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Abstract: Objective To clone and analyze the full-length cDNA of Rehmannia glutinosa f. hueichingensis 3-ketoacyl CoA-thiolase
(RghKAT) gene and to provide the candidate genes and theoretical basis for the molecular breeding of R. glutinosa f. hueichingensis.
Methods The full-length cDNA sequence of RghKAT gene was amplified by quantitative RT-PCR and RACE techniques with
degenerated primers being designed based on the conserved domain of ARGOS base sequences from other plants. The nucleotide and
amino acid sequences were compared by bioinformatics technology. The temporal and spatial expression levels in 10 tissues of
regenerated plantlets at two stages were detected by quantitative RT-PCR. Results The full-length of RghKAT gene was 1 713 bp,
including an open reading frame (1 395 bp) encoding a 464-amino acid protein. Homology comparison and phylogenetic analysis revealed
that RghKAT shared the high nucleotide sequence identity to those of Vitis vinefera (84%), Solanum lycopersicum (82%), Populus
trichocarpa (82%), Arabidopsis thaliana (79%), and Triticum aestivum (73%), respectively. Meanwhile, the amino acid sequence coded
by RghKAT gene shared the high identity to those of Petunia x hybrida (88%), V. vinefera (88%), Cucumis satiuus (86%), A. thaliana

FSBHEA: 2012-09-28

ERWE: WA M S AT AR RITE (092300410009); WA EE T AR AURITH (2011A180022); iR 44 il b 24
TR E SR B LR AR PO IO E T (20100911); il Rg USR5 5 = Ja 2% AR QU NS ER B2 A B HT S50 v R H

«@BEIEE  JIEHE  Tel: (0373)3326340  E-mail: yqzhou@htu.cn

PR 28 H RS ) s 2012-12-25 2% L : http://www.cnki.net/kems/detail/12.1108.R.20121225.0911.002.html



¢ %% Chinese Traditional and Herbal Drugs % 44 % 55 180 201341 A 77

(87%), and T. aestivum (78%). The phylogenetic tree of RghKAT was consistent with the evolutionary relationship among the species. The

physicochemical properties of RghKAT indicated that it was a slightly alkaline and stable protein, and the secondary structure was made

of a-helixes, random coil, B-sheets, and B-turns. There was a putative signal peptide composed of 70 amino acid residues in the

N-terminus, and the three-dimensional structure of RghKAT protein showed a typical characteristic sequence of thiolases. The
quantitative RT-PCR assay demonstrated that the RghKAT mRNA could be detected in all 10 tissues examined at seedling and

blooming stages with the highest expression level in the petals at blooming stage and the lowest one in the young leaves at seedling

stage. Conclusion The full-length cDNA of RghKAT is cloned successfully, with thestructral properties of KAT gene and the typical

characteristic sequence of product thiolases, which has the highest expression level in the petals of blooming stage.

Key words: Rehmannia glutinosa Libosch. f. hueichingensis (Chao et Schih) Hsiao; 3-ketoacyl CoA-thiolase; bioinformatics analysis;

temporal and spatial expression analysis; secondary structure of protein; three-dimensional structure of protein
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(AK327019.1). TR (XM002299248.1). /N
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Table 1 Origions, names, and their sequences of primers used

B [A ElE B i ElkZ 2l
KAT P1 AATBGGRACYAAYARCARCATA
P2 OuterF:GCCAAGTGAGTGATGGTGCTGGAGCT
InnerF:CATGAAGAGAAGTGTTGCCATGC
P3 OuterR: GTAATACCCATTGGAAGGAGAC
InnerR: CACAGTTCTAACAGGTACAGTTTCAGGG
3’RACE kit P2 OuterR: TACCGTCGTTCCACTAGTGATTT
InnerR: CGCGGATCCTCCACTAGTGATTTCACTATAGG
5’RACE kit P3’ OuterF: CATGGCTACATGCTGACAGCCTA
InnerF: CGCGGATCCACAGCCTACTGATGATCAGTCGATG
P4 F: CGCGGATCCATGGAGAAAGCAACTG
R: CCGCTCGAGCTTGCAAAGTGGACAT
P5 F: CATGAAGAGAAGTGTTGCCATGC
R: TCGATGTCCCCAAGTTCAAGACC
TIP41 P6 F: TGGCTCAGAGTTGATGGAGTGCT

R: CTCTCCAGCAGCTTTCTCGGAGA

348 1] DNAMAN 4.0 #1154 Premier 5.0 #4431
2.2 5 RNA BJ2HY

AR R B ANFAZ S RNA
WS i SEE DR R A R RNA $2504
FIEE UL PR BT UK E RNA ¥
15, Ayo/Aaso CAAETIET RNA PR E R4l .

2.3 cDNA F—H&MF RT-PCR H (8 FERAITE
f%. 3’-RACE # 5’-RACE

cDNA [ #5544 # New Ndustrytech [#] 55 %k
AW 4T . S RNA 5 pg, DEPC /K 6 L,
Olig(dT) ;32 uL, 70 °C. 5 min, ¥K I /#'E 2 min;
RNase inhibitor 0.5 uL, 5X & —HEZZ P 4 uL,
0.1 mol/L DTT 1 uL, 200 U M-MLV, 42 ‘Ci&# 50
min, 95 ‘CZ2% 5 min, fil DEPC /KR ] 50 pL
RIVARR .

RT-PCR H1[i] Jy Bt e % PCR V-t 94 C.
S5min; 94 C. 30s, 46 C. 30s, 72 ‘C. 1 min, 30
AMEFR; 72 °C. 10min; 4 CHM. 25 uL RVAKR
Jy: 1 pL ¢cDNA. 125 U La Taq &M 1.25X107°
mmol P1. 200 pmol/L dNTP,

3’-RACE: 4% TaKaRa [{J 3’-Full RACE kit #£17 .
3°-Full RACE Outer PCR f£/75 94 “C. 3 min; 94
‘C. 30s, 55 C. 30s, 72 C. 1min, 20 MEH;
72 °C, 10 min. 3’-Full RACE Inner PCR % 94

‘C.3min; 94 ‘C.30s, 52 C.30s, 72 "C. 1 min,
30 MiEFR; 72 °C. 10 mins

5’-RACE: #% TaKaRa [fJ 5’-Full RACE kit 17 .
5°-Full RACE Outer PCR /54 94 ‘C. 3 min; 94
C. 30s, 50 ‘C. 30s, 72 C. 1min, 20 PMEF;
72 °‘C. 10 min. 5’-Full RACE Inner PCR f£%4 94
‘C. 3min; 94 ‘C. 30s, 57.6 C. 30s, 72 C. 1
min, 25 MEFR; 72 °C. 10 min.

PCR P45 1% IEBEAE e R pk A I, [k
SRR, RS FeAk, BRI R IR A
B2 w0 o
2.4 RghKAT £ ¢DNA A5 [X A 53 (&

[l DNAMAN 4.0 #A46f BE BRI 320, 1 [A]
JPBIFL 535 P S REAT P, R NCBI Wk F ¥t
1L ORF. #i## ORF ¥4 il 45 754 P4 4T ORF
PHGKUE . PCR W45AF: 94 'Cy Smin; 94 C.
30s, 58 ‘C.30s, 72 ‘C. 2 min, 35 MiE¥k; 72 C.
10 mino 25 pL )XWV AKZRA: 1 uL cDNA. 1.25U La
Taq B4 M . 1.25X10° mmol P4. 200 pmol/L
dNTP. PCR “¥IZ 0.8%F Jki ke vk A, 1)
THME, @5 S pMD19-T Vector 4%, #
b KT % DHSa, %852 5.

2.5 EEFIIMNEMEERZESH
KT 5% ¢DNA 741, F NCBI Ml Chttp:/
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blast.ncbi.nlm.nih.gov/Blast.cgi) |- BLAST.BLASTP
AT FYEFE N cDNA. &R 5% H
NCBI ) ORF Finder Chttp://www.ncbi.nlm.nih.gov/
gorf/gorf.html) 73 AT 3L K] ORF; F HI AE 9 4 A
MEGAS.1 K5 [FlJ5 e SRR Hs AT 0 2 41— Bk ik
K 24k B, ik ExPASy Proteomics Server
M3t Chttp://www.expasy.ch/tools/protparam. html)
o3 HT AR A BEAG I BT EL R AR 2 1R AR R
I RE FAERA NS SignalP 4.0 Tl 2 JE 12
BRIEA KI5 IK; SOPMA {E£R Tl 2 LR 1) —
RAERY L S TN REIET 5 ik NCBI M35 Chttp:/www.-
ncbi. nlm.nih.gov/Structure/cdd/cdd.shtml) Tl 28 3& 2
(14 LR ST Yol R TR 28 L R 1) — 4 4544 (hittp://www. nebi,
nlm.nih.gov/Structure/MMDB/mmdb.shtml)
2.6 SEERHEEE PCR

e 2X UltraSYBR JRG#) (£ ROXD A&
7 ABI7500 73 HrASO6 2 AN 10 4128 RghKAT
Fe sk ) mRNA = L dEAT € & . A [F 2421
RghKAT #3¢(1) mRNA +5 VUEUAl H Hh 3 Py 2 2L
TIPA1 BEATAZIE, H K13 K526 5 & PCR 51 %) H] P5,
WZILRII5 Y00 P6. KM 20 uL [ bifk &, Jrp
£L45 1 pL cDNA i, 10 pL 2 X UltraSYBR V255
(¥ ROX)D. 5 pumol/L 5|¥), HARHKANF. ¥
%095 C. 10min; 95 C. 155, 60 C. 1 min
H 40 MR, WL 95 'CL 155, 60 C.
1 min, 95 C. 155, 60 C. 15 s. FAMFEAYK 3

2 000 bp

2 000 bp 1 2‘5)8 Eg
1 000 bp 500 bp
750 b
500 bg 250 bp
250 bp 100 bp
100 bp

AN, 3R P51 P6 HEATY 1Y . 48
SHNE TR e, AR E Y Sk 21 &
I Ct {E, DL TIP41 A Z i, 4128
RghKAT #%3% ) mRNA X} £ I5 5.

3 HBR5%H

3.1 RghKAT £ ¢DNA #1 ORF A3 [&

3.1.1 RghKAT 4K cDNA [k LLPRHbTE 85-5
WL RNA 51 cDNA AR, LA 5]
Y P1 u1Y, BEATHIE B PCR 43, 20ll7
AT H) 4 885 bp (Kl 1-A). #£ NCBI LT
BLAST Zr#1R M, ZBS ZFEY KAT 247
B AR o AR ) B, R RS 1) P2
H1 P3, 454 TaKaRa 3’-Full RACE kit. 5’-Full RACE
kit HAF RS54 P2 A1 P3°, KA 3’RACE Fl
5’RACE S B4vE 7 4 36 o (0] B 3° 5 573
(Kl 1-B. 1-O), BT wpENT, 4R 8R3E5S
i 5359k 250/177 bp 1 68 bp. 25 HoA R ) KAT
LExt, HNIZ 467 51 g H 3 KAT JEH ) 3°F1 5
Uity 7471 o

3.1.2 RghKAT K 4K cDNA 4ifid X [l el AR
i RghKAT (W] B, 38 Al 573541, FIH
DNAStar #AFAT I N K P HI P8z, RIG4E
cDNA 751 5 A1 3 e i X 51T 5 1405 P4, 318
JL ORF. 4 RA3 5 U0 A B/ h—8 =4 (E
1-D). WP HfIAZ T BOS U RghKAT f#) ORF ¥
Hlo KGR 1 713 bp 42K cDNA FEHII$£25 NCBI

M 1

2 000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

A-RghKAT Ay B vk B-3'-RACE #34  BI UK C-5°-RACE 434 7 Bt Hiyk  D-RghKAT ORF [fJHi3k M-DNA marker 1-4" 34 v B
A-electrophoresis of RghKAT middle fragments B-electrophoresis of 3’-RACE amplification fragments C-electrophoresis of 5’-RACE amplification
fragments D-electrophoresis of RghKAT ORF M-DNA marker 1-amplification fragments

1 RghKAT EFFEFE (A). 3imHE B). 5imHE (C) 71 ORF (D) AY¥ 18 B ik
Fig.1 Electrophoreses of RehKAT middle fragments (A), 3’-end fragmemts (B), 5’-end fragmemts (C),

and ORF (D) amplification fragments
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N7, GenBank %54 1X290369. NEIRR, BF 20 By W ER, HE b
3.2 RghKAT EEMEMERFDH AMRERAC 4 0.2%; N 11.9%, HAb
3.2.1 RghKAT SR FHEHRIT A L ZFERITH 0 ZIERITELE 1.3%~10.6%. 0Pt Z LR =0 & T IR

RghKAT &K () cDNA 4K 7514 1640/1 713 bp, £ PEEIEIR, 2904 12.9%F1 10.9% (& 2).,

14 68bp 11 5°UTR, 141395bp [ ORF FI 14~ 322 ZJpHILLXT 5 KRG 8T R H L

250/177 bp ] 3°UTR. FJJT] ORFFinder #5 H4if 464 ~ RghKAT (GenBank &3¢ 5 : JX290369) cDNA 4

1
69
1
141
25
213
49
285
73
357
97
429
121
501
145
573
169
645
193
717
217
789
241
861
265
933
289

gaaaatagagtgttaatttttcggtataatatacaaatttgtaatttagagagagaaagaaatagagg
GAGAAAGCAACTGAGAGGCAGAGAGTTTTGCTGCAGCATCTCCGTCCGTCCTTCACTTCGTCGTCTCTA
M EKATERQRVLLAQHTLIRPST FTS SSSL
GAAGATATTGAATCTTCCGTTTCCGCATCTATATGTTCAGCAGGGGACAGTGCAGCATACCATCGTTCTTCT
EDIESSVSASICSAGDS SAAYHIRSS
GTCTTTGGTGACGATGTGGTTATAGTGGCTGCCTATCGAACTGCACTGTGCAAGTCTAAGAGAGGTGGCTTC
VFGDDVVIVAAYRTALT CIKS SI KRG GG GF
AAAGATACCTATCCTGATGATTTACTAGCACCTGTTTTGAGGGCAGTGGTAGAAAAAACAAATGTAAATCCA
K DTY?PDDTLTLAPVLRAVYVEI KTNVNF?P
AATGAAGTTGGGGACATTGTTGTGGGCACGGTGTTGGCACCGGGCTCCCAAAGAGCAAGTGAATGCAGGATG
NEVGDIVVGTVLAPGSI QRASET CRM
GCTGCATTTTATGCTGGTTTCCCTGAAACTGTACCTGTTAGAACTGTGAACAGGCAATGTTCATCTGGCCTT
A AFYAGPFPETVPVRTVNIROQOCSSGTL
CAAGCTGTAGCTGATGTAGCTGCAGCTATCAAAGCTGGATTTTATGACATTGGGATTGGTGCTGGGTTGGA G
Q AV ADVAAAIKAGPFYDTIGIGAGTLE
TCGATGACCGTTAATCCTATGGCTTGGGAAGGATCAGTCAATCCAAGAGTAAAATCGATGGCACAAGCACAA
S MTVNPMAWEG G SVNPRVKSMAQOQANQ
GATTGTCTCCTTCCAATGGGTATTACTTCAGAAAATGTCGCCCATCGTTTTGGAGTGACAAGGCAGGAGCAA
bcLLPMGITSENVAHIRTPFGVTROQENQ
GATCAGGCTGCAGTTGATTCGCACAGAAAGGCTGCTGCTGCCACTGCATCAGGCAAATTTAAAGATGAGATA
D QAAVDS SHIRIKAAAATASGI KT FIKDE!I
ATACCAGTGAAAACCAAGATTGTGGACCCTAAATCTGGGGATGAGAAACCGGTTACGATATCTGTTGATGAT
I PV KTKTIVDZPKSGDETI KPVTTIS VDD
GGCATACGACCAAATACCTCAGTGGCAGACCTGGGCAAGCTGAAACCTGTTTTCAAGAAAGATGGCTCAACC
GIRPNTSVADLGI KT LI KZ®PVFKIKDGS ST
ACTGCTGGGAATTCTAGCCAAGTGAGTGATGGTGCTGGAGCTGTGCTCCTCATGAAGAGAAGTGTTGCCATG
T AGNSSQVSDGA GAVLLMI KRSV AM

1005 CAGAAAGGGCTTCCCATCCTTGGTGTATTCAGGAGCTTTGCTGCAGTTGGTGTAGATCCTGCGATCATGGGT

3 Q K G LPI LGV FRSTFA AV GVDZPAIMSG

1077 GTTGGTCCAGCC GTTGCAATTCCTGCAGCAGTCAAATCTGCTGGTCTTGAACTTGGGGACATCGATCTTTTC
337 V.G P AV AIPAAVKSAG LETZLGDTIDTLF

1149 GAGATAAATGAGGCATTTGCTTCGCAATTCGTGTACTGCCGTAAGAAGCTTGAACTTGATCCTGAGAAGATC
361 EI NE A F A S QF VY CRIKI KT LETLDPEKII

1221 AATGTGAATGGAGGTGCCATGGCAATTGGGCATCCTTTGGGTGTTACAGGAGCTCGCTGTGTTGTTACCTTA

388 NV NGGAMAI GHZPLGVTGARTCVYVVTTL

1293 TTGCATGAAATGAAGCGTCGTGGCAAAGATTGCCGCTTTGGCGTGGTGTCAATGTGTATAGGCACTGGGATG

409 L HEMIKIRRGIKDU CRTFGVVSMCIGTGM

1365 GGCGCTGCTGCTGTTTTTGAAAGGGGTGACTCCTGTGACGAGCTTTCCAATACACGAACAGTCGGAACACAC
433 G AAAVFERGD ST CDETLSNTRT VG TH

1437 AATTTTCTGTCCAAGGATGCTCGA actccaatgtccactttgcaagttccaataaattttaaatctgca

457 N F L S K D A R *

1509
1581
1653

ttcagaagtcaataatatactgcaataaattacttactgatttatcacaacagctgtggtgcagtttaatga
tctetgtatttttctgtactgatgtattattgtctgtactttggaatcattttggecttttgttticctata

atctataatgataaagcatggtggagteaatatctaccaattittatcaaaaaaaaaaaaa

NETFRER 5 AR A AN 3 A, KE RIS B TTIRFS, NI EIERF A ARl ARG TR 1
W HITTHEbR s 2 R IRTFIR R T RLRMAR S R RIZeARth 1.640/1 713 bp 43K cDNA A [FIHES>

lowercase letters show 3°, 5’-untranslated regions, capital letters show coding region sequence; upper sequences indicate nucleotide and lower show

amino acid; * referes to stop codon; start codon and the stop codon are in box; Poly adenine nucleotides tail are in bold italic; different regions
of 1 640/1 713 bp full-cDNA are underlined

2 RghKAT EFERZER R ERIDELRHSERFT

Fig. 2 Nucleotide sequences of RghKAT gene and amino acid sequences of their encoding proteins
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K55k B8 %4 (XM002285619.1 )« & Jifi
(AK327019.1). EBH¥ (XM002299248.1). #lw
7+ (NM 100351.4) FlI/h% (AB539589.1) 4544
(1) KAT FIRIE P 5 AT LU 43T 3 80 AR AL 23
HEIE 84% 82%- 82%- T9%F 73%. FHEERH
RghKAT il (1) 28 5& 82 /v %1 5 ok A % 42 4
(ACV70033.1). %% (XP002285653.1). ¥R
(CAA47926.1) . #LF§JF (NP180873.1). /N
(BAI66423.1) [f] KAT 15318 5 F1 3E4T LU 5047
YR 73 51 K 88%- 88%- 86%- 87% 1 78% (£ 2).

A O, JEDR RghKAT B8y 41) A Heghi i £ 11 o1 24
SRy 91 55 X1 W KB A B 2 A o 2 1 ()58 B v o
Fl | MEGAS.1 #k £ Neighbor-Joining 7% #4 %
RghKAT AR I KAT 1) 28 518 [FIVE 7 41 (1) R 4t
e (K 3D, T RG ST, LAY
BLAST fr R BN E B SEYI KAT M2 LR )T
FIRIFEREYER T 53%, Ut B AR AWt A B fR Ay
PEIR K. (H2, &5 X MAEY) )56 2% R il
LMY SR GRS R IR, HaxdE. LR
YA B SRR RO S8 . E R ABIY) .

R2 MESHMYM KAT BRIRME LR

Table 2 Homologous comparison of KAT between R. glutinosa f. hueichingensis and other species

/i

GenBank &35

FIERRFIENE /%

$B#4E Petunia x hybrida

% Vitis vinifera

T Mangifera indica

AR ST Arabidopsis thaliana

N Cucumis sativus

B4R Precursor-cucurbit

K3k Brassica napus

0] H¥% Helianthus annuus

B Ricinus communis

K= Glycine max

kR Elaeis guineensis

FIAN R Brachypodium distachyon
EK Zea mays

/NFZ Triticum aestivum

PEFE 18 Medicago truncatula

A<EE Chlamydomonas reinhardtii

TR MR g Micromonas sp. RCC299
JEKEE Coccomyxa subellipsoidea C-169
Y Equus caballus

K2R, Cavia porcellus

]3O Gallus gallus

¥ Dictyostelium discoideum AX4
AR Anolis carolinensis

/N Mus musculus

KB Rattus norvegicus

W9k Oreochromis niloticus

BE Macaca mulatta

N Homo sapiens

PR Pongo abelii

AEAN Ailuropoda melanoleuca

¥4 Sus scrofa

W IE M Callithrix jacchus

LRI Strongylocentrotus purpuratus

ACV70033.1 88
XP002285653.1 88
CAAS53078.1 88
NP180873.1 87
CAA47926.1 86
S72532 86
CAA63598.1 86
AAQ77242.1 86
XP002518136.1 85
XP003555712.1 &3
AEQ94132.1 81
XP003570403.1 79
NP001241698.1 79
BAI66423.1 78
XP003604976.1 78
XP001697225.1 66
XP002500295.1 64
EIE21619.1 63
XP001488609.1 60
XP003464147.1 60
NP001184217.1 59
XP643924.1 59
XP003221941.1 57
NP666342.1 57
BAA14107.1 56
XP003456538.1 56
XP001088834.2 56
NP001598.1 56
XP002813979.1 56
XP002914680.1 56
XP003132151.1 56
XP002755029.2 55
XP003724378.1 53
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Fig. 3 Phylogenetic tree of full-length KAT amino acid
sequences between R. glutinosahu f. hueichingensis

and other species using Neighbor-Joining method
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Fig. 4 Prediction of secondary structure, conserved domain, and three-dimensional structure of RghKAT proteins
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Fig. 5 Expression of KAT transcript in rarious tissues
of R. glutinosahu f. hueichingensis at seedling

and blooming stages by qRT-PCR monitering
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