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Abstract: Chalcone synthase (CHS) is the rate-limiting enzyme involved in the biosynthetic pathway of flavo-
noids in Glycyrrhiza uralensis. It plays an important role in the regulation and control of flavonoids biosynthesis.
In this study, X-ray irradiated G. uralensis samples with high or low content of flavonoids were studied. The CHS
gene polymorphism in these samples were analyzed, the specific haplotypes were identified, and CHS function was
parsed. 109 CHS ¢cDNA sequences with a length of 1 170 bp were cloned, 220 variable sites (116 missense muta-
tion sites) were found and 85 haplotypes were identified, which encoded 65 amino acid sequences with 96 variable
sites. aa-20 and aa-45 were the most common amino acid sequences in samples with high flavonoid content, while
aa-11 was the most sequence in samples with low flavonoid content. Molecular docking results showed that the
mutation sites at 383 in aa-20 and 229 in aa-45 were related to substrate binding, while the mutation sites at 383 and
229 in aa-11 were not involved. Therefore, we speculate that the two mutation sites have significant influence on
the function of CHS. We analyzed a large number of CHS ¢cDNA sequences and identified the important functional
sites, which will provide a basis for further functional studies. This paper will provide ideas for further research of

the molecular regulation of the flavonoid biosynthetic pathway in G. uralensis.
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Figure 1 Biosynthetic pathway of liquiritin. ACC: Acetyl-CoA carboxylase; CHS: Chalcone synthase; CHR: Chalcone reductase; CHI:

Chalcone isomerase; GT: Glycosyltransferase
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Figure 3 Clusters of 85 CHS cDNA sequences cloned from 6
G. uralensis samples. Red: X-ray irradiated samples; Green: Black

control samples
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Table 2 GenBank accession number of 85 haplotypes and 65 amino acid sequences cloned from the 6 G. uralensis samples. Notes: Haplo-

types marked by red only present in X-ray irradiated group

Amino acid Freq‘uency- of GenBank Amino acid Freq‘uency- of GenBank
Frequency of amino acid . Frequency of amino acid .
Haplotypes sequences accession | Haplotypes sequences accession
haplotypes/% sequence haplotypes/% sequence
types No. types No.
types/% types/%

1 1.79 aa-1 1.79 MF979309 44 1.79 aa-26 1.79 MF979333

2 1.79 aa-2 1.79 MF979310 45 1.79 aa-27 1.79 MF979334

3 1.79 aa-3 1.79 MF979311 46 1.79 aa-28 1.79 MF979335

4 1.79 aa-4 1.79 MF979312 47 3.57 aa-29 3.57 MF979336

5 1.79 aa-5 1.79 MF979313 48 1.79 aa-30 1.79 MF979338

6 1.79 aa-6 1.79 MF979314 49 1.79 aa-31 1.79 MF979339

7 1.79 aa-7 1.79 MF979315 50 1.79 aa-32 1.79 MF979340

8 1.79 aa-8 1.79 MF979316 51 1.79 aa-33 1.79 MF979341

9 1.79 aa-9 1.79 MF979317 52 1.79 aa-34 1.79 MF979343
10 1.79 aa-10 1.79 MF979318 53 1.79 aa-35 1.79 MF979345
11 1.79 aa-11 16.08 MF979319 54 1.79 aa-36 1.79 MF979346
12 10.71 KY748116 55 1.79 aa-37 1.79 MF979347
13 1.79 MF979342 56 1.79 aa-38 1.79 MF979348
14 1.79 MF979344 57 1.79 aa-39 1.79 MF979349
15 1.79 aa-12 1.79 MF979320 58 1.79 aa-40 1.79 MF979350
16 1.79 aa-13 1.79 MF979321 59 1.79 aa-41 1.79 MF979351
17 1.79 aa-14 1.79 MF979322 60 1.79 aa-42 1.79 MF979352
18 1.79 aa-15 1.79 MF979323 61 1.79 aa-43 1.79 MF979353
19 1.79 aa-16 1.79 MF979324 62 1.89 aa-44 1.89 MF979354
20 1.79 aa-17 1.79 MF979325 63 9.43 aa-45 16.98 MF979356
21 1.79 aa-18 1.79 MF979326 64 5.66 MF979381
22 1.79 aa-19 3.58 KY810388 65 1.89 MF979382
23 1.79 MF979329 66 1.89 aa-46 1.89 MF979358
24 1.89 aa-20 43.40 MF979327 67 1.89 aa-47 1.89 MF979359
25 1.89 MF979355 68 1.89 aa-48 1.89 MF979360
26 1.89 MF979357 69 1.89 aa-49 1.89 MF979361
27 5.66 KY748118 70 1.89 aa-50 1.89 MF979362
28 15.09 KY748125 71 1.89 aa-51 1.89 MF979364
29 1.89 MF979363 72 1.89 aa-52 1.89 MF979365
30 1.89 MF979367 73 1.89 aa-53 1.89 MF979366
31 1.89 MF979373 74 1.89 aa-54 1.89 MF979368
32 1.89 MF979376 75 1.89 aa-55 1.89 MF979369
33 1.89 MF979378 76 1.89 aa-56 1.89 MF979370
34 1.89 MF979384 77 1.89 aa-57 1.89 MF979371
35 1.89 MF979386 78 3.77 aa-58 3.77 MF979372
36 1.89 MF979387 79 1.89 aa-59 1.89 MF979374
37 1.89 MF979388 80 1.89 aa-60 1.89 MF979375
38 1.79 aa-21 3.57 KY748156 81 1.89 aa-61 1.89 MF979377
39 1.79 MF979337 82 1.89 aa-62 1.89 MF979379
40 1.79 aa-22 1.79 MF979328 83 1.89 aa-63 1.89 MF979380
41 1.79 aa-23 1.79 MF979330 84 1.89 aa-64 1.89 MF979383
42 1.79 aa-24 1.79 MF979331 85 1.89 aa-65 1.89 MF979385
43 3.57 aa-25 3.57 MF979332

Figure 4 The homology modeling results of aa-11, aa-20 and aa-45. a: aa-11; b: aa-20; c: aa-45
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Table 3  Variable sites of the 85 CHS haplotypes. Notes: "0" refers to synonymous mutation, "1" refers to missense mutation, mutation sites

marked by red only present in X-ray irradiated group

Variable L. Variable . Variable L. Variable . Variable oy
. Variation Types . Variation Types . Variation Types . Variation Types . Variation Types
sites sites sites sites sites
26 C/T 0 221 A/G 0 474 A/G 1 694 A/T 1 956 T/C 0
35 A/G 0 223 A/G 1 475 T/C 1 A/G 1 958 T/C 1
42 G/A 1 231 T/C 0 477 A/G 1 703 A/G 1 962 G/A 0
45 G/A 1 240 A/G 1 481 A/G 1 707 T/C 0 967 A/G 1
48 C/T 1 242 T/C 0 484 A/G 1 717 T/C 0 969 A/T 1
50 T/G 0 245 T/C 0 485 A/G 0 T/G 1 970 A/G 1
58 T/C 1 246 A/G 1 487 A/G 1 728 T/G 0 973 T/C 1
62 G/A 0 254 T/C 0 494 C/T 0 740 A/G 1 994 T/C 1
68 T/C 0 255 G/A 1 500 A/G 0 748 A/G 1 998 T/C 0
70 G/A 1 260 T/C 0 501 G/T 1 752 T/C 0 1003 A/G 1
71 C/T 0 261 A/G 1 507 A/G 1 759 G/A 1 1006 G/A 1
80 C/T 0 266 G/A 0 514 T/C 1 760 C/T 1 1010 T/C 0
83 A/G 0 269 T/C 0 520 T/C 1 767 T/C 0 1022 A/T 0
87 A/G 1 270 T/C 1 532 T/C 1 770 T/C 0 1027 T/C 1
88 A/G 1 272 T/C 0 536 G/A 0 776 T/G 0 1028 C/T 0
89 C/T 0 271 A/G 1 541 A/G 1 782 A/G 0 1029 C/T 0
90 T/C 1 278 C/T 0 542 C/T 0 796 T/C 1 1038 T/C 0
94 T/C 1 282 A/G 1 543 A/G 0 797 T/C 0 1042 A/G 1
100 A/G 1 286 A/G 1 555 C/T 1 800 T/C 0 1046 G/A 0
101 G/A 0 296 G/C 0 557 T/C 0 802 T/C 1 1047 A/G 1
105 A/G 1 299 C/T 0 565 T/C 1 803 T/C 0 1048 T/C 1
109 A/G 1 312 A/G 1 579 G/A 1 812 T/C 0 1058 A/G 0
118 T/C 1 319 G/A 1 580 T/C 1 824 T/A 0 1061 A/G 0
121 A/G 1 332 A/G 0 596 C/T 0 835 A/G 1 1063 C/T 1
126 A/G 0 336 A/G 1 599 T/C 0 837 A/G 1 1067 A/G 0
137 T/C 0 338 A/G 0 606 A/G 1 838 T/C 1 1070 T/C 0
145 A/C 0 345 A/G 1 608 T/A 0 839 T/C 0 1073 A/G 0
156 C/T 1 352 G/A 1 618 C/T 0 842 T/C 0 1075 T/C 1
160 A/G 1 359 A/G 0 620 G/A 0 850 T/C 1 1080 A/G 1
174 C/T 1 368 G/A 0 623 T/C 0 855 G/A 1 1094 G/A 0
177 A/G 1 373 T/C 1 628 T/C 1 856 A/G 1 1097 T/C 0
178 T/C 1 386 C/T 0 631 T/C 1 866 A/G 0 1107 G/T 1
180 T/C 1 390 T/C 1 638 A/G 0 867 C/IT 1 1109 G/A 0
182 T/C 0 396 A/G 1 641 A/G 0 872 A/G 0 1121 T/C 0
185 T/C 0 398 T/C 0 642 T/C 0 874 G/A 1 1124 A/G 0
189 T/C 1 401 T/C 0 647 T/C 0 878 C/A 0 1127 T/G 0
191 T/C 0 404 T/A 0 665 A/G 0 886 A/G 1 1145 T/A 0
195 A/G 1 411 A/G 1 673 T/C 1 888 A/G 1 1149 A/G 1
201 AT 1 419 C/T 0 678 T/C 1 895 T/C 1 1152 C/T 0
202 A/G 1 431 G/A 0 680 T/C 0 917 T/C 0 1162 T/~ 1
204 C/A 1 452 T/C 0 686 A/G 0 923 G/A 0 1167 A/~ 1
208 A/G 1 455 C/T 0 687 A/G 1 G/T 0 1168 T/A 1
AT 1 463 T/C 1 688 T/C 1 931 T/C 1 1169 A/T 1
209 T/C 0 465 A/G 1 692 T/A 0 949 A/G 1 1170 T/~ 1
216 C/A 1 473 T/C 0 T/C 0 952 T/C 1 1175 G/A 1
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MK B2 CHS SRR 7 4148 5 A7 5070 #r &5 JR — 3,
B DR T 229383 i f AL AR S 5 R AR R K
.
6 itig

B AR IR B B 2R A A R I 300 R R, ZEEE

B, BF 3 A T A 24 BHE 1 T T, TR G AR AR i
B IRE TR ED o ASCAUH BE F 2R AV A
BARN B CHS N 700 B, SR 3L DR 22 25 14 56 3
i R4 S R R R AR F

CHS J& T 2 F P 500, 48Kk, Bk £ ) CHS
£ K MK 5 (Glycine max)®, Z ¥ (Morus atropur-
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Table 4 Variable sites in the 65 CHS amino acid sequences. Notes: Mutation sites marked by red only present in X-ray irradiated group

Variable sites Types Mutation number| Variable sites Types Mutation number| Variable sites Types Mutation number
14 E-K 1 104 R-G 1 249 D-G 1
15 G-S 1 106 G-E 1 253 A-T 1
19 I-T 1 112 K-E 1 A-V 1
23 G-D 1 115 K-E 1 265 F-S 1
29 N-D 1 130 C-R 1 267 L-P 1

N-S 1 132 T-A 1 278 N-S 1
30 C-R 1 137 M-V 2 279 I-T 1
31 V-A 1 154 V-A 1 I-v 1
33 Q-R 1 155 K-E 3 283 L-p 1
35 T-A 1 158 M-T 1 285 E-G 1
36 Y-C 1 M-V 3 E-K 1
39 F-S 1 159 M-V 1 289 P-S 1
40 Y-C 1 160 Y-C 1 291 G-D 1
42 K-E 1 161 Q-R 1 295 Y-C 1
48 H-P 1 162 Q-R 1 296 N-D 2
52 L-F 1 167 G-C 1 298 I-T 1
53 K-R 1 169 T-A 2 310 L-p 1
58 R-C 1 171 L-P 1 316 K-R 2
59 M-T 3 173 L-S 2 317 L-S 2

M-V 1 180 N-S 1 319 L-S 1
60 C-R 1 181 N-D 1 322 E-G 1
63 S-p 1 185 R-C 1 323 K-R 1
65 -V 1 188 V-A 1 324 M-T 1
67 K-R 1 193 V-1 13 331 L-p 1
69 Y-C 2 202 T-A 1 335 G-D 1

Y-F 1 209 L-P 1 342 V-A 1
72 L-I 1 210 V-A 1 347 D-G 2
74 E-G 1 224 V-A 1 349 M-T 1
80 N-D 1 226 S-P 1 M-V 1
82 N-D 1 229 I-T 2 354 A-V 1
85 A-T 1 -V 14 358 L-p 1
87 M-V 1 231 E-G 1 360 T-A 4
90 S-P 2 E-V 1 369 V-L 1
92 D-G 1 234 K-R 1 383 -V 34
94 R-G 1 239 L-v 1
95 Q-R 1 246 I-M 1

Figure 5 Binding sites prediction between coumaryl-CoA and aa-20 (a), and malonyl-CoA and aa-45 (b)

purea)?. LK (Zea mays)?I SR, t— P EF
T CHS XK FE . CHS M T)fe 2 M, fEHE Y B R DT
F RO B e P HR BT R BN AR PR T TH R 15 AR
FH o AU ZH 1 BRI 50 R I 3R I8 CHS B8 A () T 5L
B B 2540 & P AR B K1 B 3 4 =), GiE B
CHS s H H 3 B 540 & W0 i A=W & B R A 3 211

AR o SR, CHSAEH B LA $5 NI A7 AE,
1% H Dy R fe A 1 2 AR, ANAT BT CHS D fig 1 )
B, HrE N FARidis H T HEMATIES .

U A LAt 2 3 B X CHS 2R % R 2 & 1
(single nucleotide polymorphism, SNP) 47 T I 58
Ghosh 5B #r 1 AN [6] 5 B 22 (Zingiber officinale) 1]
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CHS HEF A LTI 2 50, RIMEAER TS
142 7 5 F1 336 7 s RAEXT CHS DhREse i K. AR
AR BRE K CHS B H 2 ST T
A3 HTRY, I CHS 2218 17 51) 229 07 #1748 S5 4 2 1
HET W EY G . FBCT H AR DR AR B 1
AT HARIE 9, 76 AW 5% o SR A X5 2 4 R A B H B 1,
ARG — SN SEIR A R, X R R i T H B
[RIAS S AR, 28 7 CHS JER 2 eI, #8 3L Ak E
e 1 W e A B 3L 85 Fh CHS B A5 Y, NE
B IR TR o g — 5 O g R A R A R
T CHS B B R & TR 7 91, HF o Hr FTh e, IR ANF2
PV, Ao ARYE R Y 5148 S A7 i BT, A
193.229.383 fi ;i I R AE 22 %20 CHS [ T Re, i — P
I FH 2 B AR R IR R R R T 51 2K A aa-20.
aa-45.aa-11 HEAT 45 G A0 SO0 43 B, R DL B I v 4 =
/H aa-20 1) 383 177 1 F aa-45 ] 229 {7 55 ) 5 IR M 45 &
A e, T B REAR & B 4 aa- 11 9 229 o7 545 1 383 i £y
AAENL a5 BN, SIRWEE G Tk . NG E B B
229 fif S 98 2% CHS T RE = 2E KRS 2 41, 383
P75 28 S A RE 2 52 CHS I ThRE . AW 7 N
HCHSFER M Ih R 2 e T SEAth, 0oy HAth 25 - Th
RESE R 2 A MEAFF FE 3R 448 7 K .

e B XUBUR 4 B B B T A e
SCEAE; HAYUERE T AR S ERE—RTERSER; B
MWK B W 2 5 7 9250 H R 71 .
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