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Abstract: Objective Using Astragalus membranaceus var. mongholicus as material to analyze sequence characteristics of chloroplast
genome and performe phylogenetic analysis. Methods Illumina NovaSeq sequencing platform was used to sequence the whole
chloroplast genome of A.membranaceus var. mongholicus, and completing its assembly, annotation and characterization, and constructing
a phylogenetic tree. Results The full chloroplast genome of A.membranaceus var. mongholicu was 123 349 bp in length, and its GC
content was 34.09%. Due to the deletion of the inverted repeat IR region, the Circos map showed an atypical tetrad structure, belonging to
the IRLC population. A total of 109 genes were annotated, including 76 protein-coding genes, four rRNA genes, and 29 tRNA genes. The
codon preference of the chloroplast genome of A. membranaceus var. mongholicu was weak, and it preferred to use A and U bases. A total
0f263 SSRs were detected by MISA, most of which consisted of A and T. Comparative analysis of the whole chloroplast genomes showed
that the gene region composition of the chloroplast genomes of 17 legume species was relatively little different. However, variations were
observed in coding regions such as trnF-GAA—trnT-UGU, trnfM-CUA—psbC, trnE—trnD, psbM—rpoB, ycf1 and ycf2. The phylogenetic

tree showed that the 4. membranaceus var. mongholicu was grouped with 4. gummifer and had certain genetic relationships with A.
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nakaianus and A. membranaceus. Conclusion The findings of the research provided a reference for the subsequent study on genetic

diversity of Astragalus L., the construction of DNA barcodes, and the development of molecular identification markers.

Key words: Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao; chloroplast genome; sequence alignment; IRLC;

phylogeny
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Table 1 Information of plant samples

PyFh KR GenBank B35  BEKE/bp
FERBBIRTLEE A. melilotoides Pall. NCBI NC 072247 123 729
F 1 A. membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao NCBI NC_029828 123 582
A3 A. melilotoides Pall. var. tenuis Ledeb. NCBI OP723862 123 012
FLATE 4. galactites Pall. NCBI NC 058825 126 117
REZEFEE A laxmannii Pall. NCBI NC 052923 122 844
R4y -R 35 EE A, nakaianus L. NCBI NC 028171 123 633
JEJEE B A. membranaceus (Fisch.) Bge. NCBI KX255662 123 623
INZKIEEE A. canadensis L. var. brevidens (Gandog.) Barneby NCBI NC_060799 123 013
K& 3 ES A. scaberrimus Wang et Tang ex S. B. Ho NCBI NC 058245 123 492
G A. gummifer L. NCBI NC_047251 125 425
B 3T A. complanatus R. Br I ex Bunge NCBI NC 065023 124 131
LAETE TS A. flexus Fisch. NCBI ON550404 125 082
R 1. 4. jiuquanensis S. B. Ho NCBI ON550402 118 399
HHETETEE A. lithophilus Kar. et Kir. NCBI ON550399 123 196
ERHEE A. oxyglottis Steven NCBI ON550396 123 067
B 15 Medicago sativa L. NCBI KU321683 128 574
AMCP g OR712437 123 349
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Fig. 1 Gene map of chloroplast genome in AMCP

*2 REFEE AMCPMHEFEER EHMEE
Table 2 Genes located on chloroplast genome in AMCP

LS EH T e SR AR
SEi=KIE N bk RNA rrn4.58< rrn5S< rrnl6S. rrm23S
12 RNA trn4-UGC" trnC-GCA- trnD-GUC. trnE-UUC". trnF-GAA~ trnfM-CAU. trnG-GCC.
trnG-UCC. tmH-GUG- trnl-CAU. trnl-GAU". trnK-UUU". trnL-CAA~ trnL-UAA".
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4N S AR rps2~ 1ps3~ rpsd~ rps7~ rps8« rpslls rpsl2*s rpsi4. rpsiS rpsI8< rpsi9
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A matk
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Table 3 Codon usage of AMCP

2R BT = 5] SUE S T AR ZIER  ENT HE [R SCES T4 AR
Phe uuu 2038 1.32 Ala GCA 309 1.19
uuc 1041 0.68 GCG 196 0.76
Leu UUA 1119 1.68 Tyr UAU 1510 1.44
UGG 847 1.27 UAC 580 0.56
CcuU 728 1.09 TER UAA 1075 1.29
cuc 397 0.60 UAG 678 0.82
CUA 597 0.90 UGA 738 0.89
CUG 303 0.46 His CAU 625 1.42
Tle AUU 1643 1.27 CAC 254 0.58
AUC 838 0.65 Gln CAA 837 1.46
AUA 1403 1.08 CAG 309 0.54
Met AUG 744 1.00 Asn AAU 1647 1.45
Val GUU 615 1.38 AAC 624 0.55
GUC 332 0.74 Lys AAA 1990 1.45
GUA 532 1.19 AAG 750 0.55
GUG 310 0.69 Asp GAU 795 1.43
Ser UCu 843 1.46 GAC 320 0.57
ucc 566 0.98 Glu GAA 1150 1.44
UCA 735 1.27 GAG 443 0.56
UCG 401 0.69 Cys UGU 490 1.19
AGU 552 0.96 UGC 335 0.81
AGC 367 0.64 Trp UGG 608 1.00
Pro CCU 384 1.06 Arg CGU 279 0.69
ccc 311 0.86 CGC 149 0.37
CCA 494 1.36 CGA 389 0.97
CCG 262 0.72 CGG 236 0.59
Thr ACU 537 1.18 AGA 861 2.14
ACC 413 0.91 AGG 498 1.24
ACA 569 1.25 Gly GGU 463 1.09
ACG 297 0.65 GGC 242 0.57
Ala GCU 325 1.26 GGA 604 1.43
GCC 205 0.79 GGG 384 0.91

NRIZE BRI TR R RSCU > 1.
The underlined codon indicates RSCU > 1.

RSCU

" Ala Arg Asn Asp Cys GIn Glu Gly His Ile Leu Lys Met Phe Pro Ser TER Thr Trp Tyr Val
[GCUICGU AAU GAU UGU CAA GAAGGUICAU AUU UUA AAA AUG JUUCCUIUCU UAA [ACU UGG UAU GUU
(GCAICGCIAAC GACQIUGC) CAG IGAGIGGCICACI AUC UGG BAG 0UQCCCUCAUAGACT UAGGUC

2 FEAK AMCPMRFEFRBEMNE N EBFEMRE
Fig. 2 RSCU value of chloroplast genome in AMCP
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Table 4 Overall characteristics of codon usage of 17 legume species chloroplast genomes
WyFh T3s C3s A3s G3s Nc GC3s GC
BRBR TS 0.427 7 0.212 8 0.427 8 0.233 1 54.00 0.326 0 0.3500
Fl R 0.4256 0.206 3 0.440 7 0.219 1 53.04 0.3140 0.3500
L e 0.4225 0.208 8 0.4337 0.2310 53.87 0.3220 0.3500
AHAEE 0.428 1 0.2116 0.432 6 0.229 5 53.82 0.3230 0.349 0
IR 0.428 0 0.2102 0.434 4 0.220 5 53.03 0.3180 0.3510
R 2 25 1 0.4252 0.210 1 0.437 3 0.2239 53.55 0.3190 0.3510
IR 0.4257 0.218 1 0.430 0 0.226 8 53.73 0.3270 0.3510
A 04251 0.2179 0.429 1 0.226 5 53.69 0.3270 0.3510
R 0.426 1 0.208 9 0.4332 0.228 5 53.85 0.3210 0.3500
LI 0.4200 0.217 4 0.426 2 0.2317 54.07 0.3290 0.3510
PRSI 0.420 7 0.209 1 0.4310 0.2348 53.69 0.326 0 0.3510
INE R 0.428 1 0.2109 0.4354 0.2209 53.33 0.3180 0.3500
R 0.427 4 0.2219 0.4342 0.206 2 53.09 0.3180 0.350 0
Jie P B 0.4239 0.2196 0.426 6 0.234 4 54.09 0.3320 0.3510
LS 0.4255 0.2142 0.4289 02323 54.13 0.3270 0.3540
HE 0.420 4 0.2203 0.4313 0.224 1 53.93 0.328 0 0.354 0
AMCP 0.423 8 0.2193 0.429 0 0.226 4 54.02 0.328 0 0.3510

33 HEEBEERYSSR o1

®5 KERRKMEZFEEER SSRs

R3] AMCP SSR A7 /5 263 4, fu3% Table 5 SSRs in chloroplast genome of AMCP
149 LR A F )L 90 A TR I K A B2 i

Fol. 12 SRR EL T 1A% /G 1 0.38

BT AT B ST A T 5 Joee i P

WREDRZER AT EE AT, HHA SSR fiZ AT/AT 78 29.66

" _ AAT/ATT 12 4.56

WA 56.27% (3R 5). [RIBS X 16 Fiek € )8 hid AAAC/GTTT 1 0.38

R 1 R A SRR A0 I 45 s B DR 4L S AT AMGICTTT ! 038

. N AAAT/ATTT 1.1

A/T HEETEE AN 55.11%~71.72%, Ui Bl 515 AATT/AATT 1 038

. s . s L A 3K 7 ACCT/AGGT 1 0.38

BHEM Z 8L AT EENE, DA HAMEE AGAT/ATCT 3 1.14

FH (% 6). AATAT/ATATT 1 0.38

#z 6 17 HERHEYIMRIAEELEA) SSR ELE 4R
Table 6 Comparative analysis of SSR of 17 legume species chloroplast genomes
o TR ]

W Fif B 1 > 3 7 3 o THEES AT 5%
TR B 254 140 84 14 14 1 1 A/T 55.12
FHHE 262 149 89 12 11 1 0 A/T 56.49
IR 245 142 77 10 14 1 1 A/T 57.96
AEHEE 267 158 87 10 11 1 0 A/T 58.43
R 244 144 78 7 13 2 0 A/T 58.61
FAT gl 35 267 152 86 15 12 2 0 A/T 56.55
PR 241 161 61 2 13 3 1 A/T 65.98
FHETE 254 152 82 7 11 2 0 A/T 59.45
TR 247 139 82 16 9 1 0 A/T 55.06
B 268 149 94 9 10 3 3 A/T 55.22
W SE T B 266 152 86 14 12 2 0 A/T 56.77
TiEREE 258 148 81 16 13 0 0 A/T 56.59
REH B 254 152 79 12 10 1 0 A/T 58.66
BB 265 149 90 13 12 1 0 A/T 55.85
R 243 163 73 3 3 0 1 A/T 66.26
B 244 178 52 8 4 2 0 A/T 71.72
AMCP 263 149 90 12 11 1 0 A/T 56.27
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Fig. 3 Alignment analysis of 17 legume species chloroplast genomes
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