F 524K H6M AR FFIRCA BRAF ) Vol.52 No.6
2024 % 11 A Journal of Henan Normal University (Natural Science Edition) Nowv. 2024

s UDP-R S S 2 REALRG B8 M AL I AR A W L R IE B

J R E . F B
RIS K% ARl 2= 2= Be I ¥ £ 453007)

RO ORAT R RN L R W AR K v RS A U A B B LRI AL 32 A T b A R RS S AL 1
EY. BN R EE iz B 253 R 20 MR S5 A0 A5 5 e S R k27 B A S 18 0 R 0 1k N U8 3 KO- S AR
M A4, TN Z R 2 2515 B X W , (R4 56 03 R M5 09 25 4 Rt S 7E A 0 ok AR g ™= ) B S AEME A= 0 &
S P A R 5T A 20 DA 3% PR R B S W S B B L I (RgUR T IR 4 A8 51 RgURT1 ~RgURT4 J#%
BELFH AR 05 B % R B R E AT T 2047 b8 T RegURT 1678 A% B 25 A6 A 11 # 55 5 Fh B AR b i ek B X
g R FW L H cDNA K/ R 645~1 422 bp; 4 35 M /> T4 24.05~53.24 kDa, B 214 ~473 A2 3R 5% 25240 A%
B TR RSB GT-B BB K E . C i B M P 45 W3k & (PSPG £ - A5 5 K . 37 40 %2 {7 78 40 B b, — 90 4540 LU
TG K 2 1 o2 5E 9 s RgURTA 5 RgURT1~RgURT3 43518250 2 A% . RgURT4 & 1 5 Hiflb 3 4~ URT &
T 81 22 18] ) R RIS RT-qPCR 43T R W . RgURT i [H 7 (55 7 85 46 B 1 M 20 B b 1) Rk 0 1 TR B AR AEBE T
B PR A AP B IR R T HE RgURT HEMARIE . W1 BIE T RgURT 5 ¥ 8 AL WEH & WA 2%
W R ik — B WP B TR & R T AL A

KRR : WU SR RO Tl 5 M 9 s RgURT K WR I 4% 1F s PSPG £

FEDES Q4 NHE AR ERD A X EHES :1000-2367(2024)06-0128-07

MR SR M — b 2 AR A RIS RIAE ), A A T H AR A S AR AR R
A Ml A B AT AR B R M2 AT A R A 2 B M E M A FF M H. BEE AR A 28R 500 7Y 54
AT Hb B RIF ST R Tz N DR Y B PR 4 A R ke B 2 il B PR O R N ) R A TR A AT
B R B B R IR B2 i (UDP-rhamnose ; rhamnosyltransferase) J& [A

PRAE Z TR B 2 W 5 e A% 3 30 A TE T A R v K 3 e B MR R R A e A B O B Al 2 1k 0+ B
SR BE SR G W a5 M 208 2 S M1z B 4E R A0 M 454 A5 5 5% T R Ak A B A K U T AR AR
WEAPFREEAEH. CA PN Z R Y h %58 2L R s, & 3R % FIUGTT9A15 HA fi
et e R 3-O- A0 A o P T 1 R AL T P R B R 2- R 216 GuRhaGT i fk
R 1Y C-3 Bl REBC A Y 2 B 1 B B AE T s il RSB B A RS L 1A Com D L 2Rha T WIS 28 Rk
L ot ) ) e AE OGS 5 UL R T B B 7-O- FRZEWE S B Wl JE I AcUGT78D1 (F3Rha T ) i 25 3 il B 4= b
AEL s AL AR LR 7 B A S RS Tl N (E p PF3RT ) 57 % i 26 3 1 B A4k 1) 5 i 37 B 2 i i s % il 3
P (FeF3G6RhaT) M ZA A WAL R RS B IE R 2 5 05 T AR W) 5 - s 4R O U B 6 B2 1 UG T89C
(F7RhaT) HA e B B4 W ) 8 FHE 5 2 a0 34 00 00 DR T — TR - L 2 W 10 B 2 W 0 % il (il A6 7 35 U2

Wofs B #3:2022-12-12; #£ B H 8§ :2023-02-27.

BESTE : HR ARG (31870312) s 1] 1 4 H A A & 5 HE) % 51 (212102110405) s 1] 9 45 F AR B} 27 3 42 (182300410018) 5
TR A e AR B AT AT A SCHRE I R 5 H (23IRTSTHNO22).

EERE A (BEEER) JETE (1963 —) 5 0w XS M AL 177 5 S R 2 0%, W4, WF 5% 7 1) 29 A8 997 35t 4% » E-mail: yqzhou
@htu.edu.cn.

SIRARS ATV 45 2L M s UDP- BUA 8 « B2 5L 4% 3% Bl 56 DY 5005 1 A= W A5 8 27 A3 38 43 17 (). 10 i DS O 27 2 4l
CHSRBL 2 W), 2024, 52 (6) : 128-134. (Zhou Yanging, Li Huimin. Bioinformatics and expression analyses of
UDP-rhamnose: rhamnosyltransferase family in Rehmannia glutinosa[]J].Journal of Henan Normal University

(Natural Science Edition) ,2024,52(6):128-134.D0O1:10.16366/;.cnki.1000-2367.2022.12.12.0001.)



% 6 Bl % . 0k UDP-RAF# . AFBAMBHB LA Z RO ANE LS RA SN 129
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B 454 2R ME L (043 7 o B2 3 JBAR B B A A S b & 2B 7R B 0 3-OH o &, 36 W U245 W L 5 7S Tl
A B 2 2 B B ECA G S o7 L AT 8 A o7 B A SRR A A A ) UDP- RS Bl L i B W o R B 3=
BEAE N 2 BCER 2 4rF  JF SU AR HEEIR, Cuii B PSPG & 7 1A & 4 i 4k Dy g i L [R) ALl 181 otk
HE 4 UDP- 524 3 54 8% i 1 42 8 -5 17 T 52 S0 AR R B A [T A 76 i 300 08 9 2 8 A B AR 0 & Lk 12 5 4y
FHUEE R v A0 A e R ) B A S 0 T R AR S RS I L O ELH =R SR AL B RIS 4R
T— % RgURT %% 4045 RgURTI ~RgURT4 (FEH M5 . MN646769 . MT767427 ,MT767428 Al
MT767429) , (H & 8 45 X% 56 R K5 AR AE 5 A )8 B B8 AR BT D AR (0 4R L DA KB 88 16 0 T 1 8 & b
(18 HRAR Sy A Ak 08472 it 35 P %) 356 K] B ARt ek 2 3k e AT o S il — 2B 0 9 B B AR M T A R L T S L I X
T 58 A M B SEACREET B 104 VR T L AR 2 T AR 00 A R WA R AT LA TR B AR G 4 F A
ICHE & BT AR L.

1 #REFE

1.1 ERREHROEERT

HiHE 4 KA S R 5 B diE W NCBI SRA Database(accession number: PRINA780233) https://trace.
ncbi.nlm.nih.gov/Traces/sra/?study = SRP346035. % %t RgURT F#F KK 4 MHL 5 RgURTI ~RgURTA.
1.2 E¥EEZESW

fdi ] NCBI 7E 443 7 . H: ORF Finder £ $%33 6 JE DA 58 8 (1% 5 ) 32 HE CORF) 5 H] ProtParam X ixX &
L IR 4 R 14 2R 1 5 HEAT FRARAE B 30T s SR ] TMHMM 2.0 Fil NetPhos 3.1 Server il il 4347 i3 26 25 14 5t 114 15
R DRI 2 57 15 02 ) Signal P-5.0 B 43 #7 3X 46 45 1 BT (9 28 5 12 T 91 o 1945 5 Ik T SOPMA L, SWISS-
MODEL .NCBI #] CD search I InterProScan 43l T 43 1 3 £6 85 11 J5T 1Y . 2% Rl = 2 25 1) B L 235 46 k5 |
FHAELR T H Blastn £ $8 5 50 $6 8 1 5 6] U5 2 0 F A 9 b 19 35 1 7 91 5 32 4K DNAMAN 6.0 il MEGA
6.0 FR A JLHEAT [ U5 1 53 BT R 3R G 0 A AR AL 20
1.3 1% RgURT EERIEMNERKXEE PCR NE

HRAE SCHR 17, 3% e B S R b 5t 3 5 AR 85-5 VB i K B 88 76 0 1 b 3% 5 B, L B SR W T o Ay
BUKK R 0.53 mg + g ' M10.28 mg + g s Nk pb B DU PR 25408 5% I SR 428 HL il 28 300 b 380 A R 45 10 kL BROHC B
R, R BRVB VD ZE AR K o Pk T 140 5, FH U8 4R W T2 1, 422 R 43 500 BRCHD B B HOAR VT2 3 mom SR T e 342 5
Tl AS TR Bk 900 YR W0 RUF B8 RS S, TR E RNAL DI Rg TTP41 fE NS R, DL Bk RNA
KR, BTS2 S1 B #%t RgURTI \RgURT2 5 RgURT4 #E4T 3 B BIAK #i M 2 35 19 qRT-PCR 4347, 51
Wy P B B B 5 A BR S F A
1.4 Zitatw

ffi H Microsoft Excel 2010 #F47 5 P78 &1 KT 38 4051 2 2 1) b o 5 b b 2838 KO I e S5 1E L.

2 MIRGR

2.1 RgURT EBE K&K 5K /N K H A8 UM 0 FF A R AE 25 47

RgURT RHFEWHEA 4 Mt ReURTI ~RgURT4 . K/NA 1422 bp.963 bp.645 bp F1 1 416 bp.{#i JH
NCBI 72843 ¥ T. . ORF Finder ¥ #8 RgURTI ~RgURT4 & X 5¢ % 1y IF ikt 7 32 HE CORF) 43 %1l 1 419,
960,642 1 1 413 PNHE I B (53 S2).RgURTI ~RgURT4 WL HE LA 45 & 1, B 4 DR Z 6
M AR 59.24 % ,RgURT1 5 RgURT2 Z WM #HRIPE R 65.91% .RgURTI 5 RgURT4 Z [u] {4 A8 I P
Jg42.72% RgURT2 5 RgURT3 Z [a| Wy AA I N 37.75%.
2.2 RgURT Eg K ik R 18 #Y & & bk 34 5 12 44 14 R & 0 4 B 7 ar

RgURT1~RgURT4 #RIKH 473,320,214 Fll 471 > %24 5 iR 5% JE 20 o (B sk 3% S2) , A M Ry 55.58 %%,
RgURTI1 5 RgURT?2 Z[a A1 M 66.25% ,RgURT4 5 RgURT1~RgURT3 Z &) B AHLIME Ky 41% .28 %

I
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Fig.2 The homologies among RgURTI~RgURT4 based on their amino acid sequences
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Fig.3 Secondary structures of RgURTI predicted by SPOMA
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QMEAN {H X [8] Ay —4~0, #3230 0 W DT Fe B fdy (5638 S4) . ARgURT Ay Bk = de g5k an & 4. K 4 &
RgURT4 By #APR = 4 45 # 5 HoAth 22 5 45K Hofth = 3 AR AU e Kk TR b B[R] 1T 3.
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Fig.4 Monomer 3D structures of RgURTs

2.4 ¥ RgURT EREBEMSRTEHMXIE

FIH NCBI CD search #il InterProScan il ReURT E H MK ik, K MHE THREERE GTB A#E %
% (& 5). 4% RgURT & 5 AR 85 (#4775 91 22 8 6 A C A i £ <1 DX Bl 30T 00 43 i 45 SR 3R W .4 4~ RgURT
HHTE 352~395 i#hA —AH 44 DR IR 5 FE 4L 1) UDP-FE 3L 5 5 [iff (UDP-glycosyltransferase) £ 5F
2L X 35, B C R ¥ A ST X 38, PSPG % (plant secondary product glycosyltransferase box)-HCGMNS([# 6).
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[[Search for similar domain architectures | @ [Refine search | @

List of domain hits .
bl Name Accession Description Interval  E-value

[ Glycosyltransferase_GTB-type super family cl10013 glycosyltransferase family 1 and related proteins with GTB topology; Glycosyltransferases 1-471 1.45e-133
1~471, the amino acid residue number of RgURT4.Glycosytransferase-GTB-type superfamily, GTBRLREFL L FEEHA S0, Domain, 4541k,

5 RgURTAZR kil
Fig.5 RgURT4 family prediction
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Fig.6 Analysis of PSPG box at the C-end of RgURT proteins

25 MERSZHMAK

i NCBI 1Y Blastn 48 38 5 i 8 RgURT K& P 2 it 22 JE 192 )7 51 AR AR 45 e 1) A 40 0 o 14 [] 905k AL, )
JH MEGAG6.0 3 LA NJ Bk 47 40 0 . A i T AHSCAE Y URT 2 09 Rk Ae i (& 7). i, RgURTY
FI (Groupl) . Z ik 5 M {4 URT & H Ry —# Hob, sh s A il & W Jm X SR Y. R & LRI
RgURTI1.RgURT2 Ml RgURT3 RAE—iL (Group2) . 545 (Camellia sinensis) EMY) URT FrfE R A& L HR
RKAE—. Hp ,RgURT4 FHFRFH 52 Bk Sesamum indicum (XP_011092852.1) M il 4> Striga asiatica
(GER45226.1), — & £ Salvia splendens (TEY36988. 1), & 4 X 48 K Handroanthus im petiginosus
(PIN20168. 1) 5E ¥y Fft (9 AR L 235351 2 75 %0 .70 0 .68 0 Fil 65 04 (J&] 7).
2.6 RgURT H B K Hx#E F B kit Rk 5

RgURT R:H %W \RgURTI \RgURT2 Ml RgURT4 1E & A% T 85 A6 WH 1 Hb 2 & b P AR v 78 e 5%k
- bR I 5 BT 2 0 i A T A5 I i R AR X 2 SR KO AR R B 3 AN SE AR LK
BB WE T 1l B R PR P A SR AR I mRNA KOF (B 8) 25 SR WY, = 3 7 & B S AL B 1T b B b i 3R 8
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= Manihot esculenta-XM 021757043. 1
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68
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Fig.7 The phylogenetic tree of RgURTs and other known plant species URT proteins
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B 5 H A ¥ A RhaT 9 PSPG-box A F, V8 ReURTHNZES . ICEESIEMMIRF R T %0 b7
RgURT A PSPG-box #5ELA 528 1 L FL 1 , 4 — Fig.8 The expression analysis of RgURT gene family in two high

and low acteoside level varieties of R. glutinosa
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20 i 28 A5 BT R RgURT G5 UG 15 5 67 T 240 M 57 (3% S3).3% — 45 R 545 16 CiRhaT-GDAx 1Y & fi 45
— S 2B Y RhaT 5@ 6 F 8 R SR 5 P9 5 09 19 285 5K — 3002 28 1Rk . RgURT i PH J Ho 4
H il 55 Ho Al E A S W b oh URT 3 4 K H 4 il URT BEA i 1k b 09 £ <7 o SO Hoph B 1 R H e
RhaT By ZI6E X W] fig BA — 7 B R 2B P 2= D .

i R A 2 AR N BB A R AR R AR AR R W AR 2 S5 Y URT
BN R TE BB AT 10 B BGE A 0 T e A TR R AR L RV 3, A3 i i T 2 25 O i e T L R R AR M
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FEEEAT HE A0 — A T R IR SCRER) RgURT Hk K BE7e v 6 S5 A6 1 3 B0 A i) 38 & L H7E IR B

AT B o A 5 R T RE VR L B R AR T 5 U s RgURT Ml RgURT2 761 B 4 B v ) 33K
ZORFTIR H WG 375 0 5 At bt 8 T AR T G R O il DR 194 3 0 X 2 AT TR Y R 114 1O 2 I AR B
AW S Pt E i PCR 708t RgURT1 \RgURT2 Ml RgUR T4 At fa A% T 85 £ Ml M 35 oy b BRAR i 19 3%
3K R BB AR R B S AL WE T M B R 9 205 B PO B AR A T 1 3 b 1% 3 e (81 8) L T RE 5 M o
Pl AR B S5 AL A 5 4 A OG0 — 45 2R i B R A AW 5 A A L W O B R DR 5 O RS A
B A RUAR A 1 R R AR R, 3 3 A RgURT A PR AR W] RE J2 o 1 1 o 6 BEAEWE 11 45 U B 1, 2L G % 1)
RgURT M il B AL UDP- S 20 v 1 SR 5 P A IR A h A A 09 3C ORIk 2 [ADE i i, &
S I P 2 AR R AR T (R A AL B AR S U A it — 2 k.

B SR L BB F R (DOT:10.16366/].cnki. 1000-2367.2022.12.12.0001).
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Bioinformatics and expression analyses of UDP-rhamnose:
rhamnosyltransferase family in Rehmannia glutinosa

Zhou Yanqing, Li Huimin
(College of Life Sciences, Henan Normal University., Xinxiang 453007, China)

Abstract: Rhamnosyltransferases can transfer active rhamnosyl donors to their rhamnosylated receptor molecules to
synthesize rhamnosylated compounds with diverse structures and extensive activities. They play important roles in pharmacolo-
gy, maintaining cell structure, signal transduction, chemical defense and regulating hormone levels in plants. So far, they have
been isolated from many plants. However, few studies have been conducted on the structural characteristics of their gene fami-
lies and their role in the biosynthesis of acteoside in plants. In this study. we used bioinformatics technology to analyze the
structural characteristics of URT gene family in Rehmannia glutinosa (RgURTI1-RgURT4 ), and their expression patterns in
higher acteoside level variety and lower acteoside level variety were compared using its four members as materials. The results
showed that their cDNA sizes were from 645 to 1 422 bp, encoded from 214 to 473 amino acid residue-composed proteins with
molecular weights from 24.05 to 53.24 kDa. They belonged to the GT-B superfamily of glycosyltransferases, had no signal pep-
tide and a conserved domain box(PSPG box) at the C-terminal, and were localized in the cytoplasm. Their secondary structures
mainly were random coil and a-Helix; RgURT4 and RgURTI1-RgURTS3 were clustered into two different groups, respectively,
and the homology between RgURT4 protein and RgURT1-RgURT3 was low; RT-qPCR analysis showed that the expressions
of three RgURT genes in the tuberous root of the high acteoside variety were higher than that in the low acteoside variety. This
study revealed the structural features of RgURT family of Rehmannia glutinosa , and preliminarily verified the correlation be-
tween RgURT gene family and acteoside biosynthesis, and will provide candidate genes for further study of acteoside biosyn-
thesis.

Keywords: rhamnosyltransferase; Rehmannia glutinosa ; characteristics of RgURT gene family members; PSPG box
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Tab. S1  Primers and their sequences of qRT-PCR

a5 FSG-3")

EIE/ES 5 ¥ (53"

RgTIP41 TGGCTCAGAGTTGATGGAGTGCT CTCTCCAGCAGCTTTCTCGGAGA
RgURTI TGGATGTCCGAACCGAAGA CAACGAGGAAACGAGTTAAGTCA
RgURT2 AGGAAGTGAAGTTGTGCTTAGTAG CGGCTGGCTTTCTGAGAG
RgURT4 TTCATGTCTCTTTTCTGTCAACTCC GTGGCTTCGGCATTTTCC

RS2 RgURT ERRIEH R K HE % RgURTs B4 1%
Tab. S2 Characteristics of RgURT gene family members and their encoding RgURTs

A RgURTI RgURT?2 RgURT3 RgURT4
B FE L (nO 1422 963 645 1416
TF B 2 HE (nt) 1419 960 642 1413
pryuyis UDP-rhamnose: rhamnosyltransferase(EC:2.4.1.-)
IR/ A 473 320 214 471
ARXT 53 F B & /kDa 53.24 35.57 24.05 53.09
LN 5.28 4.85 5.23 5.79
W IE HLRIE R (Asp+Glw) 65 49 30 61
ORI B (Arg+ Lys) 46 31 23 53
EN YR 33.93 31.18 29.8 37.7
JER S PPN —1.09 —0.228 —0.19 —0.094
Jig 7 72 K 93.21 90.5 95.56 98.96
5 X 15~37,142~164 J J 7~29
E5e2 TG J J 7
4 R 2 1 22 H R 19 4, Y E R 144, 2 E R 10 4 25 R 16 1,
B 10 4, TR 54 IER 2 A IEmR 74
fit & 5 4 fi% SR 5 4~ kiR 2 A i 2 R 5 A
.3 | TRl 43.55 % TR 38.75% . TR 34.11%, TG 43.52%,

o 12iE 37.00% ,
FEHEE 12.90% ,
B 4m 6.55%

o 12 TE 36.92% o 12%E 37.58% .
FEAEE 17.29% , FEMEBE 13.80% ,
BHifh 11.68% BH:fm 5.10%

o W2 JiE 35.62%
FEiI5E 15.31% .
BH: 1 10.31%

£ :RgURT1 ~RgURT4 . JRVF — Wk AR Rl 2 M I 4% B W FE R . RgUR T 1~ Rg URT4 Sy 3k [ 4 5 14 25 1 5 () .
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Tab. S3  Subcellular localization prediction of RgURT proteins

RgURTI1 RgURT?2 RgURTS3 RgURT4

40 fifd 2% AIfgtE/ % 0 B T REdE/ % 40 fifd 2% AIfEtE/ % 0 A figtE/ %
CP 34.8 CP 39.1 CP 47.8 CP 47.8
MC 21.7 Nuclear 30.4 Nuclear 21.7 MC 30.4
Golgi 13.0 MC 21.7 MC 21.7 Nuclear 13.0
ER 8.7 Golgi 4.3 Golgi 4.3 Vacuolar 4.3
Nuclear 8.7 PS 4.3 PS 4.3 ER 4.3
Vesicle 4.3 — — — — — —
Vacuolar 4.3 — — — — — —
EC 4.3 — — — — — —

T CPL 20 5T s MC L, 4 RiAA s Golgi, 8 /R B4 s ER, P95 R 5 Nuclear, 4f i 1 ; Vesicle, i1 ; Vacuolar, W 10 ; EC, Extracellular, 4f g
Hb s PS, it E ALY E A s — , TEE L.

x4 BNEARZLSEHNITENSH

Tab. S4 Evaluation parameters for predicting the three-dimensional structure of proteins

HH RgURTI RgURT?2 RgURTS3 RgURT4
Template glycosyltransferase
J7 51 7] I 39.91% 49.06 % 51.79% 37.02%
GMQE 0.70 0.67 0.78 0.68
QMEAN —3.50 —2.32 —1.80 —3.05

IBiounit oligo State RgURT monomers




