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TE R B BESE (Littledalea racemosa) ¥k B 548 DY 51 BEAS RRAE K2 0 Ve A5 250 1) S48 DUAZ SE R 43 pic , AR i o
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Abstract: To clarify the basic characteristics of single-copy nuclear gene sequences in Littledalea racemosa and
obtain effective single-copy nuclear gene molecular markers, the single-copy homologous genes were identified
using OrthorFinder software based on third-generation full-length transcriptome data of L. racemosa in this study.
And then through PCR amplification and population testing experiments, 10 pairs of single-copy nuclear gene
molecular marker primers for L. racemosa were successfully developed. The results showed that a total of 48 219
CDS (coding sequence) regions were detected in the L. racemosa transcriptome, with an average of 1. 57 coding
regions per transcript. A total of 301 single-copy nuclear gene sequences were obtained based on the amino acid
sequences of transcriptome CDS and finally, 10 pairs of single-copy nuclear gene primers were obtained, which
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demonstrated effective amplification performance and exhibited intraspecific variation. A total of 64 individuals of
L. racemosa were successfully amplified through all 10 pairs of single-copy nuclear genes primers. The gene
sequences exhibited extensive variation in polymorphism. The number of segregating sites (S) ranged from 13 to
42, with an average of 24. 4. The number of haplotypes (4) ranged from 16 to 32, with an average of 23.7. The
average number of nucleotide differences (£) ranged from 2. 275 to 16. 497, with an average of 7. 686. The haplo-
type diversity (H,) ranged from 0. 776 to 0. 896, with an average of 0. 841. The nucleotide diversity (x) ranged
from 3.05X 10" to 15. 61X 10*, with an average of 10. 50X 10 7, and the Watterson’s estimator (#w) ranged
from 3.27>X107" t0 9. 92X 107°, with an average of 6. 21X 107", The genetic differentiation results showed that
the genetic variation of 15 populations of L. racemosa mainly existed within populations. Phylogenetic trees con-
structed using the 10 single-copy nuclear genes demonstrated congruent relationships among five Poaceae species.
The 10 pairs of L. racemosa single-copy nuclear gene primers developed in this study, providing abundant candi-
date markers for future research on phylogeny, and resource conservation and utilization for Littledalea species.
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BB SRR B A T S

5 B (Littledalea racemosa) VE N R A Bl (Poa-
ceae) # 4 % (Bromeae) WA @A, |32 40 A T 75 9K
7o JEUHE K 2900~5500 m A i FE A A IX o i W) Rl A o]
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e HOk [ 12 A4 A [ J L 3t 2] R B 20 A1 500 1Y
FEA# 1A, I F SCNGs 51 9 4 i o 14 R FF
W i FE AR Z 18] Y BE B OR T 100 m, Eﬁil‘*ﬂﬁ]‘

ABIF 5 HE 18 B 15 A KR 0 A 1Y B B S T R A BB KT 20 km, J& B (8] 2247 B 8 A9 9T 0
BEA B ARG BEBE 8 3~5 Ak, it 64 A L Bk S K SR b BE B RE BR S ﬁzlifa,mﬂ?
&, T SCNGs 51 ¥ Z & M40 B 78 15 A s e b W1,

F1 HEAMBRESMIFEARER
Table 1 Materials and detailed information of origins
LR P I ~ =)
P’ffﬁ:; T i s ik ‘fj’flj
Sampling location Latitude (N)  Longitude (E)  Altitude/m .
code size
POP1 B8 245 B Xinghai County, Qinghai Province 35°29726.6" 99°29'57.3" 4455 5
POP7 FfEA 12 H Maduo County, Qinghai Province 35°15704.7" 98°58'29.2" 4219 3
POP13 44 1 £ H Maduo County, Qinghai Province 34°49'23.5" 99°02'32.3" 4676 5
POP17 HifFA £ H Maduo County, Qinghai Province 34°34758.9” 99°08703.6" 4422 5
POP20 A 190 E Maging County, Qinghai Province 34°30"13.1" 99°10"09.4" 4363 3
POP27 i EMTH Yushu City, Qinghai Province 33°07'07.9”  96°44'13.8" 4257 3
POP33 T8 1R 3E B Qumalai County, Qinghai Province 34°21'55.2"  95°40'51.5" 4468 5
POP36 T8 IR 3E 2 Qumalai County, Qinghai Province 35°05'57.0”  93°59'20.4" 4508 4
POP40 FHEH K IR AR T Geermu City, Qinghai Province 35°38719.2"  94°04'09.4’ 4772 5
POP47 FHIFE M /R AT Geermu City, Qinghai Province 34°57'21.3"  92°57'09.9" 4558 5
POP50 G4 K% /R KT Geermu City, Qinghai Province 34°47'44.5” 92°54'26.0" 4664 4
POP54 FEE 1% /R AT Geermu City, Qinghai Province 34°36'25.3" 92°46'31.7" 4694 5
POP61 A% R AT Geermu City, Qinghai Province 34°09"13.9"” 92°22'55.0" 4644 3
POP68 TFHHEE # /R AT Geermu City, Qinghai Province 33°48723.8"  92°18'15.6" 4607 4
POP70 PO [ 36 X 25 1% 5% 5 Riwoge County, Xizang Autonomous Region — 30°51'14.2”  96°37/19.0" 4552 5
43T Total 64

1.2 RBFHE

(DR BES e 5 41 CDS Bl

BT IR o =AU SRy H R 3R
R oM R R S 4 i (SRA data:
PRINA1157427) , {# F§ TransDecoder 3k 4 Chttps://
github. com/TransDecoder/ TransDecoder/releases)
HEAT B B O B ot 4 B B S S JF 41 (Coding
sequence, CDS) I , & 56 | H] TransDecoder. Lon-
gOrfs PEAT T B T2 AE 18 28 I AR B B AE 77 471, 38R
NS B 100 4> & HE R o il A E BT b xE BRpF
DIAMOND % | — 0% th (%) transcripts. fasta. trans-
decoder. pep f£ 8 15086 2 b E 1748 & X LS4k
[7] Y5 9§ % 35, A J TransDecoder. Predict it 1l J3
T B SR 20 1) G B ) 97

(2)SCNGs R HL

BT B BE P B o 4 3R 15 1) CDS 7 A, 15 3
CDS X} Ji () 2 4 W2 J¥ %1 (Amino acid sequences,

aa) , [ If BB L 34 AR AFL Y M @A RE TR 751 h 2= 7% Fy
G|, Heovp — 3456 W8 5 (Brachypodium distachyon) il

7 3% B (Achnatherum splendens) 4= R 41 55 [ 7 4
% B F # H NCBI Chttps: //www. ncbi. nlm. nih.
gov/genbank/) (GCF _000005505. 3" Al [ 5 3 [A
AR PE (NGDC) (PRICA006214), Vb ¥ ( Psam-

mochloa villosa) R 32 7 51 2 R J8U 41 3 F 5% St 4l
AT CDS &R 7 911, B A Fp— A S04, IF
B BT fasta AFHF T —4H %, 1847 OthorFinder
BRPE AT B DL ) VRS R R 2R
(DFEA DNA $2H
AWFTEREA DNA $2BCR itk B 9 CTAB ¥4 it
TEX IS AR B, 64 M REARVEFT DNA $2HL,
(4)SCNGs 51 ¥y fifi 1
5T OthorFinder BAF 12 1745 51 | 3045 45 DL
B & [H) JE B )7 41 (Single copy orthologue sequences)
S 3 HRSC A i 3 9 SCNGs & BE 1R T 41, il
FIMEGA LT A BEAT [ 51 H X6, 3 L I] 3 1
Y 60 > 2 HE IR I 4 XTY“E?FHT”E’J%%?ET“@J
FI A Primer Premier 5 84 HEAT 51 ¥ 11, B 11
Sl BN E “ﬁ%.#Tnh&‘ HEHL 124
b, PR 5 5 AL 11 i S AR E AT PCR Y4, PCR 41
BRF W TR, WA :94.0 °C,5 min; 28 P .
94.0°C,50 s338 k :60 °C, 1 min; ZEAH ;72 °C, 1 min,
HEAT 36 DR Y Y ;i J5 L 72,0 CHEEE i 10 min.
P17 E A Cﬁt_l‘ TORAT U 3G o AR 5
M, ANTP, E T #5194 , Tag DNA R & 8§,
DNA R, £ B o3 T & 2 ros o A 1% 35
JIE W R S PR UK AT R, B B IC A B AR LA
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RER e W gy, AL R —  HA
Bt K/NIE 8 09 SCNGs 51 9, 3 T bk Uil 2 1 1Y
SCNGs 519y, #E47 fe i 1B KR BE Ot 1 , 3% 8 I B
JE , foe A 2 i 1 1 5 0 0 S5 AR TR B

(5)SCNGs Ff {4 A6 )

R UE S Y 2 A T A AR e L AT X 104>
SCNGs FF AN HEAT 1 HEAR I 2 T 0 2k 1 i 47 3
RORE R, B 8 2500 B — 1 10X SCNGs 519, 41
S B S 15 A | B 3L TE 64 AR HEAT PCR Y
BT HGT 1 00 Ba B R I L UK HEAT R, o AR
WIEMW, B,  BOR/ NG, W%k 2 N &
R FE BB PR A /R4 05, 5 T 00 5 45 51,
X SCNGs Fp IR Ak £ 47 73 Hr

*2 PCRYBRMER
Table 2 Amplification reaction system of PCR

B Reagent V()fmﬂ::/ul‘
5% Primer STARTM Buffer (Mg*" plus) 2.5
dNTP Mixture 2.0
#5149 Upstream primer 1.0
T i 5149 Downstream primer 1.0
DNA #i# DNA template(100 ng- L.~ ") 2.0
Taqg DNA %4l Tag DNA polymerase(5 U+pl. ™D 0.25
ddH,0 16.25

(6)SCNGs J¥ I RHE 53 #7

Bl H MEGAT11 # 4 (https://www. megasoft-
ware. net/) , K& T 7 Bt 4R 45 09 FF A J5UIR 7 91 64 3%
W ] SR A7 7 4] A7 RS X, G v A R TR T 3] 1) L i o
AR M TUPAC g 15 b5 5k A (R=A/G;Y=C/T;
K=G/T; M=A/C;S=C/G; W=A/T)., JF%I X

4 L Fasta #% 2 & 47 ; 3£ F DNAsp 5. 107 /1 iy
UNPHASE/Genotype J7 81 155 X 6 4% 5 B 5 91 i 47
Peor IR iF B LU 2S5, 40 B A 5 8 (segre-
gating sites, S) ¥ 1 IR £ #£ 1 (nucleotide diversity,
m)  Watterson ¥ H iR Z FE1E S B (ow) , BAf5 A Z 4
P (Haplotype diversity, Hy) . F # #% 1 R 2= 57 %K
(average number of nucleotide differences, £) .

(TSCNG &AL F R 88 4 7 o0 Hr

H T 10> SCNGs ¥ 38 J7 51, fft H # 4 Arle-
quin v3. 5°%F 154> b B R BEHEAT T 4y AL Oy
2253 M O HE T 3% 404k R B (Within-population
differentiation coefficient, Fst) , 7B 57 ¥ £ & #f 1
(POPD T 1-1 B A SCNGs 9 1 7 51 14 2 13 B 52
SCNGs JF 81, [f] i, 7 NCBI & PR b 47 k% Al
F7 8 a] 5 b, DT BR A TR PR B 10 A
SCNGs MW 9 )7 5145 2, IF Ak £ 4 >R A
B W, 0 B 8 5 22 (Aegilops tauschii) , /N3
(Triticum aestivum) , B 4= ki /NFE CTriticum dicoc-
coides) FIKFG (Oryza sativa) , T ¥R HY 10 A4~ 5
5 DUBE I (3% 3) 5 R FI MEGALL 4 1 (1 MAFFT
B HEAT F 90 Ll X, 25 B T i A XoF 5% 19 55 7 o
i MEGA11 4 Phylogenetic Analysis #5817
BG4 M, B B KA 9K 7 (Maximum Likelihood) ,
& F HKY (Hasegawa-Kishino-Yano modeD) # 1 [ig
BACBL Y X B Bootstrap £ 55 1% B 1000 AL, if
T &5 k&R d, fl A FigTree v1.4.4
(https://github. com/rambaut/figtree/releases/tag/
v 4 OX RGRE WAL

K3 ANKREAREW 104 SCNGs FIFEHES

Table 3 Accession numbers of 10 single-copy nuclear gene sequences from four Poaceae plants

e 9 i ERES N WY L RN A Fi ok
Sequences code Aegilops tauschii Triticum aestivum Triticum dicoccoides Oryza sativa
S41 XM _020292522.3 XM _044506695.1 XM _037569834.1 AKO068218.1
S43 XM _020333661.3 XM _044501464.1 XM _037550349.1 NM _001401730.1
S47 XM _040403410.2 XM _044482846.1 XM _037555630.1 AKO064858.1
S48 XM _020306681.3 XM _044569115.1 XM _037606898.1 XM _015785883.3
S77 XM _020291771.2 AK335795.1 XM _037569897.1 AK102685.1
S78 XM 020300432.3 XM _044495377.1 XM 037559295.1 XM 015765792.3
S82 XM _015795672.3 XM 044532812.1 XM _037585383.1 XM _045228914.1
S86 XM _045228914.1 XM 044532812.1 XM _037585383.1 XM _015795672.3
S87 XM _020308370.3 XM _044555982.1 XM _037596165.1 NM 001409352.1
S93 XM _020291052.3 XM _044541652.1 XM _037585649.1 AK105990.1

2 ER54HMH

2.1 #HFR4HCDS%HHAEX N
FIA TransDecoder A4 X} Jis Fl 55 5 5 2H 30 624
NE AR YEST CDS T, R K ERENE

2Ry 100 A~ S JE TR 1 FF i D 12 HE o e 43R4 48 219
A CDS G ity X, B A S AP Y 4 5 X Ry 1. 57, %
CDS ¥ 9 K JE# 17 7 & i, CDS & K & K
5 678 7876 bp, & /MK FE S 258 bp, fx KK N
8298 bp, CDS J7 41| K Ji& £& v 43 41 7 0~3000 bp Z
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6], i K F 6000 bp Ay CDS H it 45/> ALRy 754,
S CDSFEAI 0. 15% (1,

¥ Number —— 5 | Proportion

30000 HHL TP - 60.00%
225000} 150.00%
Z 20000 | 140.00%
wn
5 15000 130.00%
ﬁ' 10 000 120.00%
& 5000 110.00%
@]

0.00%

0 L 1 1
0~1 1~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9
CDSIKJE
The lengthof CDS/kb
E1 CDSFIKEDfHmGIT

Fig.1 The statistics of CDS sequence length distribution statistics

2.2 SCNGs3|#Fi%k
FF Jp B SF CDS & FE R 751 F1 3 >R A B9 F

B R ¥ 9, 3 iz 47 OthorFinder & F 2L 46 & 2
SCNGs 301 4%, % #ifi 1€ 2] 1Y) SCNGs #E 47 [F] I b X f5
i 2t 100 £5 S FEBR P51, %oF 1y 8 bl B 56 2 s L P 41
BT SI Bt , 2 RGBT I A AR o, FH APE
Primer Premier 5 fl Oligo7 % 115 ¥ 3f #17 ¥E M 5
A BT 100 %F SCNGs 519, F H B HLE LAY 12
A M PR B B R B MR AT TR WO B R
(R REA A X 51 W BE ML ) 1A ST AT 0 5, 0 &%
S H bR R B AT HF B AR 3G s T i R Bl H
(0 B, R B 0 A, AN 0 0 5 1 kAT
Tt R TR BE Y O i, e R IR R B R 60°C,
PEFE 5 AR 8 o H B P3G 5T Y T o, i 8 B
B JCR B B 2-3) o S 1 10 X9 HG 24 2R R 47
I B A Fh A ) SCNGs 5197, i 1 NCBI A 41 [
VA BE X, 3 TRCTR] U M A v A T R R B, X O R A
SCNGs #47 T TIRe I , 51915 B iE L% 4.

2000 bp

- - = we "= e - e e ee - Sl

750 bp

El2 415 SCNG 555 K i ik E
Fig. 2 The diagram of gel electrophoresis for No. 41 single-copy nuclear gene

160 170 180 190 200
GCCGGTGGAGTTGAGGAAGATG ATGG ACGAGCTGGATGCGGCGGG

Nl

El3 415 SCNG Ml FIEE

Fig.3 The Sequencing peak map of No. 41 single-copy nuclear gene markers
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Table 4 Sequence information of 10 pairs of single copy nuclear gene primers for L. racemosa
Gk E A= EIEZEECS B Tm/
Primer code Primer information The size of fragment/bp K
S41 F:5'TTCAGTGAGCGGTGGAAGAGCGTGTTS 712-750 61.5
R:5'CGGATGAGGCGGACGCAGTTGATS'
Function U-box domain-containing protein 75-like (LOC123085108) , mRNA
S43 F:5'GCTCTTCAGCCGCACGCAGTTCS' 699-768 65.5
R:5CCCTTGTTCCTTTCCACCCACCACS'
Function RAP domain-containing protein, chloroplastic-like (LOC123060241) , mRNA
S47 F:5'CTCCACCGCATCGCCAAGAS' 850-912 62.5
R:5CGACAGTGTAACCATCCACCGTATS
Function cytochrome b561, DM 13 and DOMON domain-containing protein At5g54830-like (LOC123149465) ,mRNA
S48 F:5'GACAAGGAGGACCAGGGCAGGATS' 853-899 64.5
R:5'CCAAGCCGCTCAGCAGAAGGATS'
Function heat shock 70 kDa protein 8-like (LOC123085156) , mRNA
S77 F:5’AGGAGCAATCAAGGAGCACG3' 782-820 60.5
R:5’ACTTCGCATCTGACAAGCACTGS'
Function anaphase-promoting complex subunit 8-like (LOC123145048) , mRNA
S78 F:5'TTCAGGCTCAAATAGCAACCGS 786-820 57
R:5TTCAGGACCAGTGTAATCCAAGAGTS'
Function uncharacterized LOC123071794 (LOC123071794) , mRNA
S82 F:5'TCGGATTCGGAAAGGGACS 783-810 57
R:5TCATTGTAGTAATCATCATAAGGCACS
Function dihydrolipoyllysine-residue acetyltransferase component 4 of pyruvate dehydrogenase complex, chloroplastic-like
(LOC123111930) , mRNA
S86 F:5'GGTGCGGCGTCCGTTCAAAS 956-1031 62
R:5CATCCTCCAACACAGGCGTAAGAAGS'
Function dihydrolipoyllysine-residue acetyltransferase component 4 of pyruvate dehydrogenase complex, chloroplastic-like
(LOC123111930) , mRNA
S87 F:5'ATCTCCGCAACCTCCACCTCAS' 852-876 60.5
R:5'CCACCTTCCCTGTCTCAATGTCAASZ'
Function protein CYPRO4-like (1.LOC123136574) , mRNA
S93 F:5'GCTCGGGACCTTCAAATCCAACGS' 632-651 62
R:5GGTTTCCCCACCCTCTGTGCCTAS
Function probable CCR4-associated factor 1 homolog 7 (LOC123121637) , mRNA

2.3 SCNGsHiE

(DJFH Z &5 b

A 1E— A 561 BF O 38 M 10 X SCNGs 51 47 438
FHAE AP 88 5 R T 15 4N JE BE 64 AN AN A6 7 1k
A9 10X SCNGs 51 #1417 T PCRY™ 1, 64 4~k
TE 10 %) SCNGs 51 %) T ¥ i Zh 715 , 10 X} SCNGs £
SYUESEAAA) 25, 5 B AL (S) KA T
13~42 Z ] , -8 H 24. 4; A HVEL D) KA T
16~32 Z (8], -3 1H Ky 23. 7 F B 4% 1 R 22 5+ 8L (A
KA T 2. 275~16. 497 Z Ja] , FH4E K 7. 686 Hifis
T Z REPE (HD RN T 0. 776~0. 896 Z (] , -1 (i
0. 8415 K R £ A (o) K/ F 3. 05X 10~
15.61X10 * Z [] , - ¥ {5 y 10. 50X 10 *; Watter-
son ZH (Ow) K/ F 3. 27X 107~9. 92X 10 Z
[E] S R 6.21 X107, SAT 51 Y B AT R £ A 1
i, S 2SS TS T H AT Y, S7TT i S86
B AL G P R BARM TR 2 5, &5
PR 2SS BUE R S,

#®5 BHEF 10X SCNGs BF & 51
Table 5 Polymorphism of 10 pairs of single copy

nuclear gene primers for L. racemosa

EE/E 552 n ow
Primer code S h k Hy (X107% (X109
S41 31 22 11.216 0.843 15.14 7.71
S43 25 27 6.357 0.876 8.31 6.02
S47 42 32 16.497 0.890 21.15 9.92
S48 35 32 12.507 0.855 15.61 8.05
S77 15 19 2.373 0.871 3.05 3.56
S78 18 16 6.056 0.776 8.48 4.65
S82 20 19 7.906 0.783 11.56 5.39
S86 13 18 2.275 0.896 3.11 3.27
S87 15 23 4.772  0.843 6.21 3.60
S93 30 29 6.899 0.873 12.36 9.91
-4 Mean 24.4 23.7 7.686 0.841 10.50 6.21

T oS00 B LR e SR IR s &, S SR IR 2 5 8 HLy TRAT
B Z R o, TR ZFE M 5 0w, Watterson 24

Note: S, Segregating sites; 2, Number of haplotype; £, Aver-
age number of nucleotide differences; H,, Haplotype diversity; =,
Nucleotide diversity ; 0w, Watterson parameter

)i fe et
SR B R 2 Tt A /A8 S of DR et A% 3 AL E A T
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OIHT  ASBESE 3T SCNGs $udi , % 154 J& #f 64 1 5
B ANMA E T Arlequin #4354 T AMOVA 43 T
AR 5T 25 48 BT SR A5 SR R L 104> SCNGs 7 41 fiT
18 71 19 154> B RSP Ja T e A% 20 S 2L ORI B, 32 0k
TR J T A MR TR S T P 3 A S o A S
PGB 95. 4200 , S B 0] 3 4% 78 S A o5 B R S Y

4.58% . 10 4~ SCNGs J7 F1 it 1% 4 1k 48 $0(H
—0.0812~0. 2352, H:th S41,S47,S78,582,S87 #il
S93 64~ SCNGs J¥ 41| F ff 2 AN B 3% {8 ; S43, 877
F1S86 4t I 2 IE K, {H 38t 1% 4 Ak 48 B /N, 154> J
TP Jo AR AE BB JEE 1 4% 4 4k, 10 SCNGs 7
FILE AL R 25 Rk (2 6).

F6 ISTERERFEESTFERAESH

Table 6 Analysis of molecular variance for fifteen populations of Littledalea racemosa

GIEYE Res 75 ok IR B Jr2 s A S 2H AT E AT L L 51k
Primer code Source of variation df  Sum of squares  Variance components Percentage of variation/ % %X Fixation index

s41 J& B Among populations 14 52.929 —0.2414 Va —4.32 F,=—0.0432
J& # M Within populations 113 659.267 5.8342 Vb 104.32

S43 J& #EIA] Among populations 14 124.914 0.7587 Va 23.52 F,=0.2352""
J& BN Within populations 113 278.750 2.4668 Vb 76.48

S47 JE #¥ 8 Among populations 14 85.204 —0.2855 Va —3.47 F,=-—0.0347
J& PN Within populations 113 962.242 8.5154 Vb 103.47

S48 JE Bl Among populations 14 115.877 0.2672 Va 4.26 F,=0.0426
J& # M Within populations 113 678.342 6.0030 Vb 95.74

S77 J& FEIA] Among populations 14 46.295 0.2800 Va 23.26 F,=0.2326""
Ja #E N Within populations 113 104.408 0.9240 Vb 76.74

S78 J& #EA] Among populations 14 23.180 —0.1813 Va —6.01 F,=—0.0601
J#& # N Within populations 113 361.367 3.1979 Vb 106.01

S82 J& ] Among populations 14 21.497 —0.3193 Va —8.12 F,=—0.0812
J& # M Within populations 113 480.542 4.2526 Vb 108.12

S86 J& FEIA] Among populations 14 39.817 0.2254 Va 19.57 F,=0.1957"
JE BEAN Within populations 113 104.675 0.9263 Vb 80.43

S87 J& #f 5] Among populations 14 31.507 —0.0179 Va —0.75 F,=—0.0075
J& BE N Within populations 113 271.508 2.4027 Vb 100.75

S93 J& # 8] Among populations 14 40.353 —0.0749 Va —2.17 F,=—0.0217
J& #E Y Within populations 113 397.725 3.5197 Vb 102.17

TE 04 P<20. 01 WM i 3%

Note: **P<20. 01 indicates highly significant

2.4 SCNGs Bt LR 3 i1

FF 104 SCNGs, FIHI MEGA 1T # A F £ 11 5
DRABHF R G K AW AR FEKY, 101 SCNGs TE
SAKRARYAM T RGE R T KRB FRBME
WA S, Ty — S RS T A N
FVEF A TR/ INZE R R, B R 2P BRBOE B — A 43 SR
W NG VT A RN 2R R ) ST B R
5332, 1 H. Bootstrap (BP){E 3 K F 80, 43 3 X 7%
Bitm o /NEE VHP AR TORL/INAE RN AR 2 )
B 3 2% 5 R AE 10 X5 SCNGs B 5 [H v 2 B 22 Sk
TR S41 SCNGs Jy Bevr, 1549 22 MY A= R /N2 ok
Gk R (BP=62), 1M S43 SCNGs R4 £ B
AN, E RN BRI TR AR OC R i H A K
PR R (BP=99) A5 T S48 SCNGs # # 1) 7
ik AW SUREF UL B RS IR B A ok /N il
INAE BRI BGE SRS KR (BP=9D (K1),

— ELRAK I PR 2 KL 1A B [N P B 7 ) o AR
GE kTR A A AR R AR R O R
AL JUHA Bl R] F AR 58 S A Ay, BT AT A 3%
1 3 A% 5 BAT R, I A RE 4 T 485 715 99 i 8] 19 3R 42 &
HRAEMI BT L . SCNGs K Al 3 55
o DR STPERR , ELBE RS AT 28 X o AR R A 55 AR (]
W AR AL RGER T WP E (B 2R
3 S5 0 R R B A I AR R IR RO
P AN W7 25 J I e AR B B B S 2L R TR AR )
Or T HEYERI T B A R AR T R B R
Z o E AR N, B R A G fF R 2T
e SRAUTT S B 23 T AR L AR AR 51, R 9 8 AR E
P72 T SCNGsRic i =" K28k
L rh B B8 DL AR [R] PR D B TR PR, DRk, AT
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Fig.4 Phylogenetic relationships of five species generated from the ten single-copy nuclear gene sequences
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