgatttattgagacgattcatgtaaaa
APS-YT31/6 (1201) actgaatataatctaacttttgatttattgagacgattcatgtaaaattgtattaacattagaatttaacttttgatttattgagacgattcatgtaaaa
APS-RT31/1 (1301) ttgtattaacattagaattttaatggaaaaaattgtacaattttttaaaaaaaattataatttagattgtactttttgaaatcaaagttctatccattag
APS-RT31/6 (1301) ttgtattaacattagaattttaatggaaaaaattgtacaattttttaaaaaaaattataatttagattgtactttttgaaatcaaagttctatccattag
APS-YH60/2 (1301) ttgtattaacattagaattttaatggaaaaaattgtacaattttttaaaaaaaattataatttagattgtactttttgaaatcaaagttctatccattag
APS-YT31/6 (1301) ttgtattaacattagaattttaatggaaaaaattgtacaattttttaaaaaaaattataatttagattgtactttttgaaatcaaagttctatccattag
APS-RT31/1  (1401) aacaattctcatatcttggaattatttaaataacagATATTGGAGCGACGCAGGCATTGGATGTGGTAGAGAGAGTACTCATGCAGATCTAAACACTACA
APS-RT31/6 (1401) aacaattctcatatcttggaattatttaaataacagATATTGGAGCGACGCAGGCATTGGATGTGGTAGAGAGAGTACTCATGCAGATCTAAACACTACA
APS-YHB0/2 (1401) aacaattctcatatcttggaattatttaaataacagATATTGGAGCGACGCAGGCATTGGATGTGGTAGAGAGAGTACTCATGCAGATCTAAACACTACA
APS-YT31/6 (1401) aacaattctcatatcttggaattatttaaataacagATATTGGAGCGACGCAGGCATTGGATGTGGTAGAGAGAGTACTCATGCAGATCTAAACACTACA
APS-RT31/1  (1501) GCCTTAGGTTTTCGAATTCTTCGCCTTCATAGATATAGTgtctcttcaggtaatgtctgcagttactgaatcagattttttttcatttaagttctgaatt
APS-RT31/6 (1501) GCCTTAGGTTTTCGAATTCTTCGCCTTCATAGATATAGTgtctcttcaggtaatgtctgcagttactgaatcagattttttttcatttaagttctgaatt
APS-YH60/2  (1501) GCCTTAGGTTTTCGAATTCTTCGCCTTCATAGATATAGTgtctct tcaggtaatgtctgcagttactgaatcagattttttttcatttaagttctgaatt
APS-YT31/6  (1501) GCCTTAGGTTTTCGAATTCTTCGCCTTCATAGATATAGTgtctct tcaggtaatgtctgcagttactgaatcagattttttttcatttaagttctgaatt
APS-RT31/1 (1601) tagaatttatagaaaagattgagatgactataaactctatttagatcacagagatgtggtggcaaagtatcttgttctgcaataatgacggtgtccatga
APS-RT31/6  (1601) tagaatttatagaaaaﬂattgagatgaotataaactctatttagatcacagagatgtggtEgcaaagtatcttgttotgcaataatgaogﬂtgtccatﬁa
APS-YH60/2 (1601) tagaatttatagaaaagattgagatgactataaactctatttagatcacagagatgtggtggcaaagtatcttgttctgcaataatgacggtgtccatga
APS-YT31/6 (1601) tagaatttatagaaaagattgagatgactataaactctatttagatcacagagatgtggtggcaaagtatcttgttctgcaataatgacggtgtccatga
APS-RT31/1  (1701) aatttcagatgtaagacaatatggaaaatttaatggaattcatgtgttctatcatagaatcggttatgttgtttagattcaaaattttattatttacttc
APS-RT31/6 (1701) aatttcﬂgatataagacaatatggaaaa@ttaatggaa@tcatgtgttctatcatagaatcﬂgttatEttgtttagattcaaaattttattatttacﬁtc
APS-YHB0/2 (1701) aatttcagatgtaagacaatatggaaaatttaatggaattcatgtgttctatcatagaatcggttatgttgtttagattcaaaattttattatttacttc
APS-YT31/6 (1701) aatttcagatgtaagacaatatggaaaatttaatggaattcatgtgttctatcatagaatcggttatgttgtttagattcaaaattttattatttacttc
APS-RT31/1 (1801) ttaaaagaatttatattaaaatatatattttctattttatattctgtataaaattatttaaattgtttagtttttaataagaacttatGTCATGGCAGAT
APS-RT31/6  (1801) ttaaaaﬂaaﬂttatattaaaatatatattttctattttatattctgtataaaattatttaaattgtttagtttttaataagaaottatGTCATGGCAGAT
APS-YH60/2 (1801) ttaaaagaatttatattaaaatatatattttctattttatattctgtataaaattatttaaattgtttagtttttaataagaacttatGTCATGGCAGAT
APS-YT31/6 (1801) ttaaaagaatttatattaaaatatatattttctattttatattctgtataaaattatttaaattgtttagtttttaataagaacttatGTCATGGCAGAT
APS-RT31/1  (1901) GTGTTGCAACAATTTGTTCTTAGAGATGGGCCATTCTTGGATTCAAATAATCAGCCAAATGAAGACGATATAAAAAACATTCTAAATTTATTTCGTGGTT
APS-RT31/6 (1901) GTGTTGCAACAATTTGTTCTTAGAGATGGGCCATTCTTGGATTCAAATAATCAGCCAAATGAAGACGATATAAAAAACATTCTAAATTTATTTCGTGGTT
APS-YHB0/2 (1901) GTGTTGCAACAATTTGTTCTTAGAGATGGGCCATTCTTGGATTCAAATAATCAGCCAAATGAAGACGATATAAAAAACATTCTAAATTTATTTCGTGGTT
APS-YT31/6 (1901) GTGTTGCAACAATTTGTTCTTAGAGATGGGCCATTCTTGGATTCAAATAATCAGCCAAATGAAGACGATATAAAAAACATTCTAAATTTATTTCGTGGTT
APS-RT31/1  (2001) CACTCATAGCATTTCCAGGGGAGAATGTTTTGGATGATGCAAAATCCTTTACAATGACATATTTAAAGCAAGT TCTACCAAAGATTAGCAATTTAAATCT
APS-RT31/6 (2001) CACTCATAGCATTTCCAGGGGAGAATGTTTTGGATGATGCAAAATCCTTTACAATGACATATTTAAAGCAAGT TCTACCAAAGATTAGCAATTTAAATCT
APS-YHB0/2 (2001) CACTCATAGCATTTCCAGGGGAGAATGTTTTGGATGATGCAAAATCCTTTACAATGACATATTTAAAGCAAGT TCTACCAAAGATTAGCAATTTAAATCT
APS-YT31/6  (2001) CACTCATAGCATTTCCAGGGGAGAATGTTTTGGATGATGCAAAATCCTTTACAATGACATATTTAAAGCAAGTTCTACCAAAGATTAGCAATTTAAATCT
APS-RT31/1 (2101) TTCAAGAGAGgtacccatgctcattcataattttcatattaagtctatgaatccatttgttaaatgacattctaatctatgtgatgtaatagATAAAGTT
APS-RT31/6 (2101) TTCAAGAGAGgtacccatgctcattcataattttcatattaagtctatgaatccatttgttaaatgacattctaatctatgtgatgtaatagATAAAGTT
APS-YH60/2 (2101) TTCAAGAGAGgtacccatgctcattcataattttcatattaagtctatgaatccatttgttaaatgacattctaatctatgtgatgtaatagATAAAGTT
APS-YT31/6 (2101) TTCAAGAGAGgtacccatgctcattcataattttcatattaagtctatgaatccatttgttaaatgacattctaatctatgtgatgtaatagATAAAGTT
APS-RT31/1  (2201) CAATCTTGAGTATGGTTGGCACACCAATGTGCCTAGGTTGGAAGCAAGGACCTATATTGATATATATGGAGAAGATAGTTCATGGGCTTCCAAAAGCATT
APS-RT31/6 (2201) CAATCTTGAGTATGGTTGGCACACCAATGTGCCTAGGTTGGAAGCAAGGACCTATATTGATATATATGGAGAAGATAGTTCATGGGCTTCCAAAAGCATT
APS-YHB0/2 (2201) CAATCTTGAGTATGGTTGGCACACCAATGTGCCTAGGTTGGAAGCAAGGACCTATATTGATATATATGGAGAAGATAGTTCATGGGCTTCCAAAAGCATT
APS-YT31/6 (2201) CAATCTTGAGTATGGTTGGCACACCAATGTGCCTAGGTTGGAAGCAAGGACCTATATTGATATATATGGAGAAGATAGTTCATGGGCTTCCAAAAGCATT
APS-RT31/1 (2301) AACAAgtaattttgattccttgtaccatctcaatctcctcattcaaaactctegttaatcattttagagttagaattttagaactttaatagaagagaaa
APS-RT31/6 (2301) AACAAgtaattttgattccttgtaccatctcaatctcctcattcaaaactctegttaatcattttagagttagaattttagaactttaatagaagagaaa
APS-YHB0/2  (2301) AACAAgtaattttgattccttgtaccatctcaatctcctcattﬂaaaactctcgttaatcattttagagttagaattttagaactttaatagaagagaaa
APS-YT31/6 (2301) AACAAgtaattttgattccttgtaccatctcaatctcctcattcaaaactctegttaatcattttagagttagaattttagaactttaatagaagagaaa
APS-RT31/1 (2401) agcgaacatttccaattctaacatttttagtcttttaatgatcactaagagaatttcacattgtaatgtttaaaatcttgtagTATCTTCTATACAAAAC
APS-RT31/6 (2401) agcgaacatttccaattctaacatttttagtcttttaatgatcactaagagaatttcacattgtaatgtttaaaatcttgtagTATCTTCTATACAAAAC
APS-YH60/2 (2401) agcgaacatttccaattctaacatttttagtcttttaatgatcactaagagaatttcacattgtaatgtttaaaatcttgtagTATCTTCTATACAAAAC
APS-YT31/6 (2401) agcgaacatttccaattctaacatttttagtcttttaatgatcactaagagaatttcacattgtaatgtttaaaatcttgtagTATCTTCTATACAAAAC

(continued)
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Fig. 9. (continued) Alignment of alpha pinene synthase (APS) genomic DNA sequences
in Chamaecyparis formosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa Sieb. & Zucc.

var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6).
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APS-RT31/1  (2501) TTCTAGAATTGGCAAAGTTGGACTTCAACATAATTCAGTCACTACAACAACAAGAGCTTCAAATTCTETCAAGQtgagaattttaﬂgttatgaaatatat
APS-RT31/6  (2501) TTCTAGAATTGGCAAAGTTGGACTTCAACATAATTCAGTCACTACAACAACAAGAGCTTCAAATTCTCTCAAGgtgagaattttacgttatgaaatatat
APS-YH60/2  (2501) TTCTAGAATTGGCAAAGTTGGACTTCAACATAATTCAGTCACTACAACAACAAGAGCTTCAAATTCTCTCAAGgtgagaattttacgttatgaaatatat
APS-YT31/6  (2501) TTCTAGAATTGGCAAAGTTGGACTTCAACATAATTCAHTCACTACAACAACAAGAGCTTCAAATTCTCTCAAGgtgagaattttacgttatgaaatatat
APS-RT31/1 (2601) tctttataatttaaggcgtaaatcttttacaatataatatgtattggagattgaaaaatcaagtttactaagcaatgtatgttcattttagATGGTGGAT
APS-RT31/6 (2601) tctttataatttaaggcgtaaatcttttacaatataatatgtattggagattgaaaaatcaagtttactaagcaatgtatgttcattttagATGGTGGAT
APS-YH60/2 (2601) tctttataatttaaggcgtaaatcttttacaatataatatgtattggagattgaaaaatcaagtttactaagcaatgtatgttcattttagATGGTGGAT
APS-YT31/6 (2601) tctttataatttaaggcgtaaatcttttacaatataatatgtattggagattgaaaaatcaagtttactaagcaatgtatgttcattttagATGGTGGAT
APS-RT31/1  (2701) GGAGTCTGATTTGGGTAAGCTAGATTTTGCTCGCCATCGCCATGTGGAGTATTACCTTTGGGCAGCTACAGGGTGTATTGAGCCCAAATATTCAGCTTTT
APS-RT31/6 (2701) GGAGTCTGATTTGGGTAAGCTAGATTTTGCTCGCCATCGCCATGTGGAGTATTACCTTTGGGCAGCTACAGGGTGTATTGAGCCCAAATATTCAGCTTTT
APS-YHB0/2 (2701) GGAGTCTGATTTGGGTAAGCTAGATTTTGCTCGCCATCGCCATGTGGAGTATTACCTTTGGGCAGCTACAGGGTGTATTGAGCCCAAATATTCAGCTTTT
APS-YT31/6 (2701) GGAGTCTGATTTGGGTAAGCTAGATTTTGCTCGCCATCGCCATGTGGAGTATTACCTTTGGGCAGCTACAGGGTGTATTGAGCCCAAATATTCAGCTTTT
APS-RT31/1  (2801) AGAATTGGGTTTGCAAAGTTGTCTGCACTTGTCACATATTTGGAﬂGATATTTACGACACTTATGGAACTTTTGATGAGCTCAAAATATTCACAAAAGCTA
APS-RT31/6 (2801) AGAATTGGGTTTGCAAAGTTGTCTGCACTTGTCACATATTTGGACGATATTTACGACACTTATGGAACTTTTGATGAGCTCAAAATATTCACAAAAGCTA
APS-YH60/2  (2801) AGAATTGGGTTTGCAAAGTTGTCTGCACTTGTCACATATTTGGACGATATTTACGACACTTATGGAACTTTTGATGAGCTCAAAATATTCACAAAAGCTA
APS-YT31/6 (2801) AGAATTGGGTTTGCAAAGTTGTCTGCACTTGTCACATATTTGGACGATATTTACGACACTTATGGAACTTTTGATGAGCTCAAAATATTCACAAAAGCTA
APS-RT31/1 (2901) TTAAAAGgtattcatttattgttattggtaaattagattgatatgctagaaaaagttaaatatctagttagttatctaggtacatcaatcttagtgcagg
APS-RT31/6 (2901) TTAAAAGgtattcatttattgttattggtaaattagattgatatgctagaaaaagttaaatatctagttagttatctaggtacatcaatcttagtgcagg
APS-YH60/2 (2901) TTAAAAGgtattcatttattgttattggtaaattagattgatatgctagaaaaagttaaatatctagttagttatctaggtacatcaatcttagtgcagg
APS-YT31/6 (2901) TTAAAAGgtattcatttattgttattggtaaattagattgatatgctagaaaaagttaaatatctagttagttatctaggtacatcaatcttagtgcagg
APS-RT31/1 (3001) aaattcacatgttgactataattcattgtggttaattgtaggaaaacataaatggttttaattttctatgttcttgtacttactaaaaeacatttctcta
APS-RT31/6 (3001) aaattcacatgttgactataattcattgtggttaattgtaggaaaacataaatggttttaattttctatgttcttgtacttactaaaaljacatttctcta
APS-YH60/2 (3001) aaattcacatgttgactataattcattgtggttaattgtaggaaaacataaatggttttaattttctatgttcttgtacttactaaaalfacatttctcta
APS-YT31/6 (3001) aaattcacatgttgactataattcattgtggttaattgtaggaaaacataaatggttttaattttctatgttcttgtacttactaaaagacatttctcta
APS-RT31/1 (3101) gacattgaaatataataaataaattatttaataaatattﬂtaaatttatatattaaaattttagtaataaatttagttttcttcatgtaagGTGGGATGC
APS-RT31/6 (3101) gacattgaaatataataaataaattatttaataaatattttaaatttatatattaaaattttagtaataaatttagttttcttcatgtaagGTGGGATGC
APS-YH60/2 (3101) gacattgaaatataataaataaattatttaataaatattttaaatttatatattaaaattttagtaataaatttagttttcttcatgtaagGTGGGATGC
APS-YT31/6 (3101) gacattgaaatataataaataaattatttaataaatattttaaatttatatattaaaattttagtaataaatttagttttcttcatgtaagGTGGGATGC
APS-RT31/1  (3201) ATCAATCATAAAAGGACTTCCAGAATTTATGAAAGTGGCATTCGAAGCTTTTGATGAAGCTGTGAAGGACATGGCTCAAGAGGCCAAGAAAACTCAAGGT
APS-RT31/6 (3201) ATCAATCATAAAAGGACTTCCAGAATTTATGAAAGTGGCATTCGAAGCTTTTGATGAAGCTGTGAAGGACATGGCTCAAGAGGCCAAGAAAACTCAAGGT
APS-YHB0/2  (3201) ATCAATCATAAAAGGACTTCCAGAATTTATGAAAGTGGCATTCGAAGCTTTTGATGAAGCTGTGAAGGACATGGCTCAAGAGGCCAAGAAAACTCAAGGT
APS-YT31/6 (3201) ATCAATCATAAAAGGACTTCCAGAATTTATGAAAGTGGCATTCGAAGCTTTTGATGAAGCTGTGAAGGACATGGCTCAAGAGGCCAAGAAAACTCAAGGT
APS-RT31/1  (3301) AGAGACACACTTGACTATGCACGTAAAGCGgtaaggatttattaatttgtatgtgttttaataaatataatagatgttctataatatataatgtgtgtgt
APS-RT31/6 (3301) AGAGACACACTTGACTATGCACGTAAAGCGgtaaggatttattaatttgtatgtgttttaataaatataatagatgttctataatatataatgtgtgtgt
APS-YHB0/2 (3301) AGAGACACACTTGACTATGCACGTAAAGCGgtaaggatttattaatttgtatgtgttttaataaatataatagatgttctataatatataatgtgtgtgt
APS-YT31/6 (3301) AGAGACACACTTGACTATGCACGTAAAGCGgtaaggatttattaatttgtatgtgttttaataaatataatagatgttctataatatataatgtgtgtgt
APS-RT31/1 (3401) gtgtgtgtgtgtgtgtgtgtataatctactttttcccttgacactgatgaaatttgaattagattttaaaaaaaattaaattatagatatttggcaatat
APS-RT31/6  (3401) gtgtgtgtgtgtgtgtgtgt@taatctactttttcccttgaoactgatgaaatttgaattagattttaaaaaaaattaaattatagatatttggcaatat
APS-YHB0/2 (3401) gtgtgtgtotgtgtgtgtgtataatctactttttcccttgacactgatgaaatttgaattagattttaaaaaaaattaaattatagatatttggcaatat
APS-YT31/6 (3401) gtgtgtgtotgtgtgtgtgtataatctactttttcccttgacactgatgaaatttgaattagattttaaaaaaaattaaattatagatatttggcaatat
APS-RT31/1 (3501) ttaacctagggcttggtttcgttagatatttcatgttacttttaatatcatgaaatattagtattaatttataatattctttgaatgtagTGGGAAGTAT
APS-RT31/6 (3501) ttaacctagggcttggtttcgttagatatttcatgttacttttaatatcatgaaatattagtattaatttataatattctttgaatgtagTGGGAAGTAT
APS-YHB0/2 (3501) ttaacctagggcttggtttcgttagatatttcatgttacttttaatatcatgaaatattagtattaatttataatattctttgaatgtagTGGGAAGTAT
APS-YT31/6 (3501) ttaacctagggcttggtttcgttagatatttcatgttacttttaatatcatgaaatattagtattaatttataatattctttgaatgtagTGGGAAGTAT
APS-RT31/1 (3601) ATATAGATGCTTACATGAAAGAAGCAGAGTGGCTTGCTACCGGTTATATGCCATCTTTAGAGGAATATTTAGAAAATGGAAAAGTAAGTGCAGGGTCTCG
APS-RT31/6  (3601) ATATAGATGCTTACATGAAAGAAGCAGAGTGGCTTGCTACCGGTTATATGCCATCTTTAGAGGAATATTTAGAAAATGGAAAAGTAAGTGCAGGGTCTCG
APS-YH60/2  (3601) ATATAGATGCTTACATGAAAGAAGCAGAGTGGCTTGCTACCGGTTATATGCCATCTTTAGAGGAATATTTAGAAAATGGAAAAGTAAGTGCAGGGTCTCG
APS-YT31/6  (3601) ATATAGATGCTTACATGAAAGAAGCAGAGTGGCTTGCTACCGGTTATATGCCATCTTTAGAGGAATATTTAGAAAATGGAAAAGTAAGTGCAGGGTCTCG
APS-RT31/1  (3701) TGTTGTGACCTTGCAACCTATTTTATCACTAGATGTGCCTCTTTCAGATGAAATTCTCAAAGAAATCGATTATCCATCAAGGTTTGATGAGTTATTATGC
APS-RT31/6 (3701) TGTTGTGACCTTGCAACCTATTTTATCACTAGATGTGCCTCTTTCAGATGAAATTCTCAAAGAAATCGATTATCCATCAAGGTTTGATGAGTTATTATGC
APS-YHB0/2  (3701) TGTTGTGACCTTGCAACCTATTTTATCACTAGATGTGCCTCTTTCAGATGAAATTCTCAAAGAAATCGATTATCCATCAAGGTTTGATGAGTTATTATGC
APS-YT31/6 (3701) TGTTGTGACCTTGCAACCTATTTTATCACTAGATGTGCCTCTTTCAGATGAAATTCTCAAAGAAATCGATTATCCATCAAGGTTTGATGAGTTATTATGC

(continued)
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Fig. 9. (continued) Alignment of alpha pinene synthase (APS) genomic DNA sequences
in Chamaecyparis formosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa Sieb. & Zucc.

var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6).
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APS-RT31/1  (3801) TTAACCCTAAGATTAAGAGGTGACACAAGGACTTTTAAGgtatgatataaatttgaatactttaacttttacaacatcatttttttgcatatgatcaagt
APS-RT31/6  (3801) TTAACCCTAAGATTAAGAGGTGACACAAGGACTTTTAAGgtatgatataaatttgaatactttaacttttacaacatcatttttttgcatatgatcaagt
APS-YH60/2 (3801) TTAACCCTAAGATTAAGAGGTGACACAAGGACTTTTAAGgtatgatataaatttgaatactttaacttttacaacatcatttttttgcatatgatcaagt
APS-YT31/6  (3801) TTAACCCTAAGATTAAGAGGTGACACAAGGACTTTTAAGgtatgatataaatttgaatactttaacttttacaacatcatttttttgcatatgatcaagt
APS-RT31/1 (3901) aacatagattcaagatgagtatatttgagaacttataaataactaatattgtttttgaagGCTGAAGCAGATCGTGGAGAAGTGGTATCATGTATAACAT
APS-RT31/6 (3901) aacatagattcaagatgagtatatttgagaacttataaataactaatattgtttttgaagGCTGAAGCAGATCGTGGAGAAGTGGTATCATGTATAACAT
APS-YH60/2 (3901) aacatagattcaagatgagtatatttgagaacttataaataactaatattgtttttgaagGCTGAAGCAGATCGTGGAGAAGTGGTATCATGTATAACAT
APS-YT31/6 (3901) aacatagattcaagatgagtatatttgagaacttataaataactaatattgtttttgaagGCTGAAGCAGATCGTGGAGAAGTGGTATCATGTATAACAT
APS-RT31/1  (4001) GTTACATGAAAGACCATCCTGGATCCAATGAAGAAGATGCATTAAATTATCTCAATTCTTTGATTGATGAAAGACTCAAAGAATTAAATTGGGAATATTT
APS-RT31/6 (4001) GTTACATGAAAGACCATCCTGGATCCAATGAAGAAGATGCATTAAATTATCTCAATTCTTTGATTGATGAAAGACTCAAAGAATTAAATTGGGAATATTT
APS-YHB0/2  (4001) GTTACATGAAAGACCATCCTGGATCCAATGAAGAAGATGCATTAAATTATCTCAATTCTTTGATTGATGAAAGACTCAAAGAATTAAATTGGGAATATTT
APS-YT31/6 (4001) GTTACATGAAAGACCATCCTGGATCCAATGAAGAAGATGCATTAAATTATCTCAATTCTTTGATTGATGAAAGACTCAAAGAATTAAATTGGGAATATTT
APS-RT31/1  (4101) AAAAAATGATAATGTCCCAATAATTAGCAAAGGTAATGCCTATAATTTATCAAAAGGTCTCCAACTTTTGTATAAGGAAAGAGATGGATTTACGGTCTCT
APS-RT31/6 (4101) AAAAAATGATAATGTCCCAATAATTAGCAAAGGTAATGCCTATAATTTATCAAAAGGTCTCCAACTTTTGTATAAGGAAAGAGATGGATTTACGGTCTCT
APS-YH60/2  (4101) AAAAAATGATAATGTCCCAATAATTAGCAAAGGTAATGCCTATAATTTATCAAAAGGTCTCCAACTTTTGTATAAGGAAAGAGATGGATTTACGGTCTCT
APS-YT31/6  (4101) AAAAAATGATAATGTCCCAATAATTAGCAAAGGTAATGCCTATAATTTATCAAAAGGTCTCCAACTTTTGTATAAGGAAAGAGATGGATTTACGGTCTCT
APS-RT31/1  (4201) AGCATTGAGACAAAAAATCTTATCTACAGAATGATGATTGGATCAATTCCAATA

APS-RT31/6  (4201) AGCATTGAGACAAAAAATCTTATCTACAGAATGATGATTGGATCAATTCCAATA

APS-YH60/2  (4201) AGCATTGAGACAAAAAATCTTATCTACAGAATGATGATTGGATCAATTCCAATA

APS-YT31/6  (4201) AGCATTGAGACAAAAAATCTTATCTACAGAATGATGATTGGATCAATTCCAATA

B9 ()~ % ata s ity 2 50 & S A TR 50 ¢
Fig. 9. (continued) Alignment of alpha pinene synthase (APS) genomic DNA sequences
in Chamaecyparis formosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa Sieb. & Zucc.

var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6).
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I Il 1] v \ \ W VIl IX X
Total
length

CoCAS 147106 20914211611122756411917499128 216 99 139130 240 102 300 3368
CfCAS 147104 209142116110227 56411916399128 216 99 139130 240 102 300 3354

I W By W W

GhCAS 126 104 265 101 373 348 219 73139165 249 234 294 2690
HaCAS 132 249 271 111 376 108 219121127 79 249 455 294 2791

o = s = i = )

GaCAS 126 98 265 101 373 334 218 414 251 304 294 2778
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Fig. 10. Schematic diagrams represent structure of genomic DNA of coding region for
different cadinene synthase (CAS) genes. Nucleotide sequences from Chamaecyparis
obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (COCAS, YH60/2), C. formosensis
Matsum. (CfCAS RT31/1), Gossypium hirsutum L. (GhCAS, AY800106), Helianthus
annuus L. (HaCAS EU443250), and Gossypium arboreum L. (GaCAS AF174294) were
analyzed. Exons are indicated by boxes, introns are represented by bended lines between
boxes, and the Arabic numerals under the diagrams indicate the lengths (base pairs) of
the exons and introns. The Roman numerals above the boxes represent the number of

€xons.
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IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CASRT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

IN715077
CAS-RT31/1
CAS-RT31/5
CASRT31/7
CAS-YHB0/2
CAS-YT31/1

) ATGGCTGAAGTTGGTCTCTCTCAAAATTCATATGCATCCGCCAATCATGACAAGAAATCAGAGCAACAAATCAGGCGAAGGGTAGCAGAATTTCATCCAA
) ATGGCTGAAGTTGGTCTCTCTCAAAATTCATATGCATCCGHCAATCATGACAAGAAATCAGAGCAACAAATCAGGCGAAGGGTAGCAGAATTTCATCCAA
) ATGGCTGAAGTTGGTCTCTCTCAAAATTCATATGCATCCGCCAATCATGACAAGAAATCAGAGCAACAAATCAGGCGAAGGGTAGCAGAATTTCATCCAA
) ATGGCTGAAGTTGGTCTCTCTCAAAATTCATATGCATCCGHCAATCATGACAAGAAATCAGAGCAACAAATCAGGCGAAGGGTAGCAGAATTTCATCCAA
) ATGGCTGAAGTTGGTCTCTCTCAAAATTCATATGCATCCGCCAATCATGACAAGAAATCAGAGCAACAAATCAGGCGAAGGGTAGCAGAATTTCATCCAA
)

1
1
1
1
1
1) ATGGCTGAAGTTGGTCTCTCTCAAAATTCATATGCATCCGCCAATCATGACAAGAAATCAGAGCAACAAATCAGGCGAAGGGTAGCAGAATTTCATCCAA

(
(
(
(
(
(

= ttaatatﬂgtattttatttcct
ACGTTTGGGAGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGgtaagtaaaggt taat tactgcaaagt tegat taatatagtattttatttcct
ACGTTTGGGAGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGgtaagtaaaggt taat tactgcaaagt togg ttaatatﬂgtattttatttcct
ACGTTTGGGAGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGgtaagtaaaggt taatt actgcaaagt. taiatagtat tttatttect
ACGTTTGGGAGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGgtaagtaaaggt taat tact gcaaagtekEltMiaklatagtattttatttect

101
101
101

) GCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAA
) tetcttttctgtaccgtttccaagctaaatctcatatatctattgaatgacagGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAA
) tetcttttctgtaccgtttccaagctaaatctcatatatctattgaatgacagGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAA
199) tetcttttctgtaccgtttccaagctaaatctcatatatctattgaatgacagGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAA
) titcttttctgtaccgtttccaagctaaatctcatatatctattgaatgacagGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAA
) tlftcttttctgtaccgtttccaagctaaatctcatatatctattgaatgacagGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAA
GATGGATATATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAG
GATGGATATATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAG
GATGGATATATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAG
GATGGATATATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAG
GATGGATATATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAG
GATGGATATATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAG

(

(299
(299
(299
(301
(301

(295) AGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAA

(399) AGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAgtaagttggtttatatataaaaacacttaaatctaaaa
(399) AGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAgtaagttggtttatatataaaaacacttaaatctaaaa
(399) AGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAgtaagttggtttatatataaaaacacttaaatctaaaa
(401) AGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAgtaagttggtttatatataaaaacacttaaatctaaaa
(401) AGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAgtaagttggtttatatataaaaacacttaaatctaaaa
(357
(499) gacgttaaatggtttgtttatcaaaagttgtttacagtattaaactggtttgttcatgcaaaaaattgtttacatttttctttatcattctacattettt
(499) gacgttaaatggtttgtttatcaaaagttgtttacagtattaaactggtttgttcatgcaaaaaattgtttacatttttctttatcattctacattettt
( gacgttaaatggtttgtttatcaaaagttgtttacagtattaaactggtttgttcatgcaaaaaattgtttacatttttctttatcattctacattottt
( gacgttaaatggtttgtttatcaaaagttgtttacagtattaaaotggtttgttoatEeaaaaaattgttiacatttttctttatcattctacattcttt
(

gacgttaaatggtttgtttatcaaaagttgtttacagtattaaactggtttgttcatglcaaaaaattgttigacatttttctttatcattctacattettt

)
)
)
499)
501)
501)
) ATATTGGAATGATGAAAAGGGTATTTCTTIIGGCGAGCGGAAACCTTATTGTTGATCTCAACACTAATGCTTTGGGATTCAAAGTTCTTCGCCTTAA
) tcagATATTGGAATGATGAAAAGGGTATTTCTTGGGCGAGCGGAAACCTTATTGTTGATCTCAACACTAATGCTTTGGGATTCAAAGTTCTTCGCCTTAA
599) tcagATATTGGAATGATGAAAAGGGTATTTCTTGGGCGAGCGGAAACCTTATTGTTGATCTCAACACTAATGCTTTGGGATTCAAAGTTCTTCGCCTTAA
) tcagATATTGGAATGATGAAAAGGGTATTTCTTGGGCGAGCGGAAACCTTATTGTTGATCTCAACACTAATGCTTTGGGATTCAAAGTTCTTCGCCTTAA
) tcagATATTGGAATGATGAAAAGGGTATTTCTTGGGCGAGCGGAAACCTTATTGTTGATCTCAACACTAATGCTTTGGGATTCAAAGTTCTTCGCCTTAA
) tcagATATTGGAATGATGAAAAGGGTATTTCTTGGGCGAGCGGAAACCTTATTGTTGATCTCAACACTAATGCTTTGGGATTCAAAGTTCTTCGCCTTAA

) TGAATATTACGTGTCTCCAG

699) TGAATATTACGTGTCTCCAGgttgttattcacttattctttagcttaatcgatattataaatgtagoaatgttagattaagtgatcagtttttatgtttg
699) TGAATATTACGTGTCTCCAGgttgttattcacttattctttagcttaatcgatattataaatgtagoaatgttagattaagtgatcagtttttatgtttg
699) TGAATATTACGTGTCTCCAGgttgttattcacttattctttagcttaatcgatattataaatgtagoaatgttagattaagtgatcagtttttatgtttg
701) TGAATATTACGTGTCTCCAGgttgttattcacttattctttagettaatcgatattataaatgtal gaatittagattaagtgatcagtttttatgtttg
701) TGAATATTACGTGTCTCCAGgttgttattcacttattctttagettaatcgatattataaatgtaggaatfettagattaagtgatcagtttttatgtttg

(continued)
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Fig. 11. Alignment of cadinene synthase (CAS) cDNA sequences in Chamaecyparis

formosensis Matsum. (JN715077) and genomic DNA sequences in C. formosensis

Matsum. (RT31/1 ~ RT31/6) and C. obtusa var. formosana Chamaecyparis obtusa Sieb.

& Zucc. var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6). The black boxes represent

conserved percentage of 15 to 50 %. The gray boxes represent conserved percentage of

60% to 83%. The hyphens between sequences mean deletion. Exons and introns are

indicated by capital letters and lowercase letters, respectively.

31



IN715077  (473) ATGTTTTTCAGAACTTCCAAGATGAAATGGGACAATTTATTGATCTCGRGAACTTTAAAGAAGATGAAT
CAS-RT31/1  (798) caattgtatttctaatattgttgettaacagATGTTTTTCAGAACTTCCAAGATGAAATGGGACAATTTATTGATCTCGEGAACTTTAAAGAAGATGAAT
CASRT31/5  (798) ca:EtgtatttctaatattgttgcttaacagATGTTTTTCAGAACTTCCAAGATGAAATGGGACAATTTATTGATCTCGGGAACTTTAAAGAAGATGAAT
CAS-RT31/7  (798) caagltgtatttctaatattgttgettaacagATGTTTTTCAGAACTTCCAAGATGAAATGGGACAATTTATTGATCTCGEGAACTTTAAAGAAGATGAAT
CAS-YH60/2  (801) caattgtatttctaatattgt ttEaacagATGTTTTTC/-\GAACTTCCAAG/-\TGAAATGGGACAATTTATTGA;ETCGGAACTTTAAAGAAGATGAAT
CAS-YT31/1  (800) caattgtatttctaatattgttgi§tllaacagATGTTTTTCAGAACTTCCAAGATGAAATGGGACAATTTATTGATITCGRGAACTTTAAAGAAGATGAAT

IN715077  (542) CCAAATTAAGAAGTCTATTGAGTTTATATCGAGCTTCAGAGATTTGTTTTCCAGAGGAGAATATCTTGAAACAGGCCAAAATGTTTGCTTCTACATGCCT
CAS-RT31/1  (898) CCAAATTAAGAAGTCTATTGAGTTTATATCGAGCTTCAGAGATTTGTTTTCCAGAGGAGAATATCTTGAAACAGGCCAAAATGTTTGCTTCTACATGCCT
CAS-RT31/5  (898) CCAAATTAAGAAGTCTATTGAGTTTATATCGAGCTTCAGAGATTTGTTTTCCAGAGGAGAATATCTTGAAACAGGCCAAAATGTTTGCTTCTACATGCCT
CAS-RT31/7  (898) CCAAATTAAGAAGTCTATTGAGTTTATATCGAGCTTCAGAGATTTGTTTTCCAGAGGAGAATATCTTGAAACAGGCCAAAATGTTTGCTTCTACATGCCT
CAS-YHB0/2  (901) CCAAATTAAGAAGTCTATTGAGTTTATATCGAGCTTCAGAGATTTGTTTTCCAGAGGAGAATATCTTGAAACAGGCCAAAATGTTTGCTTCTACATGCCT
CAS-YT31/1  (900) CCAAATTAAGAAGTCTATTGAGTTTATATCGAGCTTCAGAGATTTGTTTTCCAGAGGAGAATATCTTGAAACAGGCCAAAATGTTTGCTTCTACATGCCT

IN715077  (642) ACA/-\GCAATTGAAGAAAATCGAGAGTTGGTGAACAAAAGTCAACTTATAATAGAG
CAS-RT31/1 (998) ACAACAAGCAATTGAAGAAAATCGAGAGTTGGTGAACAAAAGTCAACTT@TAATAGAGQcaagcattccattaactataaaaaactttagtagtccatta
CAS-RT31/5  (998) ACAACAAGCAATTGAAGAAAATCGAGAGTTGGTGAACAAAAGTCAACTTATAATAGAGgcaagcat tccattaactataaaaaactttagtagtecatta
CAS-RT31/7  (998) ACAACAAGCAATTGAAGAAAATCGAGAGTTGGTGAACAAAAGTCAACTTETAATAGAGQCaagcattccattaactataaaaaactttagtagt@catta
CAS-YHB0/2  (1001) ACAACAAGCAATTGAAGAAAATCGAGAGTTGETGAACAAAAGTCAACTTATAATAGAGQCaagcattccattaactataaaaaactttagtagtccatta
CAS-YT31/1 (1000) ACAACAAGCAATTGAAGAAAATCGAGAGTTGATGAACAAAAGTCAACTTATAATAGAGgcaagcat tccat taactataaaaaact ttagtagtecat ta

IN715077 (700

)
CAS-RT31/1 (1098) taaggttgcgcattaaatagacctgtaatatctaactcaatgattgtggttttcaaaatttaagcatattactagattaaaataatataaaaatagtaag
CAS-RT31/5 (1098) taaggttgcgcattaaatagacctgtaatatctaactcaatgattgtggttttcaaaatttaagcatattactagattaaaataatataaaaatagtaag
CAS-RT31/7 (1098) taaggttgcgcattaaatagacctgtaatatctaactcaatgattgtggttttcaaaatttaagcatattactagattaaaataatataaaaatagtaag
CAS-YHB0/2 (1101) taaggttgcgeattaaatagacctgtaatatctaactcaatgattgtggttttcaaaatttaagcatattactagattaaaataatataaaaatagtaag
CAS-YT31/1 (1100) taaggttgcgeattaaatagacctgtaatatctaactcaatgattgtggttttcaaaatttaagcatattactagattaaaataatataaaaatagtaag
IN715077  (700)
CAS-RT31/1 (1198) atttatcttgtacatacatagacacaattttagatgacatatttattggtaattttgttaagtttgatcttgatggaaaataactactagttagtccatg
CAS-RT31/5 (1198) atttatctﬂgtacatacatagaoacaattttagatgacatatttattggtaattttgttaagtttgatcttgatggaaaataactactagttagtccatg
CAS-RT31/7 (1198) atttatcttgtacatacatagacacaattttagatgacatatttattggtaattttgttaagtttgatcttgatggaaaataactactagttagtccatg
CAS-YHB0/2  (1201) atttatcttgtacatacatagaoacaattttagatgacatatttatiggtaattttgttaagtttgatcttgatggaaaataactactagttagtccatg
CAS-YT31/1 (1200) atttatcttgtacatacatagacacaattttagatgacatatttat@ggtaattttgttaagtttgatcttgatggaaaataactactagttagtccatg
IN715077  (700)
CAS-RT31/1 (1298) tgaataaaagttctcaaggatttttgaattagatcacacatattttctctctaagtgatccatcgtcatatttaaaatttgagattgtaatgtgattcag
CAS-RT31/5 (1298) tgaataaaagttctcaaggatttttgaattagatcacacatattttctctctaagtgatccatcgtcatatttaaaatttgagattgtaatgtgattc@g
CAS-RT31/7 (1298) tgaataaaagttctcaaggatttttgaattagatcacacatattttctctctaagtgatccatcgtcatatttaaaatttgagattgtaatgtgattcag
CAS-YH60/2  (1301) tgaataazagttctcaaggatitttgaattagatcaoacatattttctctctaagtgatocatcatoatatttaaaatttgagattgtaatgtgattcag
CAS-YT31/1 (1300) tgaataaaggttctcaaggatfgtttgaattagatcacacatattttctctctaagtgatccatcgltcatatttaaaatttgagattgtaatgtgattcag
IN715077  (700)
CAS-RT31/1  (1398) tgtggggttctttttaaatatttttaaaaaatatttttagggcttggacctctcaccttgtcataataatcaattcatcttgtegettgaccaaatatgt
CAS-RT31/5 (1398) tgtggggttctttttaaatatttttaaaaaatatttttagggcttggacctctcaccttgtcataataatcaattcatcttgtegettgaccaaatatgt
CAS-RT31/7 (1398) tgtggggttctttttaaatatttttaaaaaatatttttagggcttggacctctcaccttgtcataataatcaattcatcttgtegettgaccaaatatgt
CAS-YHB0/2  (1401) tgtggggttctttttaaatatttttaaaaatatttttagggcttggacctctcaocttgtcataataatcaattcatcttggcttgaccaaatatgt
CAS-YT31/1  (1400) tgtggggttctttttaaatattttttaaaaatatttttagggcttggacctctcaocﬂtgtcataataatcaattcatcttgctgcttgaccaaatatgt
IN715077  (700)
CAS-RT31/1 (1498) ggctcttaaataaggcttattttattctctcaacttgtagtt@gtacatgctttcttgagtcattaatttagttcaataattgttaaagttaatataatc
CAS-RT31/5 (1498) ggctcttaaataaggcttattttattctctcaacttgtagtttgtacatgetttcttgagtcattaatttagttcaataattgttaaagttaatataate
CAS-RT31/7 (1498) ggctcttaaataaggcttattttattctctcaacttgtagtttgtacatgetttcttgagtcattaatttagttcaataattgttaaagttaatataate
CAS-YHB0/2  (1501) ggctcttaaataaggcttatattattctctcaacttgtagtttgtacatgitttcttgagtcattaatttagttczataattgttaaagttaatataatc
CAS-YT31/1 (1500) ggctcttaaataaggcttatigttattctctcaacttgtagtttgtacatgyftttcttgagtcattaatttagttcagtaattgttaaagttaatataate

IN715077 (700 GTTGAATATATTATGAAATATCCATGGACGTGTAGAGTCCCTAGATGGGAGGTATGGAACTATATCAAAATATTTAGA

)
CAS-RT31/1 (1598) tcatctaattctaattgtatagGTTGAATATATTATGAAATATCCATGGACGTGTAGAGTCCCTAGATGGGAGGTATGGAACTATATCAAAATATTTAGA
CAS-RT31/5 (1598) tcatctaattctaattgtatagGTTGAATATATTATGAAATATCCATGGACHTGTAGAGTCCCTAGATGGGAGGTATGGAACTATATCAAAATATTTAGA
CAS-RT31/7 (1598) tcatctaattctaattgtatagGTTGAATATATTATGAAATATCCATGGACGTGTAGAGTCCCTAGATGGGAGGTATGGAACTATATCAAAATATTTAGA
CAS-YHB0/2 (1601) tcatctaattctaattgtatagGTTGAATATATTATGAAATATCCATGGACGTGTAGAGTCCCTAGATGGGAGGTATGGAACTATATCAAAATATTTAGA
CAS-YT31/1 (1600) tcatctaattctaattgtatagGTTGAATATATTATGAAATATCCATGGACGTGTAGAGTCCCTAGATGGGAGGTATGGAACTATATCAAAATATTTAGA

(continued)
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Fig. 11. (continued) Alignment of cadinene synthase (CAS) cDNA sequences in
Chamaecyparis formosensis Matsum. (JN715077) and genomic DNA sequences in C.

formosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa var. formosana Chamaecyparis

obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6).
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IN715077 (778 GGAGACA@ CATGCTTCAATGTGCATGAAGGGAGTTTATGA

)
CAS-RT31/1  (1698) GGAGACATT ATGCTTCAATGTGCATGAAGGGAGTTTATGAQtaagtccaaacatcatttcatgtatacctttcttaatﬂatttgcatagtaagaactca
CAS-RT31/5 (1698) GGAGACATTEATGCTTCAATGTGCATGAAGGGAGTTTATGAgtaagtccaaacatcatttcatgtatacctttcttaataatttgcatagtaagaactca
CAS-RT31/7 (1698) GGAGACATT] ATGCTTCAATGTGCATGAAGGGAGTTTATGAQtaagtccaaacatcatttcatgtatacctttcttaatﬂatttgcatagtaagaactca
CAS-YH60/2  (1701) GGAGACATTeATGCTTCAATGTGCATGAAGGGAGTTTATGAQtaagtcciaacatcatttcatgtatacctttcttaataatttgcatagtaagaactca
CAS-YT31/1 (1700) GGAGACATTEATGCTTCAATGTGCATGAAGGGAGTTTATGAgtaagtccgaacatcatttcatgtatacctttcttaataat ttgcatagtaagaactca

IN715077  (819)
CAS-RT31/1 (1798) ttcaattatgcttaatataaatttatttatttctccacttcatgcaagaacatcatattgtctaaatggetaaat s agtgataattattt
CAS-RT31/5 (1798) ttcaattatgcttaatataaatttatttatttctccacttcatgcaagaacatcatattgtctaaatggctaaa g aamagtgataattattt
CAS-RT31/7 (1798) ttcaattatgcttaatataaatttatttatttctccacttcatgcaagaacatcatattgtctaaatggctaaa g mamagtgataattattt
CAS-YHB0/2 (1801) ttcaattatgcttaatataaatttatttatttctccacttcatgcaagaacatcatattgtctaaatggctaaat(/ebieieREENagtgataattattt
CAS-YT31/1 (1800) ttcaattatgcttaatataaatttatttatttctccacttcatgcaagaacatcatattgtctaaatggctaaat/bleieEENagtgataattattt
IN715077  (819) AATGCCAAG@GACAAAAGAACGAAGATTTTGGAATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTC
CAS-RT31/1 (1887) tactttttctttcagAATGCCAAGTGACAAAAGAACGAAGATTTTGGAATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTC
CAS-RT31/5 (1887) tactttttctttcagAATGCCAAGTGACAAAAGAACGAAGATTTTGGAATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTC
CAS-RT31/7 (1887) tactttttctttcagAATGCCAAGTGACAAAAGAACGAAGATTTTGGAATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTC
CAS-YH60/2 (1901) tactttttctttcagAATGCCAAGTGACAAAAGAACGAAGATTTTGGAATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTC
CAS-YT31/1 (1900) tactttttctttcagAATGCCAAGTGACAAAAGAACGAAGATTTTGGAATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTC

IN715077  (904) AAAATTTTATCCAA
CAS-RT31/1  (1987) AAAATTTTATCCAAgtaagggaactatatagtattttgtccttattttaataﬂatttcaattttatottgtttaggatatcattatgttccttaaagaao
CAS-RT31/5 (1987) AAAATTTTATCCAAgtaagggaactatatagtattttgtccttattttaataaatttcaattttatcttgtttaggatatcattatgttccttaaagaac
CAS-RT31/7 (1987) AAAATTTTATCCAAgtaagggaactatatagtattttgtccttattttaataaatttcaattttatcttgtttaggatatcattatgttccttaaagaac
CAS-YH60/2  (2001) AAAATTTTATCCAAgtaagggaactatatagtattttgtccttattttaataaatttcaaatttatottgtttaggatatcattatgttccttaaagaae
CAS-YT31/1  (2000) AAAATTTTATCCAAgtaagggaactatatagtattttgtccttattttaataaatttcaalgtttatcttgtttaggatatcattatgttccttaaagaac
IN715077  (918) ATGGTGGAATGAGACEAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAG
CAS-RT31/1 (2087) taatagggtcaaatattttggtattgggatatgaataaatagATGGTGGAATGAGACAAAGT GAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAG
CAS-RT31/5 (2087) taatagggtcaaatattttggtattgggatatgaataaatagATGGTGGAATGAGACIAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAG
CAS-RT31/7 (2087) taatagggtcaaatattttggtattgggatatgaataaatagATGGTGGAATGAGACAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAG
CAS-YHB0/2 (2101) taatagggtcaaatattttggtattgggatatgaataaatagATGGTGGAATGAGAGEAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAG
CAS-YT31/1 (2100) taatagggtcaaatattttggtattgggatatgaataaatagATGGTGGAATGAGAGEAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAG
IN715077  (976) TTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGAE®TCTCTGCAACTAGACTTTGCTTTGCTAAAGTGGGTGC TCATHACTCTTCTTGATGATA
CAS-RT31/1 (2187) TTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGARIITCTCTGCAACTAGACTTTGCTTTGCTAAAGTGGGTGCAITCATTACTCTTCTTGATGATA
CAS-RT31/5 (2187) TTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGARIITCTCTGCAACTAGACTTTGCTTTGCTAAAGTGGGTGCAITCATTACTCTTCTTGATGATA
CAS-RT31/7 (2187) TTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGARIITCTCTGCAACTAGACTTTGCTTTGCTAAAGTGGGTGCAITCATTACTCTTCTTGATGATA
CAS-YHB0/2 (2201) TTCTACTTTTTGTATGCATGTGGACTTATGAGAAAGALMTCTCTGCAACTAGACTTTGCTTTGCTAAAGTGGGTGCABTCATTACTCTTCTTGATGATA
CAS-YT31/1 (2200) TTCTACTTTTTGTATGCATGTGGACTITATGAGAAAGAC®TCTCTGCAACTAGACTTTGCTTTGCTAAAGTGGGTGCASTCATTACTCTTCTTGATGATA
IN715077  (1076) TTTTTGACACTTATGGAACCATTGATGAGCTTGTACCTTTTGCAACAGCTTTGATCAA
CAS-RT31/1  (2287) TTTTTGACACTTATGGAACCATTGATGAGCTTGTACCTTTTGCAACAGCTTTGATCAAgtatgttaatatgttatacaatatattattatgataaccttt
CAS-RT31/5 (2287) TTTTTGACACTTATGGAACCATTGATGAGCTTGTACCTTTTGCAACAGCTTTGATCAAgtatgttaatatgttatacaatatattattatgataaccttt
CAS-RT31/7 (2287) TTTTTGACACTTATGGAACCATTGATGAGCTTGTACCTTTTGCAACAGCTTTGATCAAgtatgttaatatgttatacaatatattattatgataaccttt
CAS-YHB0/2 (2301) TTTTTGACACTTATGGAACCATTGATGAGCTTGTACCTTTTGCAACAGCTTTGATCAAgtatgttaatatgttatacaatatattattatgataaccttt
CAS-YT31/1 (2300) TTTTTGACACTTATGGAACCATTGATGAGCTTGTACCTTTTGCAACAGCTTTGATCAAgtatgttaatatgttatacaatatattattatgataaccttt
IN715077  (1134) GTGGGACATGTCAATAATGAATCACCTTCCAGAATATATGAAA
CAS-RT31/1 (2387) cagtgtatatgttgatattatttgtgtatatgttatttattataattttaatgttagGTGGGACATGTCAATAATGAATCACCTTCCAGAATATATGAAA
CAS-RT31/5 (2387) cagtgtatatgttgatattatttgtgtatatgttatttattataattttaatgttagGTGGGACATGTCAATAATGAATCACCTTCCAGAATATATGAAA
CAS-RT31/7 (2387) cagtgtatatgttgatattatttgtgtatatgttatttattataattttaatgttagGTGGGACATGTCAATAATGAATCACCTTCCAGAATATATGAAA
CAS-YHB0/2  (2401) cagtgtatatgttgatatiatttgtgtatatgttatttattataattttaatgttagGTGGGACATGTCAATAATGAATCACCTTCCAGAATATATGAAA
CAS-YT31/1 (2400) cagtgtatatgttgatatigatttgtgtatatgttatttattataattttaatgttagGTGGGACATGTCAATAATGAATCACCTTCCAGAATATATGAAA
IN715077  (1177) ACATGTTTCCAATTTGCGTACAAAACATACATGGAAATAGCTACAGAGGCAGAGAAGATACATGGTCCATGTGTGCAAAAGTGGATGCATGACA®T
CAS-RT31/1 (2487) ACATGTTTCCAATTTGCGTACAAAACATACATGGAAATAGCTACAGAGGCAGAGAAGATACATGGTCCATGTGTGCAAAAGTGGATGCATGACAETgtaa
CAS-RT31/5 (2487) ACATGTTTCCAATTTGCGTACAAAACATACATGGAAATAGCTACAGAGGCAGAGAAGATACATGGTCCATGTGTGCAAAAGTGGATGCATGACAETgtaa
CAS-RT31/7 (2487) ACATGTTTCCAATTTGCGTACAAAACATACATGGAAATAGCTACAGAGGCAGAGAAGATACATGGTCCATGTGTGCAAAAGTGGATGCATGACAETgtaa
CAS-YHB0/2  (2501) ACATGTTTCCAATTTGgﬁTACAAAACATACATGGAAATAGCTACAGAGGCAGAGAAGATACATGGTCCATGTGTGCAAAAGTGGATGCATGAC Tgtaa
CAS-YT31/1  (2500) ACATGTTTCCAATTTGGATACAAAACATACATGGAAATAGCTACAGAGGCAGAGAAGATACATGGTCCATGTGTGCAAAAGTGGATGCATGACARTgtaa

(continued)
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Fig. 11. (continued) Alignment of cadinene synthase (CAS) cDNA sequences in
Chamaecyparis formosensis Matsum. (JN715077) and genomic DNA sequences in C.

formosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa var. formosana Chamaecyparis

obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6).

33



IN715077  (1273)
CAS-RT31/1 (2587) gttattttgttgcgacaaaatttagtttagattttaaatatctaaaaaaatagtaaatttttattttgttcaagaaattgtttgttottgtaaaactaat
CAS-RT31/5 (2587) gttattttgttgcgacaaaatttagtttagattttaaatatctaaaaaaatagtaaatttttattttgttcaagaaattgtttgttgttgtaaaactaat
CAS-RT31/7 (2587) gttattttgttgcgaoaaaatttagtttagattttaaatatctaaaaaaatagtaaatttttﬂttttgttcaagaaattgtttgttgttgtaaaactaat
CAS-YH60/2  (2601) gttattttgttgcgaoaaaatttagtttagattttaaatatctaaaaaaatagtaaatttttattttgttcaagaaattgtttgttgttgtaaaactaat
CAS-YT31/1 (2600) gttattttgttgcgacaaaatttagtttagattttaaatatctaaaaaaatagtaaatttttattttgttcaggaaattgtttgttgttgtaaaactaat

IN715077  (1273) TGGAAGACTATTATTTTGGCACAACTTCAAGATGCAGAGTGGATTGCTAACAATTATCTCCCAAGTTTGACTGA
CAS-RT31/1 (2687) ggtatattcttgattttaaattgaagTGGAAGACTATTATTTTGGCACAACTTCAAGATGCAGAGTGGATTGCTAACAATTATCTCCCAAGTTTGACTGA
CAS-RT31/5 (2687) ggtatattcttgattttaaattgaagTGGAAGACTATTATTTTGGCACAACTTCAAGATGCAGAGTGGATTGCTAACAATTATCTCCCAAGTTTGACTGA
CAS-RT31/7 (2687) ggtatattcttgattttaaattgaagTGGAAGACTATTATTTTGGCACAACTTCAAGATGCAGAGTGGATTGCTAACAATTATCTCCCAAGTTTGACTGA
CAS-YHB0/2 (2701) ggtatattcttgattttaaattgaagTGGAAGACTATTATTTTGGCACAACTTCAAGATGCAGAGTGGATTGCTAACAATTATCTCCCAAGTTTGACTGA
CAS-YT31/1 (2700) ggtatattcttgattttaaattgaagTGGAAGACTATTATTTTGGCACAACTTCAAGATGCAGAGTGGATTGCTAACAATTATCTCCCAAGTTTGACTGA

IN715077  (1347) ATATTTAGAAAGTTCTGTACCATCTACAACAGTTCCAGTACTCTCATTATTTTCCATGCTTTTAATTGACACAATTTTCCCTGATGATATTATTGAGAAA
CAS-RT31/1 (2787) ATATTTAGAAAGTTCTGTACCATCTACAACAGTTCCAGTACTCTCATTATTTTCCATGCTTTTAATTGACACAATTTTCCCTGETGATATTATTGAGAAA
CAS-RT31/5 (2787) ATATTTAGAAAGTTCTGTACCATCTACAACAGTTCCAGTACTCTCATTATTTTCCATGCTTTTAATTGACACAATTTTCCCTGETGATATTATTGAGAAA
CAS-RT31/7 (2787) ATATTTAGAAAGTTCTGTACCATCTACAACAGTTCCAGTACTCTCATTATTTTCCATGCTTTTAATTGACACAATTTTCCCTGETGATATTATTGAGAAA
CAS-YHB0/2  (2801) ATATTTAGAAAGTTgEGTACCATCTACAACAGTTCCAGTACTCTCATTATTTTCCATGCTTTTAATTGACACAATTTTCCCT ATGATATTATTGAGAAA
CAS-YT31/1 (2800) ATATTTAGAAAGTTGEGTACCATCTACAACAGTTCCAGTACTCTCATTATTTTCCATGCTTTTAATTGACACAATTTTCCCTGATGATATTATTGAGAAA

IN715077  (1447) ATTACTAAGTTCCAAAGTTGTGTTGCATGGGGTTGTCGACTGGTTGATGACTCCAAAGATTTTCAG
CAS-RT31/1 (2887) ATTACTAAGTTCCAAAGTTGTGTTGCATGGGGTTGTCGACTGGTTGATGACTCCAAAGATTTTCAGgtacatatttactattatgtaaatattattgatt
CAS-RT31/5 (2887) ATTACTAAGTTCCAAAGTTGTGTTGCATGGGGTTGTCGACTGGTTGATGACTCCAAAGATTTTCAGgtacatatttactattatgtaaatattattgatt
CAS-RT31/7 (2887) ATTACTAAGTTCCAAAGTTGTGTTGCATGGGGTTGTCGACTGGTTGATGACTCCAAAGATTTTCAGgtacatatttactattatgtaaatattattgatt
CAS-YHB0/2 (2901) ATTACTAAGTTCCAAAGTTGTGTTGCATGGGGTTGTCGACTGGTTGATGACTCCAAAGATTTTCAGgtacatatttactattatgtaaatattattgatt
CAS-YT31/1 (2900) ATTACTAAGTTCCAAAGTTGTGTTGCATGGGGTTGTCGACTGGTTGATGACTCCAAAGATTTTCAGgtacatatttactattatgtaaatattattgatt
IN715077  (1513) GATGAGAAAGAGCATGGAGAGAGTGCATCATG
CAS-RT31/1 (2987) tgtcttctatgaagtatacattctaatagaaaatgacataaatatttatttacaatggttttttgaagGATGAGAAAGAGCATGGAGAGAGTGCATCATG
CAS-RT31/5 (2987) tgtcttctatgaagtatacattctaatagaaaatgacataaatatttatttacaatggttttttgaagGATGAGAAAGAGCATGGAGAGAGTGCATCATG
CAS-RT31/7 (2987) tgtottctatgaagtatacattctaatagaaaataacataaatatttatttaoaatggttttttgaagGATGAGAAAGAGCATGGAGAGAGTGCATCATG
CAS-YH60/2 (3001) tgtcttctatgaagtatacattctaatagaaaatgacataaatatttatttacaatggttttttgaagGATGAGAAAGAGCATGGAGAGAGTGCATCATG
CAS-YT31/1 (3000) tgtcttctatgaagtatacattctaatagaaaatgacataaatatttatttacaatggttttttgaagGATGAGAAAGAGCATGGAGAGAGTGCATCATG
IN715077  (1545) GATAGAGTGTTATATGAAGGAAAATCCTGGAACTACAAGGAAGCAAGCTTTAGATCATGCCAATATGCTTATTGAGTCAAATTTTGAAGAATTGATCAAA
CAS-RT31/1  (3087) GATAGAGTGTTATATGAAGGAAAATCCTGGAACTACAAGGAAGCAAGCTTTAGATCATGCCAATATGCTTATTGAGTCAAATTTTGAAGAATTGATCAAA
CAS-RT31/5 (3087) GATAGAGTGTTATATGAAGGAAAATCCTGGAACTACAAGGAAGCAAGCTTTAGATCATGCCAATATGCTTATTGAGTCAAATTTTGAAGAATTGATCAAA
CAS-RT31/7 (3087) GATAGAGTGTTATATGAAGGAAAATCCTHGAACTACAAGGAAGCAAGCTTTAGATCATGCCAATATGCTTATTGAGTCAAATTTTGAAGAATTGATCAAA
CAS-YHB0/2 (3101) GATAGAGTGTTATATGAAGGAAAATCCTGGAACTACAAGGAAGCAAGCTTTAGATCATGCCAATATGCTTATTGAGTCAAATTTTGAAGAATTGATCAAA
CAS-YT31/1 (3100) GATAGAGTGTTATATGAAGGAAAATCCTGGAACTACAAGGAAGCAAGCTTTAGATCATGCCAATATGCTTATTGAGTCAAATTTTGAAGAATTGATCAAA
IN715077  (1645) EATCGEATATTCTACGAGTATTGCATACCAAGTACTTGCAAGAGATTATATTTTGATATGTATAGGTCGGTAGCTTTCATTTTCAAGGATATTGATGGAT
CAS-RT31/1  (3187) TATCGEATATTCTACGAGTATTGCATACCAAGTACTTGCAAGAGATTATATTTTGATATGTATAGGTCGGTAGCTTTCATTTTCAAGGATATTGATGGAT
CAS-RT31/5 (3187) TATCGEATATTCTACGAGTATTGCATACCAAGTACTTGCAAGAGATTATATTTTGATATGTATAGGTCGGTAGCTTTCATTTTCAAGGATATTGATGGAT
CAS-RT31/7 (3187) TATCGRATATTCTACGAGTATTGCATACCAAGTACTTGCAAGAGATTATATTTTGATATGTATAGGTCGGTAGCTTTCATTTTCAAGGATATTGATGGAT
CAS-YHB0/2  (3201) TATCGEATATTCTACGAGTATTGCATACCAAGTACTTGCAAGAGATTATATTTTGATATGTATAGGTCGGTAGCTTTCATTTTCAAGGATATTGATGGAT
CAS-YT31/1  (3200) TATCGEATATTCTACGAGTATTGCATACCAAGTACTTGCAAGAGATTATATTTTGATATGTATAGGTCGGTAGCTTTCATTTTCAAGGATATTGATGGAT

IN715077  (1745) TTTCAAAATCTAGCAAGGCTATTAGAGATGACATAAAGAAGATTCTAGTTGAACCTATATATTTTTAG
CAS-RT31/1 (3287) TTTCAAAATCTAGCAAGGCTATTAGAGATGACATAAAGAAGATTCTAGTTGAACCTATATATTTTTAG
CAS-RT31/5 (3287) TTTCAAAATCTAGCAAGGCTATTAGAGATGACATAAAGAAGATTCTAGTTGAACCTATATATTTTTAG
CAS-RT31/7 (3287) TTTCAAAATCTAGCAAGGCTATTAGAGATGACATAAAGAAGATTCTAGTTGAACCTATATATTTTTAG
CAS-YHB0/2  (3301) TTTCAAAATCTAGCAAGGCTATTAGAGATGACATAAAGAAGATTCTAGTTGAACCTATATATTTTTAG
CAS-YT31/1 (3300) TTTCAAAATCTAGCAAGGCTATTAGAGATGACATAAAGAAGATTCTAGTTGAACCTATATATTTTTAG
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Fig. 11. (continued) Alignment of cadinene synthase (CAS) cDNA sequences in
Chamaecyparis formosensis Matsum. (JN715077) and genomic DNA sequences in C.

formosensis Matsum. (RT31/1 ~ RT31/6) and C. obtusa var. formosana Chamaecyparis

obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2 ~ YT31/6).

34



—_
z
YH6O/'S
YH6O'E
YH6O/7
YHGOE
YH60'9
YH6O/10
YH6W/ 11
FYH60/12
FH613
FHG6 14
RHE0/2
RH&0/3
RH&0/4
~
Z
RN44/1
RN44/2

o~
=
=
w
2
g

(continued)
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Fig. 12. The graph of 2% agarose gel electrophoresis of PCR fragments amplified with
Indel-flanking primers for caffeoyl CoA O-methyltransferase gene as molecular markers
from the leaves of selected cypress accessions collected from (A) Ho Ping working circle
60 forest compartment (H60); (B) Nan Ao working circle 44 forest compartment (N44);
(©), (D), (E) Dasi working circle 45, 46, 53 forest compartment, respectively (D45, D46,
D53). M= marker. PCR with the primers OMT/MF-1 and OMT/MR-1. The bold and italic
word of ID indicate they belong to red and yellow cypress, respectively. Arrows beside

the figure indicate the specific bands only found in red cypress.
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Fig. 12. (continued) The graph of 2% agarose gel electrophoresis of PCR fragments
amplified with Indel-flanking primers for caffeoyl CoA O-methyltransferase gene as
molecular markers from the leaves of selected cypress accessions collected from (F)
Taipingshan working circle 14, 15 forest compartment (T14, T15); (G), (H) Taipingshan
working circle 31, 54 forest compartment, respectively (T31, T54). Arrows beside the

figure indicate the specific bands only found in red cypress.
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Fig. 13. The graph of 2% agarose gel electrophoresis of PCR fragments amplified with
Indel-flanking primers OMT/MF-1 and OMT/MR-1 for caffeoyl CoA O-
methyltransferase gene as molecular markers for the wood samples collected from
Chamaecyparis formosensis Matsum. (RT15/14) and C. obtusa Sieb. & Zucc. var.
formosana (Hayata) Rehder (YT54/4, YT54/24, YH60/13). The bold and italic word of
ID indicate they belong to red and yellow cypress, respectively. M= marker. Arrows

beside the figure indicate the specific bands only found in red cypress.
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(continued)
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Fig. 14. The graph of 2% agarose gel electrophoresis of PCR fragments amplified with
Indel-flanking primers for cadinene synthase gene as molecular markers from the leaves
samples of selected cypress accessions collected from (A) Ho Ping working circle 60
forest compartment (H60); (B) Nan Ao working circle 44 forest compartment (N44); (C),
(D), (E) Dasi working circle 45, 46, 53 forest compartment, respectively (D45, D46,
D53). M= marker. PCR with the primers CAS5 and CAS/MR-2. The bold and italic word
of ID indicate they belong to red and yellow cypress, respectively. Arrows beside the

figure indicate the specific bands only found in red cypress.
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Fig. 14. (continued) The graph of 2% agarose gel electrophoresis of PCR fragments
amplified with Indel-flanking primers for cadinene synthase gene as molecular markers
from the leaves samples of selected cypress accessions collected from (F) Taipingshan
working circle 14, 15 forest compartment (T14, T15); (G), (H) Taipingshan working
circle 31, 54 forest compartment, respectively (T31, T54). Arrows beside the figure

indicate the specific bands only found in red cypress.
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CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1

ATGGCTGAAGTTGGTCTCE
ATGGCTGAAGTTGGTCTCE
ATGGCTGAAGTTGGTCTCYL

CAAAATTCATATGC

JIGECAATCATGACAAGA

ATCAGAGCAACAAATCAGYCGAAGGGTAGCAGAATTTCATCCAA

CAS-C5R-YT31/6 ATGGCTGAAGTTGGTCTCY

CAS-C5R-RT31/1-b  (101)
CAS-C5R-RT31/1-a  (101)
CAS-C5R-RT31/1  (101)
CAS-C5R-YT31/6  (101)

ACGTTTGGGRGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTITAATTACTGCAAAGE
A CGTTTGGGAGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAA

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1

CCTT®GTACTGCGAGAGG TTAACAHCTTAATTG
CAS-C5R-YT31/6

CCTT®GTACTGCGAGAGGRT TAACAIICTTAATTG

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1
CAS-C5R-YT31/6

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1
CAS-C5R-YT31/6

ATTATACAATAGAATCATIGITTIGTTGTTGTAAAACTAATGGTATATICTTGATATTCTGCAGAGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAA
ATTATACAATAGAATCATIGITIGTTGTTGTAAAACTAATGGTATATTCTTGATATTCTGCAGAGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAA
CTGCAGAGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAA
(CTGCAGAGCCTGGGAATTGAACGCCATTTTAAAAAAGAAATAA

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1
CAS-C5R-YT31/6

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1
CAS-C5R-YT31/6

AAGCAGTTCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACECT TAAATCTAAAAGACGT TAAATEGTTTGTTTATCAA

AAGCAGTTCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACT TAAATCTAAAAGACGTTAAATBGTTTGTTTATCAABAGTTGTTTACAG
AAGCAGTTCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAATGGT TTGTTTATCAARAGTTGTTTACAG
AAGCAGTTCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACT TAAATCTAAAAGACGT TAAATGGT TTGTTTATCAARAGTTGTTTACAG

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1
CAS-C5R-YT31/6

ATTAAACTGGTTTGTTCATARAAAAA TCAGATATTGGAATGATGAAAAGGGTATTTCTTGGGC
TATTAAACTGGTTTGTTCATAGAAAAARTTGITCACATITITCT T TATCATICTACATTICTIT TCAGATATTGGAATGATGAAAAGGGTATTTCTTGGGC
TATTAAACTGGTTTGTTCAT@CAAAAAATTGTI'EACATI'I"I'I’CTTTATCATTCTACA'I'I'C'I'I'I'TCAGATATTGGAATGATGAAAAGGGTATTTCTTGGGC

ATTAAACTGGT TTGTTCATAGAAAAAATTGITCACATITITC T TATCATTCTACATICIT T CAGATATTGGAATGATGAAAAGGGTATTTCTTGGGH]

GAGCGGAAACCTTATTGT|
GAGCGGAAACCTTATTGT|

CAS-C5R-RT31/1-b
CAS-C5R-RT31/1-a
CAS-C5R-RT31/1
CAS-C5R-YT31/6

GAGCGGAAACCTTATTGT|
GAGCGGAAACCTTATTGT]

B 15~ aj‘z_}'??:%ﬁ*? CASCS5R 4~ + 387 2 3 F BB 7|4 47,

Fig. 15. Alignment of about 0.75 kb (b), 0.8 kb (a) sequence in Chamaecyparis
formosensis Matsum. (RT31/1), part of cadinene synthase (CAS) genomic DNA
sequences in C. formosensis Matsum. (RT31/1) and C. obtusa Sieb. & Zucc. var.
formosana (Hayata) Rehder (YT31/6). The fragments a, b synthesized by primer CASS5
and CAS/MR-2 are showed in Fig. 13, 14 and only found in C. formosensis Matsum. The
black boxes represent conserved percentage of 100%. The hyphen between sequences

mean deletion.
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CAS-C5R-R
CAS-C5R-R’
CAS-CoR-Y
CAS-C5R-YT31/11
CAS-CBR-(Y)D45/2
CAS-C5R-YHEB0/ 14
CAS-C5R-YN44/8

CAS-C5R-R
CAS-C5R-R’
CAS-C5R-Y
CAS-C5R-YT31/11
CAS-C5R-(Y)D45/2
CAS-C5R-YHE0/ 14
CAS-C5R-YN44/8

CAS-C5R-R
CAS-C5R-R’
CAS-CoR-Y
CAS-C5R-YT31/11
CAS-C5R-(Y)D45/2
CAS-C5R-YHE0/ 14
CAS-C5R-YN44/8

CAS-C5R-R
CAS-C5R-R’
CAS-C5R-Y
CAS-C5R-YT31/11
CAS-C5R-(Y)D45/2
CAS-C5R-YHE0/ 14
CAS-C5R-YN44/8

CAS-C5R-R
CAS-C5R-R’
CAS-CoR-Y
CAS-C5R-YT31/11
CAS-C5R-(Y)D45/2
CAS-C5R-YHE0/ 14
CAS-C5R-YN44/8

110 209
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAA*TﬁmﬁGTATTTTATTTCCTgCTTTTC
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAG TORTIAAIATAGTATTTTATTTCCTT®TCTTTTC
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAGCTAAATCTARATAGTATTTTATTTCCTTTTCTTTTC
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAGCTAAATCTAAATAGTATTTTATTTCCTTTTCTTTTC
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAGCTAAATCTAAATAGTATTTTATTTCCTTTTCTTTTC
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAGCTAAATCTAAATAGTATTTTATTTCCTTTTCTTTTC
AGTACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAGCTAAATCTAAATAGTATTTTATTTCCTTTTCTTTTC

210 309
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGAT TAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTECCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCﬂCCTTCSEQCTGCGAGAGGATTAACATCTTAATTGAGGAGATTAAGATGGATAT
TGT®CCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTC CTGCGAGAGGATTEACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGATTAACATCTTAATTGAGGAGATTAAGATGGATAT

310 409
ATTTGATGGTCTGGT TGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGT TCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGT TGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGT TCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTG%TGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAG%TCTTCGTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGETGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCT TCTTGAAAGGETCTTCGETGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGT TCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGT TCTTCGTTGTTGATATTCTGCAGAGCCTGGGA

410 509
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGT TCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGT TCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGT TCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAHAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAA@
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGETCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGT TCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGT TCTAGATTATACTTACAAGTAAGTTGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA

510 585
TGGTTTGTTTATCAAAAGTTGTTTAC/-\GTATTA/-\ACTGGTTTGTTCA@CAAAAAATTGTTEACATTTTTCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATECAAAAAATTGTTIACATTTTTCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATACAAAAAATTGTTCACATTTTTCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATACAAAAAATTGTTCACATTTTTCTTTAT
TGGTTTGTTTATCAAAA@TGTTTACAGTATTAAACTGGTTTG@TCATACAAAAAATTGTTCACATTTTTCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATACAAAAAATTGTTCACATTTTTCTTTET
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATACAAAAAATTGTTCACATTTTHCTTTAT

Bl 16~ 2 #atpd oif 5 52 CASCSR & 3 HR38h 70 4

Fig. 16. Alignment of the major sequence amplified with Indel-flanking primers CASS

and CAS/MR-2 for leaves samples in Chamaecyparis formosensis Matsum. (R, R”) and

C. obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (Y, YT31/11, (Y)D45/2,

YH60/14, YN44/8). The black boxes represent conserved percentage of 20% to 40%. The
gray boxes represent conserved percentage of 60% to 80%. Analysis about 150 different
individuals, all red cypress show the sequence either R or R’. And all yellow cypress
show the sequece as Y, but have some exception indicated in this figure. The hyphen

between sequences mean deletion. Positions refer to the genomic sequence of cadinene

synthase gene for C. obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YT31/6).
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YT54/24
YH60/13
YH60/1
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YT54/4
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YHG60/3

B 17 ~ CAS5 2 CAS/MR-25 513 2. % i%ﬁ#ﬁ AR &R A A 1T R

Fig. 17. The graph of 2% agarose gel electrophoresis of PCR fragments amplified with
Indel-flanking primers CASS and CAS/MR-2 for cadinene synthase gene as molecular
markers for the wood samples collected from Chamaecyparis formosensis Matsum.
(RT15/14) and C. obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YT54/4,
YT54/24, YH60/13, YH60/1, YH60/2, YH60/3). The bold and italic word of ID indicate
they belong to red and yellow cypress, respectively. M= marker. Arrows beside the figure

indicate the specific bands only found in red cypress.
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CAS-C5R-R
CAS-C5R-Y
CAS-C5R-YT54/4
CAS-C5R-YT54/24
CAS-C5R-YHB0/2
CAS-C5R-YH60/3

CAS-C5R-R
CAS-C5R-Y
CAS-C5R-YT54/4
CAS-C5R-YT54/24
CAS—-C5R-YHB0/2
CAS—-C5R-YHB0/3

CAS-C5R-R
CAS-C5R-Y
CAS-C5R-YT54/4
CAS-C5R-YT54/24
CAS-C5R-YHB0/2
CAS-C5R-YH60/3

CAS-C5R-R
CAS-C5R-Y
CAS-C5R-YT54/4
CAS-C5R-YT54/24
CAS-C5R-YHB0/2
CAS-C5R-YHB0/3

CAS-C5R-R
CAS-C5R-Y
CAS-C5R-YT54/4
CAS-C5R-YT54/24
CAS-C5R-YHB0/2
CAS-C5R-YH60/3

110 209
AGIACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGT TAATTACTGCAAAGT TCg TTIRATA GTATTTTATTTCCTT@TCTTTTC
AG ACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAAGE T] TAHA GTATTTTATTTCCTTITCTTTTC
AGEACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGT TAATTACTGCAAAGT T g TTIRATA GTATTTTATTTCCTT@TCTTTTC
AGIACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAA TRTABATAGTATTTTATTTCCTTTTCTTTTC
AGIACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGTTAATTACTGCAAA Tl TAEA GTATTTTATTTCCTTITCTTTTC
AGIACGAATTCCTGCAGTCCCTTTCATCGCCATATGGGGTAAGTAAAGGT TAATTACTGCAAAGT TCg TTIRATA GTATTTTATTTCCTTTCTTTTC

210 309
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT
TGTACCGTTTCCAAGCTAAATCTCATATATCTATTGAATGACAGGCACCTTCGTACTGCGAGAGGAT TAACATCTTAATTGAGGAGATTAAGATGGATAT

310 409
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA
ATTTGATGGTCTGGTTGGAGATGGAGAAAAGAATATGAATCCGTCTGCTTATGACCTTCTTGAAAGGTTCTTCGTTGTTGATATTCTGCAGAGCCTGGGA

410 509
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA
ATTGAACGCCATTTTAAAAAAGAAATAAAAGCAGTTCTAGATTATACTTACAAGTAAGT TGGTTTATATATAAAAACACTTAAATCTAAAAGACGTTAAA

510 585
TGGTTTGTTTATCAAAAGTTGT TTACAGTATTAAACTGGTTTGTTCATGCAAAAAATTGTTTACATTTTIRCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATHCAAAAAATTGTTEACATTT CTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATGCAAAAAATTGTTTACATTTTRCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCATMCAAAAAATTGT$EACATTT CTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGTTCAT&CAAAAAATTGT ACATTTTHCTTTAT
TGGTTTGTTTATCAAAAGTTGTTTACAGTATTAAACTGGTTTGT TCATGCAAAAAATTGTTTACATTTTIRCTTTAT

B 18~ %’?;ﬂ*ﬂ*"ﬁ’fi%’\ CASC5R 4 F {5 7)) ¥

Fig. 18. Alignment of the major sequence amplified with Indel-flanking primers CASS
and CAS/MR-2 for leaves samples in Chamaecyparis formosensis Matsum. (R), C.
obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (Y) and for wood samples in C.
obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YT54/4, YT54/24, YH60/2,
YH60/3). The black boxes represent conserved percentage lower than 50%. The gray
boxes represent conserved percentage higher than 60%. The hyphen between sequences
mean deletion. Positions refer to the genomic sequence of cadinene synthase gene for C.

obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YT31/6).
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Fig. 19. DNA sequence variation of the 650 bp PCR fragments amplified with Indel-
flanking primers (CAS5 and CAS/MR-2) of cadinene synthase gene for the selected
cypress accessions of about 150 different individauls collected from Loudong forestry
district. The numbers for the nucleotides are shown below the sequence. The first
nucleotide of CASS primer is position 1. There are sequence variation of the 650 bp
fragments in the position of 170 to 204 (A), and 555 to 572 (B). R= red cypress, Y=
yellow cypress. Red “Y” means the sequence be found only in wood sample of yellow

cypress in this study.

44



100

—_
>
RD46/1
RD46/2
RD46/3
RD46/4
RD46/5
RD46/6
RD46/7
RD46/8
RD46/9
RD46/10
(VD461
(YiD462

bp
3000——

1500——
1000

4]

500

400
00——

200

L— R o |
E = 8 @ T L e & B 5 BB 5 = = 8
(E) R EEEEEEEEEEEEE 2 3 3
M B BE BE BEE E B EBEEE EE2 2 & & 8 y & & 8

bp

3000—

1500—

1_

500——

400

300——
200

100

(continued)
B 20 ~ 2 CAS/MF-1 2 CAS/MR-1 % 3l 2 i;‘%ﬁﬁ AE PR AT AL T E
Fig. 20. The graph of 2% agarose gel electrophoresis of PCR fragments amplified with
Indel-flanking primers for cadinene synthase gene as molecular markers from the leaves
samples of selected cypress accessions collected from (A) Ho Ping working circle 60
forest compartment (H60); (B) Nan Ao working circle 44 forest compartment (N44); (C),
(D), (E) Dasi working circle 45, 46, 53 forest compartment, respectively (D45, D46,
D53). M= marker. PCR with the primers CAS/MF-1 and CAS/MR-1. The bold and italic

word of ID indicate they belong to red and yellow cypress, respectively.
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Fig. 20. (continued) The graph of 2% agarose gel electrophoresis of PCR fragments
amplified with Indel-flanking primers for cadinene synthase gene as molecular markers
from the leaves samples of selected cypress accessions collected from (F) Taipingshan
working circle 14, 15 forest compartment (T14, T15); (G), (H) Taipingshan working
circle 31, 54 forest compartment, respectively (T31, T54).
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Fig. 21. The graph of 2% agarose gel electrophoresis of PCR fragments amplified with
Indel-flanking primers CAS/MF-1 and CAS/MR-1 for cadinene synthase gene as
molecular markers for the wood samples collected from RT15/14, YT54/4, YT54/24,
YH60/13, YH60/1, YH60/2, YH60/3. The bold and italic word of ID indicate they belong

to red and yellow cypress, respectively.
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CAS-CM1-R
CAS-CM1-Y
CAS-CM1-YT54/4
CAS-CM1-YT54/24
CAS-CM1-YHB0/ 1
CAS—-CM1-YHB0/2
CAS—-CM1-YHE0/3

CAS-CM1-R
CAS-CM1-Y
CAS-CM1-YT54/4
CAS—-CM1-YT54/24
CAS—-CM1-YHB0/ 1
CAS—-CM1-YHB0/2
CAS—-CM1-YHB0/3

CAS-CM1-R
CAS-CM1-Y
CAS-CM1-YT54/4
CAS-CM1-YT54/24
CAS—-CM1-YHB0/ 1
CAS-CM1-YHB0/2
CAS-CM1-YHB0/3

CAS-CM1-R
CAS—-CM1-Y
CAS-CM1-YT54/4
CAS—-CM1-YT54/24
CAS—-CM1-YHB0/ 1
CAS—-CM1-YHB0/2
CAS—-CM1-YHB0/3

CAS-CM1-R
CAS-CM1-Y
CAS-CM1-YT54/4
CAS-CM1-YT54/24
CAS—-CM1-YHB0/ 1
CAS-CM1-YHB0/2
CAS-CM1-YHB0/3

CAS-CM1-R
CAS—-CM1-Y
CAS-CM1-YT54/4
CAS-CM1-YT54/24
CAS—-CM1-YHB0/ 1
CAS—-CM1-YHB0/2
CAS—-CM1-YHB0/3

99 198
CHAACATCATTTCATGTATACCTTTCTTAATEATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG
CCAACATCATTTCATGTATACCTTTCTTAATAATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG
CCAACATCATTTCATGTATACCTTTCTTAATAATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG
CCAACATCATTTCATGTATACCTTTCTTAATAATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG
CCAACATCATTTCATGTATACCTTTCTTAATAATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG
CCAACATCATTTCATGTATACCTTTCTTAATAATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG
CCAACATCATTTCATGTATACCTTTCTTAATAATTTGCATAGTAAGAACTCATTCAATTATGCTTAATATAAATTTATTTATTTCTCCACTTCATGCAAG

199 298
AACATCATATTGTCTAAATGGCTAAAT A G TGAT AATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA
AACATCATATTGTCTAAATGGCTAAATCTAATATAAATAGTGATAATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA
AACATCATATTGTCTAAATGGCTAAATCTAATATAAATAGTGATAATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA
AACATCATATTGTCTAAATGGRTAAATCTAATATAAATAGTGATAATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA
AACATCATATTGTCTAAATGGCTAAATCTAATATAAATAGTGATAATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA
AACATCATATTGTCTAAATGGCTAAATCTAATATAAATAGTGATAATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA
AACATCATATTGTCTAAATGGCTAAATCTAATATAAATAGTGATAATTATTTTACTTTTTCTTTCAGAATGCCAAGTGACAAAAGAACGAAGATTTTGGA

299 398
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT
ATTGGCAATACTAGACTTTAACATTTTGCAAGATCAACACCATAATGAGCTCAAAATTTTATCCAAGTAAGGGAACTATATAGTATTTTGTCCTTATTTT

399 498
AATAEATTTCAAETTTATCTTGTTTAGGATATCATTATGTTCCTTAAAGAACTAATAGGGTCAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG
AATAAATTTCAAGTTTATCTTGTTTAGGATATCATTATGTTCCTTAAAGAACTAATAGGGTCAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG
AATAAATTTCAAGTTTATCTTGTTTAGGATATCATTATGTTCCTTAAAGAACTAATAGGGECAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG
AATAAATTTCAAGTTTATCTTGTTTAGGATATCATTATGTTCCTTAAAGAACTAATAGGGTCAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG
AATAAATTTCAAGTTTATCTTGTTTAGGATATCATTATGTTCCT TAAAGAACTAATAGGGTCAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG
AATAAATTTCAAGTTTATCTTGTTTAGGATATCATTATGTTCCT TAAAGAACTAATAGGGTCAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG
AATAAATTTCAAGTTTATCTTGTTTAGGATATCATTATGTTCCTTAAAGAACTAATAGGGTCAAATATTTTGGTATTGGGATATGAATAAATAGATGGTG

499 598
GAATGAGACIJAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTT TATGAGAAAGARYITCTCTGCA
GAATGAGACCAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTHTATGAGAAAGAGCTCTCTGCA
GAATGAGACCAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGAGCTCTCTGCA
GAATGAGACCAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGAGCTCTCTGCA
GAATGAGACCAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTTTATGAGAAAGAGCTCTCTGCA
GAATGAGACCAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTHTATGAGAAAGAGCTCTCTGCA
GAATGAGACCAAAGTGAAGGAACTAAATTTCTTCAGGCAACGACATGTGGAGTTCTACTTTTTGTATGCATGTGGACTT TATGAGAAAGAGCTCTCTGCA

599 632
ACTAGACTTTgGCTTTGCTAAA GTGGGTGCAHT
ACTAGACTTTgGCTTTGCTAAAZGTGGGTGCACT
ACTAGACTTTgGCTTTGCTAAARGTGGGTGCACT
ACTAGACTTTRIGCTTTGCTAAARGTGGGTGCACT
ACTAGACTTTgGCTTTGCTAAARGTGGGTGCACT
ACTAGACTTTgGCTTTGCTAAARGTGGGTGCACT
ACTAGACTTTgGCTTTGCTAAAGGTGGGTGCACT

Bl 22~ £ & ntp & g A2 CASCMI & + 4R35/ 7 3

Fig. 22. Alignment of the major sequence amplified with Indel-flanking primers

CAS/MF-1 and CAS/MR-1 for leaves samples in Chamaecyparis formosensis Matsum.

(R), C. obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (Y) and for wood samples
in C. obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YT54/4, YT54/24, YH60/1,
YH60/2, YH60/3). The black boxes represent conserved percentage lower than 30%. The

gray boxes represent conserved percentage of 70% to 86%. Deletions sequences are

indicated by hyphen. The first nucleotide position is the 5* of CAS/MF-1 primer sequence

and positions refer to sequence for C. obtusa Sieb. & Zucc. var. formosana (Hayata)
Rehder (YT31/6).
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Fig. 23. DNA sequence variation of the 700 bp PCR fragments amplified with Indel-
flanking primers (CAS/MF-1 and CAS/MR-1) for cadinene synthase gene for the selected
cypress accessions of about 150 different individauls collected from Loudong forestry
district. The numbers for the nucleotides are shown below the sequence. The first
nucleotide of CAS/MF-1 primer is position 1. There are sequence variation of the 700 bp
fragments in the different position from 99 to 509 (A), and 574 to 630 (B) of
Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder. R= red cypress,

Y= yellow cypress. Red “R” means the sequence be found rarely in red cypress in this

study.
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Table 1. The wood samples information of cypress population. Chunks of different tissues

and different condition gathered from various depths of the log (L1 to L4) were collected.

And based on the bark to the xylem direction define depth.

Location Sample type
ID Species
W(?rklng X’ Y’ Tissue Condition
circle
YH60/1 Co H60 304216 2709865 root Dead
YH60/2 Co H60 304216 2709868 trunk Fresh
YH60/3 Co H60 304169 2709890 trunk Dead
YH60/4 Co H60 304151 2709899 root Fresh
trunk
RH60/1 Cf H60 304174 2709921 root Fresh
trunk
RT98/1 Cf T8 302556 2713931 trunk Fresh

Cypress include Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder [(Co) also

called Taiwan yellow cypress (Y)] and C. formosensis Matsum. [(Cf), Taiwan red cypress (R)].

The samples was collected from Taipingshan working circle (T) forest compartment (_: indicates

different number of area) and Ho Ping working circle (H) forest compartment.

X', Y’ of location belong to universal transverse mercator (UTM) grid system and were calculated

by global positioning system (GPS).
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Table 2. The leave samples information of cypress population. Cypress include Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata)

Rehder [(Co) also called Taiwan yellow cypress (Y)] and C. formosensis Matsum. [(Cf), Taiwan red cypress (R)].

Working Location Species Location Location
ID Species ID ID Species

circle X’ Y’ X’ Y’ X’ Y’

H60 RH60/2 Cf 304213 2709852 RH60/3 Cf 304209 2709861 RH60/4 Cf 304228 2709866
YH60/5 Co 304243 2709809 YH60/6 Co 304208 2709805 YH60/7 Co 304188 2709803
YH60/8 Co 304213 2709858 YH60/9 Co 304221 2709877 YH60/10 Co 304232 2709872
YH60/11 Co 304247 2709905 YH60/12 Co 304239 2709914 YH60/13 Co 304243 2709922
YH60/14 Co 304239 2709918

N44 RN44/1 Cf 311920 2712093 RN44/2 Cf 311718 2711687 YN44/1 Co 311706 2711777
YN44/2 Co 311708 2711780 YN44/3 Co 311711 2711784 YN44/4 Co 311722 2711779
YN44/5 Co 311724 2711788 YN44/6 Co 311728 2711783 YN44/7 Co 311727 2711805
YN44/8 Co 311724 2711827 YN44/9 Co 311726 2711834 YN44/10 Co 311727 2711830

D45 RD45/1 Cf 294975 2726456 RD45/2 Cf 294977 2726470 RD45/3 Cf 294976 2726472
RD45/4 Cf 294958 2726525 RD45/5 Cf 294963 2726539 RD45/6 Cf 294961 2726541
RD45/7 Cf 294969 2726543 RD45/8 Cf 294978 2726557 RD45/9 Cf 294963 2726549
RD45/10 Cf 294967 2726558 RD45/11 Cf 294974 2726560 (Y)D45/1* Co 295059 2726255
(Y)D45/2* Co 295060 2726253

The samples was collected from Taipingshan (T), Dasi (D), Nan Ao (N) and Ho Ping (H) working circles. And the numbers behind working circles indicate
different area of forest compartment. The first word of ID means its species (R= red cypress, Y= yellow cypress), next three words mean its collected position,
and the last word indicates different individual.

*= Species identification based on molecular is opposite with the result based on phenotype character.

X’, Y’ of location belong to universal transverse mercator (UTM) grid system and were calculated by global positioning system (GPS).
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Table 2 (continued). The leave samples information of cypress population.

Working Location Species Location Location
ID Species ID ID Species
circle ’ Y’ X’ Y’ X’ Y’
D46 RD46/1 cf 295293 2726332 RD46/2 Cf 295333 2726353 RD46/3 Cf 295397 2726249
RD46/4 Cf 295393 2726251 RD46/5 Cf 295404 2726277 RD46/6 Cf 295415 2726283
RD46/7 cf 295400 2726281 RD46/8 Cf 295505 2726172 RD46/9 Cf 295553 2726114
RD46/10 Cf 295541 2726108 YD46/1 Co 295063 2726256 YD46/2 Co 295269 2726307
D53 RD53/1 Cf 294248 2721419 RD53/2 cf 294247 2721417 RD53/3 cf 293350 2721175
RD53/4 cf 293338 2721179 RD53/5 Cf 293197 2721205 RD53/6 Cf 293161 2721188
RD53/7 cf 293139 2721201 RD53/8 Cf 293140 2721203 (R)D53/9* Cf 294236 2721436
(R)D53/10* Cf 294292 2721448 (R)D53/11* Cf 293211 2721206 (R)D53/12* Cf 293708 2722177
(Y)D53/1* Co 293891 2722863 YD53/2 Co 294256 2721496 YD53/3 Co 294239 2721528
YD53/4 Co 294210 2721477 (Y)D53/5* Co 293894 2722862 (Y)D53/6* Co 293887 2722829
YD53/7 Co 293107 2722173 YD53/8 Co 293710 2722178
Ti4 RT14/1 Cf 297855 2727419 RT14/2 Cf 297855 2727563
T15 RTI15/1 Cf 297843 2727125 RT15/2 Cf 297843 2727120 RT15/3 Cf 297838 2727111
RT15/4 cf 297892 2727083 RT15/5 Cf 297895 2727078 RT15/6 Cf 297905 2727082
RT15/7 Cf 297901 2727090 RT15/8 Cf 297892 2727091 RT15/9 Cf 297902 2727106
RT15/10 Cf 297881 2727107 RT15/11 Cf 297883 2727111 RT15/12 Cf 297888 2727118
RT15/13 Cf 297875 2727092 RT15/14 Cf 297948 2727001 RT15/15 Cf 297946 2727021

*= Species identification based on molecular is opposite with the result based on phenotype character.

X’, Y’ of location belong to universal transverse mercator (UTM) grid system and were calculated by global positioning system (GPS).
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Table 2. (continued) The leave samples information of cypress population.

Working Location Species Location Location
ID Species ID ID Species

circle ’ Y’ X’ Y’ 5 Y’

T15 RT15/16 Cf 297948 2727025 RT15/17 Cf 297947 2727025 RT15/18 Cf 297952 2727028
RT15/19 Cf 297903 2727102 RT15/20 Cf 297921 2727110

131 RT31/1 Cf 292527 2720607 RT31/2 Cf 292492 2720579 RT31/3 Cf 292480 2720575
RT31/4 Cf 292456 2720575 RT31/5 Cf 292441 2720572 RT31/6 Cf 292413 2720570
RT31/7 Cf 292399 2720563 RT31/8 Cf 292369 2720553 RT31/9 Cf 292281 2720557
RT31/10 Cf 292249 2720587 RT31/11 Cf 292190 2720611 YT31/1 Co 292543 2720623
YT31/2 Co 292553 2720629 YT31/3 Co 292547 2720624 YT31/4 Co 292525 2720597
YT31/5 Co 292500 2720583 YT31/6 Co 292469 2720574 YT31/7 Co 292453 2720571
YT31/8 Co 292415 2720569 YT31/9 Co 292401 2720562 YT31/10 Co 292384 2720556
YT31/11 Co 292302 2720559 YT31/12 Co 292229 2720594 YT31/13 Co 292200 2720606

T54 YT54/1 Co 285825 2699055 YT54/2 Co 285814 2699063 YT54/3 Co 285814 2699074
YT54/4 Co 285830 2699075 YT54/5 Co 285828 2699083 YT54/6 Co 285829 2699056
YT54/7 Co 285820 2699052 YT54/8 Co 285821 2699039 YT54/9 Co 285824 2699044
YT54/10 Co 285818 2699036 YT54/11 Co 285810 2699044 YT54/12 Co 285818 2699037
YT54/13 Co 285814 2699031 YT54/14 Co 285792 2699017 YT54/15 Co 285792 2699018
YT54/16 Co 285790 2699013 YT54/17 Co 285792 2699016 YT54/18 Co 285796 2699009
YT54/19 Co 285788 2699009 YT54/20 Co 285781 2699006 YT54/21 Co 285783 2699000
YT54/22 Co 285779 2698997 YT54/23 Co 285768 2699010 YT54/24 Co 285766 2699018
YT54/25 Co 285775 2699030 YT54/26 Co 285748 2699013 YT54/27 Co 285735 2699005
YT54/28 Co 285716 2699003 YT54/29 Co 285711 2699015 YT54/30 Co 285712 2699011

X’, Y’ of location belong to universal transverse mercator (UTM) grid system and were calculated by global positioning system (GPS).
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Table 3. Primers for PCR amplification to clone caffeoyl CoA O-methyltransferase (CCoAOMT), alpha-pinene synthase (APS) and cadinene

synthase (CAS) genes. CCOAOMT, APS CASprimer sequence and position are based on the YH60/2 sequence.

Primer name Position Sequence (5°-3%) Ta (C)
CCoAOMTS (fwd) -1)-19 AATGGCAACCGTAGAGGCTA

CCoAOMTS3 (rev) 1907-1925 YTCAAATAAYTCKTCTGCAG >
APSS (fwd) 3-22 GTCTCTCGGTTGTATTACAC

APS/R-1 (rev) 2503-2523 GTCCAACTTTGCCAATTCTAG >
APS/F-1 (fwd) 2226-2245 AATGTGCCTAGGTTGGAAGC

APS3 (rev) 4233-4254 TATTGGAATTGATCCAATCATC >
CASS (fwd) 1-20 ATGGCTGAAGTTGGTCTCTC

CAS3 (fwd) 3341-3368 CGGCTAAAAATATATAGGTTCAACTAGAATC o

Fwd refers to forward primers which are located 5’ to the DNA fragment being amplified and rev to reverse primers which are 3’ to the fragment. Y= C or T,

K= G or T. And Ta= the optimized annealing temperature.
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Table 4. Primers for PCR amplification of molecular markers developed in Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder
and C. formosensis Matsum. based on the polymorphic sequence of caffeoyl CoA O-methyltransferase (CCOAOMT) and cadinene synthase (CAS)

genes.
Marker Name Primer name Sequence (5°-3”) Ta (C)
OMT-M1 OMT/MF-1 (fwd) CATGCCTGGATTGATTTGGA
OMT/MR-1 (rev) GGGTTTTACTGATTATACTGATTAG &
CASC5R CASS (fwd) ATGGCTGAAGTTGGTCTCTC
CAS/MR-2 (rev) ACAATAAGGTTTCCGCTCGC ®
CASCM1 CAS/MF-1 (fwd) CGTGTAGAGTCCCTAGATGG
CAS/MR-1 (rev) ACAAGCTCATCAATGGTTCC ®

Fwd refers to forward primers which are located 5 to the DNA fragment being amplified and rev to reverse primers which are 3’ to the fragment. Ta= the

optimized annealing temperature.
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Table 5. Sequence variation found in the cypress caffeoyl CoA O-methyltransferase (CCoOAOMT) gene (excluding base substitutions). Positions
refer to the genomic sequence of CCOAOMT in Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (Co) or C. formosensis
Matsum. (Cf) from this study. The first nucleotide is the A of start codon in CCOAOMT.

No. Species Position Length of insertion (bp) Sequence (5°—3")
1 Co 212-240 (Intron 1) 29 ATTTGGATTTGGCATATACATTGGGTTAA
2 Co 503-540 (Intron 2) 38 TGCTACTAATAGTTCAATGTCAGTAACGCCCAAATTGG
3 Cf 626-630 (Intron 2) 5 TCCAC
4 Cf 707-739 (Intron 2) 33 TGAGAAATTTCTGTTATGTGCTACTAACAATTT
5 Co 806-807 (Intron 2) 2 GT
6 Cf 826 (Intron 2) 1 C
7 Co 984 (Intron 2) 1 C

8 Cf 1326 (Intron 3) 1 C




F6 A A A T RS A TN 2 - PR AR A
Table 6. Single nucleotide polymorphisms (SNP) present in exons 1 to 5 of the cypress
caffeoyl CoA O-methyltransferase (CCOAOMT) gene. Positions refer to the genomic
sequence of CCOAOMT in Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata)
Rehder (YH60/2). The first nucleotide is the A of start codon in CCOAOMT.

No. Position Sequence (Y/R) Amino acid”
1 39 (in Exon 1) A/G Gln
- 287 (in Exon 2) G/A Glu
3 323 (in Exon 2) T/C Ala
4 1488 (in Exon 4) T/C Ala
S 1491 (in Exon 4) A/G Leu
6 1494 (in Exon 4) AT Pro
7 1510 (in Exon 4) C/T Leu
8 1646 (in Exon 5) C/T Gly
) 1649 (in Exon 5) C/G Ser
10 1914 (in Exon 5) C/A Arg
1T 1917 (in Exon 5) G/A Val/lle

*~ Polymorphisms were affecting amino acids in the CCOAOMT sequence.
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Table 7. Single nucleotide polymorphisms (SNP) present in exons and introns of the
cypress alpha pinene synthase (APS) gene. Positions refer to the genomic sequence of
APS for Chamaecyparisobtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2).
The first nucleotide is the A of start codon in APS

No. Position Sequence No. Position Sequence

1 1617 G/T 12 1807 G/T
(in Intron 3) (in Intron 3)

2 1661 G/A 13 1810 T/C
(in Intron 3) (in Intron 3)

3 1691 G/T 14 2344 T/C
(in Intron 3) (in Intron 5)

4 1699 G/A 15 2538 G/A
(in Intron 3) (in Exon 6)

5 1707 A/C 16 2568 C/T
(in Intron 3) (in Exon 6)

6 1711 G/A 17 2586 C/T
(in Intron 3) (in Intron 6)

7 1729 T/G 18 2845 C/T
(in Intron 3) (in Exon 7)

8 1734 T/G 19 3089 T/C
(in Intron 3) (in Intron 7)

9 1762 G/A 20 3140 T/C
(in Intron 3) (in Intron 7)

10 1768 G/A 21 3421 A/G
(in Intron 3) (in Intron 8)

11 1798 T/A

(in Intron 3)
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Table 8. Single nucleotide polymorphisms (SNP) present in introns of the cypress
Cadinene Synthase (CAS) gene. Positions refer to the genomic sequence of CAS for
Chamaecyparis obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2). The
first nucleotide is the A of start codon in CAS

No. Position Sequence No. Position Sequence
(Y/R) (Y/R)
1 174 C/T 14 826 G/T
(in Intron 1) (in Intron 3)
2 176 A/C 15 1247 C/T
(in Intron 1) (in Intron 3)
3 180 C/T 16 1365 A/G
(in Intron 1) (in Intron 3)
4 181 T/A 17 1426 T/A
(in Intron 1) (in Intron 3)
5 183 A/T 18 1483 C/T
(in Intron 1) (in Intron 4)
6 186 A/T 19 1484 T/C
(in Intron 1) (in Intron 4)
7 202 T/C 20 1521 G/T
(in Intron 1) (in Intron 4)
8 558 A/G 21 1551 T/C
(in Intron 2) (in Intron 4)
9 571 C/T 22 1577 G/A
(in Intron 2) (in Intron 4)
10 771 C/G 23 1750 C/A
(in Intron 3) (in Intron 5)
11 804 T/A 24 2061 G/T
(in Intron 3) (in Intron 6)
12 823 A/G 25 2419 C/T
(in Intron 3) (in Intron 7)
13 824 T/C 26 2673 G/A

(in Intron 3)

(in Intron 8)
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Table 9. Single nucleotide polymorphisms (SNP) present in exons of the cypress cadinene
synthase (CAS) gene. Positions refer to the genomic sequence of CAS for Chamaecyparis
obtusa Sieb. & Zucc. var. formosana (Hayata) Rehder (YH60/2). The first nucleotide is
the A of start codon in CAS

No. Position Seg;/;n)ce Amino acid*
1 41 (in Exon 1) C/A Ala/Asp
2 876 (in Exon 4) A/C Ile/Leu
3 880 (in Exon 4) A/G Glu/Gly
4 1032 (in Exon 4) A/G Met/Val
5 1710 (in Exon 5) G/C Asp/His
6 2158 (in Exon 7) C/A Thr

7 2227 (in Exon 7) A/T Leu/Phe
8 2239 (in Exon 7) G/A Glu

9 2240 (in Exon 7) C/T Leu/lle
10 2279 (in Exon 7) C/A Leu
11 2518 (in Exon 8) A/G Ala
12 2595 (in Exon 8) C/G Thr/Ser
13 2816 (in Exon 9) C/T Ser
14 2884 (in Exon 9) A/G Asp/Gly
15 3206 (in Exon 10) G/A Arg

*~ Polymorphisms were affecting amino acids in the CAS sequence.
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$oE N uEEED 249 2 278 BURAE (B 5)0 Ry EAE IS ff APS 2
CDS Pl# Chu ¥ (2009) #lcHfE N5 F 5 1 3 Bk (B 8) - *
7% 18 Pl i CAS# Kuo % (2012) &7 3¢9 cDNA ** CDS & § P e A

IR o Athe 2 ERHEP BAHE > 7 4% (2008)~Chu % (2009) % Kuo %
(2012) 2 B HEFBp LB 2 HRHEF T > 7 il 75 KB EFEY
@A i (Liuetal,2014) i & CCOAOMT - APS 2 CAS 2 CDS *'#p % % %
Eﬁ—'ff@;;'%%ﬁ* PEGAEALZR o pow e Es T CCOAOMT 2 " fh & 71| >
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AR G P AR ZARFEFERIES Y B RAPT (B S) 0 RS
21 g sginz it ¢ SAM (S-adenosyl-L-methionine) binding motif » &2 SAM
& ET AREBAFEF R F RPFATE methylgroup > MY AEH 2 F R
(Ferrer et al., 2005 ; Ibdah et al., 2003) -

: B8 AR U

RIS P BRAENFAT Y 3’-7}@ P B DNA ¥ . iaﬁi_,; DNA %~
FHRzE (% 0 2005) 0 B3 A Te DNA & Rl 9 BT ARHN T4
AR WG AT B H P AR R G B TR A TR T R S A
M B3] A3~ B2 OMT/MF-1 ¥ OMT/MR-1 313 i&{7 PCR > >t & % # % (B
12) 2 At (B 13) #f1* TAB#H? 9 14kb i5F Fulk B2t Hatp2
J_ﬂfﬁ o ¥ - w2 CAS5 2 CAS/MR-2 513 » 247 ® # 5% (B 14) 2 A4
s (B 17) 77 R AR FF 8P %2 48 A5 - fE-Park ¥ (2011)
el * R AR A 171395 4-CL » CCOAOMT 5 A1 5 7k -2 fr 7 3 5 Al
B 71| (cleaved amplified polymorphism sequences; CAPS) » = 7 % &4 & ~ =& ~

S AN R R R N W AT

B

a2 DNA A3 s VE BT ABFERAZ R AT - 2 5 (2007) #
730 B% £33k k2 RAPD > #d 6 B33 E5 22 B AT H P d 374
Bligz & k0 R ARE T - BAER Y KB foiF (2003) 41* RAPD # iyt
Feen29 B A8 (7R @ 4p 0 R A 45 0 12 Operon kit 220 iE £ #8513 & {7 &3F > 35
BalF 3%k sl s FA1 > HY OPAA3 313 :8(7 PCR {5 » R AR A2
705bp B T EU M F 548 o RAPD £ § 7 23 & 4vif DNA A 7 » 4k (€ ff i 0
BB (% 02005)0 L5 HEH R 2 A LD 5 e Bl 0 200 DNA ¥ E LK IR
PFE G RGeS S B R A 4 > Fla ¢ BEBHA W A (3 02013)0 ¢ LA
MARE & 2 7R 3] £+  (heterozygote) % 3] &+ (homozygote) e d >3l F 4
% PCR F EPF22 fix DNA % & 7 ic 7 = 2 3 48 » 4F B3 722 ¥ 3| 7 DNA 3z &
AR Y L MM F & o F RAPD enfE gt 3 & L Pl o
SSR & * el 3 545 a RIFET B[R AR fAn 2 F BHE NSk
(% >2005)> %3 % - 12 ER{EISF Hig2 > 2 RAPD 4p - Bt > 5 0 %
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¥ * chDNA & F 352 - o % %2 ficiFh #3¢ (nuclear simple sequence repeat;
nSSR) i > ¢ AN EERF F ARG M (2 (Lacombeetal., 2013) - 1% SSR #
oSNNS BA RS E AT AP AT R BA AR o 7
ZRAT G PN T3 5 B2 AT A 4T ¢ AR ER e A A D
Ly (Degenetal.,2013)-Park % (2011) ** CCOAOMT F & 2 #1435 3] SSR» H
¢ Saccharum L. ~ Erianthus Michx. SSR 2. % ¢ & 4F = e Bl R » 7 @ * *°
Saccharum L. ~ Erianthus Michx. P % &~ 2 #%] - SSR & £ B ikis » ¥ %
FAIEF R A EF 2 FEF et T A o Ryt F T3 B 7 & Soif SSR A h
WAR o TR - AHP S TR RE

R F i@*%ﬁi\év\—*ﬁ;w HiE i%iﬁi;‘%ﬂﬁiﬁﬁéfﬁv’ vk iE
BB E 2 LR, FHREEEFE 217 0 7 B EREF 2 RAPD » SSR »
SNP % Indel ¥4zt % > @ P o i;‘%ﬂﬁ A3t SSR & ek AL B AR B A 0 0 BB
F AW AL SSRATF RS AR o Bk 5§ FafE SNP & Indel £ 5
H72F BRFDNA BAIRE R ELED PR DNA T4l ¥ SEpF L2 47 A 5o
¥ (7% 0 2013) 0 F A% f1* SNP % Indel i& {7 ﬂ}_«?%ﬁ P AR L el 2. S

=R *v:‘é;‘%%ﬁ * CCOAOMT 2 CASA Fl# 2. SNP ¥ * 1 gw| 7 F {4
ifa%ﬁi A atp o &2 Germano & (1999) 1 * SNP Hojbr= # F & 3] i F #g11
% & iz 2 4% (PicearubensSarg.) ~ 2 % 1/ (P. mariana Britton, Stems & Poggenb.)
fre 24 (P glauca Voss) % = fl%iir&ﬂﬁﬁé%#p oo P ¥ % SNP &%k 2 #f
f8 o Tsumura ¥ A (2011) % B £ %4 DNA FHE M FEWE RS A (Shorea
Roxb. ex C.F.Gaertn. species) > % 1§ DNA & 71| 2 f22|#cdy (anatomical data) #ip| »
M ST i T2 A e I LA B (Gonystylus Teijsm. & Binn.) matK - ropC1 »
ropB ~accD v ndh) % 5 BESMAFI P E > B 5 B SNP 1235 K 7 BfAx
3 SNP %35l > 7 uR AR ABEHR B okt (Ogden et al, 2008) -
SNP 7 &+ #* 2 gu| 2 AR p M AP EY BRI o Ak %,_?%ﬁ
CCoAOMT ~APS ~CAS A F|# 2. SNP» R B P > F5 HEF AT > £ 3
BRAR 75 BHETZ kypoME L (2013) #H4 BFHLARfESREFT

#3) SNP & + {387 R B chg- iz = F AT E Y 355 47# 1123 B SNP
A RS 3460 BRS¢ £ Al > d 0¥ Ao SNP 4 F 38 EN G b B

TSNP B L AT 5 LA pEY At % = AT (biallelic gene)
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(Cabezasetal,2011) > ¥ 5 2Bk R FRBIAH AT TEERRS > HF
TR PRTFE R 0§ LRSI TR
A v g CAS 5 hchndel B T N e LB At A3 R
o2 Paiva § (2011) RH% L5 A0k 0 2R % ¥ 5 &0 % feff? 42§ & CCR
# 3 (promoter) i » FE %2 CAD2 % - B'EF k4 ¥ B> &K 3l3 {7 PCR
AT Ry A L] R A L MR AE R PV 5 A T A 5 a0 Indel > B B #
WA g B2 A3 Rk o 4pet SNP o RE ¥ B2 Indel » T AU P A Bl R 7
it R e
dOHA RS B S ATIES R RS BTIF R FAET F AR il
@ % 1% (Austerlitzetal,,2000) o £ EHFA 5 B iTh > FHSL B RF > 4+ £ 8
Frestedfgy EFFXLAEBRPT Vg DNA AAHLR -
PCR/RFLP 2 $H e F 7w 47 220 fbfelr 2 L2 ofg i S 8 n tp £ 5 WA 7]
Sl 54 PCR #H & petG-trnP 7 2 255948 % > '5 DNA A 7 5] g
AR R VMM ATIREF A Al e d R 2 B 5 B Hinfl fse

kil

(w,

%2 LR %4 patG-trnP A FIF % F R 74 %@;ﬂ,%;?mﬁggﬁ*ﬁifg»ﬁ EET
ERAZPHMEI AL b m BHAEEL LR T e R LA R L 2
PRI LG EHEFEEEN £S5 DNA €24 (% ¥ > 2000) - Matsumoto %

(2006) 2 Nakao % (2001)> 4~ 47 P 4~ = 4 (Chamaecyparisobtusa Siebold & Zucc.)
Herh DNA - B8 3 % Al SSR & + 43k 5 & (2007) % & + ik
AYEB-p A Y L L% R 3 _I._I,H‘ii.?:_%ﬁ v % &;T—’r:#ﬁ% R EL A A
FA] o de et B adis > i 0 B - 23 HRIRE TG L KR e 2 5]
oo BB AT R RS B E LB RER

e {17 £ 45+ * DNA > £44F CCOAOMT ~ CAS 7 3|12 A 5| B 4 2 4~
F 453k 0 12 A4 DNA 2783 » 3 OMT-M1 (Bl 13) ~ CASC5R (Bl 17) 2 CAS
CMI (W 22) 32i 4 5% Ak B2 PRz el B ath > 7 k" bd B4 A4
tHit b2 &%) o 4 45 » CCOAOMT (] ) ~APS(l 9) ~ CAS(W 11) 552 rA
AATES > B SNP > £t Rk AT AR pt Lt B2 CAS
C5R (B 16)2 CASCMI » F+ kit S A A4 FHE T BHIE 7 F5 B
WEFT2 fpe P RRF2 = er s SR Fuld B A2 00 il &
FAE IR B EN s AR s R E R BAHE LB A U R AR R SRR
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FLo BRI L F I FEN 0 B AR G P HIIL LB A R
HRAHEZEFHFLLBE AT FREFEBHLE 2 SRR A5G
¥ e K k% 4 W 4g 4 ¢ i 755 CCOAOMT ~APS - CAS # CDS A 7|47 p 4
CRHIEF YRR LA AL S F48 CDS AL G SNP 2 Indel £ %]t 304
FREEFEAL R ERHRR L LR AR SERLE- H AT EREF LR B
A RE A 7R R Fﬂ#&\ﬁ%ﬂﬁ% Amw B2 ARk A At ]
PRI SRS mEH AR B AT L LB AL SRR R T i 2 4
By B e Bl OB 3 ARSI 2 i,?%ﬁ%ﬁj@&\x“f”zéﬂ“l?liaéﬂ
Bl H3v @ An 0 & Liu (1966) 40 b Seb fctf e 4 $htp b d 2
AT LM F AR RE AT SR dahAp iy P {39 Lin ¥
(1994) b* b ooz A7 > et ff e b R sl F L B2 07 o clfe 4
i EHET P DNA A P ER R ¥ - F i R B4R G A% A 112 = BAFE
FAME 0 A KL FHHBp 10 B F b FRF12 R E o

A2 SR AP B0 DNA ® B2 = a3 4535 5411 DNA i
ROV AAER LB A ARG R IS B EN o0 2w S R
ARG AT HRF R R AN oy R F R 2 R T
Peidg o T EEEA P AEODNA TA > TR Rap ) g A 2 A
WEF BRI AR RBEAZT S
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