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An Analysis of CHS Gene Family Based on Tuicheria
spectabilis ( Theaceae)
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Abstract: By using PCR method, partal sequences of chalcone synthase ( CHS) gene exon 2 were ampli-
fied from genomue DNA of Turcheria spectabilis ( Theaceae). After cloning and sequencing, 12 sequences
ranging from 740bp to 780bp were obtained. Comparing these sequences. with the ones of Medicago sati-
v and Pimus sytrestns from EMBL database, it reveals a sumilarity higher than 709 at the nucleotide lev-
el and they are the members of CHS gene family. The result indicates that these sequences consist of live
diffrent gene copies i three groups. In group 1, the CHS genes lost their functions hecause of indels of
bases, then tumning imto pseudo-genes, which is reported here for the first time; In group 2. the gene
copies provide new functions because of the mutanon of the amino acid in active sites; In group 3, the
copies have the same function of CHS genes. Tt is suggested that the CHS gene family in Theaceae is
large, which has complex evolutionary mode.
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2/ HH ST ( Chaleone Synthase, CHS) BZEHEEMHEA Y S BRI XER, ek
3 AT B TR BE CoA {malomyl CoA) 5 1 4T 1% TBE CoA (Coumary CoA) L BHE T HI,
CHR EFEE— M ANERLERE, HEDRLEET. K9 1.2k, EHERERAFH
REIEEERME, 1, 2- “RZWSHERESHRERTHERE (Helasiuna 3. 1996; Qu
. 1997), FHEMEEREERETT 0% ~90% - CHS BERMEEHRAKENNSTF9
RS2 F 1M E T2, KFEAR T I8, Halse 2518, HKETREX,
BT 2 R0 340 EER. T tPENRT., BHTHIY, RitHEEEEE. £
EFIE (20000 A9FFFR G EE, oTH CHS EEE T 2 R EFHEITHR -

AT JLEE, BEEE M CHS XE A HIBEFIMAERE N, e AREH T 7k
BREXEWHK., UsulaF (1987} B k=LA CHS FFE &K AT DNA 7V R 555 4rfk
b Z. YUBHUATESH T 7 TR 8-FH,. 285 (20000 MT/ERNES. oW
T 19 A9 83 RV, MERTHEISES . CHREEEAER YR EENEREN
AE), & CHS FEMHE N BB ERE K. B (Hermann %, 1988, #l@JF (Fein-
baum %, 1988), £ 85 (Wienand 3, 1982) F{I-F HEE—T#EI, WX EHRHINE
£, HPogRENRESL, SREMSEHFZRNEN CHS REER (E£%%F, 2000).
FHilr, fREFE AN CHS ZREFRRAAEAR, et HEZRE SRR RA T arsf s
FRH‘ITH TRAEFARIICE,

A PCR ik, MIIEREERBH A ER ( Tucheria spectabilis Dunn) g DNA
TN CHS XEMFARF2EIFM. REMEGHITFEVNE, 0K, FEGRA
FIEIEME . X RSHT T F RS SN . BEE T ZEREILZERAI T REXARH
B R ATV .

1 #HHEE5ARE
1.1 #¥

FEFR { Twchena spectabibis Dunn): J7FG, Yang § X 97749, (EiFARAE FREMYIEHRADR (KUN).

HIEHTE ( Medicugo sasiva ) 1) CMACHS2, B #4% ( Pinus svlestris) ) PSCHS f-1F%]: 3 5 EMBL
SRR

KEFE S DHSe: XA REEARTELEDAFNIEERE SLHE .

FERMAREEERLE, TEEATEWHESHAA, BaFRNEWOERE AB 244
1.2 B

PCRIMIE  LIBCE CTAB # (Doyle & Dayle, 19870 RERMUH F- 8 DNA B8, BAESB% (2000)
AIRIHF[#: 5" CCK TCH YTC GCN MGR CAR GAC3' #15° GG BCC RAA NAR MAR MAC ACC3' ¥ CHS BB #Y
PR 2 RS RRETT PCRYIE. &% 97 CHIENE 4 min, # MCTEM [ mn, 50CE K [ min.
72CIEM [ min F£ 40 -TEFFE . 72CHEM [Omin, EITHRRSE. 2465, CED PCEM - TV Rk, &
A DHSc I TS, 3510 DNA A (Y (ABI 248 M.

FFFISHT W DNA Star 0 ( Dnastar Inc. . Madison, Wisconsm) #E{7FEFIE GRIHE, EEE MR
B PAUP 4.02B ¢ Swofford, 2000) S2HE.
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2 g#R
2.1 PCRIMERESER

BT 5 180 T FrEFE 26 CHS BEMEFLE. F PCR HEMAE R (7. spectabilis )
BLE DNA PR EBER =Y. HEEEH3 D R, SR ERY,
SR, RAFES PCR RN FHE, BEAMEY SR, SR HK~MREDN
PCR ™4, BT eniErn. L& 37 AR, BiTRYLME THPH 1214,
FE% 2 B R i) B AR iR g u s~ ek, R R AT O BRI T R R B FE .
2.2 CHS#rEF2E8FREHEHEIERFIGHIF

I 2 3 4 5 6 T 8 9 10 11 12 13 14
GMACHS2 — 6976351 74268371.274475274369974.070.868.374.0 1
PINUS 343 — 60769958.663470.171.170.1 64.1 69963.358469.7 2
FUISPL 328412 — 781 72176978576978277578.1 771721779 3
TUSPI0 268338183 — 78384099791 199987.599.784.078.1996 4
TLISPIY 327473256219 — 736784775783 76.278.1 753996 78.1 3
[USPI2 276389183 153244 — 81282484.194.484.099675683.9 0©
TUSPY 26433617903 217150 — 91.499987.599.784.278399.6 7
TUSPY 26231720490 22716887 — 91383.791.182277491.0 8
LUSPY 26633618100 21915201 88 — 87.799984.178.1997 9
TUSPS 200393 19112424645 124164122 — 875946762874 10
LISl 268 33818303 22115403 90 0.1 124 — 840780996 11
IUSP7  2803%917.915324804 15017115244 154 — 753839 12
1USPE 32 747925722004 246219229221 248223250 — 780 13
TUSPY 26834018504 21915504 9.1 03 12504 155221 — 14

B AR CHS BT 2 TR TR MDA A W A R I OB U A LR e
FEHAIAEMFAINERE SR, BEER RS ERAE O D
Fig. 1| A companson of homology among the CHS exon 2 partial micleotide sequences of Tutchena specabilis (12 sequences) and
its 2 ouwtgroups { GMACHSD and PSCHS ) {R:lgh‘t upper: Percent pairwise sequence similarity Lefi lower: Percend
pairwise ssquence thvergence. Shadow: High bomology between 2 sequences)

METHER 12 CHS BB T 2 BEABRTMFEFLATHR, HIVEEEE (M.-
sotiva ) GMACHS2 MIERMARH: (P.sylvestris) PSCHS MEEMFIIERNSE, #HITHEEE
BRFF 3. REA 4 PFFIFARREMNETL . P2 e M msmha s £ —&
BEBUR. 553 A RATERTRFE SN H S8 B —BVURRENGs, XeHEBSRT
EAEEEGENNT, EX 4 1FH P Tuspl2 ., TuspS #l Tusp? el —FEHELE N ; FH
Tusp8 1 Tuspll AR IETEN N E EMBEC KA TRT, FHAERBERE, T
EFR—1EAHIENEEEN: FixWe ~FAMEEFE CHS2 HHEIEE, H P Tusp2.
Tusp4, Tusp6. Tusp®. Tuspl Zie]--ZHE#E U, RIFLAL LB, FIHE ST gl 9
12 B MFFIES S AR MIEREN GRS, FAEREHNREE (1D,
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oy BRI T H LY FOT TS G * DM PG A& DX 44
CTTOE T AR T G M Tt T L oG AR R R AL Al TAC CAA L AN GG TG
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U R S R O e PIE vt et Ll E SO AT A Tahn (TG AL CPA IR -

L~ =~ Q0 AL/ 6 DGAAALI I * GSD®**Fp 132
ATt e AT e T DT YT v gl e ot LeaAT AL AR IO T AT At At

*Yv E Kk L F E = ¥ &§ A A QT L * DS * * 154
L L T S B I B R I B B A LTI O I IR TN B R R Tl S SR L R I N I B VIS SR

Al **»* 1. R E* GL I'FHL®* KDV P G L 176
MR L R L T A e T e S L Tl PO TR N S S LSRN TR Y L s aE 7.8 S L D e

* S N *YE K -~L ¥ E AFOQ~* * G118 D W N 198
LR e O L Y B B e o R DT B U B I O Y B LR P G B T LA OT L R F - S L T I

S L F W= |HPG GPFPAILDO GV YTETLKTL:® 220
CTT VAT AL AT T T T Wt AL L AT D DA AL LAG L GO AR SR RTA ALY e
Lk " FE KR L * * >~ R HVY L *FVYG[N *«* 8 242
R FE e B I I Y B T T R TR L T e RN T

C v I F - L P EMR - K s *+ * -~ 258

B2 AERUASYWET IASTETRFFINASETRENEFHNEERFT (« ERAERKRE, FE
ER BT SEEEN CHs2 RIER it bt 5. BHES L S RES HEETE CHS? B R MIE R4,
T RIS A AT m L K & OHS S EATEMH T MW & (2 5)

Fig 2 The sequenced nucleolide and deduced amine ard sequences of CHS exon 2 of T. spectabihe | Variable sites are
denoled by astenska, Catalytn- sites and active siles. cormespond 0 M. satia, are boxed and in the shadow, respectively .
The sites underlined represent the delsied hases of the copies which lase the function of CHS genes)

B2 A 12 -~ CHS #H SN F 2 ST mF ¥ R H#HE K 8 1-BA CHS £EIh
REMEERM A THFE BN —FF0. MEFRN TR SSHEILESS,
784 M HBF AT, BRUSAHE D 991, HEKK 50.9%, [EaMrdd 2574,
HEEM2.7% ., BEBRFVIEE, AEMRT, REENSAMSHEYSEMR, skl
FRIEH—F W
2.3 EEWEE

ETHH BTV RSB S K00 654 B, H—3iiE% (e
ERMEIEE (RD 2350 0.7844 M 0.7618.- [ 3 B3R 20817 Bootstrap ¥ 8 9 48 5.
EEMEE&N Bootstrap 32 F5% .

MEIITEH, BUERNTERN 12475535 34 Clade, Clade A H1 4 AR
K, HNE REZEHFHDEMNFFIME, Clade B B 6 B ERERNFHME, Clade C
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Clade A
100 — Fuspi
100 Juspi2
98 Tusp?
Tusps
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’,_“:D i Tusnd
Juspll

" ‘ Taspl

Chlade C 1nn [ Tuspl!
1
Tuspd

l
l

PINUS

GMACHSZ

B3 HETREHEE T E A R A 14 TR VN E T 2 34 DNA F A2 H RER T H RO RE R
(5 B RECF O 1000 5 E AR R RIEY boowtrap {B)
Fig 3  The phylogenetic tree based on DNA sequences of parial CHS exon 2 using the most parsimomions method
{ Numbers above hranch points are bonlstrap estimates, for clades 1000 replicates )

R A F P EIIFAR, BRSO EERFTIDEE TEE, AZEERMNEA
HH, AERT CHS EEREB = K S #H T FRERE N AR HA Tups. Tusp?
F0 Tuspl2, Tusp® Fl Tuspll, LA X Tusp?, Tuspd ., Tuspb. Tusp® Fi TusplO S8 qFE—T
HEED .

3 g

3.1 CHS BEEE - MBEEAFW, OraEM. £ AFNEDIEHT N B R
FEEMERFHEAR, HENENS. AR -ENRAE I ~TRENEZREX, Hik,
RSP CHS ERFRRNAR R SEH T T REFURNE. 05 TF
T, TERCHS EREHMARBVERFFEHORN —BES . Bt TRENSR
M= AYIEEE TREATHE D], AR EMAAFMAAERERFEPE T E THE. #1015
HEz, BIKELALEFVININESRESTA G =6, - LT NEEHERER
(1~2%), HEXFAREREX, BETHI. ELFEHFIERRE. #8 cHs #EE
HERFRETFAHIT T REEMAEEAMTITHE, FEATHREZEE D cCHS £H
FHRMERHE, AP BT R T T REEN T,

3.2 HumttaFzRN, BRERFEFAMFEREERAPEE, —TEATITHAFERERELS
BREMER SMEYFAMERE N HTHR . XE—TTmr R &FEwiREENA
Bk, A—Fme AIEEREREAREAREFE# THCHPRRKLTER LIF.
HEE FAHEENE, EARME S, RITEIRE Tz XA ERESATE TR
., > F—HFHM, TEENFERSS. BT, BhH. —FETHAEEERNFEG, B
iz RIFE YR, AR R R M B E (TR S E . HEBR RIS . T
MBI
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3.3 TEACHS ShETF 2 RIOMESRE S UMENTIRER AR, DT TESRER
REEA/BRAREHNRE ., ELPFREPRAIUFER R 35 MREMNGRE . IFEATXE
iR 2 AL IR B AP B R Ok AR IR 3 SREER ERAERE . R R R R AR L R
EREHERETh, EESFEERARNERAESR. ETXRARETEERARER LT
BIAERNEEREL, BWEREER, i T#H—EMFEET.
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