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Tab. 1 Basic characteristics of mitogenome of Palaemonidae

Sy A HA s GenBank U5 KB /bp AT & it/%
classification status species GenBank accession no. length AT content
VB R /& Macrobrachium ~ Macrobrachium bullatum NC_027602 15774 64.58
Macrobrachium lanchesteri NC_012217 15 694 67.09
H A7 HF Macrobrachium nipponense NC_015073 15 806 66.04
% LRI Macrobrachium rosenbergii NC_006880 15772 62.27
K ITJE Palaemon 7 [ H¥F Palaemon annandal ei NC 038117 15716 64.08
Palaemon capensis NC_039373 15925 69.09
I KT Palaemon gravieri NC_029240 15 740 67.44
T DY EE IR Palaemon serenus NC_027601 15 967 58.97
it/ N K IR Palaemon sinensis NC_045090 15 955 66.61
B M T Palaemon carinicauda NC_012566 15730 63.60
Palaemon serratus NC_050266 15758 66.77
Palaemon adspersus NC_050168 15 736 66.83
D1 B2 R J@ Anchistus Anchistus australis NC_046034 15 396 68.40
55 JE Hymenocera /NHLEF Hymenocera picta NC_039631 15 786 65.68
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Fig. 1 Mitogenome map of Palaemonidae
The Palaemon include Palaemon annandalei, Palaemon capensis, Palaemon graviera, Palaemon serenus,
Palaemon sinensis, Palaemon carinicauda, Palaemon serratus, and Palaemon adspersus. The Macrobrachium include
Macrobrachium bullatum, Macrobrachium lanchesteri, Macrobrachium nipponense, and Macrobrachium rosenbergii.
Red font indicates the same order of mitochondrial genes.
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Y2 atp8 JL K (0.011), HivkJ2: nd6 Al nd3 3K (4
51127 0.010 F10.008), ViR THIFE ik SEFERIAEAEHL
SRR T ) 255, KK PRIEZZ B 02 cox1
nd4, nd5 F1 cob &K (4341 0.001, 0.001, 0.001
10.001), UEBHIXEEIL AR LR ) 22 N
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0.018
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a KEINE, Fha%5 R &K A YR (Panna), Palaemon capensis (Pcape), &[G B IR (Pgrav), 75 53555 UF (Psere), FhAg/MEE
IR (Psine), % B 11 UF (Pcari), Palaemon serratus (Pserr), Palaemon adspersus (Padsp); b: VHIFIE, Fi& 455 H:
Macrobrachium bullatum (Mbull), Macrobrachium lanchesteri (Mlanc), HA<iB¥F(Mnipp), % EKIHIF(Mrose).

Fig. 2 Selection pressure analysis of mitogenomes in the genus Palaemon and Macrobrachium
a Palaemon, species abbreviation: Palaemon annandalei (Panna), Palaemon capensis (Pcape), Palaemon graviera (Pgrav),
Palaemon serenus (Psere), Palaemon sinensis (Psine), Palaemon carinicauda (Pcari), Palaemon serratus (Pserr), Palaemon

adspersus (Padsp); b: Macrobrachium, species abbreviation: Macrobrachium bullatum (Mbull), Macrobrachium lanchesteri (Mlanc),
Macrobrachium nipponense (Mnipp), Macrobrachium rosenbergii (Mrose).
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Tab. 2 Analysisof genevariation sitesin the mitogenome of Palaemon

ES 0 HFAFR gene name
parameter atp6 atp8 cob coxl cox2 cox3 ndl nd2 nd3 nd4d nd4dL nd5 nd6 rrnL rrnS
A R 675 159 1134 1530 688 789 936 987 354 1333 300 1694 512 1269 771

total number of sites

IS RIAY 318 57 614 939 389 443

number of invariable sites

A R AR 37 102 520 591 299 346

number of variable sites

A5 SEA7 e E A 1%
ratio of variable sites

480 361 158 610 142 751 158 694 416

456 626 196 723 158 943 354 575 355

5289 64.15 4586 38.63 4346 43.85 48.72 63.42 5537 5424 5267 5567 69.14 4531 46.04

T * 2R B BN L R A

Note: * means the total number of sites does not include missing sites.
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Tab. 3 Analysisof genevariation sitesin the mitogenome of Macrobrachium

4 £ FR gene name
parameter atp6 atp8 cob coxl cox2 cox3 ndl nd2 nd3 nd4d nddk nd5 nd6 rrnk rrnS
B AR 673 159 1132 1535 684 789 939 994 3B4 1335 300 1706 515 1273 790

total number of sites

RSP 8L 456 101 816 1138 495 562

number of invariable sites

AR SR 217 58 316 397 189 227

number of variable sites

AR S 05 LGB %
ratio of variable sites

682 611 230 945 221 1162 317 935 621

257 383 124 390 79 544 198 338 169

3224 3648 2792 2586 2763 2877 2737 3853 3503 2921 2633 31.89 3845 2655 21.39

T * T B BN B v

Note: * means the total number of sites does not include missing sites.
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F K B IF J& N, Palaemon serratus 5
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PR B % K (0.3960), 75 J& (1] (14 35t 1% BE 5 34 (H Ry
0.3486([%1 3), Ja [H] 1435t 1% 25 T N st A4 B
XER LRSI E R, TN KB IRRA,
Palaemon serratus 5 Palaemon adspersus 15t {4
HH B 5% /N (0.1767), 5 IR FEHF 5 Anchistus aus-
tralis Y15t f4 1 85 i K (0.4861) . [, T 134
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Fig. 3 The genetic distance of 13 protein-coding genes in the mitogenome of Palaemonidae species
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Fig. 4 Codon usage pattern in mitochondrial genome of Palaemonidae species



858

o il K B 2

% 28 %

B TE R AR AL b, ol G B 1) 22 B R s e A
L,
26 KENMYMRZLEXR

ZN I LN G IS R iR e STt REE S R 7 - PR R )
5 15 4~Fh (0% SMEE Halocaridina rubra), 1 i3 P
T (R AR AR 1 A DL IS 32 ) vy i R 52 K
XA 5 R I R G0 R B R A A 5 4 — 3L
(11 B) o ZRGEK B 2RI H 345 2 m ME S 1
THE, BT —AH BP 4 M4 BP S 54

9o 2[R YF Palaemon annandalei
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e/ NKIEWR Palaemon sinensis
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[
Palaemon capensis

—496/1

100/1
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59 5332, R KB WA KRR, [FJEDFHES
HZETE— R sl oy — 32, KB s AR AR s ok
FIE R —A5r 3 H 2R R, /NHAER S Anchistus
australis HLAMJE B — 32 J5 R —Ah IR RE, (H15
TER Y, TEREURE K, 385 Ao IR JE
(Exopalaemon)” % [C [ & 5 5 & R R — 3,
FE A AR I I B — NS, TR R S
FI I S8 AN O 1242 R A5 1) SR G oy 25 B, TR
J&" B INAF A K E AR R ) — L& (] 5).

KEFUFE Palaemon
- B Y FEUR Palaemon serenus

KB IFR

Palaemonidae

VBT E Macrobrachium

ST

Anchistus australis I Anchistus

REFEUF Halocaridina rubra
0.2

K15 FIM ML I BI J5 i NERLAAJE R 4 13 PCGs 1A% 1 R 17 51 # £ 19 R 98 & &
4332 EEUE A A TR AU 544 (BPIPP).
Fig. 5 A phylogenetic tree constructed from the nucleotide sequence of 13 PCGs in the mitogenome using ML and Bl methods.
The values on the branches are the bootstrap probability and posterior probability (BP/PP).
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Fig. 6 Estimation of the divergence time of the species of Palaemonidae
The number represent posterior medians and 95% posterior interval value.
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Abstract: The basic characteristics of Palaeminidae mitogenomes were revealed by the comprehensive mitoge-
nome analysis of 14 Palaeminidae species. The results showed that the lengths of the 14 mitogenomes varied from
15396 bp to 15967 bp. The content of A + T ranged from 58.97% to 69.09%. Compared with the gene order of a
Decapoda ancestor, the gene arrangement order of the Macrobrachium had not changed, but the gene arrangement
order of Palaemon, Anchistus, and Hymenocera changed to varying degrees. Furthermore, gene deletion was de-
tected in the mitogenome of Anchistus. The KK ratios of 13 protein coding genes (PCGs) in Palaemon and
Macrobrachium was much lower than one, indicating strong purification. In addition, the codon usage of the 13
PCGs in Palaeminidae showed that the encoded amino acids had similar preferences. Among the two rRNA genes
and 13 PCGs identified the mitogenome, the analysis of the different sites between Palaemon and Macrobrachium
showed that the genes nd5, nd4, and nd2 were ideal molecular markers. The phylogenetic trees based on the 13
PCGs showed that Palaemon and Macrobrachium were sisters, and Anchistus and Hymenocera were gathered to-
gether into a large branch. Finally, according to the estimation results of the molecular clock, it is speculated that
Palaeminidae species may have originated in the Permian, before further differentiating into a species with modern
characteristics. This study provides a reliable molecular marker for the rapid identification of Palaeminidae spe-
cies and a theoretical basis for analyzing the genetic diversity of Palaeminidae species.
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