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Abstract: Chinese pharmacopoeia stipulates that the content of liquiritin in licorice slices should be no less
than 0.5%. However, there are lots of unqualified licorice slices in the herbal medicine markets. Due to the
important role of functional gene polymorphism in secondary metabolism, this study attempts to analyze the
influence of chalcone synthase (CHS) gene polymorphism on liquiritin biosynthesis and find out the unique
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haplotypes in licorice samples with high or low content of liquiritin, and to provide a basis for further analysis
of molecular mechanism in flavonoid biosynthetic pathway. The contents of the 4 main flavonoids (liquiritin,
isoliquiritin, liquiritigenin, isoliquiritigenin) in 60 licorice samples were assayed by HPLC and the results
were analyzed by Spearman and y* tests.  The contents of the 4 main flavonoids were related to each other and
obvioudly different in different original plants. They were highest in Glycyrrhiza uralensis samples and lowest
in Glycyrriza inflate samples. Five G. uralensis samples with the highest liquiritin contents and five G. inflate
samples with the lowest liquiritin contents were selected to clone the CHS cDNA sequences. 336 CHS cDNA
sequences with a full length of 1175 bp were obtained, 249 variable sites (141 missense mutation sites) were
found, and 137 haplotypes were determined. 130 variable sites were found in the 336 CHS amino acid sequences
and 102 types were determined. AA-3 is the maor type of CHS in licorice, AA-35 is the special major type of
CHS in the group with high flavonoids contents and AA-36 is the special mgjor type of CHS in the group
with low flavonoids contents. The mutation sites between AA-35 and AA-36 are I/V at 193 and V/T at 229.
Discovery Studio 2.5 analysis of the three-dimensional structure of the CHS protein shows that the valine at site
229 of AA-35 is combined with malonyl-CoA. Homology analysis indicates that the homology of CHS among
different species is low. This study is significant for identification of the unique haplotypes in licorices with

high or low content of liquiritin and guiding the further molecular breeding of high-quantity licorice.
Key words: licorice; liquiritin; chalcone synthase; gene polymorphism
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Tablel The contents of four main flavonoids in 60 samples

Code Species Location Liquiritin Isoliquiritin Liquiritigenin Isoliquiritigenin
H67 G uralensis Hetian, Xinjiang 0.930 5% 0.212 3% 0.131 1% 0.045 9%
H71 G uralensis Hetian, Xinjiang 0.927 6% 0.130 1% 0.024 6% 0.005 7%
C59 G uralensis Etuokegian, Neimeng 0.882 9% 0.129 3% 0.179 0% 0.044 2%
H31 G uralensis Hetian, Xinjiang 0.817 4% 0.125 2% 0.249 9% 0.038 3%
169 G. glabra Dafang cultivation base, Xinjiang 0.743 9% 0.089 8% 0.049 4% 0.010 6%
H95 G uralensis Hetian, Xinjiang 0.729 6% 0.130 8% 0.079 5% 0.016 6%
A37 G uralensis Zhaozhou, Heilongjiang 0.659 2% 0.100 4% 0.063 1% 0.065 0%
H96 G uralensis Hetian, Xinjiang 0.591 9% 0.099 4% 0.068 0% 0.012 8%
H93 G. uralensis Hetian, Xinjiang 0.558 2% 0.079 1% 0.032 9% 0.008 0%
H66 G. uralensis Hetian, Xinjiang 0.553 2% 0.047 9% 0.049 9% 0.005 0%
L1 G uralensis Zhaozhou, Heilongjiang 0.553 2% 0.078 6% 0.056 2% 0.013 2%
H9%4 G uralensis Hetian, Xinjiang 0.550 9% 0.108 5% 0.083 7% 0.021 2%
L3 G. uralensis Etuokegian, Neimeng 0.537 8% 0.074 5% 0.052 2% 0.012 3%
H83 G. uralensis Hetian, Xinjiang 0.537 5% 0.072 1% 0.055 0% 0.007 7%
L2 G. uralensis Hetian, Xinjiang 0.509 4% 0.069 8% 0.049 5% 0.010 2%
A21 G uralensis Zhaozhou, Heilongjiang 0.465 7% 0.072 9% 0.126 1% 0.022 4%
H70 G uralensis Hetian, Xinjiang 0.425 4% 0.072 1% 0.039 8% 0.022 8%
168 G. glabra Dafang cultivation base, Xinjiang 0.378 7% 0.053 9% 0.035 7% 0.008 7%
C56 G uralensis Etuokegian, Neimeng 0.241 6% 0.030 4% 0.036 6% 0.007 0%
H15 G uralensis Hetian, Xinjiang 0.205 0% 0.032 7% 0.019 3% 0.005 8%
C46 G. uralensis Etuokegian, Neimeng 0.174 3% 0.022 5% 0.029 3% 0.006 1%
J79 G inflata Dafang cultivation base, Xinjiang 0.174 1% 0.036 6% 0.016 9% 0.004 8%
Cc23 G uralensis Etuokegian, Neimeng 0.168 7% 0.023 9% 0.023 4% 0.005 2%
J76 G inflata Dafang cultivation base, Xinjiang 0.153 7% 0.028 5% 0.014 3% 0.006 6%
N11 G. glabra Buerjin, Xinjian 0.145 0% 0.018 7% 0.017 4% 0.005 2%
N10 G glabra Buerjin, Xinjiang 0.144 5% 0.020 4% 0.015 7% 0.005 2%
187 G glabra Dafang cultivation base, Xinjiang 0.143 1% 0.019 7% 0.013 8% 0.001 5%
J60 G inflata Dafang cultivation base, Xinjiang 0.134 7% 0.008 8% 0.010 1% 0.005 1%
N9 G. glabra Buerjin, Xinjiang 0.130 5% 0.022 5% 0.017 8% 0.004 5%
188 G. glabra Dafang cultivation base, Xinjiang 0.129 5% 0.021 3% 0.017 9% 0.010 7%
189 G. glabra Dafang cultivation base, Xinjiang 0.129 4% 0.021 1% 0.011 0% 0.001 5%
N1 G. glabra Buerjin, Xinjiang 0.129 2% 0.020 4% 0.015 9% 0.004 5%
N4 G. glabra Buerjin, Xinjiang 0.128 2% 0.024 5% 0.016 5% 0.004 9%
N2 G. glabra Buerjin, Xinjiang 0.125 0% 0.021 6% 0.016 7% 0.005 3%
N5 G. glabra Buerjin, Xinjiang 0.122 5% 0.021 2% 0.0165% 0.005 2%
N8 G. glabra Buerjin, Xinjiang 0.122 5% 0.019 8% 0.018 6% 0.004 8%
N3 G. glabra Buerjin, Xinjiang 0.122 0% 0.019 6% 0.017 9% 0.004 4%
Jr7 G inflata Dafang cultivation base, Xinjiang 0.120 5% 0.025 9% 0.019 3% 0.009 9%
N7 G. glabra Buerjin, Xinjiang 0.118 7% 0.019 1% 0.016 9% 0.004 5%
N12 G. glabra Buerjin, Xinjiang 0.115 5% 0.021 3% 0.016 7% 0.003 9%
N6 G glabra Buerjin, Xinjiang 0.099 5% 0.020 1% 0.019 8% 0.004 5%
186 G. glabra Dafang cultivation base, Xinjiang 0.096 6% 0.014 4% 0.011 3% 0.002 8%
M5 G. inflata Alaer, Xinjiang 0.086 7% 0.011 4% 0.005 6% 0.002 8%
J75 G inflata Dafang cultivation base, Xinjiang 0.084 3% 0.007 7% 0.011 5% missing
J82 G. inflata Dafang cultivation base, Xinjiang 0.083 5% 0.016 1% 0.024 7% 0.005 4%
J65 G inflata Dafang cultivation base, Xinjiang 0.081 8% 0.012 9% 0.005 6% 0.003 4%
117 G. glabra Dafang cultivation base, Xinjiang 0.077 8% 0.015 4% 0.021 9% 0.006 2%
M4 G. inflata Alaer, Xinjiang 0.074 5% 0.007 7% 0.007 2% 0.002 6%
M1 G. inflata Alaer, Xinjiang 0.074 0% 0.009 4% 0.005 6% 0.003 0%
Jr4 G. inflata Dafang cultivation base, Xinjiang 0.073 9% 0.013 9% 0.007 6% 0.001 6%
M2 G. inflata Alaer, Xinjiang 0.071 7% 0.010 6% 0.006 4% 0.003 1%
J64 G inflata Dafang cultivation base, Xinjiang 0.070 5% 0.009 7% 0.004 6% 0.002 2%
M3 G. inflata Alaer, Xinjiang 0.069 7% 0.008 8% 0.005 7% 0.003 5%
J63 G inflata Dafang cultivation base, Xinjiang 0.064 3% 0.003 9% 0.005 5% 0.000 7%
J62 G inflata Dafang cultivation base, Xinjiang 0.064 1% 0.009 4% 0.004 9% 0.003 0%
190 G glabra Dafang cultivation base, Xinjiang 0.042 5% 0.006 2% 0.004 0% 0.001 8%
J61 G inflata Dafang cultivation base, Xinjiang 0.039 1% 0.002 9% 0.004 0% missing
Jal G inflata Dafang cultivation base, Xinjiang 0.033 3% 0.007 4% 0.002 2% 0.000 9%
J8o G inflata Dafang cultivation base, Xinjiang 0.021 4% 0.005 6% 0.003 9% 0.001 1%
J20 G inflata Dafang cultivation base, Xinjiang 0.017 7% 0.003 0% 0.003 9% 0.001 2%
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Figure 1 HPLC chromatograms of reference substance and
samples. Compound 1-4: liquiritin, isoliquiritin, liquiritigenin,
isoliquiritigenin; A: HPLC chromatograms of reference substance;
B, C, D: HPLC chromatograms of G. uralensis, G. glabra, and G.
inflate
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Table2 The contents of four main flavonoidsin G. uralensis Fisch., G. inflata Bat. and G. glabra L.

Content/mg-g *

Species Quantity
Liquiritin Isoliquiritin Liquiritigenin Isoliquiritigenin
G. uralensis 20 55100+ 2.340 6 0.856 1 + 0.461 8 0.7240+ 05840 0.1872+0.168 4
G. inflata 20 0.796 7 £ 0.404 1 0.1200+0.087 7 0.0849 +0.0595 0.0339+0.0231
G. glabra 20 1.6223+1.5070 0.2455+0.176 1 0.1856 + 0.092 9 0.050 4 + 0.025 2

Table3 The Spearman correlation test results. **Correlation is significant at the 0.01 level (2-tailed)

Liquiritin Isoliquiritin Liquiritigenin Isoliquiritigenin
Liquiritin Correlation coefficient 1 0.946"" 0.887"" 0.834"
Sig. (2-tailed) 0.000 0.000 0.000
N 60 60 60 58
Isoliquiritin Correlation coefficient 0.946" 1 0.908" 0.866"
Sig. (2-tailed) 0.000 0.000 0.000
N 60 60 60 58
Liquiritigenin Correlation coefficient 0.887"" 0.908"" 1 0.906"
Sig. (2-tailed) 0.000 0.000 0.000
N 60 60 60 58
Isoliquiritigenin Correlation coefficient 0.834" 0.866" 0.906" 1
Sig. (2-tailed) 0.000 0.000 0.000
N 58 58 58 58
Table4 The ;* test results
Liquiritin Isoliquiritin Liquiritigenin Isoliquiritigenin
Species  Quantity R Rank R Rank R Rank ) Rank
X P average X P average X P average X P average
G uralensis 20 49.450 49.150 49.600 45.725
G inflata 20 414316 <0.0001 14200 40.3232 <0.0001 14.350 424941 <0.0001 13.850 30.8110 <0.0001 16.278
G glabra 20 27.850 28.000 28.050 25.175
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Table5 Variablesitesinthe 137 CHShaplotypes. Underline: Missense mutation
Variable  , . . Variable Variable . . Variable , . . Variable Variable , . . Variable . . Variable . .
sitelbp Variation sitelbp Variatio site’bp Variation sitelbp Variation sitelbp Variatio site’bp Variation sitelbp Variation sitelbp Variation

25 GIA 178 TiCc 289 AIG 466 @ AG

35 AIG 180 T/IC 292 TIC 467 AIG
37 GIT TA 2% GIC 473 TIC
a4 AIG 184 AIG 299 CIT 474 AG
53 AIG 185 TIC 32 AIG 477 AG
4 AIG 192 AIG 32 AG 48  T/C
58 TCc 19 AG 326 AG 480 TC
61 TIC 204 CIA 332 AIG 485  AG
66 AIG 205 GIA 337 AIG 494 CT
68 TIC 206 AIG 338 AG 497 TIC
70 GIA 208 AIG 349 AIG 499 COT
71 CT 210 AIG 359 AIG 50 AG
74 TC 211 TIC 38 GA 505 GIA

80 cIT 213 TiCc 312 AIG 507  AG

83 AlIG 217 T/IC 374 T/IC 511 AlG

89 CIT 221 AIG 375 AlG 526 AlG

94 Tc 223 A6 3B AIG 527 AG
00 AG 288 AG 38 CT 529 AG
101  GA 239 GA 3B AIG 5% @ GIA
108 T/G 241 AIG 401 T/IC 555  CIT
110 T/IC 247  AIG 404  TIA 569  T/G
121 AIG 249 AG TIG TiIC
123 TC 254 T/IC 406 TIC 519 GA
126 AG 288 T/IC 409 AT 58 CT
134 AG 259 AIG 431 G/A 584  T/C
By mCc 261 AT 43 TIC 594 TC
138 AT 264 GA 49 AT 56 CT
140 T/IC 266 G/A 442 T/IC 59  TIA
148 AIG 269 G/A 451 TIC 608  TIC
169 TIC 2717 AIG 458  AIG TIA
170 T/IC 2718 CIT 463  T/A TIG
175 GIA 287 AIG 465 AIG 618 CIT

620 GA 760 CT 81 T/A 1057 AlG
623 T/C 763 T/C 894  A/G 1058 AlG
628 TC 70 T/IC 87 T/C 1059 T/C
629 T/C 776 T/C 912 CIT 1061  AIC
640 CT 781 AIG 923 GIA 1064 TIC
644 AIG 782  AlG G/IT 1066 A/G
645 T/IC 784 TIC 928 T/IC 1067 A/G
651 G/A 790 T/IC 94 AG 1073 AlG
652 AIG 792 AIC 983 AIG 10718 AIG
68 CT 7% TIC 948 AIG 1080 AIG
659 A/G 800 T/C 949 A/G 1083 A/G
662 T/C 814 T/C 91 T/C 1084 CIT
670 TIC 818 CT 94 GT 1085 T/C
685 C/T 80 GA 96 T/IC 1086 G/A
686 A/G 84 TIA 97  TIA 1094  GIA
687 AIG 827 CA 98 T/IC 106 T/C
688 T/IC 828 T/A 90 AIG 1097 TIC
62 TIC 8l AG 92 GA 109 AlG
698 T/C 82 AIG 969 AG 107 GA
702  AIG 842 TIC 972 AIG 1109 G/A
717 TIG 845  A/G 983 T/C 1114 T/C

TC 80 TC @1 T/C 115 CT
722 T/C 82 AIG 998 T/C 1122 GA
725 G/T 84 T/IC 1005 GA 1124 AlG
726 AIG 8l T/IC 1007 T/IC 1127  T/A
728 T/G 875 CT 1010 T/C 1133 T/A

TIC 86 AIG 1019 T/IC 1136 CIA
738 AG 87 TC 1023 T/C 1145 TIC
735 AIG T/A 1028 CIT TIA
740 AIG 878 C/A 1037 CIA 1147 TIC
746  A/G 879 T/C 1038 T/C 1149  AIG
754 AIG 81 T/C 1043 T/IC 1152 CIT

4 HE CHSEERFIIZSMSR

FIRK RN 1175 bp 9 CHSJFAI A E LA 5w %
[ FF IR 2 HE  (open reading frame, ORF), 4ifid 1 %
£ 389 NSRRI Z KT 5. 336 5% CHS &
BT A HAFAE 130 AR AL AT, AT 40 102 PR
EBRF Y KA (AA-1~AA-102), 4] — 8N
99.33%. AR pgit TR 6. Hr, FAEH 3~
23 NI URBFH, WIEIERR TR AA-3; #
58 25~27 AF LRAZFH, Wi AA-5; HAEH
28. 29 AFE XFRAZTH, i AA-6, 510 32~34
HIE LRA RS, g AA-9; BEAEE 60~62 A XL
RABFFH, il AA-35; HAEH 63~68 Jy A L RAZ
FEA, gwtt AA-36; A5 92~95 A fH] L FEAR 7 4,
%% AA-60.

5 EES. RS 8HE CHSRERBEMSIF
WA R IERR T EMS L B B RYR S AN [F] H
R, ANE SRR T KRB Bk Gt TR 7 .
137 Ff CHS A Y Hh B iy 2 B 20 H 2R A7 AE
71 Ff CHS Hf58Y, FEA AR5 64 B, HEK &=
AH RSP 73 CHS Bf5 R, Hifg gl
66 Fll; mi. (K& E4IILH CHS #fEM 7 Fh, RIAL(E
A1, 6. 25, 28, 35. 51 MIFLfEAY 92, HfH & Y&
HREF P TE SRS T 178 4 CHS JE[X cDNA J¥
B, IR f e ) SRR AU LR 1, 10 J% 60 (B
H: 84, [t 4.49%), Horsfs ?&10&60?9?55@@
e A R SRR CHS MR, SRS
FE TR L e B3RS 158 4% CHS 2E A cDNA Fﬁu, tH
PR g v (1 FRLAE RR BT 92 (B H: 6 4%,

l
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Table6 Variablesitesinthe 102 CHS amino acid sequence types

Vagf\:Ie Variation Vagf\:Ie Variation Va;il?:le Variation Va;il?:le Variation Va;il?:le Variation Va;il?:le Variation Vagf\:Ie Variation
8 R-H 64 M-V 108 E-G 168 G-D 234 K-E 284 T-A 335 G-S
12 R-M 66 K-R 112 K-R 169 T-A 239 L-V 287 F-L 341 C-R
18 N-D 68 R-Q 116 E-G 170 V-A 241 W-C 292 I-T 352 K-R
19 I-T 69 Y-C 124 1-vV 175 K-R 242 T-A I-K 353 S-P
20 L-S 70 M-V 125 T-A 176 D-G 244 Q-R (B 355 Q-R
22 -V M-T 128 -V 185 R-H 245 T-A 293 SP 359 K-R
23 G-D 71 Y-H 131 T-A R-C 246 I-M 296 N-T 360 T-A
31 V-A 72 L-P 135 V-A 193 V-1 251 E-G 297 ST 361 T-A
33 Q-R 74 E-G 136 D-Vv 194 T-1 253 A-V 298 -V T-1
36 Y-D 79 E-G 144 L-P 198 F-L 254 I-T 299 F-L 362 G-S
40 Y-C 80 N-S 146 K-l 209 L-P 260 E-G 304 P-S 365 L-P
41 F-L 82 N-S 147 L-P 213 A-V 261 V-A 309 I-T 366 E-G
42 K-E 83 -V 150 L-P 215 F-L 263 L-P 311 D-G 369 V-1
46 SC 86 Y-C 154 V-E 217 D-G 264 T-P 314 E-G 371 F-S
49 K-R Y-H 155 K-E D-N 265 F-L 316 K-G 374 G-R
56 F-S 87 M-L K-R 219 A-V 271 V-A 318 A-S 382 V-A
58 R-H 88 A-T 158 M-V 223 I-T 273 G-E 319 L-S 383 V-1
59 M-T 92 D-G 159 M-V 228 P-L 276 ST 320 K-E
60 C-R 96 D-G M-T 229 -V 277 K-R 323 K-E
C-S 97 M-T 160 Y-H I-A K-E 324 M-V
61 D-G 107 K-R 166 A-V I-T 283 L-P 330 V-A
Table7 Haplotypes-quantity-source-AA sequence types-GenBank accession No. information of 137 haplotypes
Amino acid Gen Bank Amino acid Gen Bank
Haplotypes Quantity Source sequence  Quantity  accession [ Haplotypes Quantity Source sequence  Quantity  accession
type No. type No.
1 12 H3, H4, AA-1 12 KY 748116 70 1 L4 AA-38 1 K'Y 810366
L2, L3 71 3 L5 AA-39 2 K'Y 810367
2 1 H3 AA-2 1 KY 748117 72 3 H5 AA-40 3 K'Y 810368
3 4 H3 AA-3 58 KY 748118 73 1 H5 AA-41 1 K'Y 810369
4 3 H3 KY 748119 74 2 H5 AA-42 2 K'Y 810370
5 2 H3 KY 748120 75 2 H5 AA-43 2 KY 810371
6 7 H3, L2 KY 748121 76 2 L5 AA-44 1 K'Y 810372
7 1 L1 KY 748122 77 2 H4 AA-45 2 KY 810373
8 1 L1 KY 748123 78 3 H4 AA-46 3 KY 810374
9 1 L1 KY 748124 79 1 H4 AA-47 2 KY 810375
10 8 H1, H3 KY 748125 80 2 H4 AA-48 2 K'Y 810376
1 1 H1 KY 748126 81 1 H4 AA-49 1 KY 810377
12 1 H1 KY 748127 82 3 H4 AA-50 3 K'Y 810378
13 4 H1, H5 KY 748128 83 2 H4 AA-51 3 K'Y 810379
14 1 H1 KY 748129 84 1 H4 AA-52 1 K'Y 810380
15 2 H1 KY 748130 85 2 H4 AA-53 2 KY 810381
16 3 L4 KY 748131 86 1 H4 AA-54 1 K'Y 810382
17 2 L4 KY 748132 87 3 L2 AA-55 3 K'Y 810383
18 2 L4 KY 748133 88 2 L2 AA-56 2 KY 810384
19 3 L5 KY 748134 89 1 L2 AA-57 1 K'Y 810385
20 4 H5 KY 748135 90 3 L2 AA-58 3 K'Y 810386
22 2 L3 KY 748138 91 2 L2 AA-59 2 K 810387
23 3 H3 KY 748139 92 12 H2,H4, L1, AA-60 18 K 810388
24 2 H3 AA-4 2 KY 748140 L2,L3,L5
25 6 H3, H4, L3 AA-5 10 KY 748141 93 3 H4 K'Y 810389
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Continued
Amino acid Gen Bank Amino acid Gen Bank
Haplotypes Quantity Source sequence  Quantity  accession [ Haplotypes Quantity Source sequence  Quantity  accession
type No. type No.
26 1 L3 KY 748142 94 1 H2 K 810390
27 3 L2 KY 748143 95 2 H2 K'Y 810391
28 6 H3, L2, AA-6 6 K'Y 748145 96 1 L2 AA-61 1 K'Y 810392
L3, L4 97 2 L2 AA-62 2 KY 810393
29 2 H2 KY 748147 98 2 L2 AA-63 2 KY 810394
30 1 H3 AA-7 2 KY 748148 99 3 H2 AA-64 3 K'Y 810395
31 3 H3 AA-8 3 KY 748149 100 1 H2 AA-65 1 K'Y 810396
32 6 H2, H3 AA-9 10 KY 748150 101 2 H2 AA-66 2 K'Y 810397
33 2 H4 KY 748151 102 1 H2 AA-67 1 K'Y 810398
34 2 L3 KY 748152 103 2 H2 AA-68 2 KY 810399
35 7 H3, H4, L2 AA-10 6 KY 748153 104 3 H2 AA-69 3 K'Y 810400
36 2 H3 AA-11 1 KY 748154 105 3 L3 AA-70 3 K'Y 810401
37 2 H3 AA-12 3 K'Y 748155 106 3 L3 AA-71 3 K'Y 810402
38 2 H3 AA-13 2 KY 748156 107 1 L3 AA-72 1 K 810403
39 3 L1 AA-14 3 KY 748157 108 2 L3 AA-73 2 K'Y 810404
40 1 L1 AA-15 1 KY 748158 109 3 L3 AA-74 3 K 810405
41 4 L1 AA-16 4 KY 748159 110 1 L3 AA-75 1 K 810406
42 1 L1 AA-17 1 KY 748160 111 2 L3 AA-76 2 K'Y 810407
43 2 L1 AA-18 2 KY 748161 112 1 L3 AA-T7 1 KY 810408
44 3 L1 AA-19 3 KY 748162 113 3 L3 AA-78 3 K'Y 810409
45 3 L1 AA-20 3 KY 748163 114 2 L3 AA-79 2 KY 810410
46 2 L1 AA-21 2 KY 748164 115 1 L3 AA-80 1 KY810411
47 2 L1 AA-22 2 KY 748165 116 3 H2 AA-81 3 KY 810412
48 3 L1 AA-23 3 KY 810344 117 2 H4 AA-82 2 KY 810413
49 1 L1 AA-24 1 KY 810345 118 1 H4 AA-83 1 KY 810414
50 3 L1 AA-25 3 K'Y 810346 119 2 H4 AA-84 2 KY 810415
51 3 H2, L1 AA-26 3 K'Y 810347 120 2 H4 AA-85 2 K'Y 810416
52 1 L1 AA-27 1 KY 810348 121 2 H3 AA-86 2 KY 810417
53 1 H1 AA-28 1 K'Y 810349 122 2 H3 AA-87 2 K'Y 810418
54 3 H1 AA-29 3 K'Y 810350 123 1 H3 AA-88 1 KY 810419
55 3 H1 AA-30 3 KY 810351 124 3 H3 AA-89 3 K'Y 810420
56 1 H1 AA-31 1 KY 810352 125 2 H3 AA-90 2 KY 810421
57 2 H1 AA-32 2 KY 810353 126 2 L2 AA-91 2 KY 810422
58 3 H1 AA-33 3 KY 810354 127 2 L2 AA-92 2 KY 810423
59 1 H1 AA-34 1 K'Y 810355 128 3 L2 AA-93 3 KY 810424
60 8 H1, H5 AA-35 12 KY 810356 129 2 L2 AA-94 2 KY 810425
61 2 H1 KY 810357 130 3 H2 AA-95 3 K'Y 810426
62 2 H5 K'Y 810358 131 3 L3 AA-96 3 KY 810427
63 2 L4 AA-36 12 KY 810359 132 1 L3 AA-97 1 K'Y 810428
64 3 L4 K'Y 810360 133 2 L3 AA-98 2 K'Y 810429
65 1 L4 KY 810361 134 1 L3 AA-99 1 K 810430
66 2 L4 K'Y 810362 135 1 L3 AA-100 1 K'Y 810431
67 2 L4 KY 810363 136 2 L3 AA-101 2 KY 810432
68 2 L2 KY 810364 137 3 L3 AA-102 3 KY 810433
69 2 L4 AA-37 2 K'Y 810365

3.80%), HUCNFERL 1, 6. 28 41 (B H: 4%, &5 6 HEiim. K224 CHS SR R FIILEFRM S
Eb: 2.53%), oA AR 41 s EAR S 2 H R RIER 7 RIS EE, 102 Fha 55T 51 258
LSRR ERIUR B R A FLRE A ELE B3 FhEERR T A1 K
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B, FPARERT IR 45 B EEC S =4 H
FFE G TAELE 57 PhEIERR T AR, R 2R T
IRy 49 M s ARS EAIH B T 512K
A5 8 Fh, EI AA-1. AA-3. AA-5. AA-6. AA-9,
AA-10. AA-26 F1 AA-60. T = o & 4L H FRE
LT3 3] 178 5 CHS ZELMRIT Y, IR bt ey 1)
N AA-3 (B H: 36 4%, 5tk 20.22%), H kN AA-35.
AA-60 (1 H: 12 %, 5tk 6.74%), Hh AA-35 A3
il o B4 H SRR SRR CHS R FHI2EM ., 3
PR ARG 7 4 H R S e T 1 B 158 2% CHS &R
FEA, PR R 2 AA-3 (B H: 224, Lk
13.92%), HUCH AA-36 (BH: 12 %, dilk 7.59%),
U ERARS E RIS IR 5 CHS Z B IR 7 41 28
B 27 b, BT AA-35 2 T s i 2 H R A R
Hﬁmﬂﬁﬁﬁ%%@ar“ﬂ*i M AA-36 & 35 i

SRR R BB R R R AR,
lltthzﬁ P IX PSR T A AT AR =R
B B, ok TR B TR RS e A
R KA A AW R R A
7 "ES. KE2HFE CHS S EBFHILXR
AA-355 AA-36 I = REEMIEL T

X AA-35 5 AA-36 HEAT LLXT 40 i, R ILILAE 193
K55 229 R ALAEAE IV VIT 9875, N SOPMA X
AA-35 J AA-36 HEAT ek i T, 45 R anE 2 fr
i AA-35 Rt s a2 e 41.13%. 65 i
30.08%. #EKAE 17.99% K p-#1E 10.80%. AA-36 T
FIh & o-12JE 40.87%. LHLGH 29.56%. HEK G
18.77% K p-#7& 10.80%. H AA-35 [F415 AA-36
P B ) R GERANAE 193 A7 i A A7 15 TR Bh T E &
B\ 225 {7 p AL AE TR A KB S 237 A7 sUAbAE
1 o-BR e AE KB 1) 22 5, X R T 5 %2 7 —
. N H PROSITE X AA-35 & AA-36 AT 35 PE A7 A

T, 45 R 3 fias: AA-35 5 AA-36 [R5 AL S
B 164 A0 s, I PR XA AL T 156 £ f A 172 47 1] .
8 HiiE. KEEHEHFE CHS S ERFIIXR
AA-35 5 AA-36 B =R EEHILL 3T 2 4

N FH 7E 28 #04t Swiss-model [F] 5 B2 1) AA-35 5
AA-36 H) = L5 4 Fin. SAVES 5 AA-35.
AA-36 [F] AR 45 SR 1) 7l B 5 P - AA-35 =4
TR 47 G B A fod Bk Bk 50 91.52%, ERRAT 1EH A
97.900; AA-36 = 2B (¥ [X ] 1 i ik ik o
92.54%, ERRAT {# &y 97.375, ¥ 58 @M L) BA B
ISR SRR 2 [ g5 0, TR T80 #r .
Discovery Studio 2.5 &5 & i = T 25 R w1 6 Fror
gE R B IRAN AA-35 [ 229 {7 SR BRI T 45 A b s X
B, BB 5T EEHEE A BI454, 1 AA-35 (1) 193
RSt R AA-36 1 193 fr @i iR . 229 fir 77 & IR
BRI ATCR, XAl LURR 4 AA-35 Xt
IR it P B T 7K A
9 CHSRERFIIAKBBERSH

FIF MEGA 5.0 ¥ F: it CHS & IR 7 5112574 AA-
3. By AR AR E IR ST 412K T AA-35., B
PG 7 B AL SRR A 2R R 41 25 8 AA-36 5 NCBI
Kot e b H A RD () CHS R SE IR 7 4334T 2R
18 &AM T VI RBLE R WE 7 fin. BifiFssy

AA-35 AA-36
Figure4 The homology modeling results of AA-35 and AA-36
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Figure2 The secondary structure prediction results of AA-35and AA-36. A: The secondary structure prediction results of AA-35; B:
The secondary structure prediction results of AA-36; Blue: Alpha helix; Purple: Random coil; Red: Extended strand; Green: Beta sheet
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Figure3 The active site prediction results of AA-35 and AA-36
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Figure5 The verify score, Ramachandran plot and ERRAT of AA-35 and AA-36. A: The verify score of AA-35; B: The verify score
of AA-36; C: The Ramachandram plot of AA-35; D: The Ramachandram plot of AA-36; E: The ERRAT of AA-35; F: The ERRAT of
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KR, HYTRA— R, AR B Rhizobium
favelukesii 5 Zf#F % Bacuillus sporothermodurans
BTN — 3. YT, & SR Y/ 3L 6
Physcomitrella patens SRy — 3, HHEHALEEE
BRIt . S ARHEY)E Y E Cicer arietinum. K5 Glycine
max. 45 Vigna radiata 5 H#E RN, HEEG

HHREFE R RERT . HREWMHCES R R, 5
BIRANAFE N HER TR CHS 25875258

AA-3 5 B E B AR A 2 B R 7 41 25 7Y AA-36 %%
BAN—3L, H 5N &S EHRH AR5 KA
AA-35 TEH—3, XM OC R E T AR AT S
SR e 2 B LR K R AR

Wit
2015 AR EIZG ) BB AN E R B H O
PN H B >2.0%. HEF =05%, Bl =521k
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CoA, 4-coumaroyl-CoA and the tertiary structure of AA-35, AA-36.
A, B: The binding sites prediction results between malonyl-CoA
and the tertiary structure of AA-35, AA-36; C, D: The binding
sites prediction results between 4-coumaroyl-CoA and the tertiary
structure of AA-35, AA-36

66

Cicer arietinum (CAA10131)
Glycine max (AAOG67373)
Vigna radiata (AJZ72657)
Hypericum sampsonii (AFU52909)
67 — Scutellana viscidula (ACC68839)
— Pogostemon cablin (AJO353275)
Polygonum cuspidatum (ABK92282)
Dendrobium catenatum (ALET71934)
— Omithogalum saundersiae (AI'Y34670)
69 L— Secale cereale (CAAG3306)
— Ginkgo biloba (AAT68477)
98 L— Pinus strobus (CAA06077)
Physcomitrella patens (ABB84527)
— Rhizobium favelukesii (CDMS56559)
100 L— Racillus sporothermodurans (KYD09211)

74

Figure 7 NJ tree based on CHS amino acid sequences from
G. uralensis Fisch.,, G glabra L., G. inflate Bat. and 15 registered
CHS amino acid sequences in Gen Bank. Boostrap repeated
1000 times and branch values lower than 50% were hided
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SRR CLIE SCRIR U R N CHS JE[H, 3R13 7 JFi%
LL R A8 L S N A bR . Pollak 25 P9 5T R 3L,
2 CHS 18R 78 21 AR R R Ad 3 T S 8 P AR 2R,
HIE TS, w20, (e
EWMEIERW ALK, Qi PR KRG 5 k5 i
VEF T DIHER CHS R SEEATI 7T, R I 1 2
AN TR RS 15 T KR CHS 2 R 1 5% .

TEZ5 PR, CHS 5: R B 92 2 4 o T 5 B
Fk B A B3 4198 Carthamus tinctorius L.,
# % Scutellaria baicalensis Georgi®? . &k & 7 fist
Dendrobium officinal €145 25 FI A 4 ff) CHS 3 K] £ 4
R 5ERE . Liu SR ILLAEH CHS B e R
JF Arabidpsis thaliana L.HiE47id %iE, AT LS £l
BT o A A B R . Liu S B T TEE S CHSS
B, J I BN AT, RIS CHS H
LR IR AR, T ST A . Meng &0t
I~ EAYR AR, 25, b CHSERNRZE
BEAT 0 AT, KL CHS JEDIFE 1 AR B it fr o
ik i, HBEAE RS R K, v CHS
BRI RIB R K ZRREET . FEZ A
TP CHS BRI Th Rk 55 245 30k o 1) AR ELA B
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4298 S T REE R B T B e, A H AT H A T RE
B 596 Ry 2 I B SRR S BT i ik = R G AL

A SCHI T HPLC % 60 473 H B RE i o - B 4F
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CHS B[N B R G T 512K AL, JF N AEYE B2 A
JE X F A SR REEAT 7 o0 bT o R BLSE R = 2 AR
FMA IR KT AA-35 [1) 229 M ARE RN T 4551
MIX Ik, RERS 5T IEAREE A 4, TSR B R
P 1 E A LR AA-36 1] 229 fr A& N 5
JEAEE G oo, DR AR IX — A7 5 I R AR A Al g
TR P R KPR A O, (EL N R 25 s g e Lkt
AT VP o AR SCRT Ay H 8 b A 3 B 5 DR 1 22 S PR 9
RS, NHEIR DD REE IR 5 ok A AR 2 18] A+ 5%
PEBE T B, JF O H AR R R O % 47 B R
R S HE .
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