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Abstract: Six Thryssa species were collected from Chinese coastal waters for morphological description and
phylogenetic relationships analysis. Results indicated that the position of maxillary extend and number of
lower gill rake in the first gill rake were the main morphological characteristics for the identification of six
Thryssa species. Mitochondrial COI gene fragments were amplified and sequenced for thirty individuals of
Thryssa species. A 525 bp sequence was obtained, containing 175 variable sites, which determines 172 par-
simony informative sites, 3 singleton sites, no indels/deletions, 182 transitions, and 57 transversions. An ob-
vious anti-G biasness was noted from the base composition of A and T higher than that of G and C. Comparing
homologous sequences from GenBank with our study validates that there are variations among Thryssa species
based on the COI sequence. Moreover ten absolute groups were also identified in all sequences based on genetic
differences in amino acids and genetic distances between groups. However, this requires further investigation
to determine whether there are uncovered cryptic species. The NJ tree indicated that 7. setirostris was the first
species derived from the genus, and sequences of 7. mystax were disorderly clustered with that of 7. vitri-
rostris. The divergence date of Thryssa species presented here is early Miocene. It is suggested that more
molecular markers be needed to clarify variations in 7. mystax and T. vitrirostris in the future.
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W J& (Thryssa) 250 @ THEE H . 828}, |
Z oA T BN - CORTO A A%, 1984, 5K S,
2001; FMEERFNBRER, 2013). {E N bJE/ N
S, HAKIREER ., AR, IR E R T
0, RS REtReEN s 5 iR g & L)
NEIEF, AR R ) O R (BT T AR,
2004) . 24 NIk, COHGE A 6 JE A 24 Fl
(Whitehead et al, 1988), 7EH [E TR iE 74 14X
Hor, 43l Ns B BT, kammalensis). R i
(T. mystax)~ F:IRIKEX(T dussumieri)~ KA (T
setirostris)~ P IRIEBE(T. hamiltonii) R & W) % i (T,
vitrirostris). W7 K ¥ . (Larimichthys crocea) /)
W (L. polyactis)~ 5 1 (Trichiurus japonicus) 5154
LR TIRIIAHG IR, T 2252 AL
SN RIS T EE R S HATA R
% it JB B IR A A >, FEE NS KR
A, 1984; ki 3, 2001; FMILZRFNRE:, 2013).
v A= W 2 (58 A ORI S FE, 20005 ZF A LA,
2007). I E R4 41 5 F) H(Whitehead et al, 1988)
MARGRE(BEHSE, 2010; Lavoué et al, 2010;
Bloom & Lovejoy, 2012)%% /5 [

WAL G 53 0775, Hh BT i i g 0.2
1) 3 AR S T RE AR A AR A v ek )7 B (R
TOARAE, 1984; Gkt X, 2001; PSR FIBRE, 2013).
;b AR AR g (e 8 55 B L Y A A B i R
DR, Hrp i H 2R 406 1 R o S Ak i
T A St ek ) 5 35 S P Sy e A i R B ) A
fig, Hrp N EFEECD T 17 R AR g, BATE R
iy Ik M ) Lk M RS AP D IR i b i
H ARSI KR iR . Horh, 43U K
PRI BEFN TR Bt . Th AR HESE(2010) R FH £ r
fA&16S rRNAZEK 7 HIHR DT 1 %2 Jg 1) R gtk ok
2, WAy rh i fi A e W A it T RE N [F] — B, X —
SR AR TSI R R .

DNA 26 TG BRI F 26 KR COE A v BT 2R
NYIFPRGE S E ARIL, FE LA S L DNA R B 1A
YRl Z TA] fR) —— X N2 5% & (Hebert et al, 2003). £k
FiAR COLEE PR gk A T AR PR, M IICOLl
752 AR /N, T FR Al FICOLF 51 22 7 6. 3%, Re

X AN E P FR, FEiE R TR L K R Sk
AEWIE 5T (Hebert et al, 2003; Zhang & Hanner, 2012;
Zhang et al, 2013). 414, 1ZH A Oz N T
L% (Hebert et al, 2003; 455, 2013). Hricgfh
CHT RN &K I (Gao et al, 2011; Z=PH%E, 2014). BafF
AR IE(Chen et al, 2015; Shen et al, 2016a). A YI{F
FEf %58 (Ko et al, 2012; JHZEESE, 2015). K=
Fll(Shen et al, 2016b)%%5., 24 Ak, A& WLF|H
COZE A Fr BOWH R it Jg 0 R AT PR B A R A K
BIM . Kk, AR T E 5 A6
(0 B 28, R 2% TR0 AR ik 47 P 2R %
5, H45A GenBankHiZJE M [FHL T 224 FTHIFTE
COLEERH A HAT RA K BWETT, 2 1E H I 4%
5, RS Ja b 5t I 0 2K 1) 43 RN AL 0t 5T
SR pticHE .

1 #MR5EE

1.1 SEIGMH

T-2009-20144F ] R 4 o [5 I ifg 4% 6t ) £ 28
TER E PR RITC R G, BRIk B b 2R
T R EAHRIT TR L), HETITA AR T
PP RV R Sl A S S =
1.2 KWHE
121 EEZE

MR A T6 58 55 (1984) 41 73 S 450 7 VAR R AR 1)
PRI JE 0 AT %2 o X LA —HEAT AR
JI) 658 1R B ) £ RRN 68 2% S5 T MR HEAT U3, I
MEK(A) FEIB) kK(C). WK(D). IRE(E).
AR (F) A A7 51 (G) 56 ] s R A7 DU =, K
#0.1 mmo.
122 HFEERFE

BUEEIAHL, KDY HZADNATZEL
WA G A DNA, 4 CIRAaERH . HT4
COLF B 5 ¥ 4 (Hebert et al, 2003): FlI:
5"“TCAACCAACCACAAAGACATTGGCAC-3'; R1:
5'-TAGACTTCTGGGTGGCCAAAGAATCA-3'.
PCRX MR 825 uL (FEIE, 2013), f451.25 U
Tag DNAR G, 550 N 2H 75 244K v200 nM
f)1E S | 51 4; 200 uMAJANTP, 10 mM Tris pH 8.3,
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Table 1

Information of Thryssa samples and sequences in this study

s AHFFL This study SIRFAS
Species i TR poEe) Accession no.
Sampling sites Sampling time Number
A B i AT 2014.3 CB1-CB5 EF607590-607596, IN813096, JQ738607—738609, KF951618,
T. kammalensis ~ Jinjiang, Fujian KP260469, KP260453
Hh TR B IWARERET 2009.10 ZH1-ZH5 -
T. mystax Dongying, Shandong
 FC i IR N T 2013.5 DS1-DS5 7X983287-983289
T. dussumieri Zhangzhou, Fujian
ISHTA A RN 2013.5 CHI1-CHS EF607597-607599, EU541324, JF494684-494688
T. setirostris Quanzhou, Fujian
DR Bt BEA T 2013.11 HS1-HSS5 EF607588, EF607589, JQ681498, EU148567—148570
T. hamiltonii Jinjiang, Fujian
) s JTRABLITH 2013.3 HWI1-HWS5 JF494689-494693

T. vitrirostris Jiangmen, Guangdong

50 mM KCIFI1.5 mM MgClyo S28i2kAtA: 94°C T
AFPE3 min; 94°CAZPE4S s, 52°CIR k45 s, 72°C LEAHf
45 s, 30/MEI; 72°CIEMF10 min. PAE BT
PEXT R DLHEFRDNAYS G215 50 L3 uL PCRY # =
VAT 1% B AR E B B AU = 5 V/em), XF4F
Al 7R BE I PCR =B AT A4 R, FFRak 2B A
FHEAT XU

MR A1 505 T 25 R AR T Hh R it A ) g Bt 3
TR 425, BT ZHEE LML, RES
BRI K, AR R 1 AR B (AR
R T VL. RN LRI IR = AR A o
WA i (= Vb VS IV ) BT FEAS 1 COTEE (] Bt
AR T o W4 e o R R Z kS R T /5
BRI 5> T IBE E A K
1.3 HiENE

F A3 B R BT 51 FHIDNAStar 3446 )
Seqman B A HEAT HL XS, FEH LN LR IE. ©#
GenBank 71 6 4% fiit J& 81 25 1) B 45 COIL[F]J8 5 51l i3
TS 97 PABEE(Clupandon punctatus)F1H A fii
(Engraulis japonicus) NAMNEE, FE T K2P#H A I H
MEGA 4.0 RN R G G, Ft G 2m A
R LIRS . T HZ MR e 2R kAl
3%, TCIRH AR IR O SSHERR A IR B R, X
COIZEE A B BRI 1.2%/ B 55 HIAZH TR 73 BEE Rk
{552 R 431 SEAR (Bermingham et al, 1997).

2 &R

Xt SR B 2 ) 6 A % it Jg . 2R 1) T BT A AR 3
T E(FK2), FEAEKIEREIN61-153 mm. Bk _E

HARIEAL BAF %8 B R R SR RE S, 5 — S
(18I SRR 5 R T AR A P S 5 ) ) B AR . L
HHR R B )N BB 2 (27-31), FLUCHEEWIRE
£(20-22), Z JG 43 ANk KBS B (17-19) FRasi fi
(15-17) PIRARBRE(12-15), 1K AR B 1 BEHIEL
/0 (8-10). TG FEHE RN 8 5 n] B R IS A7 AE
—EMEEE X o T BRAE AR KA [ 1 7= AR 1)
e 5, A FRHEAL 7 VERTRE A 1) 0] B AR AE AT A
HEAL(FR2), 45 R oR, SUARELL 5 s 7] [ A7
E—ENES, NRERLTHX 0 IFomts it )E 2.
HE t, B2 R RS AR S EaE
WA H AL B RS — SRR A N EER A, AR TE SRR
AERNS A T

MR T R 501 AN [ S 3 W g B2 R R A
BTV 2K, it R BoR, FMk e~ BEHEAL
0 2N20-22, HL50)8; Haiie g T AL HE F N
15-17, $L128% . %F A A I COLFF 51 kAT Ml 7,
$R13655 bpHI H I A Bt 7543 1932 4% 35 W) A% fit
COUFAIH, RAFTAN AL AL, 7RI 751 128 2% H il
WERCOIFFIH, SRAF23AN AR, 3 (A kA
BERL . XRTE 160267 5 HEAT Fei, R IAFAE27
AR AL, ARAAFAE RN 35 58 A FE I RERR A7
A BT TR R P AT B BT B B A AT
RGKEW, FTLLE A B8 Z o A 7E R
Gupt b, RIS Py B B IR RS R S5 R (B,
T TR R A B B 00,004, W SRR T R R 22 7
K. BT LUE H COLA BN e Hs kg i A
TR i e A I

W g J& fa R AP HLELS B, FF45 A GenBank
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3 3 based on all haplotypes. Shared haplotypes are in the box.
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Table 3 Base composition and number of haplotypes of mitochondrial COI gene segment in six Thryssa species

2 Species

TIELL R Nucleotide composition (%)

LiRRRItE e

T(U) C A G Number of haplotypes
IRENEEE T kammalensis 31.6 253 255 17.5 1
PR ER T mystax 30.3 26.1 26.1 17.5 2
M EME6] T dussumieri 28.4 26.2 26.6 18.8 2
KA T setirostris 28.8 27.1 253 18.9 2
W RHERR T hamiltonii 30.3 25.1 25.0 19.6 2
WIS T, vitrirostris 30.3 26.1 26.1 17.5 3
P34 Average 29.9 26.1 25.5 18.5 -

F4 ETCOIEEFINONMEEAER, HEHERERMSLIHEELE)

Table 4 Genetic distances within and among groups, the divergence dates between ten groups based on COI gene

AL A2 A3 A4 HHES A6 AT A8 A9 10

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10
201 Group 1 0.001 2.83 2.75 13.58 15.75 15.25 15.33 15.08 13.92 14.50
Y2 Group2  0.034 0.001 4.00 14.42 15.17 14.00 14.42 15.00 15.33 15.83
ZHH#¥3 Group 3 0.033 0.048 - 13.58 14.50 14.92 16.75 16.17 14.83 15.50
204 Group 4 0.163 0.173 0.163 0.004 15.50 16.08 17.33 14.75 16.25 16.33
S Group 5 0.189 0.182 0.174 0.186 0.002 16.83 17.83 15.83 15.42 17.00
6 Group 6 0.183 0.168 0.179 0.193 0.202 0.001 12.25 15.50 15.50 16.33
YHHET Group 7 0.184 0.173 0.201 0.208 0.214 0.147 0.003 14.25 15.92 16.17
18 Group 8 0.181 0.180 0.194 0.177 0.190 0.186 0.171 0.003 17.42 16.08
4 #9 Group 9 0.167 0.184 0.178 0.195 0.185 0.186 0.191 0.209 - 13.67
ZHH£10 Group 10 0.174 0.190 0.186 0.196 0.204 0.196 0.194 0.193 0.164 0.001

IS R ERS 2k b7, 2H AL BB AR AR R T 5, AN IBHE B AE X M 2 b

The divergence dates between groups are above the diagonal, genetic distances among groups are below the diagonal, and genetic distances within

groups are on the diagonal

IR B T oM g8 R A, A SN HAEEAE
1E o HA HBEIFNHBEAZE VAT, setirostris” (KL i)
RNZLHATIRAZN, HBE6/E LT hamiltonii” (ILIK
WRER) N F 2 ATHAS K, HBETZ AT dussumieri”
(Fh IRk 2 ) R 7 A AT HE 5 I, B9 2 LACT. vitri-
rostris” (BEWIKEHEE) N4 TR . R B R IX it
JF B IBIAN ) T AT FU05 2R E L 1

FECOLE H A g i PR3 43 v Be b, K4 1
FAF A LRAR , EHTFOP R K A BRI AR, H i
1. 4. SHI6N A LAMIEE AR AR A, fEHRETHA2
AT FE e AR 92 RS FNZH R 109 A 3 AL B 3 K A=
RAR, HEE2 NG AT K AR . 7£525 bpHI H
R B, SRR R IR IR 175, &R & R IR AN
N3, AR QM) SHRET 1M R
T2 T A 1R T AR AR A, HR
ST ARAS I 3R 5

BT KOPAX R e A 5 4 B 28 43 ) v B 10 4
TN S AH B TR 15 A% PR 25 (R 4) o 22 HH v Ak fid
IS W) g gV AL, LA PN IR IEE A PR S 40,001,

B SRAR T b 8] 1) 22 5K o BRELBE240, S LHBEN 1
AL BE B VG N0-0.004, FFE RN 2 FKE; &4
ToF 5] 384 R 5 090.033-0.214, B Sl — e Fh
) () 22 5 7K F o (RIS O DA HE P ) s A B 2 1 e /)
B 5 P 353 4% R S 1) e KABL TG A LR, ) igd A%
PR B S b A A R B, RN R AR 9N L
A RER A FIIYF

FERATT LA H, & 4L (] (1) 43 A B ) 3 Rl 7
2.75-17.83 F JI4EHT, H B IAA R Z (811 7
AT B) e, R AETE BBt g i, ARSI RET 2
[ AL Tl ke, R AR TE HRoRT L

3 g
bk A

W g 0 SR SNBSS AR, 258 2 A
FIESER, W UUE AR R S8 3 2 R Ak
LA AR IS L B AN S — A N A R . T
EHSH N BUR E MR, FEah S EEE ST
—EMHAN. B, A REEREEE RN
DNAZE A EARRI B S BEAT W 25 o AHE TTAE 2L
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Fig. 2 Phylogenetic tree of Thryssa species based on neighbor-joining method
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TGS REATE FIDNA % A5 H A G 32 E Vg 4 A7 1
P J 1 JEREAT E I I FI I, 45 5 GenBank (¥ AH
RIFEF ST RGURL B WETT, X H b A iR e
FIHEAT T A Ik

FERRHE AL T T, MR R B R A+T & &
T GHCHE B (ER3), X IR EilEKEL

A+TE 5 = B34 (Ward et al, 2005). 1E 751138 7
J7 T, Hebert55(2003)IANFECOLZE R Fr By b, Fh
75— AR T 1%, /08 2%,; 1 ) 2= 5 0
KT2%. BRELFF25E, FlROALHAFAILH A AL (7] 22
FACE TG BB KE(FR4), BRIANHBES A
5] (A R Fh,  ELRR R]E AL 2340 B R (1E12), i a) st
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5 BE B F- 38 BH Sk i T b A AR B B S I, BEA
P ] 5 P 382 BE B <1057 U (Ward et al,
2005).

MRGKEM ERTLUE H, JREgit, sk
i R A A B AR g . Ak PR B AP IR B 73
BN — 3, I B Fh ) 2 5 KF, MR SN AR
[) PRI A B S (R R T R SRR (R 4) . Hh iR
3. AR5 (F IR R8I 5E AT, setirostris™ (KAl
W) N A HEATIR A, W LAE A R34 0] BA
JE T KR g, HBE6E LT hamiltonii?” (P IKRAZ i)
R ATHRAS, WRAET B SR i (H R
10); HBERLL“T. vitirostris” (W) A== 24 AT
A, R T B s bt o 73 0 203 4.
6 191 /7 ¥ £ GenBank N # #7Blast, KK A HZ
VLECH P4 o HH T AR R £ S G 40 Fh S8 I COLEE [A]
FPA AR ARIE, HICSRBRFE S, PR Te kA A
ZAN AR R T CRIE T AR R R A R T AIME B
P, IR E T 2B . BT LT dus-
sumier?” (A IR i) N 2 AT 928, B BAFT A
DAL PR SR (ZHAES), E T b I 5 By E A it
(Thryssa malabarica)P)JFFIFICHED, BT ARIFEE]
Lhhr R R IIAR AR, [EIREAS i ) iy LA 1 12k

RGKE WG BN KA i 8 T 5 e L
fh, X2 REHEFM16S rRNAKL K 75
TS RA—H(LEFHLE, 2010). FEELE S V)
W — 38 T ISR 2% 0k R filn, KRk it 15 2 A 3 A
HEFAT YIHIRM, FE ML DORR R ZHAF6.
HEFTAHBOH N . HIX—45 R 5L FaiE
A BN SR AR R AR AG R R T A5 73 2R 45 R (S B L 4%,
2010) A — 2y, 18 B AP £ IR 1 IR B 7] e 5 A i
JaE 0 225 ] () AR v ) R R A S (S R AR,
2010; Kriick et al, 2013),

T FHEH2E(2010)3E T 16S rRNAFE B 7 A5 1 4%
fit JeB, £81 24 (1) F8 Gk A IS UL v B it AR B WA it
2 AR, WATTRENIE —Fh. AR 51245 R
FHRALL, rhaibe R A s Wb i R 2R 3 ke, H =&
V) PRI A B 2 B ARG T ] 22 e (1) — FRem vt o ARARA
H 1 0 [5) B 7E 5 )8 (Sillago) #1235 " B, Sillago
analisF1S. ciliatafEANTIEA EAEF AL, 3255
FREAAE—ENES, BRI HCOZER B AR
¥ =3 X JF, P E] 38 A% PR B AN 0.12%, 1 [F]
K 2 R AR DNA R AZ J DK 43~ 1 i il Dy 4 [X 43

TR A e 10 2K, ISR A B0 245 SR (Krick
etal, 2013). FHIILTT WL, ASAE AT S HoRE Hh Ak B2 3
Wyt S A0 5] — P Ah sy A A, s Eas & 2 0y
FARC (A% 5 B 73 FARIE RAG2 55 ) % #1170 2K
A BE— 25 (R o 1777 Hh RIURS S 0 B W) 2 )
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