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Abstract: Objective To clone the anthranilate synthase (AS) BcASB gene (GenBank accession number AYM45644.1) from
Baphicacanthus cusia, and to analyze its bioinformatics and spatio-temporal expression, and detect the changes of indigo and
indirubin accumulation in different time periods of B.cusia. Methods The full-length sequence of BCcASB gene was cloned by
quantitative RT-PCR and RACE techniques. The physical and chemical properties, secondary structure, and tertiary structure of
BCcASB protein were forecasted and analyzed, and the nucleotide and amino acid sequences were compared by bioinformatics
technology. Quantitative real-time PCR was used to detect the BcASB gene expression levels in different tissues (roots, stems, leaves)
of B. cusia. And its expression level under methyl jasmonate (MeJA), abscisic acid (ABA), salicylic acid (SA), and ethephon (ETH)
was detected by quantitative real-time PCR. Meanwhile, changes in the content of indole alkaloids indigo and indirubin were
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detected by HPLC. Results The BcASB gene, containing a 765 bp open reading frame (ORF) and encoded 256 amino acids, was
cloned. No signal peptide and no transmembrane region were present in BcASB protein. And BcASB protein was located in
chloroplast. Relative real-time PCR analysis indicated that BCASB gene showed the higher expression level was in the leaves and

stems, while was lower in the roots. BcCASB gene could respond to multiple treatments of methyl jasmonate (MeJA), abscisic acid

(ABA), salicylic acid (SA) and ethephon (ETH), which promoted its transcription. HPLC test results show that the content of indigo
and indirubin with a significant change. Conclusion The BcASB gene was cloned from B.cusia. The results provide a foundation for
further elucidating the important role of this gene in the synthetic pathway of B.cusia indole alkaloids and expression regulation.
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IR, —RAERsRl. FERRAEERIE
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NHHTHEIC. BAT, £ AEYR S BOgE w7,
A AT 2K H R 5 B ASP A (1A DGR,
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REMN B, A5 JETFOZEEF D Re L&
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& PCR RGN H TaKaRa 7] ; 7 Fj 8 F fig
(methyl-jasmonate, MeJA). Hiv%#EZ (abscisic acid,

ABA). /K% (salicylic acid, SA). ZJ7&# Cethylene,
ETH) BIMEEAEM TR CKE ARAR; @ik

B il A Gl IR B BRI P s
BEW B R LR B R AR A TR A
m), HARBGIRONE A ral. 5196 IR fhl
HIEN AV IR AR S SIS R 1.

#1 HEEAZREMEI]EE PCR 3|4

Table 1 Sequences of primers designed for gene clone and real-time PCR

SV & EIE/EA S 515 (5°—>37)
FE IR v BCASB-F CCGGAATTCATTTCACCACAGCAGAAGCCA
BcASB-R ACGCGTCGACTGCAGCTTCCTTTCTCTCAATC

K E & PCR 5|9 BcASB-qgpcr-F
BcASB-qpcr-F
B-actin-F

B-actin-R

W E i PCR WS LN 514

CGATGAAGATGTGAGGCTGAT
CCCGACACCCACTGAATG
GAGGGCCAAAACAAACTTGA
CCCTTATGTGCCTTTGCCTA

2 FE
2.1 TIES RNA BIHZENFN cDNA BIA R

ffiH RNA #2055 & (TaKaRa Mini BEST
Universal RNA Extraction Kit) $2H 5 % RNA, H
1%35 i b e I P vk AR T i 73 D' 6 B2 11 NanoDrop
2000 K&l RNA [ 5e 8k IREEMAIE. 24 28S 2
18 S 1 1.5~2 %55, Ui BHFZ L) RNA SER LT,
AzgolAzs0 N 1.9~2.0, RNA ¥ & =400 ng/mL K, i
Bl FE AR LR, AT T ket . ME IR %
7 & Ui B 5 (PrimeScript RT reagent Kit with
gDNA Eraser), PAREUEIM S H A RNA AR A
% cDNA B—85, T-20 CLRIF&H.
2.2 BCASB EEHZENEE

R S0 2H A BT ST 0 B 0 e SR S
5 F 514904 Primer Premier 5.0 i1 BCASB FE[A]
ORF A4 V£ 591 (BcASB-F, BcASB-R), P1“2.17
Tirh& i) cONA Nigtii#AT PCR 974, PCR
K %M 30 uL: 2 X Taq PCR Master Mix 15 uL, 1E%[A]
5% 1 uL, 18 cDNA 3 puL, ddH20 10 pL. PCR
PIEFET N: 94 CHUAEM: 5 min, 94 ‘CARM% 30 s,
58 CiE/k 30s, 72 ‘CHLEfH 1.5 min, 30 MEIF, 72 C
FEA 8 minl®l, je 25T, Bl bi e kA PCR
e, AR RSO 4tk B B B, K4tk s )
P 5 N 18 pENTR/D-TOPO 4%, Ak K
i DHSoUESZ A4, ¥s1ismtE S B ElER
(Kan) HTPE LB Pl bid s as, e a v bt
1TH PCR, JE¥HM: sebEi%k 2ARM A A E TR A
N/
2.3 BcASB EEREMEERZSHT

1 1 NCBI-ORF Finder “F- & £ $ F143 H1 3£ [K] ()
ORF, Jf¥ ORF Bl F 2 51 ¥ 5. FlH
EXPASy-ProtParam tool {4 il 5 < 4w i 2 1 14 3

T3 B AXT A T S e S S AR
It Plant-PLoc 72k 73 S8 A28 Tl 2 (1 (1 1. 48
MusEfi; FIF NetPhos 3.1 Server £ NetOGlyc 4.0
Server 43 A0 E 1 I BERRACATL SURUBEEAL AL R EAT
T4y #r: % TMHMM Server v.2.0 #4785 A
JEEZE R TN i@ 3d SignalP 4.1 Server %1z 5 ik
AT T s oy A AE A TR £ K SOPMA Al
SWISS-MODEL il & [ /) — 2 45 K Fl = 4L 4544 5
it Blast %} 5 ASB JE R 52 HR. HE. 13,
b AR S 15 FRAE Y 1 [FIR 7 S0 AT o A, A
DNAMAN 347 [R5 7 FI T Ee ks R MEGA
6.0 A T ) Z R 7 51 5 GenBank - ff1 LAt
Al AT R gttt R NI IE
(neighbor-joining) %l R Fiidt L, bootstrapping
Z¥H 1000 N EE .
2.4 BcASB EFEESIEFHIFESRIA
KGR 25 i, & “2.1” BTk
FEHUE RNA, PLEL RNA B & B cDNA 55—,
e BCASB & FI/E S s AR 248 B ik ik,
PAB-actin NS HERDT, FRAE ve FE R4 BcASB
FEEF5], @it Primer Premier 5.0 #it7¢ )t e &
PCR 51#) (& 1. 437 100 umol/L /] MeJA.
SA. ABA. ETH 4 Fh/A[RIAMIE 25 B W5 il At
TTHpE AL EE, oAb E S ASER (A S (0L 1. 2. 4.
6. 8. 12. 24. 36. 72 h) BCcASB F:[X ik EBAT
P E B PCR RiE 0 Hr . )R BiAK & 20 uL: SYBR
Premix Ex Tag ™ 10 pL, IE /27 51 %)% 1 uL, cDNA
PR 1 pl, ddH0 7 pL. MZ&#F: 95 ‘C. 30s;
95 ‘C. 55s; 60 C. 20s; 72 ‘C. 20 s; 40 ME
W, 72 C. 10 min, SZIR#EIF 3 IKBAREL,
ANFES SIRES, Yibihsk. WAL, brifk ik
e PCR UM H A K. B 45 A 5 R H
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27AACU Gy S0+ BT 40 B BCASB R 7E AN [F] Ab 2
THIAHX R IE .

25 HERFSTHIREEMREE. EELS=0
ME

251 ik ik ih YMC Cis (200 mm X
4.6 mm, 5pum); NN LN (A) -0.04%H K
W (B) (0.04% H R /K IR IR £ RSB X
400 puL R E T8 200 mL ZM/KIZEEAN 1000
mL W55, nZR/KZE 1000 mL, #EAJE, @
AL 20 minDs &l A 289 nm; AR 9 30 C
AR 1.0 mL/min; HEFEEN 10 pl. BAEESE
it i F2 : 0~5 min, 15%~20% A; 5~10 min, 20%~
25% A; 10~15min, 25%~30% A; 15~20 min,

30%~35% A; 20~25min, 35%~15% A. %

IJ_[I_J@].O
A 1 2
—
2
B | 1 1
o 5 10 15 20 25 30
t/min

1-5EE 2-BE R4

1-indigo 2-indirubin
B 1 MBEREEER (A MHilmER B) SkHEeE
TEE
Fig. 1 HPLC chromatograms of mixed solution (A) and
test solution (B)

2.5.2  XHIESE R FREUEE 0 IR S
i, FEME 15mg, BT 10mL &, B
IO 50% N,N-Z—H B H iz (DMF) f H i
VT G 7S VAR 30 min), BC I RS &R E A 1.5
mg/mL I, 1 0.45 pm A1 0.22 pm 1AL JE
Mg, HUSRIEW, BP19. BRECEE & 200 B
W, EKGE 10mg, BT 10 mL &4, k
EIMNE 50% DMF [ BRI GEA MR 5
min), Bl 1.0 mg/mL FE W, ] 0.45 pm Al
0.22 pm MIFLIE IR S, HNZ B, BIA5.

253 HHAMIERMIH & S 80 CHLTRIEE
RS IEM A CRFEBER . AEIE R D, #p
WUt 40 H i, K20 K 10 mg, BT 10 mL
S, A 50% DMF [f 7, 45 CHEs i
flRfa 2, 1T 0.22 um PRALIENE, HUSRpEW, RBP4,
254 LVERRFEE R EWIOR bR B

EE, IMAFEEATERR, 25015 20 R
FIWEE. 0.22 pm ALIEEEIEL 5, kg “2.5.1”7
T2, B 10 pL JERENE . DAETRIARAR 73
(YD WRRE OO BHTZRMERIE, 13308560 5
[ 975 #2, 2 Y =0.697 3 X+3.805 3,R2=0.999 6,
ZR VI Y 15.0~320.0 pg/mL; §E E4L Y=22.372 6
X—6.805 3, R?=0.999 7, il 5.0~50.0
ug/mL.
255 FHEMERLE AR INE T IER RS 6
DB SRR ST I R, TR . B R4 RSD 4
AN 1.47%. 1.65%, FKEZIEEENERL .
25.6 FaEthiALe AR — I Gl
SERCH) H D AREE Sl e a4 F, 256 0. 2.
4, 24 h FENBAH O TENE, tHESEHE ., St R4 58
1) RSD 43 5124 1.59%- 1.99,
257 FEEFEAL R R IR, 1%
B R sl A IR SR E 6 Wk, EBEHNHEEE,
MASEEHE . BEELH RSD 205108 1.77%. 2.74%.
258 PRI HCE SIS R — S A
i 61, #2059, A EIAGEE . #EEL0
HRE, 28 SO AL i VA, IR 2 0 00 s A
HHEINRE R R, SERER, . SERL T
FE RS 2 5 97.3%. 103.9%, RSD 73 %A
1.17%. 1.76%.
3 HERE5SH
3.1 G55 BcASB EERRIESFIISH

DL, 5 RNA 5% 5 345 (1) cDNA TSR,
FH & )45 5 514 BcASB-F. BCASB-R #3417 PCR 3™
W N, g5 R BRI Rkl (B 2), &l
JE 32 IE# T 51, K/INK 765 bp(Hir 444 BCASB),

765 bp

M-Marker ~1—4-BcASB J£[X PCR =4
M-Marker 1—4-PCR product of BCASB gene

2 PCR ##8 BcASB [
Fig. 2 PCR amplification of BCASB gene
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Yt 256 NI 4 ZEE R 17 515 B34 NCBI
GenBank, %35y QCF61930.1, BCcASB F:[A4%H
R A EE IR 7 5 3 Fw .

32 DLi5BcASB EHREMERZE S

321 HALPEFTAAME AL M i EXPASY-
ProtParam tool {4 I 1% 3 IR 4 AL 25 (1 11 40 7 5K
A Ci2s6H1956N3420360S0 »  #H X 73+ i &= A 28
039.96, HEEZEHL A (pl) A 7.22, 7 1E HLff 5%
BB (Arg+Lys) SN 24, AT I BR S B E
(Asp+Glu) N 24, ZEAANFREMEELE A K
4540, HEMZEARE TAREED, BHEEHN
81.84, E/KMMFHME (GRAVY): —0.210, WiH
ZE AR THEKMEEA . @i NetPhos 3.1 Server il
MRz B0 43 MR A A, Horh B3 22 5 R
(serine) 21 /™, #& R (threonine) 13 MRIEKZ IR

(tyrosine) 9 4 f#i ] NetOGlyc 4.0 Server # 4Tl
ZEAM S 3 AMFERALAL S, T Plant-PLoc 7££k
LTI 7~ BCASB 25 [ 72 i T4k .

3.2.2 55K B B IX 1) I 43 #r @ i SignalP
4.1 TN A WA Sk, 45 R B R TE SR,
WHZEARNESBHEERD (K 4-A); £H
TMHMM Server v.2.0 Tl 5 2514, 45 R BoR
BCcASB SEHAGSTHEX, NEKER (K
4-B).

323 MM Z g T 8k i
SOPMA Tililll BcASB & [ 1t — 2 4514, 45 WoR
o-12JiE 50 4, & 19.53%; ASFLNE R 117 4,
5 45.70%; B-#1B 254, 15 9.77%; IE{HEE 64
%, 7 25.00% (W EARE o-1FhE, HOKRERAS
UG, SRR B-IE; AERREMEE,

1 ATTICACCACAGCAGAAGCCACCATTTCCAAAATCCGAAGCGATTAGGTTCGGATCTAAGAACTGTCACAACACTCTTICTTATTCGACT
1 ISPQQKPPFPESEGIRFGSKNCHNTLGST ST
o1  CATCCGAAMAGGGTGCTTGCGGTTTACCAGAACACCGCCGTGTCACCALTCAGTACGTCTTCCOCAAGACCTCTGAATCCAATTATAGTC
31 HPERVL AVTQNTAVYSPISTSSGEGRALNPIIV
181 ATCGATAATTATGACAGCTTCACCTACAATCTCTGCCAGTACCIGGGTGAGCTGGGATGCGTCTTCOAGG TATACAGAAATGATGAGCTA
61 IDENYDSFTYNLCQYLGELGCVYFETVYREINDETL
271 ACTGTTGATGAGCTAAAAGGGALAAACCCALGAGG AATATTAATTTCACCTOGACCTGC TACACCACAGGATTCGGGAATCTCGCTGCAL
91 IYDELKGKNPRGILISPGPGTPQDSGIGSLAQ
361 ACGGETGTTGGAGCTTGGACCCACTGTACCATTATTTICOTGTATCCATOGCACTGCAGTGCATTGOGGAAGCTTTTGCAGGCAMATTGTG
121 ITYLELGPTVPLFGVCNHNGLOQCIGEALAFGGEKTITV
451 AGATCTCCTTTIGGTGT TG TACATGE ALAAGG TTCCCCTG TATACTAC AATGAGGG TOOGGAAGATGGCTTTTTICCTOGATTACCALAC
151 RSPFGCGVVYHGEGSPYYTYTNECGGEDGFFALGLPHN
541 CCTTTCAGAGCTGCTAGGTACCACAGCCTAGTGATCCARAAGGARAGTTTTCCAAGTGCTTCCCTIGALATGACTGCATGGACAGAMGAT
181 PFRAALARYHSLYIEKESFPSASLENTAWYTETLD
631 GGGTTGATAATGGCTGCCCG TCACAAAG TACACCAACATATACAGGGAGTTCAAT TCCACCCAGARAGCATCATTACAAGCGAARGAAGA
211 GLINAALARHEVHQHEIQGYQFHPETSIITSEEGR
721 MCCATAGTTCGAAATTTCATCAARATGATTGAGAGAAAGGAAGCTGCA

241 ITIVENFIKNIEREKEH4A®.

3 L% BcASB EREREFEERFFIR T MM EEERFS

Fig. 3 Nucleotide sequence and amino acid sequence of BCASB gene in B.cusia
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Fig. 4 Prediction of signal peptide (A) and transmembrane domains (B) of BCASB protein
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X 4 ANTEHERIE T BCASB BRI sk, H
oW TE AN AN B 2 R R B M i, A
FEAMNEAT (K 5-A). @it SWISS-MODEL
A TR B 0 = AR, DU R G A AR AR
(SMTLID: 6qur.l.A), fEZ 1~256 1 & R ib
R, =4ERIANE SR 57.45%, 7 AU AHALIE
4 0.48 (& 5-B).

BE[R 2 A5 (1 2 1 PP #4258 % NCBI-Blastp, 5 HAt:
T ASB 7 HIHEAT RIUE EL XS, 45 R R B
BCASB 5 i flt NCBI 18 & A YA AU

Pk Horp 15 M5 5 E AU Bm A B A
5, FIFl DNAMAN Bt xt Hdb AT 2 B Fp 41 Lt
(K 6). sirgs R E/R DS Baphicacanthus cusia
(Nees) Bremek (QCF61930.1) 52 ik Sesamum
indicum Linn. (XP_011070537.2). #}Z Salvia splendens

324 ZETFH|LLXT L RGIHLM I K BcASB
st J Tt ot ot i

50 100 150 200
r“"'
1" A
50 100 150 200
A B

5 BCASB EHZRLEM (A) M=HLEH (B) BTN
Fig. 5 Prediction of secondary structure (A) and tertiary (B) structure of BCASB protein
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Fig. 6 Multiple alignments of amino acid sequence of BcASB form different species
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Bunge (TEY57190.1). =44 Populus trichocarpa
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Fig. 7 Phylogenetic analysis of BCASB proteins from

different species
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Fig. 8 Relative expression of BCASB gene in various organs
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Fig. 11 Determination of indigo and indirubin in leaves of B. cusia under MeJA (A), SA (B), ABA (C), and ETH (D) treatment
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