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Cloning and Expression Analysis of Chalcone Isomerase Gene from Astraga-

lus Membranaceus
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(1. College of Agriculture, Yanbian University, Yanji 133000; 2. Jilin Academy of Agricultural Sciences, Changc-
hun 130033, China)

Abstract: Chalcone isomerase (CHI) is one of the key enzymes that catalyze the synthesis of isoflavones. In this
study, the full-length ¢cDNA of CHI gene was cloned from Astragalus membranaceus, and sequence analysis was
carried out. At the same time, the content of isoflavones was determined by ultraviolet spectrophotometry and quan-
titative analysis was carried out. Lay the molecular foundation. The results showed that the full length of AmCHI
gene cDNA is 910 bp, the open reading frame is 660 bp, encoding 219 amino acids, its molecular weight is 24
021.42 Da, the isoelectric point is 5.41, and the Genbank accession number is KY0862871. AmCHI protein is lo-
cated in the cytoplasm and has no signal peptide. It is a stable hydrophilic protein. Its amino acid sequence is highly
similar to legumes. It is presumed to be Type 1I. Total isoflavone content showed root <stem <leaf, CHI gene expres-
sion amount showed root <stem < leaf.
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I CHI J2& 5 5 F AR i i 78 Hp i) — A S B il . AR AT
5% F] HI RACE 45 R 52 % 35 6 CHI 2 K, X i A7
A WAE B A B, IF R 28Ot % & PCR BER T %€
Hh 53 56 FE B W SR AE B EEOR R 2% B AmCHI 3R
TR S 0 I 22 )Y O AR, O AR s R S v R 2K
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B A 179 i B
1.1.2 25 duA=iX A

TRIzoL (Invitrogen) | S % 5% 1 7] & (Toyobo)
DNA #E Ji¢ 7] ik 77 & (Omega) . PMD—- 19T 2§ &
(Takara) . K % ¥ # Jm109 . 5' fil 3'RACE i 7 &
(Clontech) .
113 EZH/EH

B Y TR B0 ML (Hitachi ) | 481K IR VK48 (W—
86L388A ) . ¥ i 114 £ 4t (BioDoc—11220) . PCR 1%
(T100) . T-# 46 (BAO-250A ) | S &+ 43 6% &
(NanoDrop 2000 C) ,
1.2 Ak
1.21  FFF RGN E

K FH 58 A0 43 0606 BE vk 00 il AR (2K

AR LAY 6 G RETE I B A S B T i R WO B (E
B R I o FRE0.020 O g S 385 i B o i, G
IK L EE 25 2 100 mL 25 5 i TiE i B oV
e 2 0.200 mg/mL, MW OGRS . BURE 71 0.040 0 g,
T2 A AT UL 43 60 BE T P R O B R A Y
WG BE AR p=ex50hw, 3 S8 B & &, b e
A IS SR B (mg/mL) , w R BUFE (mg) o &8
R0 D A5 8 S B A O B AR A BN R &
ik AR A5 B S R A e
1.2.2 ERNARIE cDNA & &

& H TRIzol — 25 % #2 BUE RNA (Invitrogen ) ,
I FH R R 43 60 BE T D v R DA R i
HF B RNA i BE AR 0.5 g/L, 1 I 2 #% 5% PCR (RT-
PCR) 4 1 cDNA (1) 5 — 4% ki .,
123 CHIAHE u%

gl ¥ 7 5 0L 2 1, H P8 GenBank (& [l 5 K
KY086287 ) & 3% i) CHI F& X J3 51 1) 4 18 IX 15 11—
Xt 1 IF 51 ) AmCHI-jul R AmCHI-jd1 , VA & W )
cDNA A 4T PCR I, iR KRB R 52°C. 1)
;T 0 75 19 AmCHI £ R B R 5F X 152 71 5'-RACE 5
W) AmCHI-gspl F1 3'-RACE 5| %) AmCHI-gsp2 , ¥ f&
Clontech 22 #] RACE ¢DNA it B 45 i 47 RACE X
N, PN SE B HE Y cDNA 738 3113 RACE [7 41, 4R
I FF 0 A5 (9 cHI 3£ R CDS J¥ 81 # it CDS 51 4
CHI-Cul 1 CHI-CdI . % X345 19 AmCHI ¥ 51 %
T 1 %Pt E & PCR 51 ¥ AmCHI-gF F1 Am-
CHI-qR . PCR ™) 1B fg b v Uk Rl LIS, 5 B
F| pMD19-T 2k 44, i 2 BH M 52 B, 00 7 phy 1 7 €
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‘ TRSF X 5T B
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AmCHI-Cul ATGGCAACAATAGCAACCTT
CDS [X 37 &
AmCHI-Cd1 TTAGTTGACCCCATTGAAAAG
AmCHI-gsp1 TGGTGGAAAAACTCGATCCTTGAATGC AmCHI ) 5'-RACE 3¢ [
AmCHI-gsp2 GGTGGAGCAGGTGTGAGAGGATTAGAT AmCHI ) 3'-RACE 3 [
AmCHI-qF TTCCCACCAGTTGTCTCACCTC PN w5519 (i)
AmCHI-gR GTCTTACCCTTCCACTTAGGAGCT PN w5519 CRlE)

124 A% 8&F5H

53 B 5& A B I 35k 159 52 HE (ORF ) 2k H Lasergene
AT P Y EditSeq s T 4 5% 25 1Y 3 5 R4S
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S A WO R (B RS R HEL TR

TMHMM-2.0, 15l £ 1 5T — 9% %5 #4 >& | SOPMA
JIR 55 %, T S 240 B 7 67 1% >R AE £k T H Tar-
getP1.1 Fil WoLF PSORT ; il {5 = K R H #E 4k T
H SignalP 5.0 £ 2 [F] I 14 240 55 W2 )7 9 >R FH AE 4k
T.H BLAST,



13 T AR B R A K

AT DM 4 s o J K43 He 27

2 HR 55

21 AmCHI£¥ cDNAEESF IS

PRSI 5 FEAR B RNA 56 S 11 cDNA 55— 4%
BEMBA, W IR 519 PCRY 1, 3-8 T — & K
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GenBank % fifi 5 4 KY0862871
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AmCHI ] cDNA 2= 4 910 bp , FF i 7 352 4E Y
KR 660 bp, 5'HE B Xk 56 bp, 3'AE BIE X N
194 bp, polyA F& 4y 29 bp, 4l 2 it 219 4> 2 HL 1R
A+T &4 62.31%, G+C & 1 4 37.69% .,

22 AmMCHIE#{EEZESH

34T EE BB M T, L5 AR W], AmCHI 1Y
T 20 CloHinoNyrs05Ss 43 F 5 4y 24 021.42
Da, 5L i1 5.41, TR M 2 L 1R 30 4>, B 1 2 L i 28
A R ETR 474, BOK MR 11445 A R
JETRE36.65 , e E R SR K MR £0-0.147 , &
AT I B 1 TG B B R e g 2 A I
IR, AmCHI 25 1 J2 H BT 7R 75 B8 5E (42.47% )
TC LN il (27.4% ) IE AR BE (219% ) LU K B-%% ff
(9.13% ) G5 ¥ AL WL 1) s NAFAEAR 5 BRIF 91 5 % i 7E
g2t /oy i

FIH MEGAT 3k /4 19 NJ ¥ #9877 CHI Y &R 48
AR, B 3 AT, 18 AN FR Y CHI & 3 R 41
B 44> 3, 4390 8 Type 1T\ Type I Type

IV A Type Il . K5 5 8F 1) 5 K 1 ( Pueraria mon-
tana) . K 5. (Glycine max) . J& W G (Cicer aneti-
num) | ZL 75§l 5 (Trifolium  praterise) | ¥ 22 5 15
(Medicago truncatula) | f% 3 % € (Astragalus mem-
branaceus ) 7 — 32, A4 Type Il B ¥ 3% B R} 1)
VP EL(Pyrus pyrifolia) 5 %% ( Fragaria ananassa) VA
A BER 5 B (Lactuca sativa) | 85 46 25 (Artemisia
annua) | 21 4& ( Carthamus tinctorius ) & i — 3%, H
 Type I B3 o ¥ 1L 28 B 19 25 (Camellia sinensis) .
A RA B B (Prunus persica) UL I 25 Bk 4 i) 4
3% #] (Cynara cardunculus var. scolymus) . [a] H %%
(Helianthus annuus ) % 25— 32 , V44 Type IV 5, 1%
R A B IKFE (Oryza sativa) | 555 B89 F i (Sola-
num lycopersicum ) LA F 111 28 B} i #i V21 111 2% (Ca-
mellia chekiangoleosa ) % 71— , 14N Typelll Y,

10 20 30 40 50 60
1 GACG TCAAATCTTGAAGCAAAGACAT TTAGATALAAAAATACTAG TCCCTCCTCCCATG
o 7
70 s0 o0 100 110 120
&i CAACAATAGCAACCTTAACCGGAGTTALAG TAGAG TTTCT TG AATTCCCACCAG TTG TICT
1 4 T I &4 T 1L T 6 ¥ K v ETF L ETF P P ¥V ¥
130 140 150 160 170 180
121 CACCTCCAGG TTCCACCAAG TCCTATTTCCTCGG TGGAGCAGG TG TGAGAGGATTAGATA
21 s PP ¢ S T K S ¥ F L G 6 4 6 ¥ E G L D
180 200 210 220 230 240
181 TTAATGGGCAG TTCATAACTTTCACTGG TATCGGAG TTTACTTGG AAG ARBACCCCATAG
a1 I N G a@ F I T F T 6 I 6 ¥ ¥ L E E N A& I
250 260 270 280 290 300
2a1 CATCACTAGCTCCTAAGTGGAAGGE TAAG ACTCCAGC TG AGCTCATACAATCCCTTGATT
&1 A s 4 P K W K 6 K T P A E L I @ S L D
310 320 330 340 350 360
301 TCTACAGAGACATCATCAAAGG TCCCTTTGAGAAATTGG TGAG AGGG TCASAG TTARAAA
£ L K
370 aso 300 00 410 azo
361 AACTGGATGG TAATGAATATG TGAGG AAGG TATCAGAAAATTG TGCTAGCTTTATAAAAT
101 K L D 6 N E Y Vv R K ¥V S E N € A S F I K
430 a0 450 460 aTo 480
az1 CTGAGGGAATACACAGTGAGGC TG ALG AAARAGCTATTGAGGAAT TTAGAGARGCATTCA
121 s E G I H S E &4 E E K A I E F R E A F
490 500 510 520 530 540
481 AGGATCGAGTTTTTCCACCAGGATCTACTG TTTTCTACAGACAATCACCTGCTGGAGAAT
141 K D R Y F PP G S T VF Y RQ@S P A G E
550 560 570 580 590 600
541 TAGGACTTAGTTTCTCTAAAGATGAGACAG TACCAGAACATGAACATGCTGTTATAAATA
161 L 6L S F S KDETVYVPEUHEHAVYVTITHN
610 620 630 640 650 660
601 ACAAGGCACTTTCTGAGGCTG TG TTGGAGACTATGATTGG AGAGATTCCTGTTTCCCCTG
181 N K AL S E A VvV L ET M I G E I P V S P
670 680 690 T00 T10 T20
661 CTTTGAAAGAGAGTTTGGCTACACGG TTTTTTGAGCTTTTCAATGGGE TCAACTARICCT
201 4 L K E S L & T RTFTFTETLTFUHNG YV N »
780
721 AATAATGATATTTGAGATGATTTTTAAGGTGAGG TGGTGTGATCTTTGAT TAAATAAGAG
810 820 830 840
781 AATAATAATACGAGTGATATCTATG TTGATTAAATAAGAGAATAACTAGGCCAATCATTT
850 860 870 880 890 900
841 CAAATAATTCCAATAMATCCACCATGCTTGTCTTG TTGCCC.
910
901 AMARAARARA

T« THE A7 0A 5 10 T R R S T
B2 REFECHERHRNEKDNAFTIK
KEBRF

ADVT1377.1 Pueraria montana var. lobata 1
NP_001236755.1Glycine max
ATY39974 1Astragalus membranaceus

L Typell
XP_004497327 ACicer arietinum
XP_003592763.1Medicago truncatula
PNX90573.1Trfolium pratense J
ADPOS3T7 APymus pyrifolia ]
BAE17121.1Fragaria x ananassa
YP_023747402 Lactuca satva - Type I
PWAG7836. 1Atemisia annua
ATZ81755.1Carthamus tinctorius J
ASUBT417.1 Camellia sinensis ]
XP007218407.1 Prunus persica L Typelv
XP024991508.1 Cynara cardunculus var. scolymus
0TG18296.1 Helianthus annuus =
EAZ04407.1 Oryza sativa ]
NP_001234421.1Solanum lycopersicum = Typelll
AFC37245.1Camellia chekiangoleosa
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JT o W ANWEGE R CHI L ) 378 B A R %

PERT S AT X B B RS CHI kPR ) 2635 53 A

WoRIZEER RSB BA R 2, 52K CHI LA

M Rk A AR B B AR A — 2 B R

55 D RHE SR SR CHIFE A () 33k WP AR > 25> 145

RAE ARG rp AN [R] FR A 5% 18 e CHI A

(2B MR <ZE <, A [R] A0 L S 0 ) 5 i AR < 2K <

i, E B R E B RS CHI BE PRULE AN [R50 A 19 3R 56 ot

AR5 iR A7 B S B B A OG
ABIF5E IS E B B SR T AmCHI 3L, Jf:

X HHEAT T R 50 43 A, SR 5E b o3 6Ol B vk D s

S o B BT EAT T & AT, UEW] AmCHI FE A

F 23K 5 R B R ) AR R R O, AT Dy S S e

FACE W AW L B9 2S5 T kA

S %30k

[ 1] RS ALTEN, B A, A5 R 3 B R T S T it 2 Il
PR 5 B 5 7 9 43 AT 1] P2, 2010, 41(3) £ 456-460.

[ 2] dK/INE 2 B8 22 W (1 G 33 8135 7R P B2 Tolod £ P 5 e
[J]. K i K224, 2003, 24(6) : 101-104.

[ 31 B, sk 20 Ui 25 Z M0 5t ()], h BE 25 2%
112,1998(4) : 46-48.

[ 4] XY . SR e % I S M Tk AT 14 5 B 5 DA% 3R 5K 43 AT AL
LEBEZRIRLICHF A AR 218 SCEEICL. 2014 1.

[5] # 25, ZBRY KNEE. FEMIEWTER Y T 51
K25 BRAE F (D). o B 2R R e 8, 2001, 20( 1) - 5-7.

L61 & .48 #F.m  BH, 55 HE A R R S0 W0 A4 1 15
B I1. AL 7 B2, 2008(2) £ 193-197.

[ 71 FEunjoo H, Hakki S, Seongyoul C, et al. Theraiosusceptible de-
velopmental stage in anthocyanin accumulation and color re-
sponse to high temperature in red chrysanthemum cultivars[J].
Korean J Hortic Sci Technol, 2008, 26(4) :357.

(T#%347)



34

AoAb A& e BE s

454

[11]

[12]

[14]

[15]

[16]

[17]

[18]

AREY QTL Z3 Hr(J1 A 2741, 2007 ,33(3) : 441-448.

Sayama T, Tanabata T, Saruta M, et al. Confirmation of the
pleiotropic control of leaflet shape and number of seeds per pod
by the Ln gene in induced soybean mutants[J]. Breeding ence,
2017, 67(4): 363-369.

Jackson S A, Iwata A, Lee S H, et al. Sequencing crop ge-
nomes: approaches and applications[J]. New Phytologist, 2011,
191(4):915-925.

Jain M. Next—generation sequencing technologies for gene ex-
pression profiling in plants [J]. Brief. Funct. Genomics, 2012, 11
(1): 63-70.

Janwar S, Priya P, Garg R, et al. Transcriptome sequencing of
wild chickpea as a rich resource for marker development [J].
Plant Biotechnology Journal, 2012, 10(6):690-702.

R AT ARA LR R T AR e
B ARALAR M R 224, 2018,49(3) 1 1-9.

R E TR, X I8, 55 BlhE N R AR S
JR Y e S L o A D1 AE W) 541, 2016,42(9) 1 1319-1331.

PR R, aph, B A5 RO R i R AG: I 5k ). 2R
JeAdl Rl ,2016,41(2) : 67-69.

FHRARS R e 2R B, A5 AN ABA XS 5 4 P
25 BT AR LA B2, 2016, 41 (4) : 94-99.

[19]

[20]

[21]

[22]

[23]

[24]

Fan X D, Wang J Q, Yang N, et al. Gene expression profiling of
soybean leaves and roots under salt, saline—alkali and drought
stress by high—throughput Illumina sequencing[J]. Gene, 2013,
512(2): 392-402.

Livak K J, Schmittgen T D. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C
(T)) Method[J]. Methods (San Diego, Calif.), 2001, 25(4): 402—
408.

Ugalde T D, Jenner C F. Route of substrate movement into
wheat endosperm. 1. Carbohydrates|[J]. Functional Plant Biology,
1990, 17(6): 693-704.

Dochlert D C. Distribution of enzyme activities within the devel-
oping maize (Zea mays) kernel in relation to starch, oil and pro-
tein accumulation[J]. Physiologia Plantarum, 1990, 78(4): 560—
567.

AR, B, IR AR N A R v TR R i 1 1 T
P55 50 A ] AL AL R #5440, 1995, 21(2) £ 147-151.
Wang F, Sanz A, Brenner M L, et al. Sucrose Synthase, Starch
Accumulation, and Tomato Fruit Sink Strength[J]. Plant Physiol,
1993, 101(1):321-327.

(T4 2 %)

B S R R L I I R R

(E#F287)

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

He F, Pan Q H, Shi Y, et al. Biosynthesis and Genetic Regula-
tion of Proanthocyanidins in Plants[J]. Molecules, 2008, 13(10):
2674-2703.

Mehdy M C, Lamb C J. Chalcone isomerase ¢cDNA cloning and
mRNA induction by fungal elicitor, wounding and infection[J].
Plant Physiol, 1988, 86(1): 182.

Nishihara M, Nakatsuka T, Yamamura S. Flavonoid components
and flower color change in transgenic tobacco plants by suppres-
sion ofchalcone isomerase genelJ]. Febs Letters, 2005, 579(27):
6074.

EA A, BRI, Sk 8, A5 OR [ RO A1 PR R B K 3%
J2 b A M AR AL M S SR A R ) AR ALl B
%,2016,41(4) :43-48.

K6 DERUER , SRS, AF AN SRS M 2 IR T
ZARALAR AR 2, 2017, 42(4) :59-62.

R e, SR, T, A5 - O D ) B MO 2 1y 2
Py T2 RBEFE 0] AR LA B2, 2019, 44(4) £ 89-93.
Mckhann H I, Paiva N L, Dixon R A, et al. Expression of Genes
for Enzymes of the Flavonoid Biosynthetic Pathway in the Early
Stages of the Rhizobium —Legume Symbiosis[J]. Advances in Ex-
perimental Medicine & Biology, 1998, 439: 45-54.

WA B = 98 % . TR ZmSUT4-] B e e 5
R 2 TR AR D). 75 RO B2, 2015, 40(3) : 18-22.
Ngaki M N , Louie G V , Philippe R N , et al. Evolution of the
chalcone—isomerase fold from fatty—acid binding to stereospecif-
ic catalysis[J]. Nature, 2012, 485(7399): 530-533.

Shimada, N. A Cluster of Genes Encodes the Two Types of
Chalcone Isomerase Involved in the Biosynthesis of General Fla-

vonoids and Legume—Specific 5-Deoxy (iso ) flavonoids in Lotus

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

japonicus|J]. Plant Physiology, 2003, 131(3): 941-951.

Jez ] M, Noel J P. Reaction mechanism of chalcone isomerase:
pH-dependence, diffusion control, and product binding differ-
ences[J]. Journal of Biological Chemistry, 2002, 277(2): 1361-
1369.

Jez ] M, Bowman M E, Dixon R A, et al. Structure and mecha-
nism of the evolutionarily unique plant enzyme chalcone isomer-
ase[J]. Nature Structural Biology, 2000, 7(9): 786-791.

TR, /NG ) 52, A 20 4K A 2K IR S 1) 8 B LA Y e
WE Je 38 4 AT (0], KAR =90 58 5 9F &, 2018, 30(9) :
1521-1525,1574.

T ARIRE SR S AU CHI ST Y v e B R A%
FIRNN. P E 22435, 2019, 44(14) : 3015-3021.

50 2R BRI A W A 2K TR S A T R A O AR ) B A Y
[D]. 5 H - IR K2, 2019.

RER,BOKRER, £, 55 AT 24 4 H R S A gL (R (CHID
e R A T e S T L B R 5 R e T ()], AR L
424, 2016,31(2) : 71-80.

F UK BUREL , SRR R AR At ER R S oA R X 1 TR
ik B G e PR T o B P L)), A0 2E B 23 I, 2008 , 44
(1):175-181.

PRSI SO/E - S SO Y R RN D ES R A B S N
W5 S AR A T 0] Ml B2, 2013, 49(2) £ 39-45.

Lan X, Quan H, Xia X, et al. Molecular cloning and transgenic
characterization of the genes encoding chalcone synthase and
chalcone isomerase from the Tibetan herbal plant Mirabilis him-
alaicalJ]. Biotechnology&Applied Biochemistry, 2016, 63(3):
419-426.

(FoAE 2 4 2 )



