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LLI PG 25 b R b DX A = B K BH £8 09 B 455 S
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W ¥, 4 B, EE, BEREE, Xl FRES, X OH, K O
LR LK FHHAFFRE, LE FF 030600

FE. [ BRI ARILTE PR KA THF S . [ 7795 ] 6 R4 20 K B i TR A=)
U ITTE 2 ML BENLAS TR 5 FEORFAAE TR 2 DNA $2HR PCR 734 CO 1 ZEPIFN Cyeb FEH
FEMF, AR Kimura 2-parameter model XU EURIT A G P 51 1544 15 25, K B 45 77 900 6 FH 4R 363 L
KAUSRIEFN DL A R R G R B, TR, (R ] ZAEE S RHA 2, col BEFF
FUTHIKE Sy 642 bp, A+T T i (51.37% ) Ws i T G+C V-5 (48.61% ) 5 Cyeb SE I FF 7P ¥ K i *ﬁ(“js*f;*;)“
819 bp, A+T 3 E 8 (52.54%) mi T G+C P (47.46%) . WWECKHAMM)E 2 R )F5], &8 CO
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Morphological and DNA molecular identification of the invasive
species green sunfish ( Lepomis cyanellus Rafinesque)
in central Shanxi Province, China

HAO Ling, JIN Ke, YANG Huixuan, XING Xiaona, LIU Shaozhen,
WANG Xianzong, LIU Qing, SONG Jing "
College of Animal Science, Shanxi Agricultural University, Jinzhong, Shanxi 030600, China

Abstract; [ Aim] The aim of this study was to identify the species of sunfish that invaded the waters of central Shanxi Province.
[ Method] The captured sunfish were identified morphologically on a preliminary basis, and six of them were selected randomly for
DNA extraction, amplification of mitochondrial cytochrome C oxidase 1 (CO I ) and cytochrome b ( Cyth) genes by polymerase
chain reaction and sequencing. The genetic distance of the sample sequences was calculated according to the Kimura 2-parameter
model, and the resulting sequences were used to construct a phylogenetic tree using the neighbor-joining (NJ) , maximum likelihood
(ML), and Bayesian inference ( BI) methods for clustering analysis. [ Result] The results showed that the fish were morphologically
consistent with the green sunfish ( Lepomis cyanellus). The average length of the CO I gene sequences was 642 bp, and the average
content of A+T (51.37%) was slightly greater than that of G+C (48.61% ). The average length of the Cytb gene sequences was 819
bp, and the average content of A+T (52.54% ) was greater than that of G+C (47.46% ). The differences between the average inter-
and intra-specific genetic distances of Cytb and CO 1 gene were 11.58 and 9.94, respectively. The measured gene sequences had the
most closely related genetic similarities and distances to known green sunfish genes. Phylogenetic analysis showed that the 12 sunfish
formed an independent clade based on CO I and Cyth gene sequences. The sample gene sequences clustered with green sunfish and

were significantly different from those of the other closely related species. [ Conclusion] The fish that invaded the waters of central
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Shanxi Province were green sunfish. The use of CO I and Cytb genes could effectively identify morphologically similar invasive spe-

cies. The results provide an early warning for aquatic biodiversity protection in Central Shanxi and a scientific basis for the prevention

and control of invasive fish.

Key words: Lepomis; morphology; cytochrome C oxidase I; cytochrome b; species identification

1R AR IG5 2 BR 4 — IR i BERRE H
%t S (BRI, 2016) |, 50 2 THE 545 b K 2 80
IKIAEBRG, AU YA S R A+ 3 028
BORRYfa 3 M, 30X 2855 3 AN /N Sl B0y
D Z2REPE T BRI K 4 |+ 35 S 1 LR A7 R BT o
O HF AR B L 2R AR REEH
P B A% %5 ( Gherardi, 2007; Poulin et al., 2011)
2022 4F 6 A AR LE LG 7R3 /K BRI T —
Fh = F 5 U 48 68 £ 20 Actinopterygii A FH )&
Lepomis R AR iz a4 BB 035 | W8 1R
BeE B F TR S H Oy 8] — R, KPH £
J&FJE 6 H Perciformes K FHfAFl Centrarchidae,
HTFHA 13 B PHAA (Edw, 1869) . 1% )8 k/NE
i, RRHER] SR B M A A g R A
EAATEALHR B O, A ] AT 3 SR %4 28 (Flamio et
al. ,2022)

XTI AT A S S T SR AR S ST AR
S A R 5T B R R4 ) BR A (2R BILAE 2021
Elyasigorji et al. ,2023) , H 1990 4F & [H J3 gl J& A
HIRILUR b S e Ik KA T B2 Sk )
#EAKF R TR RS, R EEROR K
JeZA T Z M5k, Rl e Ak T L o A2 H
THRALE A R Ba 85 KA A RIE S
DL 2 10 H AR (R B ME 4%, 2023 ; Abdullah e al.
2020; Afzal et al. ,2019; Shafait et al. ,2016) , XL&
D5 AR TT DUBCHER 48 58 02 (B — & 1Y R BR
P AUSEERAERE P 2 2% (Ul I (] 38 K B s A B D
AA B8 AL R WAL o LA X 7045 T4

T A DR AR 16 B RS AR AR i R S5 A
M) 32 H T YR 2% 5 (Teletchea,2009) , {H 54 2
HR ) S R 91 9N R T 25 T A P el

LR DNA ZFA TR S e S RS R T 54T
IR e N (R = & S 2SI R Ui )
(Elyasigorji et al.,2023), Hr CO 1  Cyb FHJ2
ARG HTE FHARCEERE , CO T /& miDNA 4
MR R AL, BT 25 M faf 2, B W Fh e S
SR Y FL A AR ST ME L e A FE A, — B DNA
FIAH TR Z Y (Bucklin et al. ,2021; Herczeg
et al.,2023) . Cytb 7E miDNA f JE{k 3R ) 3E
B IRV I G Tl ] R PN 38245 20 AR B (S AR R A%
2009; Elyasigorji et al. 2023) , it , REF5ERTIE
AR LR CO T AN Cyeb JER, XF 1LY AR
HRAKIR A KPR A TRl 450 B R G R
AR IRBEKIHAENRGE LT LR, N LHFFIZKR
FH 0 T S 2 A S e a5 21, L SR A% K BH
AR I P K Y 18 T SR SR AR A XA HERT iR
KM B A EEE L,
1 #MR5R%®
1.1 iR

2023 4T 1L P PR 13- [ 529 1 2 el /N B
KR AR Z A B St 33 B 31 IR0 % 5 1% 1A s
RIS E TR SR, ML S 2,310 B,
WREEH T %%, NEERZRAEYHEAEER
HH.0» ( National Center for Biotechnology Information,
NCBI) T #& 12 F oK fH a8 a2 COo T 2K 55
103 Z5(F& 1) F Gyt FEHFH) 102 (£ 2)

*1 KPFHEEFHA COIERERS

Table 1 CO I gene accession numbers of Lepomis

Y Fh Species B SES Accession number ¥/ Number

LR FHFA L. cyanellus NC_020359.1,KC427094.1 ,0K623677.1 .JN026980.1 ~ JN026983.1.JN026985.1 ~ 10
JN026987.1

SEVGPG LK L gulosus  KX145068.1 KX145195.1,01L471029.1 .JN026994.1 ~ JN027000. 1 10

¥ KBRS L. humilis NC_084074.1 ,0R552036.1 KX145251.1 ,JN027001.1~ JN027007.1 10

WA KA L. macrochirus NC_015984.2 MF621712.1~MF621714.1 ,OR552035.1 . KP013118.1 ,AP005993.1 . 10
01.339399.1 MK840862.1 ,0M736810.1

/NE KB L. microlophus NC_066920.1,0M736890.1,JN027043.1 ,JN027046.1 . KU707828.1~KU707829.1 , 10

MT455951.1 \MT455854.1 \MT455462.1 ,MT455922.1




- 62 - W) i (FRFIESC)  Journal of Biosafety 34 45
ZR1
LY Species B SES Accession number ¥/ 2 Number

21 i KBHA L. miniatus
SSOKPEAA L punctatus
SIRKBHE L symmetricus
LIHR A L. auritus
L KFAh L. marginatus
KE KA L. megalotis
T K IHA L gibbosus

JN027048.1,JN027049.1 ,JN027052.1 . JN0O27053.1 \HQ557405.1 \HQ557406.1
NC_036388.1 ,MH301069.1 ,JN027054.1 ,JN027055.1

NC_042249.1 JN027056.1 ,JN0O27057.1 ,0R552037.1

MH301065.1 \MH301066.1 ,NC_036385.1 ,JN026967.1 ~ JN026973.1
JN027017.1~JN027026.1

EU751845.1 ,JN027031.1 ,MK037225.1 . EU751849.1 . JN027036.1 ~ JN027041.1
NC_028284.1 \MF621724.1 ~MF621726.1 MT667250.1 ,0L457411.1 , OM736843.1 |
0L435155.1 ,MT483612.1

x2 KHEEFA O BEEBERS

Table 2 Cyth gene accession numbers of Lepomis

PF Species

#3565 Accession number

$iw/ 8 Number

LR KA L cyanellus
FPYPYLL KPR L. gulosus

T 5 K BAAT L. humilis
WK BAAG L. macrochirus

/INERFH £ L. microlophus
21 R BALG L. miniatus
ROKPAfA L. punctatus
SIRPHA L. symmetricus
LMK BAA L. auritus

LI KA L. marginatus
KH KB L megalotis

T K PHA L. gibbosus

MH301066.1 \MF621723.1

KF571582.1

0P426296.1 ~0P426299.1 ,AY828958.1 ,AY828959.1 [ AY115973.1  AY115974.1 11
JF742828.1 ,01457399.1 ,0K623677.1

01471028.1,01471029.1 \MH301067.1 \MH301068.1 ,AY828963.1 ,JF742830.1 | 8
AY115971.1 [ AY115972.1,NC_042249.1

AY828964.1 ,AY828965.1 ,AY374293.1 JF742831.1 ,OR552036.1, NC_084074.1 6
AY828966.1~AY828968.1 AY225667.1 AY115976.1 NC_015984.2 MK840862.1 10
0L339399.1 ,0R552035.1 ,0M736810.1

AY828978.1~AY828982.1,0L471030.1,0L471030.1 NC_066920.1 8
AY828983.1~AY828990.1 ,AY225668.1,JF742835.1 10
AY828991.1~AY828994.1 JF742836.1 ,NC_036388.1 ,MH301069.1 ,MF621732.1 8
JF742837.1 ,0R552037.1 NC_084075.1 3
AY828950.1~AY828956.1 JF742827.1 , AY115970.1 \NC_036385.1, MH301065.1 , 12
AY828969.1~AY828972.1 ,JF742832.1 5
OR552032.1 ,NC_084073.1 ,AY828973.1~ AY828977.1 OR552034.1 JF742833.1, 10
KJ513207.1 ,AY828960.1 ~ AY828962.1 ,NC_028284.1 ,0M736843.1 ,01L457411.1 , 11

0LA435155.1 \MF621724.1~MF621726.1

1.2 HmE5EE

12,1 BAFHERE WK AEA RS
TEAFHE FTEHR (1] Image) W5 24 25K £
Y 14 DGR B (R R S Sk,
W HRAE A A R |
K BERRK BEERK 2K K5 0.01 em, R
Pt L4 2 Fishbase (https: // fishbase. se/search.
php) F S 2B E enfishbase ( https: // enfish-
base.cn/ ) AT I LSS E

1.2.2 DNA #5585 47i% it Fsh¥3H 4 DNA
PR 77 & (42 T B5518221-0100) #EFT 4R 5L,
4%2]5 DNA H TE Buffer % f# , il 33 NanoDrop One
L A G TN A 45 REAS R Wk B R4l B B A
i) DNA Jit T-20 CAE7&H

PCR ¥ 5| ¥k H a2 co 1 505 519
(Ward et al. ,2005) F1 Cytb ¥ 538 F 5149 ( Xiao et
al.,2001) , A TAY TR ( Lig) B A RAR
BIL(E3),

x3 5IMER

Table 3 Primer information

FEIA EILZER S ElL )]l 275 3CHk
Genes Name of primers Sequence of primers(5'=3") References
col Fish COI F1 TCAACCAACCACAAAGACATTGGCAC Ward et al. 2005
Fish CO I R1 TAGACTTCTGGGTGGCCAAAGAATCA
Cyib Fish Cyib L14724 GACTTGAAAAACCACCGTTG Xiao et al.,2001

Fish Cytb H15560

GCGTAGGCAAATAGGAAGTATC
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1.2.3 PCR¥ ¥ 557 M E PCR W AT
50 pl, Hor B P 240 DNA 4 5.0 pl,2x SanTaq
PCR Mix #iR# 25.0 pL, . FHF51 44 2.0 uL
(¥ FE A 100 wmol + L"), XZEK (ddH,0)16.0 wlL,
CO I JE[H PCR 9" 2512 94 CHUH 5 min;35 4
PIEER .94 C78ME 30 5,55 CIB K 1 min,72 CP I
1 min; fJ5 72 CZEH 5 min, Cytb FE[H PCR ¥4
540 94 °CFF 4 min ;30 DMHAEFR .94 C 725 30
5,55 CiR K 1 min,72 CY¥E 1 min; )5 72 C LT
#1110 min, JZ W 7E FastAmp-T96 PCR & [K 5" 3 {%
(BIO-DL) 47, PCR ¥ 4= ¥ H 1% 35 b5
PRIEATAI 5 PCR =9k B A5, ik 24
TAY TR L) B A BRA "I HEFT B T
1.3 #HiE4iE

i/ DNASTAR Lasergene 17.1.1 #{F 1) Se-
qMan 5 01 A5 (4 7 81 BF ) — 4% S8 3 19 )7 51, 3
Ao P I8 0 P A T T S A7 s 8 T T B 3 4 S
fdi /] MEGA 11.0.13 #f%:( Tamura et al. ,2021) X} )5
FNEIIE E X, HEAT P 8 16 g R BT T, SR BUER A S
B, 5T Kimura 2-parameter model XU KA #l
T Fh Py, Fb (] 35 15 BB B, i i Model Finder
(Minh et al. ,2020) AT E BRI BERE (HKY +F+G4
FEAL)  FH MEGA 11.0.13 1Qtree 2 ( Minh et al.,
2020) A1 MrBayes 3.2 ( Ronquist et al. ,2012) PAji] 55
KA R Pomoxis 1 F HIl 55 K BH £ ( P. annularis
NC_066918.1) A1 251 75 K BH a1 ( P. nigromaculatus
NC_028298.1) g A 43 1) 3 T4 5% ( neighbor-join-
ing, NJ) 2% e KALIR (maximum likelihood, ML)
FIUL37 ( Bayes, BL) WA RGEHFER, HE NJ
PSR A Kimura 2-parameter 1 Al . O BURE IR BT
“h 1000 ; ML #445ifE A & A 1% E o 1000 18 ; BI Rk
B 4 4 DR S B 4T 2000000 1L, 4B 1000
RGHAT— U /T 25% 55 5
2 H#R5H5WH
2.1 FEREHME

AR LN SN S P SRR S S L
WG AEROES Rl g R 86, 1B ERA,
P16 R 8 B R, ST 2 R AN A U R
8, ML 46 ~47,9 DFFEERTBE, 11~ 12 D5
fig 2% 3 ANBHERTE, 9~ 10 PMEIEREE S 11~13 4>
ik fig 8% 2% |1 AN NG SE R, 9 ~ 10 IR BE R EE 2% 17 ~
19 M RHEIE S 1AK (8.07£2.14) em, 17 (2.87+

0.84) cm, kK (2.56+0.69) cm, 3k E(2.44+0.66)
em, WK (0.55+0.14) em, HR42(0.7+0.2) cm, 4K
£(1.73£0.48) cm, A (1.07£0.30) cm, &
(1.12£0.34) cm, HifiE (1.56+0.49) cm, B #E K
(1.1120.35) cm, B EHA (1.46+0.38) cm, BhEK
(1.1220.39) em, 4K (9.95£2.69) cm,

1.00 cm

B1 LBESENARDTEZES R ER KRS

Fig.1 Lepomis from Fenhe National Wetland Park,

Jiexiu, Shanxi Province

2.2 EREFIISHIE

PR EE A IE | 4% 0 i TU AR 19 B K BH £
COBEHFI Cytb FEHFH4% 10 25, COUFIIKEE N
633~648 bp (“F-13 642 bp) , 75 - XTI B
C (29.95%). T (27.87%). A (23.51%).G
(18.66% ) , it A+T (&5 (51.37%) =5 T G+C
(48.61%) ;Cytb J¥31 M 819 bp, Hith G A T .C
&N 14.53% 24.25% 28.30% 32.92% , A+T
B4 5 (52.54% ) 25T G+C (47.46%)
2.3 XFREE&EFMAFEEEEERMEXME

FEF Kimura 2-parameter model X2 %0 Y 1
BRI 8 AW Fh CO T | Cyrb FPRFh P T a) 352 4%
B KAH DG B DL IR 2.3, Hst A B B /N 54
FRAAHSCPE R, 76 CO T JEP | 12 i ok B £
10250 NI ERE B 0.001 ~0.059 (-1 0.012)
N KBHA L. marginatus (0.059) A H K BH AL L.
megalotis (0.022) Fi N A& I 2 KT 0.02 I bRiE,
SIRBAA L. symmetricus TP PN st HE B4 F 0.02, H
A9 K PH A0 A D P 3% R B R /N T 0.02, A
[ AZ I ES 4 0.017 ~0.194 (F45 0.139) , Filt ]
st A I B R b P as AL BE B Y 11.58 fi5, Horpigifl
P S e K 10 A B £ A8 P P L R BH . L. gu-
losus (0.194) , HAHSCHESAR, FlE] X R, i5if%
BB /N SRS K BH L L. cyanellus 5 7~) K FH fh,
(0.017) , P Z [ A G M fe e, B ) C R il 3k
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KT 10 2% CO T JEPH P41 2 [H]5st 4 1 25 °40.000
5K B fa 2 (8] (et A4 A5 R 0.000 ~0.005 (-3
0.001) , FHC M i

TE Cyth P, 12 Fh oK FH £ fa 28 Py st 1%
FRES 0.001~0.052 (°F-44 0.017) , % P4 74 b K FH
6.(0.037) , % i1 K FH £ (0.050) Fil4< H K FH 4
(0.052) Ffr P 35t A 5 25 K T 0.02 A AwfE, Hiar 9 il
K BH A Al N gt A5 B 8 25 /N T 0,02, ) f%
FRESN 0.042~0.222 (734 0.169) , Fia] - ) 35t &

£ Wkt
No. Species

1 L. cyanellus

2 L. awritus 0.158

3 L. gibbosus 0.164 0.145

4 L. gulosus 0.100 0.167 0.179

5 L. humilis 0.147 0.162 0.156 0.172

6 L. macrochirus 0.143 0.157 0.170 0.164 0.071

7 L. marginatus  0.173 0.153 0.144 0.194 0.168 0.146

8 L. megalotis  0.173 0.154 0.140 0.189 0.159 0.145 0.055

9 L. microlophus 0.133 0.087 0.141 0.170 0.160 0.150 0.147

10 L. miniatus 0.135 0.077 0.117 0.155 0.151 0.157 0.139

11 L. punctatus 0.127 0.078 0.118 0.151 0.161 0.146 0.142

12 L. symmetricus 0.017 0.161 0.173 0.106 0.150 0.145 0.176

13 L1~L10 0.001' 0.159 0.164 0.099 0.147 0.144 0.173
Low

PRES R AN AL EE B 10 9.94 4%, Hivhist 14 Ih 55 i
KR KM S5 )58 KB A L miniatus
(0.222) , HAHSCHERAR, Bl a] 56 R i, (G
e/ MRS R R 5 5) K FHA(0.042) , HoAH G 1
B, FPIRIC R EGE TS 10 £% Cyrb B 7

1) 2 )58 A% B 854 0.00~0.006 (F-34 0.000) , 5%
KPR #8122 (8] 19 352 4% BB 24 0..000 ~ 0.008 (~F- 3
0.002) , A M dRe R

SR P g4 B S
Mean intraspecific distance

0.002
0.005
0.005
0.006
0.005
0.003
0.059

0.022

0.157 0.003

0.145 0.041 0.010

0.151 0.044 0.030 0.001

0.175 0.139 0.141 0.135 0.020

0.173 0.134 0.136 0.128 0.018 0.000

High

B2 KHE&E&Z CO I EFEFHFHAMEEEESRRBXEST

Fig.2 Mean intraspecific and interspecific genetic distances and correlation analysis of CO I gene in Lepomis

Y Wkt

. 3 7
No. Species i G # & °

1 L. cyanellus

2 L. auritus 0.200

3 L.gibbosus 0.200 0.158

4 L. gulosus 0.136 0.176 0.183

S L. humilis 0.203 0.178 0.177 0.184

6 L. macrochirus  0.208 0.186 0.185 0.187 0.082

7 L.marginatus  0.184 0.137 0.142 0.182 0.166 0.170

8 L. megalotis 0.198 0.161 0.160 0.194 0.189 0.184 0.071

9 L. microlophus 0219 0.131 0.167 0.197 0.209 0.191 0.174
10 L. miniatus 0222 0.107 0.158 0.192 0.189 0.184 0.168
11 L. punctatus 0.220 0.122 0.144 0.192 0.197 0.191 0.168
12 L. symmetricus 0.042 0.193 0.181 0.134 0.196 0.198 0.172
13 L1~L10 0.002 0.201 0.200 0.136 0.203 0.207 0.184

Low

P34 P % B Y

9 10 11 12 13 . < 9
Mean intraspecific distance

0.003
0.008
0.007
0.037
0.008
0.006
0.050

0.052

0.192 0.013

0.183 0.048 0.010

0.182 0.064 0.049 0.011

0.184 0.214 0.210 0.209 0.001

0.198 0.219 0.222 0.220 0.042 0.000

High

B3 KXPHERE&EXK Cyb BEERFHFHAMESEEERRAEXES T

Fig.3 Mean intraspecific and interspecific genetic distances and correlation analysis of Cytb gene in Lepomis

24 XFREE&ELSFRGEHLKUE
HE 4.5 AT, 5F CO T M Cywb KR ¥ 3144
#H NJ ML F1BL SEARAR [ 005 51 45 3R 54— 2L,

L1 ~L10 #EARF 33 588 K fH )7 50 R oh—37, H
FLA 3 0 R 5 HA IR W Fh B3 X 47
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ZEKBAM L. cyanellus NC_020359.1

100/0.86/88

100/0.9/100

99/0.98/100

L—— 5 KBHA L. symmetricus NC_084075.1
PTG LKA L. gulosus OL471029.1
/NS PE A L. microlophus NC_066920.1

95/0.22/100 41 5 ARA L L. miniatus IN027053.1
Il L 5OKBA L. punctatus NC_036388.1
63/0.86/100 ——————— 2 RBA A L. auritus NC_036385.1
100/0.98/100]——— ZHIAKFAEA L. marginatus IN027026.1
TH076/98 L KE KB L megalotis INO27031.1

LE#5 KFAtA L. gibbosus NC_028284.1
Mf P BUK B AL L. humilis NC_084074.1
W HEKBH . L. macrochirus OL339399.1
100/1/100 [ il 55 KB £ P. annularis NC_066918.1
PRBEH 55 KP4 L. nigromaculatus NC_028298.1
0.02
4 ETF COIFFMENSFREHUR
Fig.4 Molecular phylogenetic trees based on CO I sequences constructed
RS ZE MR R NJ ST A TR DL TS B

Numbers on nodes refer to NJ support values (left) ; Bayesian posterior probabilities (right).

LRBH A L. cyanellus NC_020359.1
L10 Cyth

L7 Cytb

L4 Cytb

L5 Cytb
100/1/100

L3 Cytb
L8 (]//7
L2 Cyth

100/1/100 q
L6 Cytb

L9 Cytb

L1 Cyth

L— 5)KBHf L. symmetricus NC_084075.1
SEPPE LK PH A8 L. gulosus OL471029.1

99/1/100

— 65/0.88/96 /NEARFRAE L. microlophus NC_066920.1
] 100/1/100 21 KBHE L. miniatus AY828987.1
86/0.72/99 FUKPFAE L. punctatus NC_036388.1
49/0.48/63 L ZTHKPFH A L. auritus AY115970.1

ZIU KA L. marginatus AY 828969.1
KHKFHA L. megalotis AY828976.1
Lp 3§ K P48 L. gibbosus NC_028284.1

100/1/100 I: & 55 KBRS L. humilis NC_084074.1
WS KBH 8 L. macrochirus OL339399.1
100/1/100 [ 13 55 K BH 8 P. annularis NC_066918.1
U s Bl 2 A BH £ L. nigromaculatus NC_028298.1

98/0.97/100

0.02

Es5 BT O FIHENS FREHLH
Fig.5 Molecular phylogenetic trees based on Cyth sequences constructed
B SR A BTN NI SRR AR R Bootstrap SR A5 BT 0k DU R B R

Numbers on nodes refer to NJ support values (left) ; Bootstrap support values ( middle) ; Bayesian posterior probabilities ( right).
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