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Abstract: The main sources of natural drugs include various biological species such as plants, animals, and
microorganisms. The accurate identification of these species is the bedrock of natural drug development. We
propose a novel method of species identification in this paper: analysis of whole-genome (AGE), a molecular
diagnostic method used to identify species by finding species-specific sequences from the whole genome and
precisely recognizing the specific target sequences. We elaborate that the principle for species identification based
on AGE is that the genome sequences of diverse species must differ and divide the implementation strategy of the
method into two levels of research and application. Based on our analysis of its characteristics, the method would
have the potential advantages of reliable principle, high specificity, and wide applicability. Moreover, three crucial
concerns related to building method systems including genome acquisition, bioinformatics analysis, and database
construction, are further discussed. In summary, we offer theoretical underpinnings and methodological guidance
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for the development of bioinformatics software and commercial kits, indicating AGE has great application potential

in objects, subjects, and industries.

Key words: analysis of whole-genome; species identification; whole genome; bioinformatics analysis;

database construction
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Figure 1

Genome disclosure and genome sequencing cost survey statistics. A: According to NCBI statistics, changes in the number of

publicly available eukaryotic genomes every 5 years; B: According to NCBI statistics, changes in the total number of publicly available

eukaryotic genomes in key years; C: According to NCBI statistics, changes in human genome sequencing costs between 2001 and 2021
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Figure 2  Pattern diagram for bioinformatics analysis of the whole genome of species. Based on the subsequent assay purpose, require-

ments and genome annotation as well as sequence information of the target species and other species, analysis of whole-genome (AGE) con-

structs a fragment sequence library of the species by screening. The sequences in the target species fragment library are compared with the

fragment sequence libraries of other species, and the specific fragment sequences that exist only in the target species are retained to construct

the specific target sequence library of the target species. The species identification is based on this specific target sequence library. Genome

schematic diagram was reprinted with permission from reference’™, copyright (2022) John Wiley and Sons. Folder image: Freepik.com
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Figure 4 Eukaryotic genome size and sequencing cost statistics. A: Size statistics of eukaryotic mitochondrial genomes according to

NCBI; B: Size statistics of eukaryotic chloroplasts genomes according to NCBI; C: Size statistics of eukaryotic nuclear genomes according

to NCBI; D: Change in sequencing cost of 1 Mb genomic data from 2001 to 2021



H RIS I VAN A 8 U S T A S - 2371 -

ol ik ET 2L 570 AN A R i S5 AR IE A V- 2 A
LR e A0 75 325 A 2 A S A P F) 2B A ok ISR Y 4 R
RS T € Dy H R R AR B [ Y
B3 TR A DR o R B AR o LA R EBORE B N e K
PR PZ b7 i ) A A A A% AR R . — RBOR Ui, R
PR3 A K DA BN S8 B Bt R A i i e
6 = A L EEA YT KR P Bl P A AR R
fEH

IS 2 VA B P R A ) B RN T O Wk A
FAZ AW RR I R 2, 2 R b ik TR 2 P @) AR 4 AN
(7] S 56 3 A FE AR e 41 B0 5K, 3 HORE DR AL A P A A+
G AE R B A1, 45 B4 AN [ Se 38 HOR (9 W A
i BT A @) 1 SEI BOR 2 38, K H AR R T
1308 P BFP A AE A BT AT W R R A 08 P BOFP 97 ST v
BEAT LEXT, Ok B 0 By 5 e 0 4L R80T S S A e B
@ X P A R 57 BUAR 5 91 450 A DA K SRR BOR 79 K
BG, W HHAT AR, 13 BIRLER PP 5 LT8G 51
FIRSER A AL I 51 © R A5 7 #EAR 7 51
T L4 88 510 7 51 S8 AR LA A ) R A A
JIT A S BRI 5 B A A U] SRR TR DA K 5 4K
R BG AR AE LMl o D e 9
T BLRLAE: WRhAE R 2 R e B A P e
S B Py 51 P R S BB P B L33 51 07 51
SEIG R AT B AR I R 5 RITA SE 00 B 5 A As
BT IR RAR LR T iR R

Kol R e AR P T B0 R Kl 1R S I ST
NITREDN A2, SRS 3 #0AR 7 51 ) 075 L b vl 5, 7T fig
SRR ACAR A R AR A . B BTN 2 KT (]
LRI ST ], B PR A5 N O3 5 B RN R A B
T 5 BRI 4, B S 0 s 3000 P v S AR 1 ) B L
MR HAEF . =58 RN TR, J5A R
LR PP 9\ 2 SL45 37 A T I R AL HEAT EES 70, 1 O
R SR ARy S 1 R PR A N 5 K i 2 DA AL
SHEVIR IR D 20, s FLAL IR D IR @ AL B, 15 30
SE DA ALk 3% b B e 5 P TR 2 AR S ) 0 R s e
B v i A e B A5 21 R 22 DR 2L Ak 1y B 31 R L
X, 0 1265 5 e A1, A RRCEE B I W R R S R AR Y 8
Feo fJa i@ L IR@ OB B P A LI BRI
bR S S b P A P, B S8 B R R g . SRR
5 PR AL A TF AR 5, U 34> A ST — K

Jiv A N AT o A 2 X i iR N IR 229 B dle R, A
AN B P HE . B e B AR DR P R
W0 1k N B R A Dl 1 A A N AL T 4,
TR RAEF AL G, B AT 15 2HZHOR T S By
A5 A HERR 81 S R AR B A A 7 51 L3 1 5

VIR o RIS M R T T T 3 A 12 SI2 56 45 AR AN 3771
THERAR VLR T AR R = AV, s AR AMSEE, B Ap
SR B 25 . 8 B0 A Re SR IO A 5 2, - P G
AT () oAt TR, P PR AL (5 B B AT SRR .

CAP PG 41 4E | S5 B R CRISPR-Cas12a {E A H
JAE F BCHE e T ki 48 4 S 4, AT Bk i A (B 5P
P Wk ik NSRS, R R ME R A N P40k
WFhdi T 44 Crocus sativus, £ F — > S206 #E 7 R ik
¥ JLim s5 dF CRISPR-Cas12a £ A&, BRI A BT A5 5
CRISPR-Cas12a #7 AR I H 1) 78 20 1645 S #8655 51 %F
N F) crRNA G| 91 7 51 o o 1% UL TH A 28 91 26
VERLRE LA S 7 ik A, BRI SREUAH NAE R . P
R 4 9 2 B2 116 1 BT 6 1 IR R AT S G 5 1, DD R 4G 00 A
RS EATAA.

FH P B4 A3 T 37 5 08 75 SR [ A PR
B 73, 0] 48 2 USCHE A 43 A 256 R 2L 25 i A el A, O
T RIE M AT J5 BRS04 A o SR 78 28 1 B3 2 T ek
G FE N AT ER W AR, IR REAN I 1. $
P 26 () R g AR KRR BE b Ak 2, b P fE A (5
S AT ER AR JZ THRE TR RS 0 R [R], 97 K B 2 1
JAOREAAR, A A5 S5 A RURE ) V55 1 FH T B R RO
VAL PN

R R B TR AL I IR AE S BT b R
A, A A 7 N A . 1, ¥ 20 T AR
P o TS 2R B 92 A TR R R S B AR T A, LI
PG B ISR IR B AR 36 N SE TR, 7 1k AR Sk Fh N
2o 2 AP Al AT KR e A YR 20 R SR A R R
SRR T A, DA BEIE A 1 SO0 B AR 56 I 24 44
o A LEHLIE 2 b B HE R I AR A S LA T X G
LA AR AT mE R T, K R R &
JF FUAE B e A B, SEBRE S AR % 5
5 RBE
5.1 AGEEBABRIAMFATITH

Z WUIE 45 R B B 0 16 AL T 36 R AL AR: B2« F
— AN H AR s ER A P 3k R AR L3RS
2022 i PR AR H S ml PR S 30 oy SRR A 2 %% . 7
AR AR A, Bl D P R IR 20, SR i 5 ]
o 1M R R PR, AE W15 BRI R R0 7L & R
IR N2 JE R L5 I ) B A

1E COVID-19 % 18 B 1], 2 56 B 8 55 4% 508 et Sk
BEAZ IR U 25 AT 55, 1 i B0 el R 06 25 A% W A ) (1 % 4%
X5  H 5E B PCR UAE FE 1B BT K R . 1
58 o % 0T b B X e K R B H AN R A FE A A,
WISV 4 o 7 28 DL 8 B PCRAX AR SEHLI 2
FRIEIT S TAE. WA A TR IEHN K= A



- 2372 - 242224 Acta Pharmaceutica Sinica 2023, 58(8): 2364-2374

Species search (0)

|Enter species Latin name: Crocus sativus ” Search ‘

J

Select detection technologies (2)

(ddpcR ) [ gPCR-Tagman ][ qPCR-SYBR |

[ CRISPR-Casl2a ][ Agarose gel electrophoresis ][ DNA chips ]

[ High-throughput sequencing ][ Sanger sequencing ]E]

= |

Search results 3)

Species-specific sequence:

[TTGTGCCTACTCTCCGTGTCCTTG
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Primer:
Forward primer: ATGCGATACTTGGTGTGAAT
Reverse primer: GACGCTTCTCCAGACTACAAT
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Figure 5 Schematic diagram of users search for saffron-specific target sequences tested using CRISPR-Casl2a at the AGE database

website. The species identification is based on this specific target sequence library. Saffron-specific target sequences, crRNA and primer

sequences were reprinted with permission from reference’™®
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