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Research progress on plant coumarin biosynthesis pathway and the genes encoding
the key enzymes
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State Key Laboratory of Grassland Agro-Ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University,
Lanzhou 730020, China

Abstract: Coumarins, the important secondary metabolites of plants, derive from phenylpropanoids metabolism
pathway, have a variety of biological activities and play an important role in plant growth and development and stress
response. Here, the research progress of coumarin biosynthesis pathway and the genes encoding the key enzymes
involved in coumarin biosynthesis were reviewed, and the phylogenetic evolution of the UDP-glucosyltransferase
(UGT) gene family were analyzed. Moreover, the current research issues on coumarin biosynthesis were
summarized and the future research directions were prospected in order to provide references for studying the
coumarin biosynthesis and follow-up research.
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JRAE A B N A B AR (AR )5 ) A N TE AR R b . AT SRR TR R
TERLDIR N B K A 5 I RE , A R A ) & @ AR 1) B 2OP IR S 4 1 I i, e TR R A M EFE R G
JSAH O i (CHE TR B 2E Ji , n] 7 B3R 1Y e SEWT e e 1 2 25 T HE S8

1 FEEZ#E

1.1 4%

T O B2 ARG Y RN e iR A, DLl B S 5O 0B XA 7E THE Y b BAG k454, vl 43 o 1 iR
URMEREFCR ., —REHRERMAEGYINE LR AR EE N IE I NBRSET 2 TR SR S IE R
MARAEL G Z R Y b M — e 450 B2 22 AL & W i Ab 3 R R AL B e R AT AE B FE  ZE H/ R G RHE )
WE], A TR VATF a— MR S B A% 8 o 7E 6 PR TR AO AR BN B AL S i e A R — 2 )
NI FGE WM ETR AHAEFEER AWM ETRMNEL R, FRE TR R UUE AR LA B,
H 70355 6 (a3 8 51 A T Jli Wk g 24 58 27 Ik ol 20 1) 7 3R, RO R A 95 2 i O A0 0 I P A0 R S TR 0
HE, BTESRWICEIME, W B AR NI, &0 REAR G LIOL, BRIMAF T RAELIDET
KZ AT,

1.2 sH54%

FHR BB TR ZER s AR B R SRS MR R Ay R
i AW AR R S VAR OC , S [ AR A A (6] b b A [6) o BT A [) 0 0 78 L3R & b AP AE 22 57 o I /e SR RE R
W J& (Melilotus) W, 40 ¥ F R MR (Melilotus dentarus) T 5 & S HBAL, B O 1% (TR & &), 8 F#H AR
(Melilotus suaveolens) F H. 2 & W85, B 0. 753% (T W & )™ B AL AR ME (Melilotus officinalis) Fh 5 0] 75
SEEER0.3%~1.5% (TR & &), LR AW (Melilotus albus) PR 0] & G R &8 K 0.2%~1.3% (T4
J ) R E R R AR P HE GRS EN6.64meg L ETEFEEE LY ER NG 18
mgg L\ EEFURGENG6.30mg g S HFER" LW EAREE SHF LR AR R R . eI R
Y1 F AL BT 8 (Peucedanum praeruptorum) W) T 1A v B A& 2 R R IY vh A AL BT B R & 5 0 602, 42~721. 44
mg-g ', FHAERTEH R M5 &R 38, 34~101. 46 mg-g . EFFIIEE (Citrus) Wi+ ( Citrus mazima) B 4 8l
F7T-HHEEFTRESEE RS, M 11.4~123. Tmg-g ", TR RH Y IMBIZE (Glehnia littoralis) W, AS[R] R Wi 3

HFN M B A 2R S AN AR TP RN AR B ) FF R S S i 0. 0466~0. 0772 mg-g ', M A [m] SR Wi 01 19
TEMERN0.0131~0. 2065 mg-g ",
1.3 4k

T BRI P R A 2 — TERE Y T o A T R A RS2 BT R R, SO RE R 2 B A A G
(R UEIRT 7/ S E=-YiiR O N R T A s
1.3.1 HEURWSHEYENERMAEMSR &SR LOE 0K (Oryza sativa) BT TR 53 i A3 A
I M AU B SRR SE SR A K B E T - VE R B A 7 A 00 R AT B A T o 4 U RN BT A IR 5 A Al
Wy 0 5 P AR AR IS ) IR /N2 (Triticum aestiowm ) BAY 2 EAGE JE A R 2515 W] LA b 9835 BB H O -A TP
it P A 4 1 0K (Zea mays ) AR Z X0 s R 6 (9 WML, L2 B T B A ik IR 4% si Pl 8 3 I AR T R LRI
JE B AL SRR (1Y T2 BRI BT, XV 22 2 R 1 W A R 4y A R R Y RV T TR S R AR R R
1.3.2 AEFNREREAFECRS SEYXTPEMWA  Chong % WA 57 & AR B 5 N s B A IH BRI
PR A R PE R, T RES 5 R AR ) A0 I SR AL RN, o AE SR ST (Arabidopsis thaliana) W, A8 B %5 A TG A A=
KEWH T HEEmm LT MEBREFS T ARAEENRMRER ™ SIIMEM A TR RS WAR K
N R ML & TR LS R SN A B T g AR PR DA 2 B A T AR AN, LR
M 75 SR AT 5 R B R S W A I e’ AR A TR LR & L2 By SRR BE R Fe' FTIeR ™ oS3 4k,
Chutia 55k 9L 53R 14 2H B8 P AR 1 Bk R

SR AN, AR B A5 DA TR 5 0 81 R s 2 0 436 1 M 52 W 400 v e K2R 0900 R AR AR A 2L L A0 o A P DR Y 2R T
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HZR TR RE (2 S AR W AR AR . Beyer %R SALL i IF 7R B 45 PR AT LA ok S W 5 9 L T A I M DL PR
(Glycine max ) 932 &G, AT LIAE Ry —Fh RAR R ] o 0B R R B %5 TR R %8 [ R A M 5 (Nicotiana attenuata) H
HR R LG PR B0 B B AR Y . S B (Melia azedarach) F 55 70 4 B8 () 75 B o5 P R 5 A o 1 4 oAbk &
YEk B U R B AR BB T AR A 53 SRR W TR A W AR B 3 K B0 T4

1.3.3 HHURH5HHE SR T SR LA &R XA E T RO, B T SR s vl 5 4 4
R 42 fh , 7 A AR 1) [ IR P B 2R A TR, AT CHE O A UK o SRR RORMRAR R R R, R R, 2 I R A
HOERECRGER G, HEARKRNESO EEmILE O, A -MELCRGEDL-REFLR, HE TP
BT R W B AR R TR R R S AT SR AR AR B TR S AR AR R AL 4- R IR LR WA T
A-BREEF TR GHEE ARG A RNE TR, WA R AR E M HTBE ], 25 P& AN H S 80ET,
DAL I 55 A A 3% (08 A0 A T sl ) o ) 3 A A PN Y A B R R R LR B IR DT A AR
F o Luo %50 AREME B 16 R MR R K R AT 2 AF 2 W PR F I TS UR R E R A R
AT 2 o A i

2 BEENEMERER

YA R, R B R WA R LA TR S5 A0 A B R R A SR A 6 8 ke Ak, X
S I B 5 7 A R J0 0k T P B e BRI A LR L PR R A TR A TR AT
¢ FE LU A TR AW A R e O R AT LA

FE W) TR Y L-78 TN 202 f# 4 8 (phenylalanine ammonia-lyase, PAL) B85 L-28 TN &2 5% 1k 8 e s A EE R , [
A AR TE N R 2-72 4L B (cinnamic acid 2-hydroxylase, C2H) Fl A &R 4-¥2 L (cinnamic acid 4-hydroxylase,
CAH) MR TR A= & 8 A R Xk 38 B Al B, 3 31 e Ak o &0 7 0 R RNX A 1R, 1528 3k — 20 %) B 7 e 2408 Il
FHRRAE WS AR =Y . B A R R % 5 B Ak SR A T 48 ¥ e Ak R R, SR e Ak b = CAH
i, C2H A] LN AR TR 5% Ak N 4B IR . & U R AEW & BUR AR (] B 42 an J&] 1195
2.1 BXABEBRYREZE

Fr R A R T R AR, R e R 1 e e C2HAE R R & A 4R 2 3 fb A s 48 & G lig ™, F-5 UDP-
i 2 HETE 2-7F TR O-B-7 % B JL 55 % i (UDP-glucosyltransferase, UGT) BAE H T~ A= i e 2848 A TR -7 25 b

FrRH

L-phenylalanine
PAL
4 _ 4 _ 2 o g
gETE 0 petmam o0 wEDE T #EEEca PP s —paETmica CO%Y o
o-Coumaric acid Trans-cinnamic acid p-Coumaric acid p-coumaroyl-CoA 2" 4" -Dihydroxycinnamoyl-CoA Umbelliferone
l UGT lHCT
ST R HEEHFERMETE
o-Coumaric acid glucoside p-coumaroyl shikimic/quinic acid
l IR S 3 |esn
Trans-cis isomerization ez .
TRt EEE TR s = TR
C D id shicosid Caffeoyl Ishikimic/quinic acid
oumaric aci coside
l BGLU T juer '
WOeER T WMERCoA , k=
HOE Caffeic acid Caffeoyl-CoA Esculetin
Comiate: lco:«n lCCoAOMT OMT
l ge CL F6'H COosy . UGT =
¥ FI3RE FI38BACoA - MRELCoA FEENE L FEEY
ﬁi? Ferulic acid Feruloyl-CoA 6-Hydroxyferuloyl-CoA Scopoletin per iy Scopolin
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JIEMEDE
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Fig. 1 Pathway of simple coumarin biosynthesis
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HUU AR B BRI R A R/ S R A 7E S AR BT 51 R A W Ak 2 RN B R X A R A b
T A TR B AR BOIRAS B DL R O R AR T 00 TR aCE T B 7 A B 188 ( B-glucosidases, BGLU) g 1E
RO K SN A SR L S H R BRI IE i B A R
2.2 RRAAHBRERALHBLARFLeREIE2 X

X R FERR 78 CAH B9 AE FI T #4702 AT iU & G IR, B 5 5 4-7F TR CoA % 42 (4-coumarate CoA
ligase, 4CL)AE H Az i) 7 5 CoA, 155 %) F 5.t CoA 2 -¥2 4Ll (p-coumaroyl CoA 2’ -hydroxylase, C2"H) &
A SR FARAE A I 27,47 - R 3 Tk CoA™ , HE I N R AL TE WL TE AL Wi (7T-BREF T ).

X SR T LUE G 5 SR -3-F2 B AL i (4-coumarate-3-hydroxylase, C3H) \MIMERR O-H L ¥4 55 il ( caffeic
acid O-methyltransferase, COMT ) E HI 2E Bt i ME /2 | Bl 112 , o ol 58 0 B) 2178 43 501l 55 4CL AR HIAE ik Bt Co A
BT ZREE CoA o XJ 7 B CoA IR ] S J5 78 72 Fk TR A ik 3 5% #2 18 (hy droxycinnamoyl transferase, HC'T) X 7 &2 ik fig
37 -¥2 AL ( p-coumaroylshikimate/quinate 3-hydroxylase, C3*H) Fl¥#2 3 A A I 55 B2 W 4 R A48 0t & 5Bk 25 2
W2 /2 77 TR O T 2 R R /4 T IR O E IR Co AT ik Bk CoA -5 nh il [k 4l 6 A O- 1 56 %% B i (caffeoyl CoA
O-methyltransferase, CCoAOMT) fF FI A= B Bl 21 BE CoA™™' | 32 %5 78 Bl BLBE-CoA 6 -2 L /i 1 (feruloyl-CoA 6’ -
hydroxylasel, F6"H1) W 1E T % A4 48 ¥2 3 Ak A= il 6-32 FE BT 2 Bt CoA™™, I 7£ 7 5. & A i (coumarin synthase,
COSY)MEHF ZENERAIE A K S NEE . F6OOHL 2RESENEAEY A RMEG ., REENBRERE
7% N IiE 8-#2 AL i (scopoletin 8-hydroxylase, SSH) A= %% Bz 2™, 4 ) 41l i (2 & P450 i} (cytochrome P450 82C4,
CYP82CH) i — & i RE M W ILAH F TR

miMEE CoA T 76 7R S 55 45 F 5 A7 1y T 0% M 00 A 0 B2 0O A/ G Ak £ =2 (6, 7- 2R B/ 2 R i Lt
= A AR A R A TR A PN TR T S S R TR L EL <P B AR N TR Y 6-3% A6 AT BB JE A PASO SN AT Y 4R T 5 A
7. Bayoumi ¢ A IE 4R T AR R DN T AR T A AR R A e R A R ) o e R - 3 e R 1 AP B S
B 1L s R HOME Y 19 A B 8 o X A SRR B 27,47 - T Rk N AR R T R B AL BRI A TR SE IR .

HEAN  Liu R BT 45355 G R AW A g &, B & R A i (biphenyl synthase, BIS) L JE Y
KR IEEE CoA T A 1, & — R AN T7 EE 48R B 1 AR W) & iR 42 .

3 BERAYMANKEBER

Luo 550 7 2 & AR AR 03 25 500 5 00 1 AE SR MR E AT e s L 43 A, 3l ok T ik R 5 e R 4 R 4
45 (Kyoto Encyclopedia of Genes and Genomes, KEGG) 43 #7148 & ) 213 /> unigenes J& T 2K N & 2 A ik 72, Ho
FE D T [R] 25 5 35 1Y unigenes A 174, 0125 HAN T AR ARG & R A GH K, BB & T RS NEE A
KW, 4045 PAL .C4H 4CL .C3H . HCT .CCoAOMT ,COMT FI BGLU ; Wu %5 Xf A [6] 7 0. &K & 2 19 5 1y 4L 5
AR AT BB A B R A L B microRNA (miRNA) #E47 T 431, e % th 417 4~ T AT 76 A~ AR F1H9 miRNAs,
FIH GO FTKEGG X #Ul (4 4196 4~ $8 Fe PR #E A7 D Be 1B, 1000 13 24> HCT 2P Al 34~ miIRNA 2 5/ SR 4EY)
HMER, MRBFEFETENSRERGE T I3 T PAL .C4H . HCT .C3H%5 245 5F G2 EWA AR
ARG 0 T 10 A A A T R SR R AT A g IR E B LR 1.

A 52 A I S h i K 2 SR AR LR R R 0 A TR b R %S 5 AR A & . PAL
A Sy B S it SF 41 5 1E A TR e A 1 A A R O RE JF AtPAL L AtPAL2 \AtPAL4 5 K 5 & 19 4= 9 45 1 5% U1 A
X%, A I & B APAL LR PAL2 EHI 2 B 19 A ™ . 4CL 3L 434 Class [ Fl Class [T B4, Hob Class T 5 A i
FEAMAMX, Class Il 25288 EIEY A K. Lin MW EAERTS 4y 8 T 4CL1.4CL7 M 4CL10, WA T
PpdCL1 EZ 5 HF TR EWA M. Vogt ™Ik Jg, CCoAOMT AU 5 A 5t K A9 & BUH 5, s 7] LA 1k il 5
CoA A BUZRE 7 INTR ™ o 00RE I AR v 23 1L 2 DO TR R ZR B 78 1 1 7 A T 22 C3H YT 1 L 78 cSh A8 ik h R Y
PR AR RS ERTE3I®N . S 5FERGMMETEEN C2H .C2’H F6'H M SS8H ¥ J& T 2-8 K R K
30U 42 1 ( 2-oxoglutarate-dependent dioxygenases, 20GDs) # K % . Kawai % "6 20GDs 4+ 4 DOXA .DOXB
M DOXC =2, 2 5 BEHF TR AEY G MR EE T DOXC30, 7 RgC2H AU 1L p-7F &1k CoA
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Table 1 Key enzymes and their functions in coumarin biosynthetic pathway
AR E YRR RFEY 27 Uik
Name Main functions Representative species  Reference
2R TN S I fif 24 I Phenylalanine 4k 2R 9 22 8 0 22 2E i 523X A B % Catalyze phenylalanine into rans-cinnam-  [HAERTHA P. praerup- [ 75]
ammonia-lyase , PAL ic acid torum
RAE R 2-72 AL B Cinnamic acid 4k 5 3 R EE R (19 4B 2 4k Catalyze o-hydroxylation of srans-cinnamic acid — [64]
2-hydroxylase , C2H
WEETR 4-¥2 L Cinnamic acid 1L AR C4 35 540 IE 1l 6f -2 3L 75 R Catalyze aromatic ring-4 hydroxyl- 58465 1§ Medicago sa- [76]
4-hydroxylase , C4H ation of cinnamic acid into p-coumaric acid tiva
4-F5 TR CoA ¥EHEMF 4-couma- ik PR IR B L Y2 3k sl PR S ATT A 4 A= A+ 7 1) TR B TR CoA Tl Convert cin- FIAERTEH P. praerup- [ 77]
rate CoA ligase ,4CL namic acid and its hydroxy or methoxy derivates to corresponding cinnamate CoA  Zorum
thioesters
X7 5B 3 FEALE p-couma- i T G194 J2 L 51 9 4890 4 9 WUV J2 R ROMERE S 380 25 Ruta graveolens  [62,67]
roylshikimate/quinate 3-hydroxy- Catalyze p-coumaroy! shikimic acid and p-coumaroy! quinic acid to caffeoy! shi-
lase,C3’H kimic acid and caffeoyl quinic acid
F DR -3-5F F AL 4-coumarate- AL A B 1Y 3 C 19 F2 3Lk A i win Mk 2 Hydroxylate p-coumaroyl ester Mk Boehmeria nivea [ 78]
3-hydroxylase, C3H derivatives at the ring-3 position, leading to caffeic acid
R P P8 B I Hydroxy- AT 7y 5 IR0 Ml A 55 22 ol RSl Tl A1 D RS (LA AL SR WO B EIRAE TR T AL thaliana [79]
cinnamoyl transferase , HCT ¥ B i Ak 45 4 Catalyze the synthesis of the shikimate and quinate esters of p-
coumaric acid, using a variety of acyl coenzyme A, such as coumaryl coenzyme
A as acyl donors
Wi HE R O- 1 B: 5% B4 il Caffeic Ak 0 R Al BT B iR Catalyze caffeic acid to ferulic acid FAETTEA P. praerup-  [80]
acid O-methyltransferase, COMT torum
Wi T A T A O-FF L 56 5% il FEAE I ERE CoA TE b BT 2 BE CoA Catalyze caffeoyl CoA to feruyl CoA R IF A, thaliana [68]
Caffeoyl CoA O-methyltransfer-
ase,CCoAOMT
T ELE CoA 27 -F2 AL p-couma- fEALXF & T EE CoA K& A48 R SLALTE 1 2, 4- — R I BLHE CoA Catalyze o-hy- 257 R. graveolens [59—60]
royl CoA 2’ -hydroxylase,C2’H  droxylation of coumaryl CoA to 2, 4-dihydroxy coumaryl CoA
B R -CoA 6° -3 2 LB 1 Feru-  fEALFTERLEE CoA J5 7 5 i 5 ) 5% 4 2 55 Ak Az 1 6-F2 FE BB E CoA Catalyze  #UMIST A. thaliana [51,69]
loyl-CoA 6 -hydroxylasel ,F6’ hydroxylation of the fatty side chain of aromatic ring of feruyl-CoA to 6-hydrox-
H1 ylferuyl-CoA
7 LK A [ Coumarin synthase, LI — & 544 {6 A1 N R 1L Catalyse trans-cis isomerization and lactonization AR IT A. thaliana [61]
COSY
UDP-4i5i % B 5 5% # i UDP- AL LA BT, H M DT Ak 14 B0 23 T B B 32 03 7 B IS B I LRSI A, thaliana [81]
glucosyltransferase, UGT ZjEAT Catalyzing the transfer of a glycosyl moiety from an activated donor to an
acceptor molecule, forming corresponding glucoside
R-7Hi 4 B 1 ¥ B-glucosidases, TEALBR K AL 30 03 AR L B A% 50 Z 10 Y B-A A B B AR A L 72 BoR Z mays [66]
BGLU F I E 0B Catalyze the hydrolysis of the 8-glucosidic bond between the
carbohydrate portion and the coumarin core structure to produce the coumarin
aglycone
AR5 N 8-F2 AL Scopoletin - i fb A< 1 %5 TR Y C8 o F S Ak e 1k %8 B2 & Catalyze hydroxylation of sco- UM IF A. thaliana [37,51,70]
8-hydroxylase , SSH poletin at C8 position to fraxetin
O- H5E 7% [ O-methyltransfer- Ak -b 52 1 4L 8 4 B 9% N B Methylate esculetin generating scopoletin i % 28 45 %F Plagio- [82]

ase, OMT

chasma appendiculatum
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T A TE AL RS , H 2 (Ipomoea batatas) 20GDs 3 PR KR 35 Ho IS 40 8 5% 4 0 Tb1s A Th2s P4, Th1s Xt B 24 it
CoA HA SF ¥ ALTE M, 1M Th2s HA X p-F FHE CoA FIBT R CoA 1Y XHE 1K 4, H FE | H p-F 2t CoA & &
DIE AN s B IF AtF6  HI N SR CoA BIAR I AE M AR ENBEMA RS T REUE T SRS
B 2 AF 6 H2 HJR BT X A FERR CoA B ARTER AY TS M, X A48 B & AR Ak e ma ™ . SSH A H: [m] Ui
S F6'H2 [a) 6 A AS [N B i e, o] S 3 08 0 28 2 AR B8 0 th TR s o FAR AR AE BT BRIR L F6 " H2 1) 3k
R IR FEPTELEE CoA & AR K& WER, b SSHAEML R W TIEY , SRELZ SRR ETE .

Vanholme %5 i I FE U IF 0 & B COSY , iE B & & < T A6 P TR A1 2R 25 PN TR A 90 6 i 1) S il , 40 352 I
S N B fE . COSY J& BAHD- Pt 5 7% B8 g 5 1 0 il R 2 — L, J& TV 2 32, % W 32 /Y 2 PR FH T R T ik
CoA B R AL A AE®E CoA™ . — H LAskIA NATE C2 H . F6 H1E M F B & i 5z 5 44 46 0 N B Ak 2o 7 2 i G4k
HAREAM, P — 20 A 2R — 5 gk 20 iz Wi 58 & B COSY fE#E & B i b & 9 8 & b A
£ EZIIHE

BGLUs J& T8 17K i Bilf 15058 , A K AL B 1350 43 A 52 28 S AR A 00 45 40 =2 0] 11 3-8 26 W 1 /K A L A
mr=Ad BAEAYEENF SR R, BGLUT 2 508 4R AR AL 55 %S R E WGk ki
Tl A, 5 25 A 0 2 A U T B 0 A B AR I I R ArBGLU21-23 ¥ I AE M P R S5 77 A 9 4R B 28 1 I K e, 7E
B AR e Ak A W ik 3a b & AR, AtBGLU42 2 535 S MUK T 41 18 50 (IR PT 71, I 78 Bk i X 2%
T H R AEARPR WA =B,

UGT J& T W B RSl 150 , A b 5505 A% 7% o AR SR BE 25 0 A T LUl UGT AR K M ER %
RS PR G REAAAE W, 76 W38 250 som ) 32 B9 I B AR e ied B Ak 9 7 5 R 5 BGLU e 41l i
Jo A i AR R A A AR R AR IR R BRI M L TS BR TLOT R G E Y . S SRR AR
UGT AT Z IR S, W8 IF UGTS4A 1 Fl UGTS84A 3 H A7 ¥2 3 1A 2 R 4 % B 3L 5% 5% ity % o
AtUGTS4A T XU HERR |\ p-75 TR A 88 W9 36 AL ST, AtUGTS4A 3 %F Bl B R 74 16 Pk e i 2 s B UGT73A 1l
UGT73A2 R/ E R RS AL G 8,

ABIARE LA AT IR G MRIIENTE ) smpramnssEanEBRRsEt
AR T KA B RE B 7 (Medicago truncatula) 3 P Table 2 Member statistics of coumarin synthesis gene
XA ) FE R K T g0, 45 0 W2 2, I A HE families in three model plants

BRI O K AR B S it S % A W1 Species

4 RESRMR UGT R R G AL 5 N S L i

A. thaliana O. sativa M. truncatula
GHRTEA MR, UDP- MR B E o ; ; .
(UGT)REHNEBEER R WL PREEEIMEH, C3H 8 15 2
TR RS SRR R L. R o | A 1
e YA A A TR S R, L 1 10 13
AT L8 3 43 T (0 R 1 K 3 WA T e 2 G 7 4 i CCoAOMT ! 6 ¥
P 5 B M T 7 2 Ll ifT f z i
MM I — o B R R e R - . .
R R T AR TR B R R N " -

SCEas UGT 121 178 243
UGT BN Z M 1) C R v & A 14 | 44 4D Z 5L R

H R B P SF F %1 PSPG (plant secondary product

glycosyltransferase) 577 , Z AR T 7 51 4 A k& 5 UDP-BE BRI 25 4 9 DX (R AR 3 91 {5 6038 % T 75 ml 5 Hh

TR0 o ) 5 £ U A AR 0 0 2 A AR A AN T R A L e IR UGT W LIAE TSRl e
UGT 53 A )3z A MR ) 5 5 i Rl 100 56 DR A LA A A 7E 22 5 o SR, B A ) R B I i ) T 4%

Yrfh ] e b B R B A S A K. ARBFSE I ClustalX v2. O X IR ¥ 1214 K ARG 178 ANV DL R g 3 1 7% 243
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ANUGT F IR T 5 47T 2 5 e, i MEGA 7 3k 44 F) 41 #% & (neighbor-joining method, NJ)#4 # £ 4t
HEAEH (P 2) , bootstrap A 1000, 3K [ 3R R 09 UGT 2= A1) LIE B 17 AN A A A 4L, Hrp 8 JF 14 41
(A~N), KFE 154, B 4 15D . KAEh B2k F 4L, BERA F 412 BT iR 0 0 A B 2, 4005 9% rh 2 O
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