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[ Abstract] Objective To screen the optimal DNA barcode for identifying Celosiae semen
and Celosia cristatae semen using the molecular biology identification techniques, and to establish a
rapid, accurate, and convenient approach for identifying species in the Celosia L.. Methods A total of
21 samples of Celosiae semen and Celosia cristatae semen were collected, and total DNA was extracted

from the samples. The sequences of ITS, psbA-trnH, matK, rbcLand trnL-trnF were amplified and
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sequenced, MEGA-X software was used to analyze and process the data, the Kimura-2-parameter genetic distance
was calculated, an neighbor-joining method cluster evolutionary tree was established, and the comparative analysis
was conducted. The BestMatch and BestCloseMatch was calculate based on TaxonDNA to evaluate the discriminative
ability of DNA barcodes. The ITS2 database and RNAfold database were used to predict the secondary structure of
the barcode sequence. Results The barcode ITS, matK, psbA-trnH, rbcL, and trnL-trnF sequences were successfully
amplified and had high sequencing success rates. Among them, the psbA-trnH had the most mutation sites, followed
by ITS. The psbA-trnH, ITS2 and trnL-trnF had significant barcoding gap, and psbA-trnH was the most significant
(100%). According to the phylogenetic tree, the IITS, ITS2, psbA-trnH, matK and trnL-trnF sequences could cluster
Celosiae semen and Celosia cristatae semen into a separate branch, the support rates of each branch point were
above 60%, with psbA-trnH and trnL-trnF having the highest support rate (99%). Analysis of molecular variance
results showed that the psbA-trnH had the highest population genetic differentiation index and was the most suitable
for distinguishing differences between Celosiae semen and Celosia cristatae semen. Except for matK, there were
differences in the secondary structure of psbA-trnH, ITS2 and trnL-trnF sequences between Celosiae semen and
Celosia cristatae semen. Conclusion With psbA-trnH as the main component ITS and trnL-trnF as the auxiliary

ones, accurate identification of Celosiae semen and Celosia cristatae semen can be achieved.

[Keywords] Celosiae semen; Celosia cristatae semen; DNA barcode; Species identification; Genetic

distance; Phylogenetic analysis; Secondary structure
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Table 1. Sample collection information table of Celosiae
semen and Celosia cristatae semen
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16 QXH-19 HHF A P I T
17 QXH-20 HHT TV R T RS
18 OXH-21 HHT VU R TR
19 QXH-22 AT JTHRA AT
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Table 2. DNA barcode primer and amplification program
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Table 3. Identification rate of various DNA bar species
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TS 95.00 95.00

pshA—trnH 94.73 94.73

matK 100.00 100.00
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Table 4. Sequence characteristics of six candidate barcodes in medicinal plants of Celosia L.

il ITS 1TS2 psbA—trnH matK rhell trnL—trnF
— AR (bp) 448 215 638 758 595 953
SR
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P 0.67 0.00 2.82 0.79 0.00 0.00
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G+C7ZEE (%) 55.18~56.05 56.74~55.61 24.46~2531 35.22~35.25 43.00 31.93~31.50
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Table 5. Intra—and inter—specific genetic distances of six candidate barcodes
ESIAT SRR AN K2PEE R (SFH4(H) Pl K2PHE & (SF-3591E ) Barcoding gap (% )
ITS 0.000 0~0.016 1 (0.0032) 0.002 2~0.016 1 (0.081 ) 45.00
1TS2 0.000 0~0.009 5 (0.000 1) 0.004 7~0.014 2 (0.075) 75.00
psbA—trnH 0.000 0~0.014 0 (0.0037) 0.007 9~0.026 1 (0.0198) 100.00
matK 0.000 0~0.002 8 (0.000 5 ) 0.001 4~0.004 1 (0.0019) 476
rhell 0.000 0 0.000 0 0.00
trnL—trnF 0.000 0~0.001 1 (0.000 1) 0.004 4~0.005 5 (0.004 8 ) 94.70
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Figure 2. Distribution of intra—and inter—specific genetic distances of five candidate barcodes
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Table 6. Replacement saturation test

i H ITS  ITS2 pshA-tmH matK trnF-tmL
1SS 0.004 8 0.0075 0.0148 0.002  0.0027
ISS .c 0.7234 0.748 0.7188 0.7451 0.758 1

Prob ( Two—tailed ) 0.0000 0.0000 0.0000 0.0000 0.000 0
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B3 EFITS2 (A) . ITS(B) . psbA-tmH (C) . matk (D) . trnL-trnF (E) F3l
MEERTF. BEILFEYBER
Figure 3. Construction of neighbor—joining trees of Celosiae semen and Celosia cristatae semen plants based on ITS2
ITS2(A). ITS(B). psbA-trnH(C). matK(D) and trnL-trnF (E) sequences
R7 SNERBIRIEFTISFHEDN

Table 7. Molecular variation analysis of variance of five candidate barcodes

ESIAL 75 e H H B J7 257 Jr 255y BRESR (%) P HEARSAL
ITS2 FhtE A 1 13.04 0.701 65 72.23 <0.001 0.722 34
Flrp I 38 10.249 0.269 71 27.77 <0.001
juSan 39 23.289 0.971 36 — —
ITS FIHER] 1 13.298 0.703 12 58.41 <0.001 0.584 06
FhpTa] 38 19.027 0.500 72 41.59 <0.001
it 39 32.325 1.203 84 — —
psbA—-trnH FhtE A 1 560.285 29.723 65 75.56 <0.001 0.755 59
Flrp I 36 346.136 9.614 90 24.44 <0.001
it 37 906.421 39.338 55 — —
matK FIHER] 1 12.415 0.587 03 4275 <0.001 0.427 53
FhpTa] 40 31.442 0.786 06 57.25 <0.001
B 41 43.857 1.373 09 — —
trnL—tmF FhtE A 1 52.545 2.963 99 61.85 <0.001 0.618 54
Flrp I 34 62.149 1.827 92 38.15 <0.001
juSan 35 114.694 479191 — —

X)) #Hl. WEA TP ORKFEMT, ST
WEHE X T 23880k 5 A4S, WEH T R4, W
P RNAfold 150 7 46 1 5 X% 56 A€ - psbA—trnH

matK . trnL—trnF P4 0 e 454, 45 5 UL A 5~
il 7. psbA—trmH —% ZERIH 1SR 6 IR
BEX (I, I, I, IV, V. VIX ) @4h%, %2
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SEAEIREX I, 1T, VI, matK —ZZ5 0251,
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AT
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Figure 4. Secondary structure of ITS2 sequence of

Celosiae semen and Celosia cnstatae.

HHT XTEILT

KJ571607.1
E5 B FS5BBIEFpsbA-tmHFF 5 — K4
Figure 5. Secondary structure of psbA-trnH sequence of
Celosiae semen and Celosia cnstatae.

GQ435409.1

HHT WAL T
0P289528.1 GQ434272.1

El6 FEFSBEIEFmatKFF 5l — 44
Figre 6. Secondary structure of matK sequence of
Celosiae semen and Celosia cnstatae.

GEiNS WAL T
1.7993045.1 KP318873.1

E7 S FS5BELFtinL-trFFES ZRLEH
Figure 7. Secondary structure of trnL-trnF sequence of
Celosiae semen and Celosia cristatae.
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AR H 5 AN AIEAS (ITS. pshA-tmH
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167 10 e DNA 0B, IR AE 09 21 1 BF &
W, 5 ANAIEIS Y PCR 948 s o HELAG %5 Al
JP TR, TEARMF SRR R b, FRAR Y DNA
A 51 iy ELA A S e ) 2 S AN/ N B o 7
AR5, BV EAA B3 ) Barcoding gap H BM, BCM
ORISR o Y S8 BT, [RIBPZ SR A it (T
R G0k B RERE T AT S5 XS e AE 701 HAh
RN —3. DNA KL o0 AR L 7 Bt
(A ITS ) A 2R FL B A Bt (4 matK, psbA—
trnH. rhel.. trnl—tmF ) o A% MR IL H B B ITS
JF A B ITST, 5.8S HE A 1TS2 X P 9 # 1, #%
ITS2 JP 5 B 22 (A8 v . AR5 bR 1TS 78
HAR B LR, AR SR 5 AN RIS
JETH 2 (2.68%) , YIFNEEERCEN 95%, (HH:
Barcoding gap 3.3 (45% )

L0 200 N S TR AZ R AR 1 Ak K P ] BB A7 A
E5, P RERAN T . B RS RUEY B
WEAIG YA, T2RIRTEZER | P8 BN PRSE,
P K E—3 . psbA—tmH 7 T M2 A KL psbA
Al nH FE R BRI IX (AEZRASIX ), PIBLAEAE
PSP, B Rt R Y iz R BER
[vi] 49 o ] ) o DX 04 4 88 sl DL 7 28 S i A
JF B B AR AL IX ] 296~1 120 bp,  HLE4M 45l
[ psbA—trnH 3 51 B poly A/T &5%4, Hi141% A
BERREAF RN Z N H . ABESE R H psbA—tmH 4%
TER N E A F 50 AL U I 25, Hy 1
RN 100%, WP I3 95%, 78 S b i
1 6.11%, PR AN NI Z R 100%, HA BED
Barcoding gap ( 100.00% ) , 4 Ak LR il
HAH TSR T X5y, “HRE5H FIgEX
A X

matK 5 P2 S A f 202 (RINA JEE D g 1
SFI 2 ANANE T Z BN B TIPS, R s DL g
T BEDN, HE AR AT 1TS Al rhel, 2] ", A
R 13 24 matK FE5H 758 bp, 28
AT 1.19%, PRI FEAT IR 100%, T EE i it
A T A T S5 AL FIX 43, {HIH: Barcoding
gap ( BR theL J¥ 91 ) Ak (4.76% ) , —HEEH
EoE R HIER R TS5 X8 EAE T DNA
SICAS LR FH AR A

rheL v F ISR A FE R 4 KB DX, 4t 1,5
TR AZ WM R AL / SR, FEAS [ Y
YR P LR AR, RS9, S
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Xt . PP AR KA RE,
W FhoE LA T R B0 MY ARG R rhe
JP A0 A B A I TR R, & B R T ik
100%, {HE# T 55T FA P Fh Y rhel, P
HIEI—%, [ rhel FEFIANRER] T IX 2075 4 1
LS5 T o

trnL—tenF P9 T ISR AR FE Rt PN 75 10
trnl-F JEH A RIRG X, e iE b B B8R /0N
A AL PR S . HAT tmL-tmF RIEASE
B TR S R AR DG R e ) L A
WFFE R trnL—tenF A5 %6555 48 SR R 0EA T2 591,
HY 50T 35 100%, WP s8Ik (81% )
A5 A A5 LG 0.52%, ) A A G T 3 BM
100%, BCM iy 89.47%, H. A7 & % i Barcoding
gap (94.70% ) , FITALER M PEALI ALK 7 4T 50
AT X0y, MOS8 EH . s, K
JINFITIBURE A IR A B A G DX . 2% ik, AR
L 2H 75 1 ] psbA—tenH 5T 54 g 52 51135 #y
F 5T FED], LLUITS A inL-tmF Ry %
BF3, AL PSR R 2 1 it A% 15 8 LAV f
YT M T 5T, N HE A RS
SE AR ] 3 JE A S AR5 T A W 2 K AR

S 30k
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