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Tab.1 Information of CO I genes of 90 Clupeiformes species
No. species genus GenBank .
number GenBank accession no.
Gpl (Brevoortia smithi) (Brevoortia) 2 JQ842401~2
Gp2 (Brevoortia aurea) (Brevoortia) 5 EU074368~72
Gp3 (Sardinella tawilis) (Sardinella) 3 HQ231370~2
Gp4 (Sardinella lemuru) (Sardinella) 3 EF607503~5
Gp5 (Sardinella jussieu) (Sardinella) 5 EF607506~7, HQ231360~2
Gp6 4% (Sardinella fimbriata) (Sardinella) 3 HQ231355~7
Gp7 (Sardinella gibbosa) (Sardinella) 3 JF494404~6
Gp8 (Sardinella zunasi) (Sardinella) 4 4)
Gp9 (Sardinella longiceps) (Sardinella) 3 EF609596~8
Gpl0 (Sardinella melanura) (Sardinella) 4 EU595260~2, FJ238021~2
Gpll (Sardinella albella) (Sardinella) 4 FJ237550~2, FJ237536
Gpl2 (Sardinella maderensis) (Sardinella) 1 AMOI11175
Gpl3 (Alosa alosa) (Alosa) 3 KC500190~2
Gpl4 (Alosa sapidissima) (Alosa) 3 EUS524404~6
Gpl5 (Alosa pseudoharengus) (4losa) 3 KC015141~3
Gpl6 (Alosa aestivalis) (Alosa) 2 KCO015128~9
Gpl7 (Clupea pallasii) (Clupea) 3 FJ164485~7
Gpl8 (Clupea harengus) (Clupea) 3 KC015289~91
Gpl9 (Harengula clupeola) (Harengula) 3 JQ365380~2
Gp20 (Harengula jaguana) (Harengula) 3 GU225327~9
Gp21 (Harengula humeralis) (Harengula) 3 GU225610~2
Gp22 (Harengula thrissina) (Harengula) 1 HQ010050
Gp23 (Jenkinsia lamprotaenia) (Jenkinsia) 3 JQ840886~7, JQ840120
Gp24 (Sardina pilchardus) (Sardina) 3 KC501230~2
Gp25 (Dussumieria elopsoides) (Dussumieria) 3 KC500630~2
Gp26 (Dussumieria acuta) (Dussumieria) 3 ggg}:;;é’ EU014224,
Gp27 (Sardinops melanostictus) (Sardinops) 3 JF952841~3
Gp28 (Sardinops sagax) (Sardinops) 3 FJ165126~8
Gp29 (Sprattus sprattus) (Sprattus) 3 KC501647~9
Gp30 88 (Dorosoma cepedianum) &8 (Dorosoma) 3 EU524564~6
Gp31 ¢ (Dorosoma anale) & (Dorosoma) 3 GU225595~7
Gp32 & (Dorosoma petenense) & (Dorosoma) 5 EU751801~3, EU751794~5
Gp33 & (Konosirus punctatus) &  (Konosirus) 10 (10)
Gp34 (Tenualosa toli) (Tenualosa) 3 EF609624~6
Gp35 (Opisthonema oglinum) (Opisthonema) 3 JX034010~2
Gp36 (Opisthonema medirastre) (Opisthonema) 1 HQO010075
Gp37 (Opisthonema libertate) (Opisthonema) 1 HQO010071
Gp38 8% (Nematalosa nasus) &  (Nematalosa) 3 HQ231350~2
Gp39 & (Nematalosa japonica) & (Nematalosa) 1 EF607513
Gp40 f#(Nematalosa erebi) 8 (Nematalosa) 1 EF609412
Gp4l (Etrumeus teres) (Etrumeus) 3 JF493477~9
Gp42 (Etrumeus whiteheadi) (Etrumeus) 3 JF493482~4
Gp43 (Platanichthys platana) (Platanichthys) 3 JN989136~8

( to be continued)
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( 1 Tab.l continued)

No. species genus GenBank .
number GenBank accession no.
Gp44 (Hilsa kelee) (Hilsa) 4 FJ158558~61
Gp45 (Pellonula leonensis) (Pellonula) 3 HM883007~9
Gp46 (Gilchristella aestuaria) (Gilchristella) 3 JF493527~9
Gp47 (Potamothrissa obtusirostris) (Potamothrissa) 3 HM880225~7
Gp48 (Herklotsichthys quadrimaculatus) (Herklotsichthys) 3 JF493637~9
Gp49 (Gudusia chapra) (Gudusia) 2 KC013543~4
Gp50 {8 (Anodontostoma chacunda) &  (Anodontostoma) 1 FJ347933
Gp51 (Spratelloides gracilis) (Spratelloides) 2 JF952864~5
Gp52 (Amblygaster sirm) (Amblygaster) 1 JF492824
Gp53 (Amblygaster clupeoides) (Amblygaster) 1 EF607313
Gp54 fit(Engraulis encrasicolus) fit  (Engraulis) 3 AM911180~2
Gp55 fit(Engraulis mordax) fix  (Engraulis) 3 FI164578~80
Gp56 fit(Engraulis japonicus) fit  (Engraulis) 7 (@)
Gp57 fiit(Engraulis anchoita) fit  (Engraulis) 3 EU074422~4
Gp58 fiit(Engraulis australis) fit  (Engraulis) 2 EF609349, HQ167626
Gp59 fiit(Engraulis ringens) fit  (Engraulis) 2 AM911170, HQ167627
Gp60 fit (Engraulis eurystole) fit  (Engraulis) 1 FJ918906
Gp61 fiit(Thryssa kammalensis) fi  (Thryssa) 8 ®)
Gp62 fiit(Thryssa setirostris) fi  (Thryssa) 3 EF607597~9
Gp63 fit(Thryssa hamiltonii) fit  (Thryssa) 3 EU148568~70
Gp64 fit (Thryssa vitrirostris) fit  (Thryssa) 3 JF494691~3
Gp65 fiit(Thryssa malabarica) fit  (Thryssa) 3 FI347882~4
Gp66 (Stolephorus indicus) (Stolephorus) 3 EU595317~9
Gp67 (Stolephorus holodon) (Stolephorus) 3 JF494598~600
Gp68 fiit(Anchoa lamprotaenia) fiit  (Anchoa) 3 JQ841067, JQ842365~6
Gp69 fit(Anchoa ischana) fit  (Anchoa) 4 1Q398435~8
Gp70 fit(Anchoa hepsetus) fit  (Anchoa) 3 1Q842002~4
Gp71 fit(Anchoa delicatissima) fit  (Anchoa) 2 GU440219, EU450645
Gp72 fit (Anchoa compressa) fit  (Anchoa) 2 EU450644, GU440218
Gp73 fiit(Anchoa mitchilli) fit  (Anchoa) 3 JQ842367~9
Gp74 (Coilia nasus) (Coilia) 4 4)
Gp75 (Coilia ramacarti) (Coilia) 1 JX260855
Gp76 (Setipinna taty) (Coilia) 7 (7
Gp77 (Setipinna phasa) (Setipinna) 3 EU417790~1, FJ459395
Gp78 (Setipinna tenuifilis) (Setipinna) 8 ?)
Gp79 (Anchoviella lepidentostole) (Anchoviella) 3 JQ365220~2
Gp80 fit (Encrasicholina heteroloba) fit  (Encrasicholina) 3 EU392185~7
Gp8l fiit (Lycengraulis grossidens) fiit  (Lycengraulis) 3 JX124803, EU074448~9
Gp82 fit (Cetengraulis mysticetus) fiit  (Cetengraulis) 1 JQ398441
Gp83 fiit (Anchovia macrolepidota) fit  (Anchovia) 1 1Q398447
Gp84 (Ilisha elongata) (lisha) 3 HM030778~80
Gp85 ({lisha melastoma) (lisha) 1 JQ681495
Gp86 (Pellona ditchela) (Pellona) 3 FJ347929, EF609572~3
Gp87 (Pellona harroweri) (Pellona) 3 JX124860~2
Gp88 (Odontognathus mucronatus) (Odontognathus) 3 JX124827~9
Gp89 (Chirocentrus dorab) (Chirocentrus) 4 FI347874~7
Gp90 (Chirocentrus nudus) (Chirocentrus) 4 EF607343~6
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, 90 colr ,
T: 28.3%, C: 28.3%, A: fig 4 /
24.2%, G: 19.2%, G+C (47.5%) A+T 1.3~7.0( 2), 10> , 4
(52.5%),
) 1 GC , 0.214,
57.5%(54.4%~60%); 2 GC 0.259 ,
(41.6%~43.9%); 3 GC , ,
(27.9%~63.3%)
499 117 2.3
71 46 ,87% 98% 4 41 90
3 , GC 273  COI ,
2 , 1000 ,
2.2 fit 5 :
K2Pp 4 41 90 88 (97.8%) ,
0~0.018, 0.002, ( 1 ,34 (82.9%)
Hebert ! 0.02 ; , fi
0.131, ,
41 ,  Hebert " ““10< 77 :
2 FhE/MAEEER DT 1089 #
Tab. 2 Species of which interspecific/intraspecific distance ratio is less than 10X
1( / ) 2¢( / ) /
Species | umberfamies | Speies 3 (ol ampls 0 i e TR et
(S. gibbosa)(3/0.002) (S. albella)(4/0) 0.014 7.0
4% (S. fimbriata)(3/0) (S. melanura)(4/0.003) 0.007 2.3
(S. longiceps)(3/0.002) (S. lemuru)(3/0.007) 0.015 2.1
(C. pallasii)(3/0.007) (C. harengus)(3/0.003) 0.018 2.6
(A. pseudoharengus)(3/0.003) (4. aestivalis)(2/0) 0.014 4.7
i (E. japonicus)(7/0.007) (E. australis)(2/0) 0.016 2.3
8 (D. cepedianum)(3/0.004) #%(D. anale)(3/0.001) 0.005 1.3
3 [21] ,
3.1 DNA GC ,
DNA R 3 s GC
) R (27.9%~63.3%), 2
R ) ) GC (41.6%~43.9%) 90
(20] 90 CcoI GC (47.5%)
CcolI , 3 R AT (52.5%),

1 ) [9, 11, 22]
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Gp56 Engraulis japonicus
Gp58 Engraulis australis
Gp60 Engraulis eury:
Gp54 Engraulis encra
Gp70 Anchoa hepsetus
Gp82 Cetengraulis mysticetus
Gp55 Engraulis mordax
Gp83 Anchovia macrolepidota
Gp72 Anchoa compressa
Gp68 Anchoa lamprotaenia
— Gp71 Anchoa delicatissima
I_i: Gp73 Anchoa mitchilli
Gp69 Anchoa ischana

—— Gp81 Lycengraulis grossidens
L— Gp79 Anchoviella lepidentostole
—— Gp39 Engraulis ringens
L— Gp57 Engraulis anchoita
— Gp75 Coilia ramacarti

L— Gp74 Coilia nasus

I: Gp63 Thryssa hamiltonii

Gp65 Thryssa malabarica
Gp76 Setipinna taty

Gp67 Stolephorus holodon
Gp61 Thryssa kammalensis

Gp?77 Setipinna phasa

Gp64 Thryssa vitrirostris
Gp62 Thryssa setirostris
Gp78 Setipii enuifilis

Gp88 Od
Gp87 Pellona harroweri

Gp86 Pellona ditchela
Gp85 Ilisha melastoma
Gp84 Ilisha elongata
Gp34 Tenualosa toli
—— Gp30 Anodontostoma chacunda

“— Gp49 Gudusia chapra
Gp46 Gilchristella aestuaria

Gp25 Dussumieria elopsoides
Gp26 Dussumieria acuta
GpA43 Platanichthys platana

Gp51 Spratelloides gracilis
Gp42 Etrumeus whiteheadi
Gp41 Etrumeus teres
Gp66 Stolephorus indicus
Gp52 Amblygaster sirm
Gp18 Clupea harengus

Gpl17 Clupea pallasii

Gp29 Sprattus sprattus

Gp28 Sardinops sagax

Gp27 Sardinops melanostictus
Gp24 Sardina pilchardus
—— Gp2 Brevoortia aurea

L— Gp1 Brevoortia smithi

Gpl15 Alosa pseudoharengus
Gp16 Alosa aestivalis

Gp14 Alosa sapidissima

Gpl13 Alosa alosa

Gp89 Chirocentrus dorab
Gp90 Chirocentrus nudus
Gp80 Encrasicholina heteroloba
Gp22 Harengula thrissina
Gp20 Harengula jaguana
Gp19 Harengula clupeola

Gp47 Potamothrissa obtusirostris
Gp45 Pellonula leonensis
Gp39 \ losa japoni

Fig.1

Gp40 Nematalosa erebi
Gp38 Nematalosa nasus
Gp23 Jenkinsia lamprotaenia
Gp33 Konosirus punctatus
Gp53 Amblygaster clupeoides
Gp21 Harengula humeralis
Gp4 Sardinella lemuru

Gp9 Sardinella longiceps
Gp8 Sardinella zunasi

Gp3 Sardinella tawilis

Gp6 Sardinella fimbriata
Gp10 Sardinella melanura
Gpl1 Sardinella albella

Gp7 Sardinella gibbosa

GpS5 Sardinella jussieu

Gp12 Sardinella maderensis
Gp44 Hilsa kelee

Gp35 Opisth i
4‘_: Gp36 Opisthonema medirastre

Gp37 Opisthonema libertate

—E Gp32 Dorosoma petenense

mﬂﬁmﬂlmm

/ mucronatus ]

Engraulidae

Pristigasteridae

| Clupeidae

Clupeidae

Clupeidae

Clupeidae

Chirocentrus

Gp48 Herklotsichthys quadrimaculatus

Gp30 Dorosoma cepedianum /Gp31 Dorosoma anale

1 NJ

NJ tree resulting from analysis of CO [ gene data of 90 Clupeiformes species

Clupeidae
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Species identification and phylogenetic relationships in order Clupei-
formes based on DNA barcoding
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Abstract: The order Clupeiformesis in the Class Osteichthyes, and many of these species are of significant eco-
nomic value. The mitochondrial cytochrome ¢ oxidase subunit 1 (CO I) gene sequences of seven species pertaining
to six genera in Clupeiformes collected from Chinese coastal waters were amplified using a polymerase chain re-
action technique. The homologous sequences of other species of Clupeiformes from GenBank were also included
in this study. A total of 273 single sequences from 90 species pertaining to 41 genera in Clupeiformes were bar-
coded using the CO I gene and then sequenced and compared to verify the feasibility of using DNA barcoding to
identify species. Clustal X and MEGA6.0 were used to calculate base composition, sequence substitutions, and
genetic distance. The results indicated that mean T, C, A, and G contents were 28.3%, 28.3%, 24.2%, and 19.2%,
respectively, indicating that base composition was biased.The nucleotide sequences revealed base substitutions,
including 71 conversion sites and 46 transversion sites. Most appeared on the third codon, including 62 conversion
sites and 45 transversion sites. The second codon did not have conversions or transversions. The conversion and
transversion ratio reflects evolutionary rate; if the probability of transversion is greater, the conversion and trans-
version ratio is smaller, and the evolutionary rate is faster. The evolutionary rate of the third codon was the fastest,
followed by the first codon, and the second codon was the most stable. DNA barcoding can be used to identify
species if the distance between congeners is much larger than that between conspecifics and different individuals
of the same species are clustered in the same phylogenetic tree branch. The congeneric and conspecificgenetic
distances were 0.131 and 0.003, respectively, and the congeneric distance was 41 times that of the conspecific
distance. However, some congeneric distances were too small or the conspecific distances were too large, leading
to different names for the same species and intraspecific differentiation. All conspecifics clustered together in the
phylogenetic tree, except Dorosoma cepedianum and Dorosoma anale, suggesting that these may be the same spe-
cies. The phylogenetic analysis showed that 97.8% of the fish were monophyletic. In summary, the DNA barcodes
of clupeiform fish complied with the requirements for species identification, and the neighbor-joining tree based
on the CO I gene identified species more accurately. The phylogenetic results show that the CO I gene was suitable
for clarifying primary taxa and provided some reference value for the phylogenetic relationships of senior taxa.
Key words: Clupeiformes; CO I gene; DNA barcoding; genetic distance; phylogenetic tree
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