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COI JE[R A BEAE Ay b %6 22 1) 388 FF DNA TR
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HMAZ FNSRLAR . JEAER, BlE DIy A Y R
1%, A Bk ke B 22 TR 1) 4 A D] 2 RN 2 1A 5
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1R
11 BEbkEESRS DNA $#2E

A5 T 10 PRI IR R AR (R 1), 4
ARSI AR 4 0 T e A B K R A S U T A
WA IR TR SR | 22 AR FLE DNA $2 3
12 ZNREERE A NI ER T

TE H AT C 2R 14 5 PR 20 7 B 1R B B kv
P Pk VA40-5 P HLAT 84S & - AR 17 A R e
K 2 AL PR 41 (33.9 kb)ES) Sy T 434 i o 2
LA A DR 2 P R AN [ X 3 i) 2 5 A7 7 A 1Y
A ALIAE , K B Rk V40-5 2k (AR L R 41 5 H:
A G174 BLASTn 43070, ik AR £4 E fH
NF10° 1Y B R g R SSRIT
(http://archive.gramene.org/db/markers/ssrtool) 43
i i e e Ay A PR 2 v 9 7] B 81 E 52 (SSR),
BCE i R EEF (motif) K B2 10, /B K
H 5,

1.3 BNZRE DNA F By

HHii, GenBank ¥idfs FErb A 3 i th R pR]
R(CMO1 ., 01 i ATCC34164) ) J R 41 41 5 B .
Brix 3 AN BRI FE IR 2 20 B R 3 B R R A 3
HLAR, FHEBR V40-5 FYZb ARt gl 5 H 45 ik
F14 4t BLASTnPOAI LAST 482 G b Fif 8 E
E/NF 107° B VEEC 45 3R
1.4 #% DNA R B9 3 50F

NN AU HURD CMOL BT 18 S DR 4 2 2 K
P P BEMLE R 7 AL (RS 4 IV F VI
|, BLAST B/R4if g 545 DUEE), A EL R
J¥ Primer 3 (http://primer3.ut.ee/)ix% i1 51X 713
5 1H) (3 2). BTt rs i 4 A Uk
ARAFCRHEE, PE)E B W 15 dUR
Bk T 50 8% DNA FBE ., 358 70 i 4 e
AR R A (RHE, A Sanger :iF
TR I, W45 A R4 Vector NTI Suite
(Invitrogen, Z&[E)rF % ContigExpress HEFTHFHE .

Fz 1. WHEFEKZ DNA FEHFIERS
Table 1.  Accession numbers of nuclear DNA fragments from various C. militaris isolates
Accession number
Isolate
AD GD TA cP CS EP RF

V26-17 MK299434 MK299474 MK299493  MK299444 MK299454 MK299464 MK299485
V40-4 MK299437 MK299477 MK299496  MK299447 MK299457 MK299467 MK299487
V40-5 MK299438 MK299478 MK299497 MK?299448 MK299458 MK299470 MK299489
CM09-9-24 MK299435 MK299475 MK299494  MK299445 MK299455 MK299465 MK299486
CMO09-31-28 MK299436 MK299476 MK299495 MK299446 MK299456 MK299466 MK299490
CM552 MK299439 MK299479 MK299498  MK299449 MK299459 MK299468 -

CMO01 MK299432 MK?299472 MK299491 MK299442 MK?299452 MK299462 MK299482
CMO6 MK299433 MK299473 MK299492  MK299443 MK299453 MK299463 MK299484
F02 MK299441 MK299481 MK299500  MK299450 MK299461 MK299471 MK299488
CMB MK299440 MK299480 MK299499  MK299451 MK299460 MK299469 MK299483

Refer to Zhang et al.™® for sources of these isolates and their mitogenome accessions. It’s noted that we failed to amplify the RF

fragment from CM552.
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F2. YHEEREERBE®SY
Table 2. Primers used for amplifying nuclear DNA fragments

Fragment® Primer name Primer sequence (5'—3') Annealing temp./°C  Amplicon/bp Target locus® Chromosome °

AD AD-F GCCAGGCCCTCTCTAAATCT 53 1508 CCM_05174 IV
AD-R GCTGCAACGGACAAACTCAT

CP CP-F ATCATGCCCTCCACCACTAC 53 1421 CCM_00072 VII
CP-R GCTGCGCTTCTTTTCCTTCT

CS CS-F CCAATACCGCACCTACAAGC 52 1386 CCM_05104 IV
CS-R AGGCGTTGCTGTGGATAGAT

EP EP-F TAGGAGCAAGCACAGACGTT 53 1606 CCM_05090 IV
EP-R ATTCAGCCGTCCCACAAAC

GD GD-F GCACTTCCAGCCTGAGTTG 53 1854 CCM_07752 VII
GD-R GAGTCTGCCACCAAACGTTC

RF RF-F AACCCTGTTCGAAGTTCTGC 53 1570 CCM_00093 VII
RF-R TCACCACTCTCTCCACCAAC

TA TA-F CCAACATCTTTCCCTCCACAC 53 1862 CCM_00163 VII
TA-R GAGTCGGTGCAGTTCTCGAA

®These nuclear genes encoded for ATP-dependent DNA helicase recQ (AD), cutinase palindrome-binding protein (CP), cell surface
receptor/MFS transporter (CS), endonuclease/exonuclease/phosphatase family protein (EP), guanosine-diphosphatase (GD), RING
finger domain-containing protein (RF), and threonine ammonia-lyase precursor (TA). ® Target locus means in which gene locus each
corresponding nuclear fragment is positioned in the CMO1 reference genome by referring to Zheng et al™. ¢ Chromosome means in
which chromosome each corresponding nuclear fragment is positioned by referring to Kramer & Nodwell™",

1.5 £R%ifk DNA 5% DNA ZE R I L
ARSI 280 DNA F BERT/ DB
&k DNA F B HENET. AMRERNE T
AN A R I R % N T LI S VT AR L L
& DNA 5% DNA [ FLESCE & W, ABHF 58 2
AN 50 AT e T 534 . 1 MEGA 6.06
B ) Muscle Fa R %ot 3 75 A4 AR i) i Hhe 2 T ik
4% DNA K Bt 41 /¥ 41 text, H DnaSP
510 414 DNA A Bt EA7AE 178 il 3%
B, SR BCR ORI ZRE SR B, ] MEGA
6.0602 i) K2P AT TR ok 1 ) Y- 249 3 1 B
R R LI . I R RE 04 T 1 G 1A [] 4 o
B MRIES MR DNA B b BT IS Sl

Bl JAEE TOPALIL 2.5 A TH 1% DNA A Bk
PHEAE L, KA LRI DNA J Bebiete —
&, FRTA FIRE I Ge A s 2k ik DNA 5%
DNA A B AR FAB 1

1.6 £RBifk DNA 5% DNA RER B R RN R

¥4, I DnaSP 5.10 #fFPIxf 4 4% DNA
A BRI A kiR DNA R Beiff A7 A vk o (B 46
Tajima’s D, Fuand Li’s D & F test), #RJ5, X4
HPE AR E 25 2% DNA B[l Fil PAUP 4.0b10 %1 fF
(Sinauer Associates, 3 ) #4743 X [F] A6 56 (UL
P<0.001 VE AR A i & wh R A (), K AAF
TE IS I T 1% DNA Fr BBz % DNA Bl 4 .
[FI B, FEAAETE PR 0 i Zekifk DNA 7 Bepid
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AR DNA Bdls % . fieJm, JHl PAUP 4.0010 4%
1 44 8 H5 K AT 29 B (MP) . JH] TreeMap 3b1243
(https://sites.google.com/site/cophylogeny) - £k i
& DNA HFIEZ DNA R CHGE K ; @it KH
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H U HURE V40-5 BRI R IR SR 4 S5 H A
B A BLASTn #%, i 22 A HA 5
fe AL P Y B X &5 (B fH <7E-6, AH Lk
73.4%-96.4%, LXK 28-259 bp; # 3), FEBR
TURIG PR A 13 AcHxtgs R, H, Xk
JE KT 100 bp MIANA 3 2%, HrBIXE R ml-il 4
5 XN rnl-i2 JEgnAS X (L X B 259 bp, AHABLE
88.4%). rnl-il Ay orf245 F1 rnl-i2 N orf253
(171-174 bp, 76.6%—77.0%). rl-il N orf245
F1 cox2-i1 N Y orf286 (172 bp, 73.8%). M4k, 78
Wi LR ARSI A A I E] 4 A4S SSR, 43Rl
F rnl. rns. coxl il nadl W4h & F)E5, Hrp
TA. AT, TAT FI TAA 435I 51K,
2.2 ALK DNA F B

o 0 UV 40-5 AR IR AR B R 40 5 0 A
iy 3 A L B FR(CMO1, 01 F1 ATCC34164)11)
W R 4H 7 9 43 5l 47 BLASTn #82, Hiih
2-4 A KN 38-66 bp (145 SR (A A
87.2%-98.5%; # 3), #4T LAST #lRIMWERH
b BLASTn Z48H 1 N HXTEE R (3% 4). ik sbgh R
ULRH I H RS AT i Numts B0 PR (R 2
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actamicro@im.ac.cn

FHE PR ) LA AN B4 B ) i PRI A i
2.3 KBRS AL DNA 28 SO R i EL 3

R M CM552 [tk RS 1 3% DNA J B RF
A, FRATINETA I e B bk rh 1 B T AR
KA DNA F B (7 4% DNA FrBefil 14 14
Fiflk DNA F ). XU R BN F 75 B3
FEAERREE I AR IC LG . AR A% DNA R Bralizk
Kk DNA J Bt i As SRR A] (3R 5). fEiak
PRARTE 7 /4% DNA F Bt 353 B R [R) R B 11 35k
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SRR S BT Z REE SR B SR bR Bl 2
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R3 WHHE VA0-5 HRAEREB RS 3 MRERERM BLAST #RAER
Table 3. Local BLAST analyses of the C. militaris V40-5 mitogenome against itself and against three nuclear genomes
Query Query Subject Subject Subject Subject Alignment Percent

start end Sequence ID Target strain length/bp  start end strand  length/bp identity/% Bit score E value
V40-5 mitogenome BLAST against itself

2063 2319 KP722501 V40-5 33967 717 973 + 259 88.42 309.0 8.00E-85
717 973 KP722501 V40-5 33967 2063 2319 + 259 88.42 309.0 8.00E-85
2629 2796 KP722501 V40-5 33967 1259 1429 + 174 77.01 91.6 3.00E-19
1259 1429 KP722501 V40-5 33967 2629 2796 + 171 76.61 91.6 3.00E-19
30227 30290 KP722501 V40-5 33967 29291 29354 + 64 90.62 86.1 1.00E-17
29291 29354 KP722501 V40-5 33967 30227 30290 + 64 90.62 86.1 1.00E-17
12735 12902 KP722501 V40-5 33967 1259 1429 + 172 73.84 63.9 7.00E-11
22558 22622 KP722501 V40-5 33967 19453 19519 + 69 84.06 62.1 2.00E-10
19453 19519 KP722501 V40-5 33967 22558 22622 + 69 84.06 62.1 2.00E-10
32092 32139 KP722501 V40-5 33967 7539 7585 + 48 87.50 54.7 4.00E-08
7539 7585 KP722501 V40-5 33967 32092 32139 + 48 87.50 54.7 4.00E-08
29296 29347 KP722501 V40-5 33967 22495 22546 + 52 84.62 52.8 1.00E-07
22495 22546 KP722501 V40-5 33967 29296 29347 + 52 84.62 52.8 1.00E-07
12808 12861 KP722501 V40-5 33967 2702 2755 + 54 83.33 51.0 5.00E-07
2702 2755 KP722501 V40-5 33967 12808 12861 + 54 83.33 51.0 5.00E-07
22572 22602 KP722501 V40-5 33967 5677 5708 + 32 93.75 47.3 7.00E-06
19468 19499 KP722501 V40-5 33967 5715 5686 - 32 93.75 47.3 7.00E-06
23086 23113 KP722501 V40-5 33967 5720 5693 - 28 96.43 47.3 7.00E-06
30232 30283 KP722501 V40-5 33967 22495 22546 + 52 82.69 47.3 7.00E-06
5693 5720 KP722501 V40-5 33967 23113 23086 - 28 96.43 47.3 7.00E-06
22495 22546 KP722501 V40-5 33967 30232 30283 + 52 82.69 47.3 7.00E-06
21286 21341 KP722501 V40-5 33967 31827 31881 + 57 82.46 47.3 7.00E-06

V40-5 mitogenome BLAST against nuclear genomes

31680 31726 CP023324 ATCC 34164 8286469 4750747 4750701 — 47 87.23 54.7 1.00E-05
21881 21946 CP023326 ATCC 34164 3849251 2877664 2877729 + 66 98.48 117.0  6.00E-25
9142 9184 MQTMO01000005 01 4088212 3848337 3848295 — 43 93.02 63.9 8.00E-09
6431 6468 MQTM01000010 01 1886322 479668 479631 - 38 97.37 65.8 1.00E-09
31680 31726 MQTMO01000012 01 1944127 1819799 1819753 — 47 87.23 54.7 2.00E-06
6431 6468 NW_006271974 CMO1 3240361 2723649 2723686 + 38 97.37 65.8 2.00E-09
9142 9184 NW_006271970 CMO1 5422368 5176892 5176850 — 43 93.02 63.9 1.00E-08
21881 21940 NW_006271975 CMO1 2818147 1095496 1095439 — 60 93.33 87.9 3.00E-16
31680 31726 NW_006271973 CMO1 3260156 659497 659543 + 47 87.23 54.7 4.00E-06

When performing BLAST analyses against nuclear genomes, three target strains (CM01, 01 and ATCC 34164), which have available
nuclear genomes, were employed as listed in the “Target strain” column.
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Table 4. LAST searches of the C. militaris V40-5 mitogenome against three nuclear genomes

T4 MEHE VA0-5 LhiAEFEES 3 MZERHER LAST #F

Query Query

Query Subject sequence

Subject strain

Subject

Subject Subject

Alignment Percent

Bit score E value

start end  position ID start end position length/bp identity/%
21881 21946 cox1-E2CP023326 ATCC 34164 2877664 2877729 chr 1l 66 98.48 103 2.60E-19
31748 31680 cox3-i1 CP023324 ATCC 34164 4750679 4750747 chr VII 69 76.81 60.1 1.90E-06
11326 11265 nad3  CP023325 ATCC 34164 3508316 3508377 chr V 62 77.42 55.3 5.00E-05
11265 11326 nad3 MQTMO01000013 01 617828 617889 Contig 10 62 82.26 64.8 6.80E-08
31748 31680 cox3-i1 MQTM01000012 01 1819731 1819799 Contig 7 69 78.26 63.2 2.00E-07
9184 9142 trnQ  MQTMO01000005 01 3848295 3848337 Contig 2 43 93.02 60.1 1.80E-06
6468 6431 rnl-i4 MQTMO01000010 01 479631 479668 Contig 8 38 97.37 58.5 5.40E-06
11265 11326 nad3 NW_006271969 CMO1 5079784 5079845 CCM_S00001 62 82.26 64.8 6.70E-08
31680 31748 cox3-i1 NW_006271973 CMO01 659497 659565 CCM_S00005 69 78.26 63.2 2.00E-07
6431 6468 rnl-i4 NW_006271974 CMO1 2723649 2723686 CCM_S00006 38 97.37 58.5 5.40E-06
21946 21881 cox1-E2NW_006271975 CMO1 1095433 1095496 CCM_S00007 66 90.91 75.9 3.10E-11
9184 9142 trnQ  NW_006271970 CMO1 5176850 5176892 CCM_S00002 43 93.02 60.1 1.80E-06
%5 AEIFHEEKES DNA FEBEEHEETRER
Table 5. Nucleotide variations on each DNA fragment among different C. militaris isolates
Locus Length/bp Variable sites Overall distance  Max. distance  Allele Hd
S SNP %
Nuclear loci
AD 1198 5 7 12 1.00  0.0034 0.0076 5(4) 0.80
CP 1224 5 0 5 0.41 0.0020 0.0041 5(5) 0.76
CS 1226 19 17 36 2.94 0.0100 0.0150 7(4) 0.87
EP 1384 14 7 21 1.52  0.0057 0.0096 7@) 0.91
GD 1679 9 3 12 0.71  0.0027 0.0042 6 (3) 0.89
RF 1435 2 5 7 0.49 0.0014 0.0028 5(4) 0.81
TA 1663 11 18 29 1.74 0.0055 0.0092 6 (4) 0.84
Sum (nr) 9809 65 57 122 124 - - - -
Mitochondrial loci
atp6 783 0 4 4 0.51 0.0010 0.0039 4(7) 0.53
atp8 147 0 0 0 0.00 0.0000 0.0000 1(10) 0.00
atp9 225 0 0 0 0.00  0.0000 0.0000 1(10) 0.00
cob 1161 4 4 8 0.69 0.0026 0.0061 5(4) 0.80
cox1 1593 4 5 9 0.56 0.0018 0.0044 6 (5) 0.78
Cox2 750 7 2 9 1.20  0.0055 0.0095 6 (4) 0.84
cox3 810 0 11 11 1.36  0.0028 0.0139 2(9) 0.20
nadl 1104 3 3 6 0.54 0.0020 0.0036 4 (5) 0.71
nad2 1686 3 7 10 0.59 0.0017 0.0054 5(4) 0.82
nad3 420 1 0 1 0.24  0.0013 0.0024 2(5) 0.56
nad4 1449 2 7 9 0.62  0.0017 0.0049 4(4) 0.73
nad4L 270 3 0 3 1.11 0.0062 0.0114 3(5) 0.64
nad5 1995 12 10 22 1.10 0.0043 0.0086 4 (5) 0.71
nadé 633 0 0 0 0.00  0.0000 0.0000 1 (10) 0.00
Sum (mt) 13026 39 53 92 0.71  0.0024 0.0046 7(4) 0.87

Pi: parsimony informative sites; S: singleton sites; SNP: single nucleotide polymorphism sites (=Pi+S); Hd: haplotype diversity. For
the allele column, we listed the number of total alleles (outside parentheses) and the number of individuals represented by the
dominant allele (within parentheses). For the nuclear locus RF, all data were from 9 isolates; for all other loci, the data were from 10
isolates. In order to make the comparison between mitochondrial DNA fragments and nuclear DNA fragments more objective, this

study only used the exon sequences although most nuclear fragments and some mitochondrial fragments contained introns.
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Figure 1.

Comparison between nuclear DNA (nr DNA, left) and mitochondrial DNA (mt DNA, right) phylogenies.

Bootstrap values for nodes receiving a bootstrap value larger than 70% were marked.
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& DNA 78335 1.7 f%(SNP #i% 1.24% vs.
0.71%).
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Comparison of evolutionary relationships between mitochondrial
and nuclear DNAsin Cordyceps militaris

Shu Zhang®’, Ningbo Cui?, Yuxiang Zhao?, Yongjie Zhang”

! Institute of Applied Chemistry, Shanxi University, Taiyuan 030006, Shanxi Province, China
2 School of Life Sciences, Shanxi University, Taiyuan 030006, Shanxi Province, China

Abstract: [Objective] To detect possible nuclear mitochondrial DNA segments (Numts) within nuclear genomes of
Cordyceps militaris and to compare the degree of nucleotide variations and phylogenetic relationships between
mitochondrial and nuclear DNAs by employing multiple C. militaris isolates. [M ethods] Nuclear genomes of C.
militaris were searched for sequence similarities by local BLAST/LAST analyses with its mitochondrial genome as
the query. Seven nuclear protein-coding gene fragments were amplified from 10 C. militaris isolates that had
available mitochondrial genomes. Nucleotide variations at seven nuclear fragments were compared with those at 14
mitochondrial protein-coding genes. [Results] Five short Numts with atotal length of 278 bp were identified in the
nuclear genomes of C. militaris. The overall nucleotide variabilities of C. militaris on nuclear fragments were
generally higher than that on mitochondrial fragments. The phylogenetic relationships among different C. militaris
isolates revealed by nuclear and mitochondrial DNAs were significantly different. [Conclusion] There was no
detectable gene transfer of long fragments between mitochondrial and nuclear genomes of C. militaris. The
nucleotide variabilities of mitochondrial and nuclear DNAs were different, and the phylogenetic relationships of
different C. militaris isolates revealed by them were different either. This study enhanced our understanding of the
evolutionary relationship between mitochondrial and nuclear DNAsin C. militaris.

Keywords: Cordyceps militaris, mitochondrial DNA, nuclear DNA, gene transfer, nucleotide variability
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