F @ & 2012014):123~126

- YRR -

HRT1EY PHYP i+ PHYB
JE RS X & M L R A 3T

T #. %7 8

TRV RS A ArRH 2 B2 TR 7 % 453007)

W B AMEFR-ROR/ RO, ARSI LB R H G BN E KK F A2 A&
REZHRAFTER, AHEETNBHOABRTRER L EA LS, HEKT., ZRROKT
BEARIBEEER SR THFEIREFT BTN AL —, TP PHYP
ARt p THRFHLE PHYB AR B TBEAKEFT AR, ATHRX2AXBHOLET
RREZHBXBFENNBRRTEH RGO RFERD AT IR G EBER AR S F -4 S HEA
SARF A P 8 Ao kT 8 3 16 £ 55 AT RS, EREAN  EZRBMEN
AAXAMT R ERIFR DA G TR ELERT G LIS B N FRE 6% 7P, mAE
FAATIE BRI F R LR PV XFES, R, B B a6 R SRS W B BAK e 3E 5ok 3L
B4 G T A8 PHYB AR P 4wt 6 AN AE B el s,

KW M THEY 9 THEY ; PHYP; PHYB; 36 W M4k

hESES:QM1T. 2 TEFRIEAE A XEHS:1001—0009(2012)14—0123—04

[ R (ds) SRR A HE R (dy) 2
— B — AR — AR AL R E R AR R SO Y
BHB—NEHER AL S ERAIER XS WEE ., L
Fr b BFARHTE 2 A5 i 5B i ], DRk, 2948 F R
S B —XT P 5 BT A [R) AL R B R AT OB e
HI% B ST 8N 3R R AL AR B & AR R R SO e i %k
H. &s%TF dufit (Bl o = 1), RABZH H RS ds
KF dubit (0 <D FRHZRNFERE; ds/DF dybif (0 >
D) FHAZ R EEEY .

YR (Phy) B—R4 06/ WL 2K, FEHE Y
BMEREFARPEHEEEQANER ., Phy 4>
FREKA 1100 MEAERBRENREEELMN 1 M
P FR U ke s B A € 1 S o SR SR A AL . L N S
FRAZ X, A 46 5 6 0 R 2 B W45 #4938 (Bilin lyase
domain, BLD) #1% & & &£ W 25 #4 3 (Phytochrome
domain, PHY) , GAF (¢cGMP - specific phosphodiesterase/

adenylate cyclases/formate hydrogen lyase transcription)

S S T BLD ks, Bk G R 4 A 1AL, =

F—1EERN #1978, %, TaBEA ML, 05 . A2
NEH YA K T4, E-mail:jingwangkuang@163. com.
BEEHH:“T 2" KA ARB XA T XNRERTH AR
(2011BAD17B04); Mg JF R K F W+ H A B S AL F B A R
(525440)

WS B H#8:2012—03—29

FERSFE 5 C o I8 XL, A KA A 2 4 PAS
(Per/Arnt/Sim) [FIURE & ¥ 511 1 420 2 B8 U B 284
JFHIX (Histidine kinase related domain, HKRD), #f5% %
B, GAF Z5 My 3t s i & AR 2878 , W] & 7™ EE 52 e it
WEE H AR G RIRZEET , TR a6 2 0 A4 3
iR, R ETHI R KB, ER Y PHY i# 1k
B, GAF S R 278 2 N IER A AE B RIFR
W CHmE e, PHYB 7 T8 THY , Mg
FHEYHH) PHYP [R)h B 28680 KM, Yang 5
il Mathews % 7E X 9 FHEYDGE R A-C/F 2R L
Kot R B-D/E ZER Kkl 8] 7 IE%E S, H
& Yang M ERFI AR, BB HEAREA R
A 1EERFH], FEA R KN AT RE S 5 A I 45 5 .
PR, BRAE BT AR 9 TAE R RN B, R A 16 S 06ME R
FERFH) K T 43 A E TR Ak A R
S BB EN PHYP fl PHYB 3N BREZ X,
DA T ffix 2 DN EE AR Z X BB LT EE S L
K 2 3 [A) B4 36 43 e 5 DA T TR Ak X0 3% DX 35 2 B 1Y)
/N2
1 #REFE
L1 K5ahk

RERAT 8 XM FHEY K PHYP JI& 32 X7
51,8 45 FAEYIN PHYB YR 3% X 5 51 #4748 I 1 ik
oo, Forh k74 W 0 5 5 BHiE DL B b2 B XU TR

123

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

- EYEAK -

F @ & 2012014):123~126

% (Marchantia paleacea Bertol. var. diptera (Mont. )
Hatt. ) F5EAEIE GenBank (JF 51 44 FR K & fifi 5 UL

DAY F 5 iR PSRRI R B P E
BB DU A P

1 MBI ZFRIAR GeneBank B RS
Table 1 Names of the plant materials and the accession numbers of sequences
LULURAE N Genebank % 55 MR AR Genebank % 5% %5
Species Accession No. Species Accession No.
W H A GA Tazus wallichiana var. mairei (Lemée et H. Léveillé) L. K. Fu et Nan Li FJ393233 IK#E Oryza sativa Japonica L. ABI183525
H 5.4 Pseudotaxus chienii (W. C, Cheng) W. C. Cheng FJ393234 B3 Sorghum bicolor (L.) Moench AF182394
=2R¥ Cephalotaxus fortunei Hook. FJ393235 LA M Solanum tuberosum L. Y14572
M2 Cryptomeria fortunei Hooibrenk ex Otto et Dietr. FJ393239 ML Nicotiana tabacum L. 110114
H A MI#2 Cryptomeria japonica D. Don FJ393238 B/ Lycopersicon esculentum P. Miller AJ002281
W% Taxodium ascendens Brongn. FJ393240 % Populus tremula L. AMO072337
AL Amentotazus argotaenia (Hance) Pilg, FJ393237 B/ Lycopersicon esculentum P. Miller AF122901

E LR Torreya fargesii Franch.

FJ393236 W FEIT Arabidopsis thaliana (L.) Heynh. EU352789

1.2 & DNA 25, PCR, Fe &R 5

FHT DNA $2ER) B4 R A 387 6 1 i o T 12 2R B
Y CTAB 351, ¥4 PHYP Y632 X P8R AR5
YIRARYE T H S 2 M m 4L B A2 PHYP J75 CBUE R
KZF)FBK M FR P PHYP f cDNA 51 (X96738) ¥
51490 2 X (GR 2),58 1 X1 BLD &5 30 5751,
5 2 XHY T PHY-PASI Z5#MBF51 . WF 5885 »
HRAZ X IHP ) X 2 4 ER 433 i Editseq B4 PR
. 5 25 pL PCR VKRR 445 AR 50 ng, 5144
8 pmol, Tug DNA B &8 2 U(Takara , Ki%E) FH Takara
RALA 10 %5 PCR 22309 2.5 pL X 2.5 mmol/L dNTPs
0.5 uL, BABEENXN (PCR) 7 Biometra PCR 41
X F 347 (Thermobio, f# )., PCR & & ¥ J:94°C
5 min;94°C 30 s,55°C 60 s,72°C 90 s,35 M1E¥;72C
10 min,

PCR F=#)7E 1. 0 VBl .1 X TAE HLyk i e
7k 35 min (BB &K 120 VO, U H B, Fl QIAEX 1
(Qiagen, f8ED 3 DNA J& [ & [k PCR 74,
RIS =45 PMDL9-T #i&AE 4°CF %4 16 h, SR 5%
A B KIGATFE DH-50 BTl 1B SZ S 4T . RS2 2540
MIZESA X-Gal IPTG fIE R EFRH R M LB AR FREESR
F F3ESR 12 h @ AR PR ke, 240 3
A PR FORER EIR AR, F ABI377 8 3 {30y
WFE 140 M13+/M13-, i T fRUEM ) vERR 1 , T Br
RIFFN R IE R BEHEA T I E FH M LIS HE

% 2 4t BLD #1 PHY-PAS] Z#aigi893140

Table 2 The primers of the amplication of PHY-PASI and BLD domain

5|4 2 FK Primer 54)F 31 Sequence

BLD Fl1 5’-CTCTGACTTGGAGCCTTAC-3’
R1 57-ATACTGGGAGACTGGGTTA-3”
PHY-PAS1 F2 57-GAAATGGCGTGTAGCAGCAG -3’
R2 57-CATACGTACCCTGTTCTGCATAAAAAG-3’

L3 HlEath
HRYESCHR(12], %5 PHYP #1 PHYB #9431 52 LA i
RN IEHE MRS
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(MULTREES option) ,/ACCTRAN 41, £k, #1 100 YR E#EALIME
e EE . FIF A BT (Bootstrap, 1 000 YK & &) ¥ 46
B X BEE,
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R o3 SAEAOS) (] g AR DL R Gy S Ao g5 AR A 020
HATHT . RARGKE IR 2 MP S, DL R
BT RS TR, BN XER 1 LR
o B H R LR, B0 A PAMLA 4R
Codeml 2% 58 i .

2 BRESW
2.1 WENRELEH

K1 ZETHRTHEY PHYP Mg T1E%) PHYB )%
JBREZ X P FI R MP 3 2 42880 (1 668 5 43 5]
REAFRM 2 MrX . 7 PHYP 3 A8 +HE
25+ FEIEAZTE B R B (bootstrap=283) , 8X J5 Fll
ZRIZERAE—E (bootstrap=95) , W AZ FIHIAZ + H A<
I B—A~43 3 B A5 3 11 3 #F (bootstrap=100) , % 53
KR GAZRH = RIZBHR £ — i (bootstrap=100) , 3£
[ 8 DK I R s ) 8 ok B (bootstrap=100) , 7£ PHYB
S, P AE Y KRG (Oryza sativa Japonica) + 5 5
(Sorghum bicolor) J& B, — A~ 43 32, WF MY D48 E
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Marchantia paleacea

P Pinus sylvestris
P Cephalotaxus fortunei
100 95 99 P Taxus wallichiana var.mairei
P 83 —|: P Pseudotaxus chenii
100 ] 100 P Torreya fargesii
—|: P Amentotaxus argotaenia
100 P Taxodium ascendens
100 P Cryptomeria japonica
7 P Cryptomeria fortunei Hooibrenk
100 B Oryza sativa
100 —|: B Sorghum bicolor
B —— B Arabidopsis thaliana
29 B2 Populus tremula
¢ |78

7 1100 B2 Inmam.
100 B Nicotiana tabacum
100 B Solanum
B Tomato

E1 EFHETHEY PHYP M TEY PHYB XBZRX
HEHR MP 8, K5k (Marchantia paleacea var. diptera)
F1ESM KBS

H KN 2 267, —BiEIEE CI=0. 60, R EIEE N RI=0.70;55 &
FRBFREARIRRE O 000 REL) ; FRFR BN RS
w>1M4 3.

Fig.1 MP tree based on photosensory domain of PHYP of
gymnoserpm and PHYB of angiosperm. Marchantia
paleacea var, diptera was used as the outgroup

Note:2 267 steps in length, consistency index CI=0. 60, retention index
RI=0. 703 numbers at node are bootstrap values for MP (1000 replicates) ;
the alphabet indicate the branches of interesting; the branches with w>>1 are

drawn in thick lines.

RIGIFE 35 NS HLFE IR, SR L, =—10 535. 68,
wo=0.051, = HFREHRMBE 3 MAFH w, B wpowp A
K, FHERP.BHEXURBEESXEN o B
(FD,ixX 2 MR E L rE, 3 B ER 2,20l=
2(—10 529.55— (— 10 535.68)) =12. 26, y* Il 4 B /R
P<0.01, ZEREH, X 2 M ZXMHABEARFRMN 0. B
H LR AV E B XA H O K o, FEZERIH,
K4 T o /NF 1, Fr LB ATA T Inse i fd 8 F
E D, BRESZ ab.c.d ATREL TFIRBH AEFERE S
ERET AN o XKTF 1 GE D, At K el
w oI5 KRR F e Z [ e, i, B A
TFHRIBUBRAE L, =—10 471. 25 (3£ 3), ZHERILAE 67 5
BRI L R AL LB, 2 R IR E 22 R 280 =
128.86, #K ' 434, H HFE df=32 K46 W & M, 4 R K
B, AR T B L AR A (5 B AR S 6 as )
FA) 35 438 7B AR AR 3 S 1) B4 R 3 AR AB AR, 5 i 43 5267 A5,
BRI R BE PR R 7 A6 A R R 43 2[RI ER B A . 18 X 2
ANRERY AT D AS IR 4 37 B TF BB AL 5 . 7 AT A AU A
4332 P F1 B _FERBEA AN 2 32 2 IE SR B A7 5, (H R 43
T AR N4y X B BRI R T IE BB AL s (P>
95% :320R.22G.93C,244S.261G.265W) , i ZE4r % P I
WA R R (E 3,

xR3 BTFHEY PHYP M#FH#EY PHYB EEXRZXEARER THSHMETEME IR E

Table 3 Parameter estimates and Log-Likelihood values for the photosensory domain of the PHYP of gymnosperm and PHYB of
angiosperm under different models
g ts/tv SHAEWE IEIEREAL A
Model BRTHEP ts/tv AR £ Estimates of parameters Positively selected sites
43 SR
B W SR A MO, (one-ration) 35 2.19 —10 535.68 w0 =0. 051 None
= H A ; (Three-ratio) 37 2.18 —10529.55 w0 =0. 051 wp=0. 009,wp=0. 276 None
B R (Freeratio) 67 2.26 —10 471.25 wa? =0 wh =29. 37w’ =27. 18 war =259. 52 None
[Asy k]
Mla; 4 (Mla;neutral) 36 2.33 —10 470. 32 p0o=0.951 (p1=0.049) Not allowed
M2a, 3%#F (M2a; selection) 38 2.33 —10 470. 32 0 =0.951 p1=0.049 (P2 =0.0000) ,wz = 31. 859 None
M3 B (M3 discrete) 39 2.21 —10 343.95 po=0. 644, p1=0. 281 (p2=0.075) wo=0.009,w; =0. 102,wp =0. 317 None
M?7; (beta) 36 2.21 —10 345. 68 p= 0.358 g= 5.404 Not allowed
M8 (beta & ) 38 2.21 —10 345. 68 po=1.000 (p1=0.000),p= 0.358 ¢= 5.404,w=>57. 656 None
Vi VA=Y %]
A A(model A)
P 38 2.33 —10 470. 32 po=0.951,p1=0.049 (p14p2=0.000),0= 1.000 None
P>0.99.320R
B* 38 2.31 —10 453. 35 po= 0.875,p1= 0.043 (p1+p2=0.082),w= 1. 964 P>0.95.:22G 93C 244S 261G 265W

P>0.50:168R 186A 266L 285E 3981 416N

P RE R S BRI w0 I FTA 22X LI dN/dswp w5 B4 3 PuB B dN/ds 3R P« B x 3R 7E 5 STAL GRS YU IE Be 607 5 I, 4332 P B R RTIR 432

Note;P,number of parameters in the model;wo is the dn/ds ratio for all branches,and wp ,wpare the dn/ds ratios for branches P and B,respectively; P* ,B* ,indicate the branches

P and B are the foreground branches for detecting positive selection under branch-site model.
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TIEBFALR G R AR — B X ULRH L REAR ) R/ R
WIRGREMAR, EZXBWENRELEW S8
FURYIEREREIE S 10 T R e R T A E 1 AL R
PR IR] FR) 1% 2% F T8 A 0 B B 80 4 oy 22 3% 2R rP i

125

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

- EYEAK -

F @ & 2012014):123~126

XA (E D, 3 B, REEDEEIER PHYP 43 3¢
(Recent lineages) H R 24 [EEEEM K £ B REA
Rl 2 E AL, S R SRR R FHEY
PHYP ) PHY-PAS1 %5 #4338 7 M 3 £k i1 45 51 2
I, #FHEY PHYP figh FHEY PHYB 3 (3
Fh 22 5] BE R HOLB B R L BR A RS ER .
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Adaptive Evolution in the Photosensory Module of PHYP Gene in
Gymnosperms and PHYB Gene in Angiosperm

WANG Jing,LI Wan-chang
(Life Science College of Henan Normal University, Xinxiang , Henan 453007)

Abstract ; Phytochromes, which are the best-characterized plant photosensors,receive and transmit signals generated by red
and far-red light. They can regulate a wide range of developmental and physiological responses to changes in light
intensity and spectral quality during plant development. The N-terminal of phytochrome is photosensory module, which is
covalently attached to the bilin chromophore. The conservation of the photosensory module is one of the functional
prerequisites for phytochrome photoconversion and signal transduction. PHYP is the gymnosperm orthologue of PHYB.
Both of the genes belong to B-type gene. In order to identify lineages and sites under positive selection, the molecular
evolution of 8 gymnosperm and 8 gymnosperm photosensory module sequences were assayed under the branch model, the
site model and the branch-site model established by Yang et al in this study. The results showed that strong positive
selective pressure tends to occur in the recent PHYP lineages of cogeneric species but absent in old lineages consisting of
distantly related species;6 positively selected sites have been identified in PHYB photosensory module of angiosperms.
Key words; gymnosperm;angiosperm; PHYP; PHYB;adaptive evolution

126

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

