Rt B g2 epdimlne

YR ER-EN AT T
LR eI
Phylogenetic signal in eco-physiological traits and
signature of positive selection in wax biosynthetic

genes in stone oaks (Lithocarpus, Fagaceae)
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LR PR R A AR AR S AR N A SRR R > SR
i 22 AMAES MR - FE R IR B IR Y45 iR (epicuticular wax crystal)
TS - R R B B VER S SR (A - Fpii) Z A R e % - LD -
TEFRUG A Ay 7 B A7 ] A S AR M AR B pICRR TR RS2 M s B A By
Bk A EERRER - AT LI YITEIE Rttt - A E
AFA R RIS VA R R & M EIERVEE R - B
[ 6 (E2F R NEREOHEHVRRGE & > FPHIESEY 1400 H5H]
£ 800 E4FaT > /0 3 TIE L IR T A AR 45 Sn T ARy
LS - (RIS 2R A S R(CER ~ CER3) ~ FEI1E:(CERT) ~ Ko i 2R
H(CERS) AL » {2552 CERL £ HH eI 21 7 A W 45 i Y s 2 sia
HRF A IE A KRR © A B AR REAR AR - WRAE R B R Kot & (E TS
SmEEE AR - (2 Y(I) K 6N Zot&{FFEHHE CERL AAR 23
BEEHIGENE > BUTOLE (R SRR Y 2 B A 5 2R 5k
Ay L b - AT FE s - B YRE L o T o 2 B s A4
R B ST RIS R S bt Sl TS S AR B R IR AR
FEROCEERARCR L -

BRI - DHREMERINUEE ~ MRGENE ~ ABEARR
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The epicuticular waxes are synthesized and transported by wax-related
genes in plants. The wax crystals serve as defensive traits and are
considered as a trade-off between physical and chemical traits e.g. phenolic
acids. Besides, the leaf epicuticular wax may be related to photosynthetic
efficiency. | select stone oaks (Lithocarpus, Fagaceae) as our research
materials and obtain genetic and physiological data to investigate whether
the presence/absences of leaf epicuticular wax is an adaptive trait in stone
oaks. The phylogenetic relationship of stone oaks reconstructed by six
reference genes showed that trait shifts at least three times from non-
crystalized waxy into crystalized waxy epidermis since 140 Mya to 80Mya.
| sequenced and tested positive selection signals in four wax-related genes,
CER1, CER3, CER5, and CER7, which are categorized as two, backbone
synthetic genes, one regulatory, and one transporter genes, respectively.
Signature of positive selection on CER1 at three trait transitional events of
non-crystalized wax to crystalized wax imply the adaptive feature of
presence of leaf epicutucular wax in Lithocarpus. The eco-physiologic
analysis showed that contents of phenolic acids and photosynthetic indices
are not correlated with leaf epicuticular wax, but certain photosynthetic
indices, Y(I1), and 3°N showed significant phylogenetic signals associated
with the CER1 gene tree. These results suggest the intraspecific differences
of photosynthetic efficiency are response to the evolution of backbone gene.
In conclusion, the trait shift events of leaf epicuticular wax in stone oaks
that are inferred during the period of dramatic climate change during the
Middle Miocene to Early Pliocene may be related to the positive selection
of wax synthetic genes and associated with difference of photosynthetic
efficiency between species.

Keywords: functional gene evolution, phylogenetic signal, eco-
physiological
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AYHERFERE ] T €& EH S e A AR T €8 R A ER 2R LH A8 (5 ~ FPRREK
s EIAR N R IR EF R RS IIE & - g s R A A BRI S -
A AR Y T I b A R A i AR S T e S R N S b > S
Rz~ SRR ~ HIRET] ~ IREEE SR MEREE 1 2 AR o Hrp ke
A R T i B R Y I B R AU A 2B R R Y BRI TP PRRAAE TG A
IKITHIRETT  FEEARAVERTERR ) MEYER A 5% 8 H B i/KMERIRE
b7 LG 7K o7 78 H SR L A MY AR AR - IE R AR (Ut R e A Y
LR ERVEE SR Yeats & Rose, 2013)  [E5HYRREZHIIDRL > 7
{BHHET 2 ER/K SRR Y AR R - (1190 < AR KHEREEHY 7 E (Ogburn
& Edwards, 2010) - Ryl THYIRFZHYAE S R R AR 5T
PRETHVES G - i Ho op 2R R 8 AE 5 Al T B TR A A €6 (Samwels et al,

2008) -

EREEH P E YA AR B O E R R
TEYIER B BRERAETZRED B B3R - Afl -~ AEF

T e M R BT N LA - S L iy i SR

SRR FTRAN: > INEL R (F 521447 (xeromorphic features) - & drith&
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B oh ) DUHI R BR B s R PR A S 45 A 2 — (Haworth & McElwain,
2008) ; Hill (1998)/E 51 Fe i 1H ) A= PR S T REH e R ek b /K 53 255
HIRE RIAEE SR - L ERIRAE YA ~ IR ERVERE -

GhemIE 2 (BB s R A R Y 3022 2513 E SR FL (non-stomatal) 7K 73
ZRHICBER > BN EY) e, SRR ) E AU A (2 (Monneveux &
Belhassen, 1996) - &/ HIBFEHE LR E A FERAY AT e 2 EIDCARAYE
SEFTE R (Glese, 1975; Jenks etal., 1994) » SELR IG5 B AGHT R 4
IR DL R (e E SRR A B A 285 (Gilese, 1975) - {HEZAGHEHIBITE
TR E Y oA T 2R HE A R (Kunst & Samuels, 2003) - T3
B RV E Ry SESH AR R IR BE I » [H AR DTaT 2 VIR B E e E S
HEREZZEDEEEAIYECE - Holmes and Keiller (2002)£LE# MY
{EPIFE TR SRR B TR 5 S AT E AR DNA B{5.2 UV K
(330 nm) - {H[EJHF LR e S HE 2 TRz B (680 nm) - BE/RTERIR
TECEFRCE EHE FIRATTE it E R AR E Wi R 2 &
UV-B 5t & K EHEREAHER AT (Mulroy, 1979) » G R A AT
815 R GBI S IERAVEE T AR F a LA
Pyt - e D L RERRD (F R K EA YN -5 F /B [E(MUller, 2006) -

P AER [ B AR ERSH AR BT - LEY M T B SRA LR Ik V- i OB R
A BB EERTEE(Blum, 2009) - {ERF 205 HiaH - THYIE
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TR M B R EK S HIFRIL AR S 5 i E Ak
ff 5] 78 2R R O'E 5 B R (Kerstiens, 2006) o — i = 7K o ( FRER
(water use efficeincy, WUE - B[I7FEF FHZE801F ) =] FH AR S D)
B RFLE E R R AR R —(E8UE - & DIREE E R £
7 (SBC) MR [E YRR BEE 2CO, Ky BCO, H AR A [E] 151y
T EALIRIRAT SRR HVEFEN S 0 R PCO 82 *CO, D — 1l ¥
AT IS ErE i R LAY CO, Sy 5 i SR F LAY 12CO2 5 {E[Ef%
EFI#E{TIHIIF > Rubisco #2501 2CO, 45 & » R ILHEA YIRS Y 1°C
FEARPIE WK M AAVE R R & KR E R fE
[ > {540 C3 HE4FHE C4 F CAM YIS » WYAES NS A
K& °C 47 (8C 23 HI By C3: 21%0-35%0, C4: 10%0-14%0, CAM:
10%0-20%o) ; BEYIFTEIERTEIN ~ MRS ERER - HlAEER
A FHEBRE Y B 12CO, Sy BRI » P LA B RRE B EOG HURE L

?5?

EHIREMHIEE A A ERDEEFHRER B E R IER T &
A TEFRURIISEE > —(Farquhar et al., 1989; Perez-Harguindeguy
etal., 2013) -

FEARPTERE) T YRR B ET A ER RN RO 5
SRR B Ry - VIR E R AL SRR - W B i Rt
YA B )55 (direct defense) (Furstenberg-Hagg et al., 2013) - & 5 ¥4
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Ee & HPTR IR B R A TR R Ve B EE A A (wa fillm) ~ R4 Ay ~ 4T
BFEG > SRR AT - s E R FIPHEE - 502
WV HEREME - [ R EL aR AT 3 IR SEAVIERER(MUller, 2006) 5 A EB /T 4EE
HAEYIHE | B A E JE (cuticle) 3973 & S S ZURVIR S A SR IR A i
— I S HEYIEREA B EER 1 - A2 2 HERG R 2 5~ BI5
PLR AR BER B oAy 5 2\ & VIR DL R & HH R B R 1T 5 P
$(Schaller, 2008) ; Hi 5> B3 f7 4L LAY (trichome) B2 RIFRPIA
S AR R a8 DU B &2 (Myers, 1991; Fordyce & Agrawal,
2001; Schaller, 2008) - B PN Z AP EALERD; & F B2 FE IR X
R A P Y 2 RlOR 1 B 2 AR B BT % £ 1k & ) (biochemical
compounds) - A BE X #5 8 /E K 249 (nature products)(Rattan, 2010;
Furstenberg-Hagg et al., 2013) » F DL AER 7 /Y E2&a (Fraenkel, 1959)
DA F YIRS A b e s B T 2 B iR E et R aary
t2WE  HERHERZERH et bEEEHEIIEE
(Engelberth, 2006; Rosenthal & Berenbaum, 2012) » FZEAY(EEY) BT
{E&%)(Phenolics) » Bl & —f&ZHIHYFpEZ (Phenolic acids) ~ /4 &£(Tannins)
LUk i (Terpenoids) < - fin b &) £ ZA I HIE B ME EL el e 200
T2z FBE S HYRUER (Cheeke, 1989) - fE#EEY)fE Quercus oleoides Fia¥
IR E Y 2 By A8 R B S B K HUME B M R & 2 [ B g M BE
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(Moctezuma et al., 2014) - 14773 7 ) HH B B2 [ ARl A R fiT (trade-
of ik —E LI E L EVEIGRE Y —  Hp BREYR A5
WL W H RS A B B A ) A B A A [E] Y AR R BR
FI Ay #EFE (Agrawal, 2007; Campbell & Kessler, 2013; Moles et al.,
2013) -

ER B SPRERR T A FERRE P EE RS 2
R&_E A Ryt S A B SR A = > Barthlott et al. (1998) {45
R AR I RRAASE SRR - R 13000 FEEAE TR 77 R 23 TEss
I - i bt > TER EEIRE S P L S R A B E )
AR - BEEMERET - BT S B S AYLIAE (Reina-Pinto &
Yephremov, 2009) » 7[R HEFRFT 55 72 B AR & R e DAY e
FERRIR EAE ) F AR T R YRR -

EREMHVESH - 88% - EHERZENT

THPITE R IR A 2 pl £ 4K FR TR R Al 2 B H o (Samels et
al., 2008) - #EF2 77 Ry 5% B FAY A SRR TS © RF Co RyEEHY building
blocks §#4577/ Cie B Cis HIRERIRL - FHEEHNEMTEERAVELT
X & Cy0-Csq HY very-long-chain-fatty-acids (VLCFAS) » VLCFAs F 4% FH

[58 25 B P 2R B B T S IR P2 RS ZE7)(Samuels et al., 2008) -



Samuels et al. (2008) (%35 AF & RIRTR H I ERYIIRE - RS BIRYEINR
BT (L)E AR © 281 VLCFAs LR RERRE s S 424 S R A
1% %8 primary alcohol pathway ~ alkane pathway 5 2Bl (LiERE K
FEM NN ERr e B RER 2 FRIN ¢ (Q)HERT R A=) < i © e alipE A4
R HERBE # RS FH S ABC transporter = By 22 3% K7 HREAVAES N
()EINFFE = B oo BN B 1 B R AR P2 L (8 5 2R A S e 22 Y S
ARERELE M -

AT {E 7T (Arabidopsis; Brassicaceae) YR 5T - 15t - fE)IH
A2 G AR AL N R R IR E R I - S B /KA 5 Bt 5 A S e B 38
P B HAVRIAENE 0 > HAVER T iREI/KoEEY RN S

(Kannangara et al., 2007; Samuels et al., 2008; Kosma et al., 2009;

Bourdenx etal., 2011) - & A A AL SRR REIE V) I a0 10 78 10
EEHAYINRE - IEAMERNFIRAVEE H B DR th iR ar R (e 8 40
cer5 (cer: eceriferum, 51 S AYZE SR IN) A7 Pl LA TR 2 827
AR AR/ D B AR 4K Pighinetal. (2004)F/5E 45 CERS 2 A
HEN - BRI T BRI RN R - (2 SRS A RLA
[EIHTIZRERHEL - S MEMRAERE A= S A N Y FR 22 i FE o > Hoop
—{E%Z 5./FF/2& CERS B CERY RELNAYAC G 1F RIS DU B B

H o BNEMfE7F CERT ribonuclease &R E T CER3 (Mg &



g B R) 2 g (Lam et al., 2012) -

HREE S BN 2 PR EEH'E ERIEE - (I
B RHEMAE R A PR ISP RE ERY-R[E] - Samuels et al. (2008)
BEH T N AYRSE Tt 38 2R A B o A R R 0 7 Bl se YD AE » 285
RIFIPRE BRI BRI R AR B AR AU R i = B AR b
 10%-85% N EHAZT | So—HEsm e R AR ERYAHE - [FFcEr
TEIPRE B34 005 » 40 Balch2 iy CER7 (Hooker et al., 2007) - £
Koenig et al. (2013)%f 722 foig ek el 1T o0 A7 - FLp ELfse iR AR iR
[FEIERIRAY A HORYBT e 3 ER © 3T A S pletHRA AL A > B1f% : CERL >
CER2 ~ CER3 ~ CER4 - CER5-like ~ CER6 ~ CER7 ~ CER10 -~ WIN1 %
RS B ARREE 25 iEMERGGEIE N [FER R
TUEAERVEEIR - Dodd and Afzal-Rafii (2000)f£f/5E =~ [F] Ji A= 255
My f9 FF #7 fE (Austrocedrus chilensis, Fitzroya cupressoides,
Pilgerodendron uviferm) » & =47y [F] 3 HE & R A B R EE I (E RS
TETEAE common garden =41% - Lhig H4H IR AY B HA TP
(alkane, SCAEAEATIEIE)AIBREL(I Y Cor-Cog) BB [8E HRH (% > 253 A
chilensis ~ P. uviferum Rg#7fEAE A [E] YR S EO R B e IE AR S Al
B AT (R AR S TEAH R » S HEm 2 & By EEAHEYIS
R REE R 25 B B AN e gt B i 8 A o P LA R BR B eI -
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Dodd and Afzal-Rafii (2000)3f #:% 0] GEE FHATR ~ R IaiER+
FEAEAEIEALEE T - TRy 4 &l OERG 1EEE R 7K B iy B 2R
& WAES AR RELLHERR -

WHEEREL > fE§/ © AR (Lithocarpus, Fagaceae)

AERET IR AR S R R FE B R EAL S - R RRa S
(Lithocarpus, Fagaceae)tE ¥)4% F 15 fa A EA [FIERER [ B HIET 290
HYRERDZ A R ol ~ FEOREE ~ &7 - AT LN FREERES
HTAPEEZREEN ~ JTUEES, FEith(Liao, 1996; Huang etal., 1999) - AR JY
BVt ~ ooEVEBDR I - B R o (R R HGR A (B S el
TS PRET IR TT T > TIRE RN K (LB fER R - HE
Ji e A OB R R SRR KRR (R B - FUHH Nixon and Crepet
(1989) LAk s} RtV 7% - (cupule) ERVRFEL BEaR - EAYELR BIFEY 1S
AEEET DU B Y s i (pollination syndrome) » {3401
{BER G  y JEVEH S s dBE By o SRR W0 DUE SR it am it S R
EHEARIE » AR L S R T #4288 (Quercus) i e B B R 12U
epigeous fruit Ei J& £ 1y Fagaoideae - ZE & (Castanea) Bl 1 {4 &
(Lithocarpus)E. hypogenous fruit EL5 1 f45:{81y Castaneoideae » fi2&

IR LR A A F R E R -
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AR LT TR e BRYIRERE] ) 22 R T T RR S B (A - BE AN [
1Y T ERsC THEm YRR G RE (R AT REA — 20 B B RS E (L
i S AR IR > AT IRHFREISE - Manos et al. (2001)( A% RS DNA
F B DLz ITS (internal transcribed spacers) | Ex il 45 & Manos and Steele
(1997)EWIFT{E HAVEECRAEG matK | ERELZEAG DNA /Y ITS F ELLL
MP JAEERG R (7 - SERIEDR OIS - MBI 3 ARG
[581%  EI1% Ohand Manos (2008)7 1 7E 5% 5 HHEAALA| CRC (CRABS
CLAW)HYFP ¥ i 4% fil {4 - ML JEEERAVES SR AN B IR B A
WATHFR G R A e AU AHRY S MY E. » [EIfkAY Manos etal.
(2008)4% 4 CRC ~ ITS ~ cpDNA fiHAH I HE -

A EIFP R R ST ARRC i LA [EIHYRR & Bl (% TRE A
LN o bR AR [E] - BRI b A E Rt ram o iR b
IRF I o0 T8 e T T A EE M R tE AR E e S st s (EEl 7y
s T E RS R N o - PEE - TRE R TR (Fagus) Z [HEIHY
B (% > RELCRA MBIV ERERRR (B T i R Be ] - A B (A

ARSI T PUE R PR C R AR — U BB RS S (A e

B -
f T RE 538 - » Zhou and Xia (2012)F1 F i =\ T 5 sl 22

B R S LB E AR AT, 52 BFEA BRah i IER A
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SHVAENRED SRR ER e BT > WI{E RN
{5 - Deng et al. (2013)AI DAfmwiz\E T REpA R EIES 111 f i fEas
SRS METTSTHH EANEIY Zhou and Xia (2012) A R BRI (KR4 &,
R IRELEREAR 5> 45 i B (Barthlott et al., 1998) » 1315 T
TG EIVE R - RIAE B aT PURT A R BREZ AR AR TP AR i
275 - G KBS EIStAE Ht im i E T EAMRE R ag
FEAPEBIE RS > HUHTRERGENGE 2 B3R EY R MR R - SR Bl o P
FE MR ACRFLEEE S i o E oy AR EER) - HPREE
B MEIR IR BE (R ) e 75 o (ELFAITAE TS | 3% R MR IR 3 fi 2 A
N RTREBAE YT R E B Y RSN T - B /K oy s R A (=] By
LRSS SR (Waters, 2003) - fREEIELE N RS MAHIVIIEE ~ &£

G PCE R b B R R A R e 14 i AR I ST LA -

AR e
AHFER LGB M Ryt Fe itk IR oA i m
AETRMREREE MREBAEMED et EERNER

\

LIS RIS /2 5 B REE ELF MHRAE - K Fe il DA = (Bl T iad
RIFHIN TR A 2 28 il - O EUER e - HEE

SR L MR VU B TR A & Bl (% - DABEEE S R RIS NEE ~ (2)



eSS AE TR HIREANEERER - Q)RS B8 EHARE
SOETTHFT LS A o DAIFENAEA G ERAY = RIIRE Refery - HU 4 {188
FLRE Ryl e 18 BT iR & AR B R R %2
FIREE > MRS AR5 A SR e HRE AR I R 2 B R
WTEH ? Btk B A AR R BEE A B e A R Aty P RE B R
AHAREBERNEN  tlaaBEolE 14 [EYEZER A alE
FISCR ~ Ko R FHRCR DU BB A &) (HEREEEE B - FE LU T HREERR
HRAVE R OB YER SR A AR B RS S
SRR A= AR N Z A b - DU T BRI AR S R B B A A e R R
@ o

5EfRs
B EASOEREIRE - AR SEIZ PR A IRAS R B FTRE
TEIRAS S A B R BT A R PR AR 258 - A EIR A4S S 5 T IEAR
FETREAR B N E I YRR ER T » MRS R B T A & S AT B %
FARAAVTEY) A B L o RIS HENE SR - fith DU RS
(1) IEFRR S AR SR B (A 655, ~ R EReyiEiET > K
TAZELL 4 (e A S R RIE R IR R 5 B R R a8 A R4S
R AR AR T TR AR AR S AR BRI E A
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RIERENSE ©

(2) by e fieaii - SRS S R A — TR EE MR S e E R T B &
T ERAVTEDL N - AR R R R s LR M R A
FEMTHYIE D > 5 OB T D 5 B AR W 5 S R 2 g 2 [
HrAVEE IR - AP HERZ o SR WA T E SRS AR A AV B =R AR -

(3) M &S s B A TFIRCREGR © Al pe 2 FIRAS S 2V R B AR AR
PEAR > BT S A BUR S S A AR A S A ERE DAY
AL A TR e ] A R AR RE M IRAAR (LU (ecological similarity) -
AR FRAE TR B e =& TR [BE 2 - (A0 S AT e & 7F R AH B
A4 B A RE MR E
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BSR4

AW FE L ZLLEIE AR (F Ry Y SRR VTR e - &4
54 DL SEM (scanning electron microscope) g i SR RE » AR
gl ERARL 8 A RAL M BV EEL 6 TRARIRAS R RS

(=) BETEERH AR -

DNA Z£EY
ERBEANREMIRER LA B a2 (/T > W2
4°C JKFETRIF - ZHUJ7(275 Doyle and Doyle (1987).2 CTAB J% - il

fECER s S8 mm LB LR DNA hACRE 2 FESTI UV TR - 5574

AE RSk —

RNA Z£HY

TR AR PR EM BRI TR 1.75 2712 RNAguardian
solution (MBGEN bioscience, Taipei City, Taiwan)§1 [/ 1:10 (EF 8 K)
AYELBIHETT 4°C B K@ ORI — R [E B E-80°C friF
#Ee RNA [FfiE - RNA ZZEERY AT 2% Gambino et al. (2008) 14
CTAB lysis buffer jrIREEHELZIEATRTRE - 21 HAILL TRIzol (Life

Technologies Corp., California, USA); %5 gDNA » 240 75 A5F H T 8%
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A}

PCR {#H 10-100ng > DNA ##f ~ 0.5-1U By Taq (Bernardo
Scientific Corp., Taipei) ~ 100 mM deoxyribonucleotide triphosphate
(ANTP) ~ F—5[FRE 0.2 mM ; PCR f¥asa%E 94°C IFf 3 Jr#iks
DNA #ERGIETE#ER - FEERAG 35 KAEER © 94°C B 35 FhiE ~ 5
MernfE GRRM SR Y Tm {E)E5R] 35 Fh# » 72°C H5fE 3 7088 - i
& 72°C ISt 10 oy (5 Taq SESE & H-20°C PreT - HfHEHT 6 {iE
Mz E K 0 5 & FAD (Fatty acid desaturase) ~ CAP (Cytosol
aminopeptidase) ~ SAM (S-adenosylmethionine synthase) ~ SAHH (S-
Adenosyl-L-Homocysteine Hydrolase) - ESRK (Mitogen-activated protein
kinase 3) ~ dGd (Digalactosyldiacylglycerol synthase)ie [ F- 5 (6% =) »
ST aER Tm B al5IR T #k= - PCR {2AYEYIEE EXOSAP-IT
(Thermo Fisher Scientific Inc., Waltham, MA, USA)4li{L 2% %8R 1Y
dNTP 1% » 4lii{E12 NV EY A ABI BigDye 3.1 Terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA)#: 1 T%E ] &
% o B4 2 i {E 2% A (polymorphism) 2L ABI PRISMH® 3730XL

DNA Sequencer (Perkin-Elmer, Foster City, CA, USA)#E/THE (LI E
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I - & Fp%1 i ambiguous AYEFLEf - AIJLL yT&A cloning kit (Yeastern
Biotech, Taipei, Taiwan) {7385 @ & E LA M13F K M13R 5 [T E
Fe o A AN AR 7 =0E 7 [ —{E PCR YA AT &+ G4l

YEEfE 2% RBC TA Cloning Vector Kit Protocol Book (Real Biotech
Corporation, New Taipei City, Taiwan)) - Fg %I % [o] gy $f £ {5 F
DNASTAR ver. 7.0 (Lasergene, Germany) 11y SeqMan HJET - #&H
Nucleotide Basic Local Alignment Search Tool program =$% Castanea
mollissima EL[A4H (accession number: ASM76360v1) -~ The Hardwood
Genomics Project server (http://www.hardwoodgenomics.org/) ; Quercus
Portal (https://w3.pierroton.inra.fr/QuercusPortal/) #y Quercus robur
(Quercus robur assembly v1) ; D/ kz The one thousand plants project (1KP)

% it} JE (https://www.bioinfodata.org/Blast4OneKP/) [ 1Y 7k 3} 7} #7) &

(Fagus sylvatica, sample number: SVVG; Quercus shumardii, sample

mumber: HENI; C. pumila, Sample number: UZWG; C. crenata, sample

number: NHUA) o Y& S} EE R LRI [E] R 14 (orthologous) B 758 &

HEAYINEE o LM A [EIR MRS [ A

R G R ARE
AR B AR G R AN VS A 1KP &k (Matasci et al.,

2014) % Quercus Portal &l (https://w3.pierroton.inra.fr/QuercusPortal)
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LR E —FE(F sylvatica) ~ )& WiféE(Q. shumardii, ~ Q. robur) »
HH & W4 f# (C. pumila ~ C. crenata) & £ 4 J& W4 f& (L. hanceii ~ L.
shinsuiensis ; N8 i a5 BEORE) HET TRA S 8 (R0 B8 22 LA R S ] 7 B g ]
Z AL o DAL= LS K S A R AH ER oA 2 50 {i# unigenes
Wk RN BLAST &R 27 [FIFERGEEYIRNTR ) 5 0 T8y
25 255 F lognormal relaxed molecular model 3t DA - B L FRAYES
FEEEES 1 (EFEAT > DIRAEE ~ SRS Y 7 IR FyfE < 6000
OB 4y T 880y £ 2 BE(Manos & Stanford, 2001) - DL Yule’s
speciation model fi A& fE EFEAY o A Markov chain Monte Carlo
(MCMC) 5 A #& =5 5774 prior J likelihood B30 H#E (L S {2 - #E1T 10
ERBAEET T#EREOE - & 1 S RBEEE R — 2 M MHERAT 10%85A48
(burn-in) ; fE#Er&ESEA ] TRACER ver. 1.6 (Rambaut et al., 2014)#E1T
4EL  F 1% | F TreeAnnotator ver. 1.6.1 (Drummond et al., 2012) &+
HuiskAte! K (# F FigTree ver. 1.4.2 (Rambaut, 2015) 23 iV ERERLS
RGBT S5 EE) - FERLEEDE 4 BV BRI E S EHY S
BHETTYIEERR G R RV E R - EZAVEE T DL F sylvatica fy 1%
& E - SEE =BT

FrfmEE 50 [ [EFANAYEE - PhisE RS AR5 & B MEE
{ERYIEPIFALA - DA = F e R & B (a0 T A T e o7l
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s ¢ (1) MEGA (Molecular Evolutionary Genetics Analysis Version 6.0)
(Tamura et al., 2013)AAYEESE % neighbor-joining (NJ)EE7E 6 ([ H R AL
R BRI  » FE NI R B - fZ B RERY B HA(E A maximum
composite likelihood model > A pairwise deletions #Y 5 =R Y1 2 [H]
gap HYAZ & » LA 1000 ZX bootstrap {7t < fE S e EEAVETE 5 (2)LA
likelihood-based j£HY maximum likelihood (ML) » L PhyML (Guindon
et al., 2010)#1T5 47 » W PhyML 4§ _F {5k 28 (http://www.atgc-
montpellier.fr/phyml/) {7 B2 & » substition model 2 %E#% MEGA HY
Maximum Composite Likelihood Method g fllHH A% G B HAE Y ~
tree searching A Nearest Neighbor Interchanges (NNI) ~ Branch support
LA approximate likelihood-ratio test (aLRT) 77 =0 # 7 5F {5 5 (3) LA
Bayesian inference iY77, A B A% FE{% » #l|F] MrBayes 3.2 (Ronquist
et al., 2012)f5#¢ 1 T-E 2 burn-in /i L0%AEEA - (58 Wi & 1 i
ZEFW s (FEIAHE 2 2K 1% - split frequencies<0.01) » & HUf-Hh skt -

AT TYITEEINR KRR (REE T - AWTFREEH 1KP EkE Tk
MEEERIEE CAP #NEERYRES © F sylvatica (SVVG-2002227) ~ Q. robur
(scaffold_5104) 5z C. mollissima (KN214271.1) ; DGD %I : F. sylvatica
(SVVG-2000226) -~ Q. robur (scaffold 2284) & C. mollissima
(KN215088.1) ; ESRK F£%1] : F. sylvatica (SVVG-2007983) ~ Q. robur
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(scaffold_285) &z C. mollissima (KN214334.1) ; FAD %] : F sylvatica
(SVVG-2009588) - Q. robur (scaffold 439) & C. mollissima
(KN215717.1) ; SAHH %1 : F. sylvatica (SVVG-2072951) ~ Q. robur
(scaffold_2247) K, C.mollissima (KN214284.1) ; SAM %] : F. sylvatica
(SVVG-2009430) ~ Q. robur (scaffold 7706) k2 C. mollissima
(KN215497.1) - F¢ %1 #E % (sequence alignment) ] 3 Clustal W
(Thompson etal., 1997) 2 L FE51IER gap - 3l BioEdit {778 T A
Sl(Hall, 1999) - #féEfafyEEZELL BEAST ver. 1.8.2 (Drummond et al.,
2012)[Ay BEAST (Heled & Drummond, 2010) &% ; % H G B At
RILL AIC k2 BIC HYBEMURHATE S § TG fE] 275 R (calibration
poits) A1 FH - 7 B8 SRR S BR (A P ks LY LB R S ~ e s BT
Heam Y D IS RS Ry TE 2 258 B G BE OgE 14
{E¥nfE ~ 4NEE 3 {775 (C. mollissima, Q. shumardii, F. sylvatica)$: 17
{E OTUs (operational taxonomic units) i TR 4% BE{ &Y B 20 HE( o7
RFfE] - RS A - DL sylvatica AR 108 ~ 88 ~ BLEJEHYSN
BE -

H R LRE(RAVEE S B DA it NI ~ ML ~ BI BV AH#ETT
A F S A SR Y IR ETLEY OTU #EfT o (EN) 5 559h R T
ETHRGRER T » FIA] BEAST JAEEYMENEAE(E L) =
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12 HY phylogram i<t A D& SRR e NUE oA R EVREEY -

EREERDCEERABERZEN
BEREGMFAARSEAELOERSE I Z0E2EXR
(photochemical yield, Y () {E & & = > ] A MINI-PAM-II
Photosynthesis Yield Analyzer (Heinz Walz GmbH, Germany):H|& %1k
BESRGTE > FHEEE S Smm #EEAYELLE] - & tEE ST
HEINDEZ 1% - HIETE R BT U 2 i Y Y EIR L ZE AE (maximal
fluorescence yield, Fm) - 35+ F L0 & (AF) > HR LR UTS B
(YIELD-parameter, AF/Fm)ELEE | {DEE(E ISR A BT - R E
aere LR PTG BUE AT « Jiit R RIRBD U A R AR
Wery7E52E - INLEEFERY 14 MR S ERE LEYE - &7
HDOfE 5 (R ~ 75 ~ B~ ADAVERR &5 /> &N H IR IEATER
TeEEFIRERAYZES - IR AT L = ZOK(ddHO) B ERI54A T 2R
EERREHT 2 & S B E I DUk o 8 S EE 1 SH A AR HY e s
RE B R ARG O ] LR - P IR IR | AYEED ~ ]
LUK Setm = (EERAL > s & Pl E 2RV BUEIE R P — R T AR

WEERE -

GBEORBER/KERWUERSRZ TR E R R A&
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Ryttt 00 A R IR AT 72 BUS RTE R 2R AR 2 2 i B
ISR R H R EUEYE . 14 &8 @ R EYiE - EYfE
FHWUEG A 2 35 35 FERYEGE 50°C H2ERm B - RFRzRAYIE R DL
IRAE W RO AR 1% » HL 0.1 250 58 R 1% TR 1L %8 (tin capsules)

% SGS AP ATIAMT 61C « SN RREFIIL RN  Feratt -

RAITIRE RN Z R IR BRI R,

RS T DA HIE BERR(K) 0 AIERRER(Ka I E TR E R E
PR AT ) K R B A(KS » fZ I B A & 1S R AR T BE) -
I @ {B(nonsynonymous substitutions rate/synonymous substitutions rate,
Ka/Ks)IlE I LIHERR RIZTT [ HVFERE » 0>1 FoR Ka #7¢ Ks 11 KIE(E
o) PR B S AR AR L RETIF IR R B > B R IEAREE L KX
o<l Ry FERF(purifying selection)  ifiZe SR Faik s A= iy 2 S I & i
5 o=1- B b - Eookbix 6 {5222 E A (reference genes)Eil H 2
F&[A(target genes - 4 {lEEAH B A= & R E LB S K Ay
AETTLERT - Houthi HEEA K EBLISE AN K E » USF AR
FEAE - PR H AN Z Y KBS ERERER LIEESH
BT [E] s HZRGE bR H ERAR AR Ks {EELS-5 RN K H (25 A

RIK 2 Rk N BRI - S04 K 5 Ks) > PEEHEAFE Ka #Y15
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LR > Ks BRI 5 g i H AR Ka B H ALY Ks » BR5T
B S AR S A E MR B2 FIREE -

| PAML ver. 4 (Yang, 2007)fY site model fafilZhsEEEA
ZFRERALES - Site model FHARREA FAYEGS © (LR EGE R
B SOFFRARE BT ©>1 (M1a, neutral model) bl (2) 37 1524
FeETHEEBZ LR 0>1 (M2a, selection model) : DURARIER IS (EFLEE 5
FE R Y HY BB VR RY 1 AR B (M7, M8a) Fo K FE R B (M8) - 1] H]
likelihood-based #Yy7J7 HET R AR likelihood {5 » sy Afr{sE FHAYASS
Ry LRI RE B 7 RS - DL likelihood ratio test (LRT)#E{ 747G i
H(Nielsen & Yang, 1998) - 515 2AL FrffESIHYR T o eS8
(p<0.05) - & ol fE A AT Ry (Y E L IE SR - & F A/ Bayesian
Empirical Bayes (BEB)73#fr w>1 HY{IZEAUIESRZL/D » HoH T RE7EAE
co>1 PR BRI A7 2R - ST AEE T H g TE 17 K458 m] R/ A AP EERs e b
% | - PAML 22 thy branch model B2 f s & A3 BT E B4
<2 (foreground branch) & &H w>1- i L HAY (MO) 2 (EE A bHY i
R HEHE SR — TR LR HA T 0>1 L {EREI(M2)
ESCETH A — 575 (foreground branch)fEiE(LAVARFE T 0>1 YfER
A4 1 55— 575 (background) I fo3T o>1 AYIEEE AL - &IR[F
FAITH LRT gfl > EEise i 17 s e R 4R i (G fgefl o foreground
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branch J243 £ «>1 - fet% FIRGRIRR 8 57 <2 (foreground) s RF i
HIEAIRERSH o>1 Bk (branch-site model) » FLEAE fifiae
(modified model A - fix o=1)1E 51 B 17 s i (model A » Bk fir
B2 o A RCE TR > HAUET foreground EYRFELELLZ w>1 HIIE
DEEA) » BAREREFIA LRT Aol 2 a5 B 7 s s (B R A ik
(p<0.05) » ilfil2L BEB A {FAI w>1 AYERIEE -

7£ PAML 17 branch model #ygHl_E > EhaEE AR S0 1 i
AL S (e Ky foreground) - 5 8wy S A EIYE(LEE
AL REAE R B B A2 s R R A L B LA A F Ry
JKJEE 77 (selective pressure) » [K[E fuaF foreground £y 55 (e (B 2R3 H.
FeETH 0>1 - 75 EAHE({EIEEIRALEESE constant model, MO) - 7
FHECE (LAY EIZ AV Z SR FIREENRE ] - B2 T AR A — 0 heH] -
foreground 1Y o BET 5 o A[E > TR ER Q)2 EIERKE > 5
=) R 2t KB T dfE L (relaxation of selective pressure) ; 32 HEFEE
B AL N AYIESAEEL S TR R e TR - B A A
All foreground £Y =1 - jR¢ tP PR BB EEAN R e fi (R > B2 FIIE (]
REENEETEEE(/eaT foreground 1Y w>1) A TREGERIGE © #(D)IELEE

el > AIERIBEE TP IEEL - (R AAYEfE T > foreground fi
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SEIIE [ RIRHVERSR © 45 (2 MEAFE 4R ME M fas - A n e Ay
AR o B SR o SZ R FHED o EBERBR ST TR -

HRERN G 2R EHARE (EEEAZ IR AR S
FAlS T3 I fF LRT BfEE4E false positive (Anisimova et al., 2003) -
KA HyPhy (by webserver DATAMONKEY)(Pond & Frost, 2005;
Pond et al., 2005; Delport et al., 2010) 47/ GARD recombination analysis
(Pond etal., 2006) 1T FF41]_E AT RE A& S EE4HAY breakpoint - R E1&HY
FRAIEETmRs i A AR AR B IR B SH AR B R GARD HEsfwtad
(GARD inferred tree) i & Y 43 #f7 (topological test) » 75 KH-test
(Shimodaira & Hasegawa, 1999)fa Y45 5 B GARD HEzmfeH B4R R 18
FRN S » ARl 5 AR b e S A AT AT REN: - FEHS
AR DR S BRI FP S A RE S A SR AHAY & I8 - B ¥
IR R AL N A (LS (GARD HEzmtal) & 75748 REL ~ FUBAR ([
site model 5z MEME —{ branch-site model {5752k IR 6EH w>1 By

ey e K wvs -

A B AR RRRUE Z T R G EHE R
FITEIS A B A RE B E B R A R OB T e Al - 1
BT S MRy A T Ry PR R SR A B R U Ry (LRI R = 2
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ARG - DUREEER(Q2) © SIME R R IS & r A MRS
EEDEETEHRERN 2 E AR - BB IR DUERES ER (3) -
SN FN A EA L BGREREA L - TR IR R A D -
{8 ] LIS AL N AT A B MR A2 B AR B IR 2[RIV R A - AT
(R AR B BRGNS (phylogenetic signal)iy 5 A f Ml - &5 L
ot 2 2R R A B RA (5 T LATEHI AR RE IR _ERAR DU - AR a4
AEFE > WAERMAF AR - Ff Moran’s 1 (Moran, 1950)
Abouheif ‘s Crean (Abouheif, 1999)£72 correlation-based 1Y 7775551V
T Py TR B TR (5 (B B 0 2 N (B e ) R A e Y Ve A B B (A B A R
PEARREIRIRAEME - 55 1=0 > RIFRRIE ERS BRY OTU BREHds R > B &
Pt AR S 55 1<0 - IR R B _ERY OTU EREFRVEESR A5G
Pt NAY AR - OTU A7 il BRI A2 HEts Ry ; %5 1>0
AR PEEREFRCITHY OTU » HARHEGHEAR L o Y Crean HYZERLE:
FRIE Moran’s | FYELHE - [E]4% By spatial autocorrelation FYZEE 5=, > Fr
DL B fESEE | fE (Munkemuller et al., 2012) - Blomberg’s K
(Blomberg etal., 2003)H1];2 model based J57% - #&HHX (A PRI ARG
PEIRRIRHOERE © Eetell] K B GRE RitE(K=0 FoniEiis
AR HERERESHIFRNAHRGENE S B MRS RS H K=1>
AR s 2R &l S HLR s (B2 MR 8  Brownian motion
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model of evolution ; K>1 » F23T 45 OTU EAH 0 (AAE i 8
Brownian motion model of trait evolution TEHH(Kamilar & Cooper, 2013)-
Bl % ER B2 58T (] picante (Kembel et al., 2010) ~ ape (Paradis et
al., 2004) - adephylo (Jombart et al., 2010) ~ ade4 (Dray & Dufour, 2007) -

phylobase (Hackathon et al., 2011) ~ geiger (Harmon et al., 2008) ~ phytools

(Revell, 2012)E#- » FIJH R (R Core Team, 2013)#E{ T EL -
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&R

BEFRIRABE (LSRR - 378 - B8 - oMBRGMGCER
JREERER S B L Loy 1T AR SH e R ~ 1% - SRIEHYH

A

{ERE AR EER A —20 $UR THIE oS R T RER VIR (F R h e »
FeprEEERhE T 50 [ FERE N ETIB NG E (Rt - DUHE D
PR oA P RERV IR IREE - s AT B EE T 50 ([ ¥ 1 = f fir B I
(Arabidopsis thaliana) Y [ElJFEA > FIIF NI 7% ~ MLIADUR: Bl JEH#EST
A5 B (Y B J (R 2 85 E B modeltest HY45 IR =) s Hor
A 25 (AN A N RE IRV ER AR 5 2V R Bt > EpkasEsel T~ ml A
O oy eI BR (A B EE R Rt @00 T - B 15 (EERE R
B IR I R NV B A - 6 (AR S B BB I iR e
IELZET > 4 AN FFRE OB AR E B 2T - HAE
Syt H e 25 BRI R SRy 230 5 2UR R S AR s - iUBEF L 15
{EEE R SR 12 SRR 4R T (A B A 2 BRI - i 15 (EREINAE 4 (2]
(3L 7 )X BEAST SRV R (REU R AE — o FERHF ] REVEE
< 9900 EEEERT > MR IR B MR R B T B8 oo ISR ] R BE 5
5300 ELFAL - M ES BB Y o7 ISR =y 2900 E AT MR (%
e > JRIE ~ B e s = (R I RE A A R B SZ 457 FE (posterior
probability)¥5 5y 1.00 - BUREE P AEG=HVEREE 5 14014 a8 B4 s a1
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JEEIHVEREE SCRFE Ry 1.00 ; SR8S S 14485 S e e T Jas Y S <F T = 1.00 -

SEEOHRE 14 ERRGHHZERE

EEE OB YRR AR 6 (EEdE A & plR AN
MHEHIZ 7 TEEaC > TSGR ST R Ry © CAP (587 bp > &
intron 102 bp) ~ DGD (536-553 bp » & intron 387-404 bp) ~ ESRK (458-
460 bp » 2 intron 198 bp) ~ FAD (461 bp) ~ SAHH (461 bp) ~ SAM (564-
565 bp) 5 FHETFEEECIILL NI ~ ML K2 Bl =ik R A E A7 Al
hfERE T ARIHER RS SR 2 M AEERE -l PR AR DN Frr B T YRR S B
% REFR I PR - 14 T VB BRI G R (R
LUBEAST » A ALLERRE ~ )& - BLERIBHVFYIIIALE R/ NEE -
FF DUR A a8 ] B R R S B R B R B R S S e B B 275 DUt
PSR ISV S — (89 AT ~ MBI IR Y /7 IR E4EE S 5300
BT > DU O SRS oy ISR [ YRS 2900 S 43 = (5771
i 25 (calibration points) - ffE&m &8 A R P HVREGRH (%
(8 =) - MR GAVEE RO BHYL RS EE S 2400-2800 &4
Al BREERVSERAUR > FHA A ST E (posterior probability) 5 7
1.00 - SV 8 S R B R B IR AR S B (e P I 18 5
S Hp SR IR A (L. konishii) ~ & AR (L. cornea) —E£ (57
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BE SR >0.999) 55 — 52y = 2} A # (L. hanceii) ~ %7 R 5 A 1 (L.
brevicaudatus) ~ AKZESME(L. kawakamii) ~ A A1E(L. harlandii) ffE
BEARBF( RIS E R 0.45) © ERBRERENYE PN T &
B4 (L. taitoensis) ~ FE A2 (L. nantoensis) ~ 52f(L. lepidocarpus) ~
V27K Afg(L. shinsuiensis) ~ A £ #4(L. amygdalifolius)—{fE & £ 8+
(SZH:7[&>0.56) K &% Bl (A B 3 H op — SRR AR (= o ~
RO REOHE - REUAM)EaI 7ot - o 2780
FERARE -

S5 EN A H BN (AH R £ S ER ) I B ARELRR
SEZENFY4EE T CAP ~ DGD ~ ESRK ~ FAD ~ SAHH ~ SAM 75
{EES R & OF a5 3072 bp A2 intron £ & 687 bp- CER1
HER T AU &S E YRR R F T i 3L 13 i - 18 {52 % cDNA Bl
(haplotype) » $£51 1701 bp » 5% coding sequence (CDS) » $: 567 {[#%%
%51 5 CER3 HUiS G /E Y fdt 14 1 - 18 {iR52 % cDNA e » 3
5T 1818 bp - #5/5 CDS - £ 606 {lH%H5 - : CERS iS5 /&)1
14 F& - 22 {5R5c%% cDNA BEEART » H34 2058 bp » 155 CDS » 1L 686 ([
W T CERT RS &8 Y fEtt 14 & - 14 {iR5c% cDNA EHEAR -

311032 bp > #55 CDS > 3t 344 {HZHEF- o
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(NEb#r 225 AR K (B8 B REE R K (A (R I) - 25 BRI g
BEHRE H N B R BRI T e V4 RETR © K E(FHS
0.011)E2 CER1 #y K {E(*F35 0.01)3f e 7= 52 (p=0.81) - HIRRIEH
AV TS5 AR 8 H R CERS - CERS HY K fH(FF3947
51 F5 0.006 Kz 0.009)FHEL AR # 1 (p<0.001; p=0.003) ; [fni & H A
CER7 #y K {H(*F3 0.013)M LRI #:18 (p<0.001) - {25 A A
[ K i BRI K (EE (B =) =] LA3&TR » CERL ~ CERS fyRb%R>1
TS B ERAEEY CERL CERS AU RAVIZ H B B % - ifii CER3~
CER7 FYRER S 0 B 1 7 » BRSZRLRAEE T CER3 - CER7
ISR LR

(INLLE AR K (A8 EHAER Ks (H : FHEAAEETELIEER
N 0 Ks SERI MR L TIZ IRV B » ik SRR K B2
I8 f2EL A CER1 (7 153 {i Ks {& - CER3 1y 153 fi# Ks {& ~ CER5
iy 231 {d Ks {f ~ CER7 #Y 91 {& Ks {EEMT T i » S5 EHN K E(F
¥4 0.011) 85245 CERL 11y Ks {f (S5 0.020)18(p<0.001) ; B4 CER3
(1 Ks {E (°F:#4 0.015)18(p<0.001) ; HiZd3: CERS (/] Ks {E(*F#4 0.013)
12(p=0.002) ; #E# CERT 1Y Ks {E(*¥#5 0.041)1(p<0.001) - fE1EEL
i 2N K EEE R ATA HAREE Ks /1€ - 25 RER

K 81 EARELNRY Ks (EREFT ISR > AraRyREREAR: 1> BURETE
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FNEVIZH B ERCREDIRIERFREMR T MR 25 BN AR

LA

=
Py

B -

+

(1) EL B REAERAY Ka B Ks © #5{EP s T - eEmaiE %
BHRR(Ks)BEF R E AR (Ka) g2 ERY - €€ T tee thi 5 EAA
Y Ka ~ Ks {E1345 58431 © CER1 /Y Ka {E (*}+#4 0.008)#1E#¢ Ks {H1EK
(p<0.001) ; CER3 11y Ka {& (3F#5 0.004)F5E; Ks {E{%(p<.0001) ; CER5
[y Ka {5 (*F:#5 0.009)FE#5 Ks E{%(p<0.0001) ; CER7 Y Ka (B (¥
0.005)5HE 85 Ks {E (& (p<0.001) « FREbEE# o » HARAAIRYIZ E RS ElH]
FEMRRIEEE/ NN FEIFRERER - (£ HEANASH) Ka Bl Ks #Y{F
& =] AR > B A HARELARY Ks B0 Ka s ([HIF R EE CERS #i

HECKHIRPR(=0.456) - AHEHM HEEENTE AT Ka fH -
RIEFRAER

(D% PAML 11y site model AoHIfS A1 TS T A L5 A
(oFF 0>1 B EEHER 5 - M2a f55Y ~ M8 f54U) H. likelihood &/
IR M SR (R 3 0>1 BYALBEHER 55 - Mla f81Y - M7 15
Hil~M8a 1Y) - 73 e 4 (EFE-FREa M s AE R A2 S R A CERL
CER3 - CERS ~ CER7 HyRAME (I BE(EIVY ~ 2 71) - 5573 BIEUR © (1)

CER1 #y M2a HEZHJ{E® Mla (2AL=39.17, p<0.001, »=6.80) ; M8 43
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RIFELE M7 (2AL=45.97, p<0.001) 52 M8a (2AL=39.17, p<0.001) ; M2a
4% Bayes Emprical Bayes (BEB)sr 1118 G IENIEL o>1 AR
>0.95 4t 8 {if - M8 4% BEB 73#11% » 1ML R 0>1 AU 0.95
AR BB AT B I 11 (] - WA K By T R A e i (i G o o
EREET ©>1 (M2a: ©=6.80; M8: w=6.80)f 42 H BEB A 0.95 fY
R L i Bl By 94L ~ 122L ~ 1241 ~ 208F - 266V - 309F ~ 369W - 372E
+t 8 (i fir Bh- (2) CER3 Y M2a E4% M1a (2AL=22.39, p<0.001);
M8 43 RIIFESE M7 (2AL=22.75, p<0.001) 2 M8a (2AL=22.31, p<0.001) ;
&L M2a 2 BEB farlllfS-21 0>1 HARRAT 0.95 AR ALl (i Bh 1 4 ([
i M8 I 6 {[E » FItE AL [E] g S0L ~ 477S ~ 484Q ~ 570A 3 4
R 7 h 0>1 (M2a: ©=20.73, M8: »=20.08) - (3) CERS J M2a 1k
% M1la(2AL=62.65, p<0.001) : M8 43 RI[#E4E M7 (2AL=63.08, p<0.001)
. M8a (2AL=62.64, p<0.001) ; M2a £ BEB 431155 w>1 Hi%A
[~ 0.95 HyR BB (i BG4t 12 {[& - 1ff M8 & BEB RI[#5:#1 15 {785 » [y
PR ERHTH 0>1 (M2a: ©=9.78, M8: 0=9.61)1{ir %k 5 16G ~ 20E -
1471 ~ 3281 ~ 336W -~ 348Q ~ 367T ~ 399A - 504S ~ 554E ~ 648Q ~ 658R
$t 12 {lEfz AR 8L - 2 site model gl o s IS 2 (1 Bh <2 ] 1E ]
RIF(0>1) K HE F S RN - (4) CERT Y M2a fit/A7E4E Mla
(2AL=5.95, p=0.05) ; M8 ;A FE 42 M7 (2AL=5.97, p=0.05) - {HIE4Z M8a
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(2AL=5.94, p=0.01) ; FH&HREL T e SOEER o Ass SR —20 - B e
CER7 HyE biERIg H A2 IR RN T) - EEEENE » TR
B/ TF 7] R A=A B BL i (i RG D ER AR B EE 22 o ) bl Ay W e
FHEAN—20 BURIE R RAEHEF FAEIRAE R A= S R R 3 (&[]
THREAYERIR 2 F5 e R Al i B b > EIRR i by S 2 B A K3

B AT 125 e FL R Ty R 5 R e B B AR 5 -

(173 PAML 21y branch model g HIE 7 B Ay E B IE B (et
1L branch 5 RITEERITE LA EAR SRR 57 Hil 5 Ky background £
foreground - 37 70T foreground Y w>1) & & HE4E R MR HY EHI LB R
(1L branch {£7 —MHERZ) > 77 5lA M LT = E AL F 5 (1)
foreground Ry /AR YITE 77 2 2T ECEE 1B 5 - (2) foreground
SRR IR - (3) foreground R SEBRYITE HAH S 2 B FE[EIHY
AL TR LB T B 858 DA R 4% 20 S HH R — AR SR AT (e 2 (1
F) > Sy FIEEI CERL ~ CER3 ~ CERS ~ CER7 U{EgAEBH 4= & R B R 2
B EREREBEE - &R0 HIEUR © B ()1E CERL Ay T {ERE%
5 (foreground »=999.0, Ks=0)#E4& & it (B s A (2AL=6.75, p<0.01) -
CER3 (2AL=0.34, p=0.56) » CER5 (2AL=0.67, p=0.41) - CER7 (2AL=0.67,
p=0.21) A} 17 s i Al By i AR AR R SRR AL B QTERTA A
K< CER1 (2AL=0.01, p=0.92) - CER3 (2AL=0.15, p=0.70) - CER5
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ET

(2AL=0.01, p=0.92) + CER7 (2AL=2.73, p=0.10) 74} 17 {25 bizt B s 4
R4 e tsiay  BIHE)rA RS CERL (2AL=2.69, p=0.26)
CER3 (2AL=0.00, p=NA) ~ CER5 (2AL=0.00, p=1.00) + CER7 (2AL=2.73,
p=0.26) VB 1T A B D B AR R SR AL (R L) 5 476 PAML
fJ branch model FgHIZESR. » & CERL JAESE(1) AB IR AYITE Ky
foreground A& T RIS TF 31 K %(0=999, Ks=0)iYER3E
(1) PAML 5y branch-site model AR 17 a5 AV I EE (nat
T [ = WA DA _E Y foreground » 37 7025 foreground HY w>1 5 37 & 8
Foe i B A AR [E Y classes - 2 e foreground |y site Y w>1)F
RS T SRR A E LIS B (EE site 1Y 0=1) - [EBEIBYEER &
TESEPE AT 207 branch model AH [E] Y = (&7 LIFHAET THg] - i
HIEER T RIEUR - BHRQBIFTARRES CERL (2AL=2.75, p=0.10) *
CER3 (2AL=0.00, p=1.00) - CER5 (2AL=0.00, p=1.00) - CER7 (2AL=0.13,
p=0.72) Ay ¥ T EE A By SR AR AR SRR B QI &
(K< CER1 (2AL=0.00, p=1.00) + CER3 (2AL=0.00, p=0.99) - CER5
(2AL=0.74, p=0.39) ~ CER7 (2AL=0.00, p=1.00) A 17 EE5 5 B5 i
JETESERE SRR A (5 71) ¢ 1F branch-site Hyfglt » SEEMEILIR
B LAY likelihood BEEAVEREE f iRt m (LIS - S e Ago IS

B ~ SERIGH ARV EE AR ALRR (I R A 1 [ KA (0> 1) HTERSR -
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Rt AN i R SR YR U F % foreground T - foreground SRR E
{ir B B AR AR 52 21 1R [ KR8 -

Hyphy BV RI5 B EAHAVIE L T TR E A A R T AT -
77 By site-model based [y FUBAR Ei REL > fafl] o>1 By R EERE 7 Bhas
HIALE 5 LUK branch-site model based 7 MEME {7 & & A E{E
TFEAARIEINT o Fofgilel o>1 AR ERE B EE ERUL B - 4845
fa fl&h R (B R 1) 3 > (1) CERL 2L FUBAR (posterior
probability>0.9) i HIFI7E 1121 ~ 208F ~ 266V - 309F ~ 372E It 5 {FE
Fofg 7 BEEL PAML #Y site model &5 o>1 @Yfir %L ; REL (Bayes
factor>50)fa HIZE(1E 208F ~ 266V ~ 309F ~ 372E #t 4 {7 A R fir BhEA
site model [5] £y 0>1 (i %h; MEME RIJffeAgoHIE] >1 #y{ir 8- (2) CER3
{E1F FUBAR # 2] o>1 ARl FRhE 24 1F 570A » H[EIGRLE
fE—Eil PAML [y site model H:[E#55HIE] w>1 Hyfir%EL 5 branch-site
based () MEME G4 HIE] w0>1 BYEREERCE{ESSZ - (3) CER5S LA
FUBAR (>50) i HIFI7E 16G ~ 20E ~ 1471 ~ 3281 ~ 336W - 348Q ~ 367T -
399A ~ 504S ~ 554E ~ 648Q ~ 658R £ 12 {[& iz AL 17 BEEL PAML HY site
model [5] & w>1 AYfi7EL 5 REL (Bayes factor>0.9) s HIZ(#E 16G ~ 20E ~
3281 ~ 336W ~ 367T ~ 399A ~ 504S ~ 554E ~ 658R 1t 9 {7 AEME {17 BhEA
site model [E] & w>1 HYfirEL 5 #E2R 19G 7 PAML site model H1fy M2a
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4 JE75 BEB=0.95 (marginally significant)/y4&5 5 » {H4E MEME (p<0.1)
RIITE 19G AlkgAIZIY o>1 WAEr 1 A sl & M R (B 5y =2
flE] 0>1 (JEFEFREIRE © 1 [FFREHRE - 0)VEHST - DUAE 328l
flE] 0>l WAFEEAEAVEL L OERERERE - 1 FAREMR
B O) B BE MY  J/K B A R A Y e H S SR HE] 0>1 (JE
FIFREIRE 2 [FEIFRERE  OFYESE  ES—RAYZ » £ CERS
1738 MEME RIE] o>1 Y532 2 1% B Ry A SRV TE -

A T AR RS R BRGNS HVEER

ARE ST RS A R AR AR A RR U E T 20 IS EI
M~ SLETERER(Y(I), REDEETERYEESE I HESR) ~ §°C (St
WUE DUReEER HRYEIRRIER) ~ 6°N (RBOEEIERT - Elhx(E
HIfERH] RuBP 2RV ) - Brler Ve MY 29.82-127.85 mg/mL 2
[ SeETE R ERATE AR EE Y 0.629-0.771 2 5 8°C #fE

A1 172-33.455~-30.451%0 7 [ti] 5 8N HYEL{E /117>-2.622~1.125%0 > [ (3

L W

73) °
77 e R A B e M e B e A EER RE TS © (B (2) B Rt e ~

LUK AR5 (3) B &5 &

@i@

O ERIRCRERGER 245 R A0 i S Ml 4

ARSI % 3E(R?=0.07, p=0.24) A EFARILE - 3P AL
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L 0 FEYIEE R BRI R LR [ R 5 T AR R A oo
FIkGHT Y (11) (R?=0.05, p=0.35) ~ 31°C (R?=0.46, p=0.35) ~ 5!5N (R?=0.15,
p=0.10) & A FHE - SRHAEER (3)F R 1L » TSRS S A i A s 22
R Y SR B R R R AR e B e/ FHATRCR -

B ey A= RE MR R BO(E AT G SRR A AR oo AR

Moran’s |, Abouheif’s Crean, Blomberg’s K #E{ THEEEL T S A

MI‘

A& ERAVR R B LRI ITR B S RN R ) © A ZELLE H
AR B LR AL 25 BRA R LR P B S AR &R, - TR
6 {EtZ AN pTE LAYt - - Moran’s | fz Abouheif’s Crean £
B REZ(RRGRE) - MBS E AR E - 400 CERL -
CERS3 - CER5 ~ CER7 #£ 4 {#}L[AfE([E] 73) » £ PAML branch model f
AE] 0>1 §y CERL - fgfl#] Moran’s | Eil Abouheif’s Crean #1% fwi
E H B IFEOEELE Y ()& Moran’s | (1=0.255, p=0.047) 5z Abouheif’s
Crean (Cmean=0.327, p=0.042) > 3!°N ] Moran’s | (1=0.220, p=0.016) -
Abouheif’s Crean (Cmean=0.368, p=0.007) » EL&RAYE{E FIlfE ; CER3 i
SHI 21 4 B3 B 9 Moran’s | (1=0.335, p=0.016) -~ Abouheif’s Cean
(Crmean=0.388, p=0.021) J Blomberg’s K (K=0.465, p=0.013) & 3'°N {1y
Moran’s | (1=0.235, p=0.009) 5z Abouheif’s Cnean (Cmean=0.348, p=0.006)

ARGENE - HErAVEEAIEE - CERT o1 - Y(I1)HY Abouheif’s Crean
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(Crean=0.365, p=0.022) ~ Blomberg’s K (K=1.122, p=0.005)} §°C {£H
Moran’s | (1=0.256, p=0.023)f HIZ &N E - HEgnVRIEER /) © 57
BHAE CERL LRSS v DATEHIZE BEMEAR Y (I1) ~ 8°N » CER3 EEAfH 1] DL

THHIAEREMEIREEE ~ 5°N - CERY7 A DATEHIZEREMSIR Y(I1) ~ 37°C -
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o B
R R M ERR AR R ( BRI R MR b 1k R

KRG LA EN B ~ ML ~ SR E YRR R % - &5
SRS7FF Manos et al. (2001)FrffEamIiEeas » BI04 B o A AHHL
T2 S L L AR BT R4 A (% » BT AR L A S S AL g T B
BRI BA (A~ —2(Manos et al., 2008; Oh & Manos, 2008) - Ahft
Fe oy LEAH FEAVEE SR AT AE 2 F R AT 8 2 o0 I aC Y AN B EE AR Y 72
2 ; Oh and Manos (2008)Fffii . CRC B[R FyfEiias A HHRAALA
e TR R 0 B 38 5 Y BB SR AL Nl (Fourquin et al., 2005; Lee
etal., 2005) » DAURERAIU R VR U b A &Y 70 15 » A
TR R EUEAL - B DS m e R R T R & B A I R RE
G A R R ey A e v A I BB A L Y 7 (50 A [B] TS 2R B s
WhRIE ISR - A S B S R R B RE A

(DELEAX B EIRR 2GR
AT B RIS AR IR L TIRE 7 I = R > 73l Ry - HER

Wiz R AR e PRSI ~ B A B A B BS DR (CERYT ) EX AR SR RL [N
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(CERS) - BB AIAVIHITEA > WA S RURIE Y alkane-forming
pathway 1 > FEH441Y VLC-alkane 94 EiEfE 2 © CER3 (VLC-acyl-
CoA-reductase)&r 4 VLC-acyl-CoA 2|5k VLC-aldehyde » 2 1%
HIJH5 CER1 (VLC-aldehyde decarbonylase)i VLC-acyldehyde SRfyFk A
£ > 2Rk VLC-alkane (Cas-Cao HY N d#) » ¢ & alkane-forming
pathway FVFIEEYI(Fu et al., 2015) » VLC-alkane & B {Z i1 LB eE:
Zi& - dCimiEE H (eg. CERS)ERFINLIN ¢ L FIRYBIFE R 2
BEFRFR SRS RV E R » SO BT CERL - CER3 HEHE
ERYAERYIEA - VLC-acyl-CoA #£ CER3 fE{LIRHY T &EZEY) VLC-
acyl & _F4¥ CER1 {1k /& VLC-alkane (Bernard et al., 2012) ; CER3 [
7B CERL Ai#h[FIfE AP » CER3 152 CERT HYGH#%E » CER7 &iE1H5H
re2s 8 CER3 1Y repressor RNA » #E[fie22% VLC-alkane 94 & 1% (Lam
et al., 2012; Bernard & Joubes, 2013; Lee & Suh, 2013) -

FEaEEET K ~ Ka ~ Ks 2535 [5] & alkane-forming pathway HfY&
ZRALELIN CERL 81 CER3 - Wi f-E -5 AN K {EfHELIFE$3R - CERL
(mean=0.011) 81 £ =& AL A Y K {H (mean=0.011, p=0.813)#x CER3
(mean=0.007) £ E A K {E 5 (mean=0.011, p=5.18E-19) (/) >
B REGRARN T EHIERIER » nlge 2R F CER3 2Bl % &
HE N FEVAS EAE R - BB [E] Ry g 44 & AL ARy CERL

0
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LUk FHEAIE N CERT X H/EH + fEEEH'E A Bidesabt et » Bk
ZiEEHE DA > HUE (LR (K) gkl (Fraser et al., 2002) -

— 5T CERL B CER3 A5 HY Ka ~ Ks 8837 5 44 S AN
e b EARHE fR~F(Ka<Ks, <1, p<0.001, respectively) » AJRESZ FI5E
KPR (selective constraint) Y4521 - RN IEEFIZEIRE M G EEUE
HEMENEE - FrUA I E B EE{CERA IR E R ERR(Ka) - iR
BERIRFINFEN - (15 Ka g -

CER5/WBCG12 & ATP binding cassette (ABC)EL R ZZ iEFHYAELA
Z— e FL Pighin et al. (2004) 41 TRIA B 5 fSR1 CERD 2B Yy
HEH EE AL - FHHYMEAE & A AR AR SR HE T B Bl RS A 1 T —
FEE Y E e EL(&4fi(Samuels et al., 2008; Bernard & Joubes, 2013) » #5
& A 21 2R B A B B (epicuticular wax) £ (B S2 &5 L tHE 2521
(Samuels et al., 2008; Bernard & Joubes, 2013) - iE#fE I AHR B e T
A Iy CERS b Ho At =fE A 2 HY IR E i &5 B 7 AF - A0
WBCG11 2 WBCG13 (McFarlane et al., 2010; Li et al., 2016) » &] DI#HE
s AR A B B Z AR Y R ik Bl HE 5 e S LS5 R S8 SR HA b
FY R R 7 2 R AT R L S R B A (5] B RE AL A VIR (515
S 15 LU PR IME Rk SIEE - AR AWFEEER - CERS /Y K
(mean=0.00L)FHHF S5 ENHY K (mean=0.011)F1= 5K H1%(p=0.003) -
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RURHABN S H BN IRST -

CER?7 Bl CER3 Z [HIVAC A.1F F B BRI T 18 S N A 5T 2 i E
(Hooker et al., 2007; Lametal., 2012; Lamet al., 2015) - CER7 & 3’25’
exoribonuclease - ELA1Z: B AL {H 7 g A S AR N HYFETZE - REHBE
o 0 HU# trans-acting small interfering RNA (tasiRNA, CER3 Y
repressor) - E£xHl alkane-forming pathway [y CER3 £5-LL{E FH (Hooker
etal., 2007) ; WHFE R [ElHtFEHY - B T CER3 AVHZIEFIFHERSN - A
ERD14 ~ AUX1 ~ SUI1 7 2 {EoRAIZHEELL 5 {EER—1%2 F] tasiRNAS
Bl CER7 HygH#%(Lam et al., 2015) » # Rk CER7 H 7 RN R
(pleiotropy) Hy+ & » fERATHEEIRMAYE L § - AL DR IRF
(Hoffmann, 2014) - ZAh5eHEzm(1) CER3 B CERT Wi 2 —4& 340y
HRgayigsE > Rilens v ELRfE £ EAYSE{L(Lam et al., 2012; Lam et
al., 2015) » DA Fe(2) CER7 A5 B RN 28U siT225T 25 tasiRNAs » #E(f]

s 205 CER3 fENIHY 5 {EAN - 15 24N ZEE S CERT Thgefr~r H
Fheam <2 FI B KPR -

(1) PAML E& HyPhy i 2 &5 5

£ PAML #y site model (M2a, M8)Ei HyPhy HY site-based model

(REL, FUBAR)f Itk » s At M 1E A KA REHYAA Ry © CER1
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eI E 4 (&% ~ CERS ferHIE O {E{irRh - 2RI S Lo Bh 2 F1E A
R P B B R B 5 T B o M AR 45 B % A5 5t AL e B 45 Y
Ve SR R AR AL BE Y 4 RE B e 45 &5t e g 2 Rl
SERHE > 2 KR RAT TR SA 0 B > AT RE B A 2 AR 2 2RI R
FEER ST » 3R mirfd LR s A2 -p RR Y KA ] -

ife— i CERL #Y 4 [ ~ CERS #Y 9 ([ 0] SEAY IF [ K 2R 5RHY
{ir5h BRI SO RGN A 2 7 B2 BT 2R 1 45 i3k (protein domain)
th o {H RSB A T R B R R VB M B IR A R A
fFi4n - 45 CER1 kg5 EAYES 208 ~ 266 (R i B Ry~ FA T
B-sheet » 55 309 A& (i B2 random coil » £ 372 { & Bl fir Bl
a-helix ; CERS g AlgFroI EHYES 16 ~ 554 (WA lz (ki E random
coil » 25 20 ~ 399 ~ 504 {[EfZEE L L B2 E/THY p-sheet - 55 328 ~ 336 -
367 ~ 658 {lE A M 1L BiE o-helix 5 a-helix B B-sheet JZRaRLlE A4S
fily F 2R Y (Branden, 1999) » B a-helix FraR{E R B4 (I B
PR RS B BRI AR E — (M= 2 —(Engel &
DeGrado, 2004) ; ¥ B-sheet J&H1 /7K M:AIRAEL PSR (Chou &
Fasman, 1974; Williams et al., 1987; Jiang et al., 1998) - [Kit— H FHf#%
LA M HH PR 7K MY e BB B R /K M A B » RS R AR 451
AYACEEE - T R B B B Y

45



f branch model fy 3 AR T - & Seta IS S AN E S A
FHEEERHYE L s EEAAERVEEER - SEREURE CERL fE1F
158 (1) 1 i 0B 45 o 2149 BB 45 o Y R U IR Y 00 <2 B AR T E 0>1
(©=999.0, Ks=0)ry&H57T ; FEE#E— D ialliE s L RAE R R NZ
BN RyiZ Aoy SO BN IE AR - G R T ME bRy B BRI
(foreground w=1)#HEL & marginally significant (2 A L=3.78, p=0.052) >
fHam CERY {77 Ha 0 i 2 bl st B By 7 = h > ZFIERR
i

ERBGEHNORBRYEERELEEL RS
Fyae S R YA M AT RE R AR B AR REIE - AT A A B
A= RERY I 2 LUEE AT RE A Hal/ SR T i A RE T Ry R - B Sl
TEHIVEER(2) - VMR B EER ~ MEERG) © iS22t
B FRCERIRER  E TS A B AR RE VIR A R R A Rt oA 3
TR E A AT RE 52 EEY) L B A fE PR T B EL A - 5o oMa A
BEAST EEAVYIEMIELEAR > BA N A AR EHEL EF

FERREEENE

(1) BEL MBS i B LA A T AR R AR B oA
AT DA SRS R SR P VD e (e R 8 = S R (B
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PERT R BRET PR EER T S A S R R M R R YT 5 -
WH7EfE  GEE 14 T M YIfE - FEiGas & A /e B i L 260 50 i
[#(R*=0.07, p=0.25) » BURESAHUHA Y ELE B 7 A SR b
VIR AR AR > TR IR [E R HYEEE, T ReRY R IREE YA
{E PP ER R T B L2 D BN A L &P g fE E V)RR [ 1
A 725 (Schaller, 2008) - Hy#4E A FR & Fibtam - MBS EYIED]
GBI L0 SR R S R A BBV EAYRERT - (B (2)- AT

PRI AR O E I SR BT - AR T
[ EETE R TEERGE N HDEEEREERE Y (1) K S I S e b [l b {F
PRI B K R B EIL R 8°C MAtslE - HEEREEE
FIEE ST RIVIERE > DURIE T & 2o S F e - INIERE 1L
IR T4 EE Y (Giese, 1975; Holmes & Keiller, 2002) - 357
R A B AT IE S AE SRR > AR/ R AR Y (1)) 2 A
(R?=0.05, p=0.35) - JREd §'°C {25 H4mE (R°=0.46, p=0.35) » HURIESE

EHAME  SETAR B ERFCEERAVERCE -

(RGN AYEER
ABHFEANE HE Y fetet B RS FEOHI AR R M IR R R AR B - 1T
Pyt e A L AR R L B s LR BRI 1 - AEHPRGENE R o ATas R
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PR A TR A Re MR FE VAR (DU ME (R %512 © Z8IMAE CER1
AYASPRISHER (B T LATEDHT Y (I B 8N A= BRMSIRAVAR B (R EGERE)
FH Moran’s | Jz Abouheif’s Crean £ 1 {H H #1E (R Z 045 5 7T DA
Pt CERL BN KRR AT HTIRETE - HAEBMERAVE LIRS
e CERL ALY LB & R A 7 ; B PAML 9 branch model
BRI - CERY AYRLRIEAL - (RS IR SR B s LS
ARGy =2 AR ELMUEA By SR [F s e - BEPRE St
RHECE LYy S 2B R [EIER KR T » (EB A2 P TR B R S TE A
AR IR HLEEL Y (1) B 85N AR 4 RSG5 st -
CERY EL PRI S B M AT (B oA b 2 R BRI » PTG 2 e M
RIS RHYEE S -

BEZRSY BIAE CER3 HYMRELEL 51°N » BLK, CER7 Y Y(11)ER §3C f%
HIEPERGENE - (HIgE 224 &N CER3 BLFAHEAY CERT ARAE
PAML 1 branch model gl S5 i A gl AR R BOEHA B AR A A
[EIREAL RS - EEEGERE NI - 828 CER3 BRIEEE ~ 8N K
CER7 §R Y(II) ~ 8°C RIREMY LA RH - (H 15 Lo ELPRS EddE R Rl
P AL R A B B RE R ATy AR D

SRR A R E M B A RN
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PAML g fil e Yy CERL ELPRIEAL - 17 FH MRieas & S A 88
& et Y R U IROE AR o - A I 21 A A [F] By 2 K BE T (foreground
®=999.0, backbround »=0.4616) > &R EEIKER I8 A o] RE S L
BN E A [E YIRS S A B R AR A D RE MR A L -
=B AVERIRAS SR B E b = USRI e 1473 &
FERTE] 1116 F4F AT ~ 1000 EAERTE S ~ DU 855 EAEHT 2 5 = {5
[ERG(E ) -

Eh=EE Senl oS Y T R CREERER) -
AR IR ST - SEBR MY — S A I SRR P IR A S
MRS R 2 e BT o hlE s A e o P BR (%984 1500 &
FERN LR S AT i) BA(ZYEE < 600 S AT) s CiEE Y a4
T ERAY 25 1 R A S B H - JEEHE 78T T e AR st g2 (Hall,
2002) - 1ESZ 8 AR R n it s S MR A - &6 op b o B R R R SE MBS
(Greater Sunda Islands)fy[zEtE » AT REERERREAVIFI 5 EEAM i
chZE b T A BT 4R 1785 (Susilohadi et all., 2009) » jEE
SO SNz 0wk = wle 0 6 SR 8 S S R e )
YIRS o

CER1 F:AEIE S a i - (= E A A 1 LA S 4 se B (b g = B
HAEA L A A — R AVEAREESR - [FR R G S AR 22
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£ CERL ELNfEHy/E L A ITH MY (AR e S e fa sy Y(I) > EdfE
fERH RuBP B Z 2 HMHE%EL 6°N Atk » B CERL AERAE(L
EARZ O B F FHRVRCRAVIE B Z A AR - B RHVEERIE 29
TR EEREE(E FOE R RIS bRy ERE b - ke [EAYBEKER ST
1117 S A 22 B 15 2R AF 5 SN Y CERY B IRE AL | > a8 A ARt
AR TR > [Flky CERL BLNEL S F HRCR AR > 12 b
TRV EA [FER AT 230 A ERY A H AR MR - st/ bl RS
CER1 i MIZA-F [FEIE(LEEREY 3 YR b SCRuEI{ERES 1400 &
FHIZE 800 HFRD LGB SIS 200 H4E AP YT (Ho, 1986;
Liu et al., 2000)2 7. » MR SAESER OB YEIEE — LR - 7]
REE IR /KRR 2 2B RV YRR 5991 CERL B NAVEAL
TSR R B RBR ST > 0 S T e 2 B A [RI R E i e v R 7 £
ZEIERIREE > CERL B NAYE(LEDE & 7E F IR BRIl 14 AT RE S il
Y& RS e e M r (2l (adaptive traits) -
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S

RS E R Y R — (H E R AR — A
et & B M IR AR S AR YR B/ AR B A RE T T
WEETS - B0 R OB BB AR T - JEGTE P RARGT&
FHEC AWHFEE LR R B R RC RS R B (R IS MO S Y H 2R 2
Ryt - PEE TERURE S RN Z M B R B R IR E
HRERAITFE - SEPR R R A & R R b BB fRSF (Ka<Ks) » BiR
H oy EEAVDIREM AN —Hk - (EE(E EAZRIBELIRA] : AAME—DE
# PAML f I FIRH A TESE [ 4 (B4 SRR ERAE(L AT DIk
o AETER (D) SRR SRR AR > (RIS 2R AR S RN CERL
HHEE 0>1 #YERGE - REE RSN MR B A afE 2
FIAFERVERERT] ¢ [FRFAE PAML B2 HyPhy Byl 3836 CERL
FRTE 4 (AR ARG RIE AR (0>1) > BEZE NI E]IERIR
FRALRE AR MR S VTR TE T R A & A AR = (B DArEsm
IEFIREFR S A OB YIS (SRS S L S B - 2D il
B ReAH R Ry A= B A RRBUE > DUSgse i e R SR B & 1F
BRI © B e SE AR oy AT HUGE SRS HT - SR &ty A U R P R PR 5
T (B RV ST (R iy B AR BRI T ~ MRS S A MR 2 B

REOCETF R EIEARRE . S T Bei e 2Ot &
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RERBGERFAE ~ AT GENE AR > CERL HYE(LA B HHEDE
ETERFEECY () ~ B 8N WifE A4 SRRV RIENE © SSa TR EEX
FE YRR ARV ERUGEIR - R YA R (e A A B
FERRIERIZUS L > ZEA [FRYEE KB T EL I (K4 > [RIk i 38 42 H

SRR A 21 AT SRR (O PSR IS R R RS A [ Y
BEKBEITT > BENERVEER - ARWTFTE i (R A A AR B Bt A
Shn R SN2 EIRER s RN E e MR A & 1 F AR
b RARREETEIIEE R A
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2o B ATREF A ELAF I ET AR FEG AEEETER R AREEI G BT
# 2 2 g2 SRR # $2(m) BRSO ORTER O BEANE HABE
rER® L. amygdalifolius PRI Y s MBARLT 250-2000 3 LC amy 5353
mhkEFH# L brevicaudatus PRARIIa Y S E Y MARLE 350-2350 # LC bre 08-05
6~ ¥ £ L. cornea PR A ST R ¢ 3RP MR R 700-1300 & LC cor 1270-1
¥rE 74" L. dodonaeifolius cEa Y MBHRLE 350-1600 3 VU dod 5150
LT ¥ L. formosanus cHELE AR LR 100-550 3 CR for 912-07
ST L. glaber PRSP A DRIk s SN LY NP R 450-1050 3 LC gla UA
i3z e L. hanceii PR SHNE MAEARLT 1000-2700 & LC han 1552
P E L. harlandii ARSI R IMEARLE B LA 350-600 # EN har 3863
<~ E£ 74" L kawakamii S HTEY AP MEBERLE 350-2350 # LC kaw 3938
o E L. konishii A EY MARLE ~Aa 100-1150 # LC kon 1482
LA L. lepidocarpus S AP R Y MR L E > LINMBRL R 600-2230 3 LC lep 3200
47" L. nantoensis ST IR KB LE 550-1300 7 uv nan 5248
Z-k¥ #4 L shinsuiensis cEARIEFLYEMBHRLE 300-1200 7 EN shi 02-14
5T L. taitoensis PR LR AR S IR a R AR A A E AL 700-1300 3 LC tai 973-2

FLAFFRAFTESRILCE 2 VUL E CENHEE CCRIRE A M D BELE AR LS Bl ® P 2 %%L(UA: unassigned)
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Name AT LH LS FS cC cP Qs QR Gene function
UK AT1G02020 TR10193_ TR10193_  SVVG- NHUA- UZWG- HENI- 2725  Nitroreductase family protein; FUNCTIONS IN: oxidoreductase activity, acting on NADH or NADPH, nitrogenous
cgi092 cgi092 2067395 2068396 2012150 2042413 group as acceptor, oxidoreductase activity; INVOLVED IN: metabolic process; LOCATED IN: chloroplast;

EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 13 growth stages; CONTAINS InterPro DOMAIN/s:
Nitroreductase-like (InterPro:IPRO00415)
SUN1 AT5G04990  TR10220 TR10220 SVVG- NHUA- UZWG- HENI- 2840  Encodes a member of the Sad1/UNC-84 (SUN)-domain proteins: AtSUN1(At5g04990), AtSUN2(AT3G10730). SUN
2013709 2013980 2000866 2051636 domain proteins are part of the cytoskeletal-nucleoskeletal bridging complexes. AtSUN1 and AtSUN2 are
localized to the nuclear envelope and are present as homomers and heteromers in vivo.Encodes an outer nuclear
membrane protein that anchors RanGAP1 to the nuclear envelope. It interacts with WPP domain interacting-
proteins (WIPs). It is involved in maintaining the elongated nuclear shape of epidermal cells.
WRKY13 AT4G39410 TR10240 TR10240 SVVG- NHUA- UZWG- HENI- 419 Encodes a member of the Group II-c WRKY Transcription Factor family that is involved in stem development and
2010911 2012097 2090230 2051496 has been shown to directly bind to the promoter of NST2. Mutants show a weak stem phenotype and show
decreased expression of lignin-synthesis-related genes
UK AT2G31620  TR10245 TR10245 SVVG- NHUA- UZWG- HENI- 1353  Receptor-like protein kinase-related family protein; FUNCTIONS IN: molecular_function unknown; INVOLVED IN:
2066262 2013292 2014772 2036804 biological_process unknown; LOCATED IN: endomembrane system; CONTAINS InterPro DOMAIN/s: Protein of
unknown function DUF26 (InterPro:IPR002902); BEST Arabidopsis thaliana protein match is: Receptor-like protein
kinase-related family protein (TAIR:AT3G21960.2)
UK AT5G44250 TR10284 TR10284 SVVG- NHUA- UZWG- HENI- 1101  Protein of unknown function DUF829, transmembrane 53; CONTAINS InterPro DOMAIN/s: Protein of unknown
2005956 2013920 2010737 2008755 function DUF829, transmembrane 53 (InterPro:IPR0O08547); BEST Arabidopsis thaliana protein match is: Protein
of unknown function DUF829, transmembrane 53 (TAIR:AT2G15695.1)
UK AT3G10470  TR10285 TR10285 SVVG- NHUA- UZWG- HENI- 229 C2H2-type zinc finger family protein; FUNCTIONS IN: sequence-specific DNA binding transcription factor activity,
2060573 2049649 2011289 2039171 zinc ion binding, nucleic acid binding; INVOLVED IN: regulation of transcription; LOCATED IN: intracellular;
EXPRESSED IN: petal, leaf whorl, male gametophyte, flower, pollen tube; EXPRESSED DURING: L mature pollen
stage, M germinated pollen stage, 4 anthesis, petal differentiation and expansion stage; CONTAINS InterPro
DOMAIN/s: Zinc finger, C2H2-like (InterPro:IPR015880), Zinc finger, C2H2-type (InterPro:IPRO07087); BEST
Arabidopsis thaliana protein match is: C2H2-type zinc finger family protein (TAIR:AT5G04390.1)

IRX3 AT5G17420 TR10336 TR10336 SVVG- NHUA- UZWG- HENI- 1938  Encodes a xylem-specific cellulose synthase that is phosphorylated on one or more serine residues (on either
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Name AT LH LS FS cC cP Qs QR Gene function
2007985 2013256 2091907 2048565 S185 or one of S180 or S181). IRX3 is required for secondary cell wall biosynthesis.
OoTU1 AT2G28120  TR10347 TR10347 SVVG- NHUA- UZWG- HENI- 186 Major facilitator superfamily protein; INVOLVED IN: N-terminal protein myristoylation, transmembrane
2069059 2078282 2093790 2048163 transport; LOCATED IN: plasma membrane; EXPRESSED IN: 11 plant structures; EXPRESSED DURING: 6 growth
stages; CONTAINS InterPro DOMAIN/s: Nodulin-like (InterPro:IPR010658), Major facilitator superfamily MFS-1
(InterPro:IPR011701), Major facilitator superfamily, general substrate transporter (InterPro:IPR016196); BEST
Arabidopsis thaliana protein match is: Major facilitator superfamily protein (TAIR:AT2G39210.1)
PGY2 AT1G33140 TR1038 TR1038 SVVG- NHUA- UZWG- HENI- 752 Encodes ribosomal protein L9. Identified in a screen for enhancers of as1. as1/pgy double mutants show defects
2010980 2076176 2091605 2003557 in leaf vascular patterning and adaxial cell fate. Double mutant analysis indicates pgy genes function in the same
pathway as REV, KAN1 and KAN2. The mRNA is cell-to-cell mobile.
UK AT5G01830  TR10413 TR10413 SVVG- NHUA- UZWG- HENI- 618 ARM repeat superfamily protein; FUNCTIONS IN: ubiquitin-protein ligase activity, binding; INVOLVED IN:
2060485 2016927 2086953 2037911 response to chitin; LOCATED IN: ubiquitin ligase complex; EXPRESSED IN: root; CONTAINS InterPro DOMAIN/s: U
box domain (InterPro:IPR003613), Armadillo-like helical (InterPro:IPR011989), Armadillo (InterPro:IPR000225),
Armadillo-type fold (InterPro:IPR016024); BEST Arabidopsis thaliana protein match is: plant U-box 17
(TAIR:AT1G29340.1)
UK AT2G22795  TR10461 TR10461 SVVG- NHUA- UZWG- HENI- 2311  Unknown protein; BEST Arabidopsis thaliana protein match is: unknown protein (TAIR:AT4G37820.1)
2073255 2000346 2093812 2006803
TMN9 AT5G25100 TR1051 TR1051 SVVG- NHUA- UZWG- HENI- 4234  Endomembrane protein 70 protein family; CONTAINS InterPro DOMAIN/s: Nonaspanin (TM9SF)
2015401 2007811 2011755 2002912 (InterPro:IPRO04240); BEST Arabidopsis thaliana protein match is: Endomembrane protein 70 protein family
(TAIR:AT5G10840.1).
PCK1 AT4G37870  TR10560 TR10560 SVVG- NHUA- UZWG- HENI- 4569  Encodes a phosphoenolpyruvate carboxykinase that localizes to the cytosol.
2008054 2015610 2000160 2047743
UK AT1G65780  TR10594 TR10594 SVVG- NHUA- UZWG- HENI- 9151  P-loop containing nucleoside triphosphate hydrolases superfamily protein; BEST Arabidopsis thaliana protein
2001447 2062112 2085959 2037831 match is: P-loop containing nucleoside triphosphate hydrolases superfamily protein (TAIR:AT1G65810.1)
ABCB21 AT3G62150 TR1059 TR1059 SVVG- NHUA- UZWG- HENI- 1285  Encodes a facultative transporter controlling auxin concentrations in plant cells.
2005773 2072324 2012864 2050574
UK AT4G28690  TR10606 TR10606 SVVG- NHUA- UZWG- HENI- 2429  BEST Arabidopsis thaliana protein match is: RPM1 interacting protein 13 (TAIR:AT2G20310.1)
2066726 2074879 2012720 2047234
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ATLARP1B  AT5G66100  TR10609 TR10609 SVVG- NHUA- UZWG- HENI- 315 Encodes a LAM domain containing protein that is involved in leaf senescence.
2073618 2073606 2063911 2044183
UK AT3G30405 TR1060 TR1060 SVVG- NHUA- UZWG- HENI- 4227  Gypsy-like retrotransposon family, has a 1.1e-154 P-value blast match to GB:AAD22153 polyprotein (Gypsy_Ty3-
2008453 2073268 2087855 2015190 element) (Sorghum bicolor)
UK AT4G07733  TR10615 TR10615 SVVG- NHUA- UZWG- HENI- 809 Gypsy-like retrotransposon family (Athila), has a 2.5e-37 P-value blast match to GB:CAA57397 Athila ORF 1
2065922 2002577 2004252 2037727 (Arabidopsis thaliana)
ATHY2 AT3G09150 TR10631 TR10631 SVVG- NHUA- UZWG- HENI- 133 Required for biosynthesis of the tetrapyrrole phytochrome chromophore phytochromobilin. Encodes
2058100 2008479 2079007 2006327 phytochromobilin synthase, a ferredoxin-dependent biliverdin reductase. It is necessary for coupling the
expression of some nuclear genes to the functional state of the chloroplast.
UK AT5G41980  TR10633 TR10633 SVVG- NHUA- UZWG- HENI- 1254  CONTAINS InterPro DOMAIN/s: Putative harbinger transposase-derived nuclease (InterPro:IPR006912); BEST
2009924 2010515 2009355 2050955 Arabidopsis thaliana protein match is: unknown protein (TAIR:AT1G43722.1)
UK AT5G08139  TR10642 TR10642 SVVG- NHUA- UZWG- HENI- 9202  RING/U-box superfamily protein; FUNCTIONS IN: zinc ion binding; INVOLVED IN: biological_process unknown;
2068346 2016310 2001652 2009847 LOCATED IN: cellular_component unknown; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 13 growth
stages; CONTAINS InterPro DOMAIN/s: Zinc finger, RING-type (InterPro:IPR001841), Zinc finger, C3HC4 RING-type
(InterPro:IPR018957); BEST Arabidopsis thaliana protein match is: RING/U-box superfamily protein
(TAIR:AT5G60820.1)
UK AT5G53650 TR10656 TR10656 SVVG- NHUA- UZWG- HENI- 2422  Unknown protein; FUNCTIONS IN: molecular_function unknown; INVOLVED IN: biological_process unknown;
2062527 2051787 2071103 2040743 LOCATED IN: endomembrane system; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 15 growth stages
AHA8 AT3G42640 TR10662 TR10662 SVVG- NHUA- UZWG- HENI- 6688  H(+)-ATPase 8 (HA8); FUNCTIONS IN: ATPase activity; INVOLVED IN: cation transport, metabolic process, ATP
2006096 2073393 2004435 2010293 biosynthetic process; LOCATED IN: plasma membrane, membrane; EXPRESSED IN: 23 plant structures;
EXPRESSED DURING: 12 growth stages; CONTAINS InterPro DOMAIN/s: ATPase, P-type, ATPase-associated
domain (InterPro:IPR0O08250), ATPase, P-type cation-transporter, N-terminal (InterPro:IPR004014), Haloacid
dehalogenase-like hydrolase (InterPro:IPRO05834), ATPase, P-type, H+ transporting proton pump
(InterPro:IPRO00695), ATPase, P-type, K/Mg/Cd/Cu/Zn/Na/Ca/Na/H-transporter (InterPro:IPRO01757), ATPase, P-
type, plasma-membrane proton-efflux (InterPro:IPR006534), ATPase, P-type phosphorylation site
(InterPro:IPR018303); BEST Arabidopsis thaliana protein match is: H(+)-ATPase 6 (TAIR:AT2G07560.1)
TWIN 2 AT1G14610 TR10681 TR10681 SVVG- NHUA- UZWG- HENI- 1 Required for proper proliferation of basal cells.
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2073823 2010128 2005237 2003691
EDS5 AT4G39030 TR10692 TR10692 SVVG- NHUA- UZWG- HENI- 2550  Encodes an orphan multidrug and toxin extrusion transporter. Essential component of salicylic acid-dependent
2009907 2004471 2091619 2000899 signaling for disease resistance. Member of the MATE-transporter family. Expression induced by salicylic acid.
Mutants are salicylic acid-deficient.
UK AT5G56570  TR10694 TR10694 SVVG- NHUA- UZWG- HENI- 1537  Leucine-rich repeat (LRR) family protein; FUNCTIONS IN: molecular_function unknown; INVOLVED IN:
2013909 2076632 2092829 2010830 biological_process unknown; LOCATED IN: mitochondrion; CONTAINS InterPro DOMAIN/s: FBD
(InterPro:IPR013596), FBD-like (InterPro:IPRO06566); BEST Arabidopsis thaliana protein match is: FBD, F-box and
Leucine Rich Repeat domains containing protein (TAIR:AT5G56560.1)
ABCG42 AT4G15233  TR10735 TR10735 SVVG- NHUA- UZWG- HENI- 2732 ABC-2 and Plant PDR ABC-type transporter family protein; FUNCTIONS IN: nucleoside-triphosphatase activity,
2006055 2068480 2005065 2008623 ATPase activity, nucleotide binding, ATP binding; INVOLVED IN: biological_process unknown; LOCATED IN:
membrane; CONTAINS InterPro DOMAIN/s: ATPase, AAA+ type, core (InterPro:IPR003593), ABC transporter-like
(InterPro:IPRO03439), Plant PDR ABC transporter associated (InterPro:IPR013581), ABC-2 type transporter
(InterPro:IPR013525); BEST Arabidopsis thaliana protein match is: ABC-2 and Plant PDR ABC-type transporter
family protein (TAIR:AT4G15236.1).
NF-YC3 AT1G54830  TR10743 TR10743 SVVG- NHUA- UZWG- HENI- 602 "Nuclear factor Y, subunit C3" (NF-YC3); FUNCTIONS IN: DNA binding, sequence-specific DNA binding
2000930 2003436 2012031 2007546 transcription factor activity; INVOLVED IN: regulation of transcription, DNA-dependent; LOCATED IN: nucleus,
intracellular; EXPRESSED IN: 24 plant structures; EXPRESSED DURING: 15 growth stages; CONTAINS InterPro
DOMAIN/s: Transcription factor CBF/NF-Y/archaeal histone (InterPro:IPR003958), Histone-fold
(InterPro:IPRO09072); BEST Arabidopsis thaliana protein match is: nuclear factor Y, subunit C9
(TAIR:AT1G08970.2)
MLP423 AT1G24020 TR10750 TR10750 SVVG- NHUA- UZWG- HENI- 648 MLP-like protein 423 (MLP423); INVOLVED IN: response to biotic stimulus, defense response; LOCATED IN:
2006634 2002226 2009531 2024875 membrane; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 15 growth stages; CONTAINS InterPro
DOMAIN/s: Bet v | allergen (InterPro:IPRO00916); BEST Arabidopsis thaliana protein match is: MLP-like protein 28
(TAIR:AT1G70830.3)
APK1 AT1G07570  TR10779 TR10779 SVVG- NHUA- UZWG- HENI- 328 Protein kinase capable of phosphorylating tyrosine, serine, and threonine residues
2072788 2013289 2002074 2053157
UK AT2G24617 TR108 TR108 SVVG- NHUA- UZWG- HENI- 85 Unknown protein
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2069465 2055057 2086977 2042952
UK AT2G35790  TR10913 TR10913 SVVG- NHUA- UZWG- HENI- 175 Unknown protein; CONTAINS InterPro DOMAIN/s: Protein of unknown function DUF1301 (InterPro:IPR009724)
2011846 2015265 2011869 2006139
SUO AT3G48050 TR10918 TR10918 SVVG- NHUA- UZWG- HENI- 92 Encodes a large protein with N-terminal bromo-adjacent homology (BAH) and transcription elongation factor S-II
2002383 2004317 2009938 2003309 (TFS2N) domains and two C-terminal GW (glycine and tryptophan) repeats. It is nuclear and colocalizes with the
processing-body component DCP1 in the cytoplasm. SOU is a component of the miRNA pathway and is involved
in translational repression.
ATGSTZ1 AT2G02390  TR10941 TR10941 SVVG- NHUA- UZWG- HENI- 597 Encodes glutathione transferase belonging to the zeta class of GSTs. Naming convention according to Wagner et
2059551 2018342 2074076 2005019 al. (2002). The protein undergoes spontaneous thiolation following treatment with the oxidant tert-
butylhydroperoxide. It functions in vitro as a maleylacetoacetate isomerase and is likely to be involved in tyrosine
catabolism.
1QD9 AT2G33990 TR10947 TR10947 SVVG- NHUA- UZWG- HENI- 349 1Q-domain 9 (iqd9); FUNCTIONS IN: calmodulin binding; INVOLVED IN: biological_process unknown; LOCATED IN:
2071024 2055261 2084838 2037870 plasma membrane; EXPRESSED IN: 22 plant structures; EXPRESSED DURING: 13 growth stages; CONTAINS
InterPro DOMAIN/s: 1Q calmodulin-binding region (InterPro:IPRO00048); BEST Arabidopsis thaliana protein match
is: 1Q-domain 10 (TAIR:AT3G15050.1)
UK AT5G63490  TR10952 TR10952 SVVG- NHUA- UZWG- HENI- 201 CBS / octicosapeptide/Phox/Bemp1 (PB1) domains-containing protein; EXPRESSED IN: 24 plant structures;
2001954 2074588 2006420 2008679 EXPRESSED DURING: 15 growth stages; CONTAINS InterPro DOMAIN/s: Octicosapeptide/Phox/Bem1p
(InterPro:IPR0O00270), Cystathionine beta-synthase, core (InterPro:IPRO00644); BEST Arabidopsis thaliana protein
match is: CBS / octicosapeptide/Phox/Bemp1 (PB1) domains-containing protein (TAIR:AT5G50530.1)
CRK21 AT4G23290 TR11004 TR11004 SVVG- NHUA- UZWG- HENI- 4326  Encodes a cysteine-rich receptor-like protein kinase.
2010103 2009454 2003515 2001358
SSP4 AT5G46410  TR11047 TR11047 SVVG- NHUA- UZWG- HENI- 3907 Encodes a SCP1-like small phosphatase (SSP). Three SSPs form a unique group with long N-terminal extensions:
2072672 2016812 2092181 2051484 AT5G46410 (SSP4), AT5G11860 (SSP5), ATAG18140 (SSP4b). SSP4 and SSP4b were localized exclusively in the

nuclei, whereas SSP5 accumulated in both nuclei and cytoplasm. All three SSPs encodes active CTD phosphatases
like animal SCP1 family proteins, with distinct substrate specificities: SSP4 and SSP4b could dephosphorylate both
Ser2-PO(4) and Ser5-PO(4) of CTD, whereas SSP5 dephosphorylated only Ser5-PO(4). The mRNA is cell-to-cell

mobile.
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UK AT1G72820  TR11050 TR11050 SVVG- NHUA- UZWG- HENI- 1017  Mitochondrial substrate carrier family protein; FUNCTIONS IN: binding; INVOLVED IN: transport, mitochondrial
2010716 2008531 2008294 2051471 7 Transport, transmembrane transport; LOCATED IN: mitochondrial inner membrane, membrane; EXPRESSED IN:
23 plant structures; EXPRESSED DURING: 13 growth stages; CONTAINS InterPro DOMAIN/s: Mitochondrial carrier
protein (InterPro:IPR002067), Mitochondrial substrate carrier (InterPro:IPR001993), Mitochondrial
substrate/solute carrier (InterPro:IPR018108); BEST Arabidopsis thaliana protein match is: Mitochondrial
substrate carrier family protein (TAIR:AT5G26200.1)
UK AT1G36320 TR11071 TR11071 SVVG- NHUA- UZWG- HENI- 597 Unknown protein; BEST Arabidopsis thaliana protein match is: unknown protein (TAIR:AT4G37920.1)
2013255 2016615 2012367 2050728
ACX3 AT1G06290  TR11089 TR11089 SVVG- NHUA- UZWG- HENI- 61 Encodes an acyl-CoA oxidase with specificity for medium chain fatty acids. The mRNA is cell-to-cell mobile.
2015366 2016338 2094076 2005883
SPL13 AT5G50570  TR11091 TR11091 SVVG- NHUA- UZWG- HENI- 4512  Squamosa promoter-binding protein-like (SBP domain) transcription factor family protein; FUNCTIONS IN: DNA
2013605 2077442 2003890 2052320 binding, sequence-specific DNA binding transcription factor activity; INVOLVED IN: regulation of transcription;
LOCATED IN: nucleus; CONTAINS InterPro DOMAIN/s: Transcription factor, SBP-box (InterPro:IPR004333); BEST
Arabidopsis thaliana protein match is: Squamosa promoter-binding protein-like (SBP domain) transcription factor
family protein (TAIR:AT5G50670.1)
UK AT5G13660 TR11096 TR11096 SVVG- NHUA- UZWG- HENI- 1525  Unknown protein; FUNCTIONS IN: molecular_function unknown; INVOLVED IN: biological_process unknown;
2012851 2015568 2092727 2006431 LOCATED IN: cellular_component unknown; BEST Arabidopsis thaliana protein match is: unknown protein
(TAIR:AT5G59830.2)
UK AT4G02120  TR11100 TR11100 SVVG- NHUA- UZWG- HENI- 91 CTP synthase family protein; FUNCTIONS IN: CTP synthase activity, catalytic activity; INVOLVED IN: pyrimidine
2014340 2078149 2092361 2053307 ribonucleotide metabolic process, pyrimidine nucleotide biosynthetic process; LOCATED IN: endomembrane
system; EXPRESSED IN: 24 plant structures; EXPRESSED DURING: 13 growth stages; CONTAINS InterPro
DOMAIN/s: Glutamine amidotransferase class-I, C-terminal (InterPro:IPR000991), CTP synthase
(InterPro:IPRO04468), CTP synthase, N-terminal (InterPro:IPR017456), Glutamine amidotransferase type 1
(InterPro:IPR017926); BEST Arabidopsis thaliana protein match is: CTP synthase family protein
(TAIR:AT3G12670.1)
UK AT1G61970  TR11273 TR11273 SVVG- NHUA- UZWG- HENI- 9406  Mitochondrial transcription termination factor family protein; CONTAINS InterPro DOMAIN/s: Mitochodrial
2013762 2077510 2010234 2046704 transcription termination factor-related (InterPro:IPR0O03690); BEST Arabidopsis thaliana protein match is:
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Mitochondrial transcription termination factor family protein (TAIR:AT1G61980.1)

UK AT4G03876  TR11274 TR11274 SVVG- NHUA- UZWG- HENI- 309 Pseudogene, hypothetical protein
2066881 2077794 2092947 2051441

THA1 AT1G08630  TR1128 TR1128 SVVG- NHUA- UZWG- HENI- 1357  Encodes a threonine aldolase, involved in threonine degradation to glycine. Primarily expressed in seeds and
2001020 2010662 2092134 2009448 seedlings.

ATNRAM  AT1G47240  TR11292 TR11292 SVVG- NHUA- UZWG- HENI- 936 Member of the NRAMP2 gene family of metal ion transporters.

P2 2010553 2075796 2092690 2002164

AP2M AT5G46630  TR11307 TR11307 SVVG- NHUA- UZWG- HENI- 2584  Clathrin adaptor complexes medium subunit family protein, contains Pfam profile: PFO0928 adaptor complexes
2072349 2007955 2011880 2000821 medium subunit family; similar to micro-adaptins of clathrin coated vesicle adaptor complexes

UK: & & A7 ¢ ﬁ-‘ﬁ’ﬁﬁ, » AT @ Arabidopsis accession number > LH : L. hanceii » LS : L. shinsuiensis > FS : F. sylvatica > QS : Q. shumardii > QR : Q. robur > CC : C. crenata > CP : C.

pumila - & A F]v ¥ p 1KP 7 (SVVG-F. sylvatica » HENI-Q. shumardii ; NHUA-C. crenata ; UZWG-C. pumila)£: Quercus Portol (Q.. robur_accession number)
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0G Method Tree topology SM
AT1G36320*  NJ (((((QS,QR),LS),LH),(CC,CP)),FS) T92
ML ((((QS,QR),(LS,LH)),(CC,CP)),FS) HKY+G
BI ((((QS,QR),(CC,CP),LS),LH),FS) HKY+G
AT1G54830*  NJ ((((LS,QR,QS),LH),(CC,CP)),FS) K2P
ML, BI (((@s,QR,LS,LH),(CC,CP)),FS) K2P
AT1G61970*  NJ (((((LH,LS),QS,QR),CP),CC),FS) HKY+G
ML, BI ((((QS,LS),LH,QR),(CC,CP)),FS) HKY+G
AT1G72820*  NJ ((((LH,LS),QS,QR),(CC,CP)),FS) HKY+G
ML, BI ((((QS,LS),LH,QR),(CC,CP)),FS) HKY+G
AT2G24617*  NJ, B ((((LH,LS),QS,QR),(CC,CP)),FS) ife
ML (((LH,LS),QR,QS,(CC,CP)),FS) ife
AT4G02120*  NJ ((((LH,LS),(QS,QR)),(CC,CP)),FS) T92
ML ((((LH,LS),@S,QR),CP,CC),FS) K2P
BI ((((LH,LS),(QS,QR)),CC,CP),FS) K2P
AT4G03876*  NJ, ML, Bl ((((LH,LS),(QS,QR)),(CC,CP)),FS) HKY
AT4G28690*  NJ, ML, Bl (((LH,LS),(QS,QR),(CC,CP)),FS) HKY
AT4G39410" NJ (((((LH,LS),QS),QR),(CC,CP)),FS) ife
ML, BI ((((LH,LS),QS,QR),(CC,CP)),FS) ife
AT5G01830*  NJ ((((LH,LS),(QS,QR)),CC,CP),FS) ife
ML, BI ((((LH,LS),QS,QR),CC,CP),FS) ife
AT5G04990*  NJ (((LH,LS),QR,QS,(CC,CP)),FS) TN93+G
ML ((((LH,LS),QS,QR),(CC,CP)),FS) TN93+G
BI (((((LH,LS),QR),QS),(CC,CP)),FS) HKY+G
AT5G17420*  NJ ((((LH,LS),QR,QS),(CC,CP)),FS) K2P
ML, BI ((((LH,LS,QR),QS),(CC,CP)),FS) K2P
AT5G56570*  NJ, Bl ((((LH,LS),QS,QR),(CC,CP)),FS) K2P+G
ML (((LH,LS),((QS,QR),(CC,CP))),FS) K2P+G
AT5G66100*  NJ, ML, Bl (((LH,LS,QS,QR),(CC,CP)),FS) HKY
AT5G06130*  NJ ((((LH,LS),QR,QS),(CC,CP)),FS) T92
ML, BI ((((LH,LS),QR,QS),(CC,CP)),FS) K2P
AT1G06290 NJ ((((LH,LS),(CC,CP)),QR,QS),FS) T92+G
ML, BI (((((LH,LS),(CC,CP)),QR),QS),FS) K2P+G
AT2G35790 NJ (((LH,LS,CC,CP),(QS,QR)),FS) JC
ML, BI (((LH,Ls,(cc,cP)),QS,QR),FS) JC
AT5G13660 NJ (((LH,LS),(CC,CP),QS,QR),FS) T92+G
ML, BI ((((LH,LS),(QS,QR)),(CC,CP)),FS) HKY+G
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AT5G46410

AT1G33140

AT2G31620

AT3G10470

AT4G37870

AT5G08139

AT5G46630

AT1G02020

AT1G07570

AT1G08630

AT1G24020

AT1G47240

AT1G65780

AT2G22795

AT2G33990

AT3G09150

AT3G30405

AT3G42640

NJ
ML, BI
NJ
ML

B

NJ
ML, BI
NJ
ML, BI
NJ
ML, BI
NJ
ML

B

NJ
ML, BI
NJ, B
ML
NJ
ML, BI
NJ
ML

B

NJ
ML, BI
NJ
ML

B

NJ, ML, BI
NJ, BI, ML
NJ, JC
NJ
ML, BI
NJ
ML

B

NJ
ML, BI

((((LH,LS,(CC,CP),QS),QR),FS)
((((((CC,CP),LS),LH),QS),QR),FS)
(((cc,cp),(QsS,QR)),(LH,LS)),FS
((((((CC,CP),QS),QR),LH),LS),FS)
(((((cc,cp),Qs),QR),(LH,LS)),FS)
((((((CC,CP),QR),QS),LH),LS),FS)
((((cc,cpP),QR),QS,LS,LH),FS)
(((((cc,cP),Qs,QR),LS),LH),FS)
((((Cc,cP),QS,QR,LS),LH),FS)
(((((cc,cp),QR),QS),(LH,LS)),FS)
(((LH,LS),(CC,CP),QS,QR),FS)
(((((cc,cp),Qs),QR),(LH,LS)),FS)
((((cc,cpP),Qs,QR),(LH,LS)),FS)
(((LH,LS),(CC,CP),QS,QR),FS)
((((cc,cp),(Qs,QR)),(LH,LS)),FS)
((((Cc,cP),(QS,QR)),(LH,LS)),FS)
((({((CC,CP),QS),LH),(LS,QR)),FS)
((((LH,LS),QR),(CC,CP,QS)),FS)
(((CC,CP),LH,LS,QS,QR),FS)
(((CC,CP),LH,LS,QS,QR),FS)
((LH,LS,QS,QR,CC,CP),FS)
(((((LtH,LS),(CC,CP)),QS),QR),FS)
(((CC,CP),LH,LS,QS,QR),FS)
((((tH,QR),(LS,CC)),(CP,QS)),FS)
((((LH,QR),(CP,QS)),(LS,CC)),FS)
(((LH,LS,QR),((QS,CC),CP)),FS)
((((LH,LS),QR),(CC,CP,QS)),FS)
(((LH,LS,QR),(QS,CC,CP)),FS)
((((LH,LS),QS,CP,QR),CC),FS)
((({(CC,CP),QR),(LH,LS)),QS),FS)
(((LS,LH,QR,QS,CP),CC),FS)
((((LH,LS),(CC,QS),QR),CP),FS)
(((((LH,LS),QR),(CC,QS)),CP),FS)
((({(LH,LS),QR),(CC,CP)),QS),FS)
((((((LH,LS),QR),QS),CP),CC),FS)
(((((LH,LS),QR),,CC,CP),QS),FS)
((((((LtH,LS),QR),CC),QS),CP),FS)
((((((LtH,LS),QR),CC),QS),CP),FS)

7192
HKY
HKY
HKY
HKY
HKY
HKY
K2P
K2P
7192
K2P
K2P
K2P
K2P
T92+G
HKY+G
K2P
K2P
7192
K2P
T92+G
HKY+G
HKY+G
7192
K2P
7192
K2P
K2P
JC
TN93
JC
K2P+G
K2P+G
T92+I
HKY+G
HKY+G
T92+G
K2P+l
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AT3G48050 NJ (((((cC,CP),LS,QR),LH),QS),FS) T92+G

ML, BI (((((CC,CP),LS,QR),LH),QS),FS) K2P+G
AT3G62150 NJ (((LH,LS,CC,QR),CP,QS),FS) T92+G
ML (((((LH,LS,QR),QS),CC),CP),FS) K2P+G
BI (((LH,LS,QR),CC),(CP,QS)),FS) K2P+G
AT4G07733 NJ ((((cC,QR),LH,LS),(CP,QS)),FS) IC+G
ML ((((CP,QS),QR,CC),LH,LS),FS) IC+G
BI ((((LH,LS),QR,CC),(CP,QS)),FS) IC+G
AT4G15233 NJ, ML, Bl (((((LH,CC,QR),LS),CP),QS),FS) K2P
AT4G39030 NJ, ML, Bl ((((LH,LS),QR),((CP,CC),QS)),FS) I
AT5G25100 NJ, ML, Bl ((((CP,CC),QS,QR,LH),LS),FS) K2P
AT5G41980 NJ, ML, Bl ((((LH,LS,QR),(CC,CP)),QS),FS) K2P
AT5G44250 NJ,NL, Bl (((CP,QR),LH,LS,CC,QS),FS) I
AT5G50570 NJ ((((cC,CP),QRY),LS,LH,QS),FS) K2P+G
ML ((((CC,CP),(QS,QR)), (LH,LS)),FS) K2P+G
BI ((((LH,LS),(QS,QRY)),(CC,CP)),FS) K2P+G
AT5G53650 NJ ((((cC,QR),LH,LS,QS),CP),ES) I
ML, BI (((LH,LS,QS,QR,CC),CP),FS) I
AT5G63490 NJ ((((LH,LS),(CP,QS)),(CC,QR)),FS) K2P
ML, BI ((((LH,LS),Qs,CP),(CC,QR)),FS) K2P
AT1G14610 NJ ((((LH,LS),QR),((CC,CP),QS)),FS) K2P
ML, BI ((((LH,LS),QRY),(CC,CP,QS)),FS) K2P
AT2G28120 NJ, ML, Bl ((((LH,LS),QS),(CC,CP),QR),FS) I
AT4G23290 NJ ((((LH,LS),QRY),(CC,CP),QS),FS) T92+G
ML, BI ((((LH,LS),QR),(CC,CP),QS),FS) K2P+G

P # R €2 b} 4 cladogram # ¢ 5 - f&H AL 1 LH: L. hanceii, LS: L. shinsuiensis,
CC: C. crenata, CP: C. pumila, QS: Q. shumardii, Q. robur, FS: F. sylvatica ; % ~T—f i
WA A #L * HKY: Hasegawa-Kishino-Yano ~JC: Jukes-Cantor ~ K2P: kimura 2-parameter »
T92: Tamura 3-parameter ~ TN93: Tamura and Nei 1993 ~ +G: gamma distribution ~ +I:
proportion of invariable sitese H © ﬂﬁ”ﬁ, :0G: orthologous gene~NJ: neighbor-joining
ML: maximum likelihood ~ Bl: Bayesian inference o f&7 * X & #7i% * gafafe i
Nl Bk T o
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Kg vs. Kt Mean of Kr Mean of Kt t value p value
Kr vs. Kceri 0.011+1.05E-05 0.011+3.23E-05 0.237 0.813
Kr vs. Kcers 0.011+1.05E-05 0.007+1.36E-05 9.838 5.18E-19
Kr vs. Kcers 0.011+1.05E-05 0.001+2.72E-05 2.952 0.003
Kr vs. Kcer7 0.011+1.05E-05 0.013+2.21E-05 -3.501 0.001
Krvs. KSt Mean of Kr Mean of KSr t value p value
Kr vs. KSceri 0.011+1.05E-05 0.020+1.99E-04 -7.515 2.67E-12
Kr vs. KScers3 0.011+1.05E-05 0.016+9.39E-05 -5.162 5.83E-07
Kr vs. KScers 0.011+1.05E-05 0.013+6.46E-05 -3.037 0.003
Kr vs. KScer7 0.011+1.05E-05 0.041+2.44E-04 -18.078 5.61E-33
KAt vs. KSt Mean of KAr Mean of KSr t value p value
KAcer1 vs. KScer:  0.009+1.66E-05 0.020+1.99E-04 -9.896 1.18E-18
KAcer3 vs. KScerz  0.004+4.72E-06 0.016+9.39E-05 -14.494 2.74E-31
KAcers vs. KScers  0.009+2.21E-05 0.013+6.46E-05 -7.152 4.59E-12
KAcer7 vs. KScer7  0.005+6.54E-06 0.042+2.44E-04 -21.901 6.60E-39

Kr® %% 3k Fleib H e % # 5 Keens @ CERL e H e 8 4% 5 > Keers © CER3 ch Hpe b 4% 5

Kcers © CERS e 3 e ¥ 4% 5 > Kcery 1 CER7 e it B 3 % » KAcers @ CERL eh12 f & ¥ #

% > KAcers : CER3 ehzb e & ¥ 3% % » KAcers © CERS ehzb e & ¥ 3¢ % » KAcerr : CER7 ehzb e &
# % » KScery * CERL el & % 3% % » KScgrs : CER3 11l & % 4% 5 » KScers © CER5 thlp & %

B
3% % > KScery : CER7 efe & % $¢ &

o *% p<0.05 °
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% 7 ~ PAML £ HyPhy 2_ Site model # ip|.% %

Gene Site (w>1) PAML site model HyPhy
M2a m8 REL FUBAR MEME?#
CER1 36R 0.937 0.965* 364.024° 0.841 0.311
46 F 0.903 0.944 471.068* 0.878 0.284
941L 0.992** 0.997**
102V 0.928 0.960* 20430.6°  0.965° 0.166
104T 0.938 0.966*
122 L 0.982* 0.994** 237.102¢  0.759 0.499
124 | 0.989* 0.996**
196 | 0.903 0.943 874.648°  0.933" 0.167
208 F 0.988* 0.996** 749.212%  0.913° 0.228
266V 0.992** 0.998** 794.516% 0.93 0.227
274 H 0.911 0.949 753.22° 0.903° 0.303
309F 0.950* 0.974* 1000.74°  0.962° 0.129
369 W 0.960* 0.979*
372 E 0.992** 0.998** 35487.9° 0.972° 0.174
497Y 0.925 >0.5 836.053° 0.92° 0.148
520 >0.5 >0.5 733.558°  0.927° 0.158
CER3 50L 0.999** 107800
346 S 0.947 0.974*
437 N 0.905 0.954*
477 S 0.959* 0.980*
484 Q 0.956* 0.978*
570 A 0.999** 1.000** 1.576 0.927° 0.259
CER5 16G 0.951* 0.952* 38448.2%  0.941° 0.255
19G 0.95 0.951* 37391.7°  0.938 0.083¢
20E 0.968* 0.970* 28633.6°  0.935° 0.207
30R 0.949 0.950* 232.962¢ 0.73 0.466
41V 0.936 0.937 38033.7°  0.942° 0.23
42 L 0.692 0.614 280.381*  0.785 0.33
49 >0.5 >0.5 221.109* 0.715 0.481
110D 0.671 0.59 227.901#  0.745 0.389
147 | 0.998** 0.999** 1200.19* 0.75 0.67
170L 0.687 0.609 282.511F 0.784 0.346
1791 0.625 0.538 291.078% 0.773 0.384
226 H 0.621 0.533 246.176%  0.757 0.414
2311 0.932 0.933 28246.4°  0.934° 0.291
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Gene Site (w>1) PAML site model HyPhy

M2a M8 REL FUBAR MEME*
298V 0.946 0.948 256.429*  0.756 0.404
299T 0.942 0.943 33083.72  0.941° 0.279
301 A 0.59 >0.5 249.867°  0.773 0.378
3281 1.000** 1.000** 71049.1*  0.972° 0.018°¢
336 W 0.977* 0.979* 4452.07°  0.909° 0.307
348 Q 0.978* 0.980* 338.08  0.808 0.291
352T 0.685 0.606 248.29° 0.768 0.332
367 T 0.972* 0.974* 74852.2%  0.948° 0.193
377 Q 0.747 0.679 270.857*  0.779 0.397
396 | 0.66 0.577 257.891* 0.761 0.341
399 A 0.994** 0.996** 38415.8°  0.945° 0.258
4791 0.934 0.935 29319.97  0.938° 0.277
504 S 0.997** 0.998** 106246° 0.968° 0.152
508Y 0.606 0.516 276.685* 0.751 0.452
513V 0.514 >0.5 170.898° 0.293 0.67
538 >0.5 >0.5 261.916* 0.758 0.4
554 E 0.995** 0.997** 11269.7  0.914° 0.409
559 F 0.51 >0.5 237.039* 0.731 0.355
583 >0.5 >0.5 261.865° 0.761 0.407
605 N 0.95 0.951* 11684.7*  0.916° 0.401
623V 0.684 0.605 262.641* 0.768 0.212
640 K 0.659 0.576 235.312%  0.752 0.201
648 Q 0.998** 0.999** 279.115*  0.785 0.332
652 T 0.501 >0.5 247.889*  0.767 0.392
658 R 0.996** 0.998** 18862.3*  0.928 0.338
671F 0.671 0.59 241.416*  0.757 0.139
674 N 0.601 0.512 232.125* 0.738 0.455
678 P 0.602 0.512 243.78 0.779 0.395
CER7 278G 0.969* 0.990*

287 Q 0.976* 0.992** 740.107*  0.931° 0.182
289G 0.881 0.950* 61.233% 0.711 0.6

v

Arig 2 4 PH-A] 5 PAML £ site model (M2a, M8)% HyPhy 77 site-based model
(REL, FUBAR) £ branch-site model (MEME) = "kt i> Bh4Rie e i 5 b P &
PAML 7 M2a ~ M8 # B 3] w>1 e 8L ; * % BEB>0.95 » ** % BEB>0.99 ; @ = REL

# P ¥ Bayes Factor>50 g b % FUBAR # | ® posterior probability>0.9 §oca
MEME # B¢ p value<0.05 *‘ﬁ ; #% branch-site based model -
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Species Waxy PA Y (I) 813¢C &8N
L. amygdalifolius ~ WC 44.9016.10 0.771+0.027 -31.076 -0.856
L. brevicaudatus NWC 46.0213.90 0.681+0.018 -31.018 -0.862
L. cornea NWC 78.24+11.15 0.700+0.038 -30.654 -0.510
L. dodonaeifolius ~ WC 45.2512.14 0.746+0.033 -31.254 -1.618
L. formosanus wC 49.0817.58 0.701+0.021 -31.833 -1.393
L. glaber WC 44.941+32.83 0.738+0.027 -30.451 -0.499
L. hanceii NWC 29.8216.30 0.744+0.025 -33.455 -0.964
L. harlandii NWC 32.13+4.60 0.727+0.025 -31.962 -1.589
L. kawakaii NWC 37.43+7.85 0.735+0.040 -32.413 -0.512
L. konishii NWC 54.,281+2.88 0.665+0.054 -30.841 1.125
L. lepidocarpus wC 59.00+4.71 0.770+0.025 -31.334 -0.606
L. nantoensis wWC 81.6613.45 0.629+0.250 -31.844 -2.622
L. shinsuiensis wWC 127.85150.79  0.745+0.031 -30.893 -1.509
L. taitoensis WC 35.00+3.19 0.724+0.047 -32.009 -0.763

PA: phenolic acid, fi=fi& 5 Y (I): & %301l 2. kit & & & ; 63C: sAE Tk % (W)

8N @ 22 F F % (%) ; Waxy: wc, wax crystal ~ nwc, non-wax crystal e
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Species tree / p-value Crmean p-value K  p-value
Phenolicacid  -0.179 0.876 0.264 0.076 0.189 0.780
Y () -0.173 0.704 -0.113 0.758 0.261 0.549
813C (%o) 0.072 0.181 0.120 0.219 0.446 0.136
SN (%o) 0.129 0.082 0.236 0.070 0.458 0.125
CER1 tree / p-value Crmean p-value K p-value
Phenolicacid  0.081 0.112 0.193 0.090 0.430 0.053
Y () 0.255 0.047* 0.327 0.042* 0.181 0.314
813C (%o) -0.011 0.304 0.037 0.371 0.353 0.070
SN (%o) 0.220 0.016* 0.368 0.007* 0.355 0.076
CER3 tree / p-value Crmean p-value K p-value
Phenolicacid  0.335 0.016* 0.388 0.021* 0.465 0.013*
Y (1) -0.078 0.488 -0.004 0.448 0.214 0.199
813C (%o) -0.024 0.369 0.016 0.435 0.205 0.261
SN (%o) 0.235 0.009* 0.348 0.006* 0.254 0.132
CERS5 tree / p-value Crean p-value K  p-value
Phenolicacid  0.123 0.113 0.170 0.112 0.055 0.905
Y (1) -0.027 0.355 0.071 0.321 0.205 0.147
813C (%o) 0.092 0.160 0.137 0.201 0.206 0.113
SN (%o) 0.083 0.137 0.231 0.080 0.196 0.144
CER7 tree / p-value Chiean p-value K  p-value
Phenolic acid ~ 0.080 0.142 0.162 0.189 0.738 0.099
Y (ll) 0.151 0.100 0.365 0.022* 1.122 0.005*
&613C (%o) 0.256 0.023* 0.285 0.053 0.668 0.120
615N (%o) 0.079 0.143 0.251 0.060 0.538 0.254

*%\ 7T p i#<0.05 > %\» %F'—%‘ o [: Moran’s /,' Cmean: Abouheif ‘s Cmean,' K: B|0mberg’s KoY
(I):sk % %l v 8 & & o
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Eco-Phy. LD R?2 p-value
Phenolic acid 1.34 0.07 0.25
Y (1) 0.88 0.05 0.35
813C (%) 0.86 0.46 0.35
815N (%o) 2.77 0.15 0.10

LD: LogLikelihood difference ; *: p<0.05 - R%: R square °
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cerl cer3 cer5 cer7
site model
M1la InL -2945.73 -2914.21 -3507.42 -1989.77
M2a InL -2926.15 -2903.01 -3476.09 -1986.79
2AL 39.17 22.39 62.65 5.95
df 1 1 1 1
p 3.13E-09 1.37E-05 2.49E-14 0.051
M7 InL -2949.13 -2914.43 -3507.63 -1989.79
M8 InL -2926.15 -2903.05 -3476.10 -1986.80
2AL 45.97 22.75 63.08 5.97
df 1 1 1 1
p 1.04E-10 1.15E-05 2.01E-14 0.050
M8a InL -2945.73 -2914.21 -3507.42 -1989.77
M8 InL -2926.15 -2903.05 -3476.10 -1986.80
2AL 39.17 22.31 62.64 5.94
df 1 1 1 1
p 3.89E-10 2.32E-06 2.48E-15 0.015
Branch model (froeground=wax species, Scenario 1)
One ratio InL -2969.33 -2923.21 -3516.91 -2009.03
Two or more ratio InL -2965.95 -2923.04 -3516.58 -2008.25
2AL 6.75 0.34 0.67 1.56
df 1 1 1 1
p 0.0097 0.561 0.413 0.211
Neutral model InL -2967.84
Two or more ratio InL -2965.95
2AL 3.77
df 1
p 0.052°
Branch model (foreground=non-wax species, Scenario 2)
One ratio InL -2969.33 -2923.21 -3516.91 -2009.03
Two or more ratio InL -2969.32 -2923.13 -3516.91 -2007.66
2AL 0.01 0.15 10E-03 2.73
df 1 1 1 1
p 0.919 0.696 0.921 0.098
Branch model (foreground=mixed, scenario 3)
One ratio InL -2969.33 -2923.21 -3516.91 -2009.03
Two or more ratio InL -2967.98 -2923.21 -3516.91 -2007.66



cerl cer3 cer5 cer7
2AL 2.69 0.00 0.00 2.73
df 2 2 2 2
p 0.260 NA 1.000 0.255
Branch-site model (froeground=wax species, scenario 1)
Model A (fixed w=1) InL -2947.11 -2914.21 -3495.95 -1989.45
Model A InL -2945.73 -2914.21 -3495.95 -1989.39
2AL 2.75 0 2E-06 0.13
df 1 1 1 1
p 0.097 1.000 0.999 0.715
Branch-site model (foreground=non-wax species, Scenario 2)
Model A (fixed w=1) InL -2945.73 -2914.21 -3495.89 -1989.77
Model A InL -2945.73 -2914.21 -3495.52  -1989.77
2AL 0 1E-04 0.74 0
df 1 1 1 1
p 1.000 0.991 0.391 1.000

@ % One ratio model (Null) vs. Scenario 1 (Alternative)!“ #& ¥ > CER1 % One ratio

model #7 w=0.519 > two or more ratio model ¥ foreground w=999.0 ~ background
w=0.4616 ; ® % Neutral model (Null) vs. Scenario 1 (Alterantive)** #& ? » CER1 %

Neutral model ¥ foreground w=1.000 ~ background w=0.460 -
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A %313 2 PCR eh Tm 5 1

Primer Sequence Tm(°C)
fagaSAHH-F CAAGTTCTAACCCTTGAGGATG 52
fagaSAHH-R CTTCTCAGTACCTGTAGTGA

FagaSAM-F CCATTTGCTACTATACTCTTGG 56
FagaSAM-r GGTCTTGATGCTGACAACTGC

FagadGd-F CTCGCTTTCCCTCATCATAGC 58
FagadGd-R GGAGGAGCTGGATTCATTGG

FagaCAP-F CTTGCAGTGGGTGTCACTGAG 56
FagaCAP-R GCAGGTGTGAGTACATTGGCAG

FagaESRK-F GATTCTTCGGGGGCTAAAGT 55
FagaESRK-R GTGTGAGGGGAGTTGGCGAA

fagaFAD-F1 CAGGTTGRAGAACAATGGGTG 52
fagaFAD-R1 GCCTGGWGGATTGTTRAGGT

CER1_F1 ATGGCTACYAAACCWGGWAT 54
CER1_R1 ATCCCAGCWATACGCCAAGC

CER3_F1 ATGGTTGMTWCTTYGTCAGG 53
CER3_R1 ACCRTGTTTTAATGCWGCTTC

CERS5_F1 ACASTATGGAGATWGAGRTAGCT 52
CER5_R1 TGCTTCTAGTGGAGAGGAG

CER7_F1 CGTTTAACAGTGAACGAGAAG 55
CER7_R3 CCTCCACTRGTGARAGATG
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