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MY I E B EWIRIEZ 2 H B RmEZGR" 7,
WA AR, S A AE R AR BB R ), 5/
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BRI A BOM R, i T A B B R OB
AT 52 g B A8 S 1 O H R 6T, R B T R AR il
AR AR H T z , Hovh st A Z2 A P AR VR 4540 O T
O R TR MRS iz — 07 AR T
51 Z M REBR B R AT R & T LR X
T3 B s B T PEA LEAS & BT LA AT 1) T DA B AT
%) Expressed sequence tags ( EST) 3% o 53 2 A,
(i R bRIE T SR, Ok B AR W] — ¥ Fh g EST ¥
F ) T B AR IC A A 2 S PEAR A TR, 22 i A
GenBank ™ Armillaria mellea TR A ) EST 5 % 7 %
R 2 2 B TR 51 W) 22 28 P A D 2 A AR 4 10
e

454 U # $¢ R A1 Tlumina Genome Analyzer
SOLiD System Jf 5k K T — QI 5 A, H 00 F Jit 2
e T BRI PP i KSR AR W) RO X DNA JF 51
FTAE I, %2 Mlumina F1 SOLID (14 J i3 4 40 e, 454
OB 9GS FLX Titanium F 5 32 K B K (& K
1000bp ) B4 S fet JHC A7 oA 1 A PR 20 9 000 | 30 055 ik
PR 2H 1 AIF 9% B i 2 AU 5 0 3 W0 35 TR 2 F o 45 5 Il
HA— s,

H T B A PR R T S MO BRI RN (L
Z T BIRIESE 22 4 TP A T SR R 0 i A KT 22 AR B
FeEAFR AT TS B 0 T ALY S
WL Je — R 2 Ho AU EMAET: (1) F)
Ji1 454 GS FLX Titanium - 5 X % 4 % 3 B % s 41
FEATIN R, B 25 e 3k (DR 2 J5 N EST 7 41 v 44 3
PR ORI SSR T4 (2) 3 U8 i AF & BRI & A
SSR #9 EST #8351 9, I % Br e+ 19 51 1 i 17
PCR Z 28RN (3) F H] 6 4045 f Uk 12 HORS A 19
SSR 514 4 By 2% KN, B Ja R AR W45 B o
BRAEXT 5 Oy AT 900k, DTG Ay B 4 2 BRI 35t 1% 2 A
PEFRE 7% 454 A BIF S8 4T R B8 52 Y 5 A

x1. BEREWREHF

1 R e or %

L1 FERFFF

PCR 9" 3% {X ( Bio-Rad, 3¢ [{ ) | B & M & & 48
(Bio-Rad, 3% [E ) . NanoDro 4366 B /% ( Thermo, 38
[# ) .QIAxcel ScreenGel T 4l 45 i 7k &R 48 ( QIAGEN,
FH) B A EEsE RO (PCR) Br AT #Y DNA R &
it . ANTP 4 H K% TaKaRa,TRIzol W H Invitrogen 2
Ao
1.2 FREREUR 454 W

FH TR SO B B 4 R T B ORL T 2011 4E L
AR T 8 TN S 2 (34°7'2"N, 95°48'
52"E) . FORCRAEE, B is 2 2 b E R B T
b v S AR W B 5 BT e A 3 S AR R R
FET I DR AR RN TR T 45 A T SUR R T
TG HR IR B R 15d, K 85 SR A B A T 22 IR TE TR
AP BITEE %AS T )5 % F Invitrogen 23 @] TRIzol 7]
FEIUE RNA, H] NanoDro 73566 BE A %€ & RNA &
260 nm Al 280 nm 4k FYOEAETHE B RNA 7359 H]
1% Byt JIE AR 56 J Pl Uk R RN 4l B2 R 56 28 1 I
JE A 3 AR B RNA R A R 17 2 TRIzol i 3%
£ PR E LY A AT cDNA SCEME, SCFEH
SMART cDNA SC A6 H 3 7] 5 40 2, 28 0 1 e 4l 1k
ZJ& 500 - 800 bp K/INEY A BEGLOR B TR Ok, L
ey EE L MA TEZE,S pg MU
cDNA $TWi 7 300 - 800 bp Y 7 Bt , W4 3 45 i 45 S5 Ak
ey A M B, B8 B BB ER b, &
emPCR & % F L £ F AW /A A 454 GS FLX
Titanium “F & & T PicoTiter Plate (1/4 fx) L 3#:47M
P o, M 454 33 %4 GSAssembler software
V.2.0.01. 14 47790 P

R EHEER

Table 1. Locality information of populations of Armillaria luteo-virens used in this study.

population N population location longitude latitude altitude/m
Yang Long 25 Yang Long Qinghai, China 98°33'E 38°29'N 3777
Re Shui 20 Re shui Qinghai, China 100°28'E 37°28'N 3539
Ma Duo 21 Ma Duo Qinghai, China 98°27'E 34°61'N 4356
Yu Shu 3 Yu Shu Qinghai, China 95°48'E 34°7' N 4312

N = Numbers of individuals in the population.

1.3 S[#i& i+ FIEHE
Msatcommander “M?ﬁmﬂé%"j’iﬁﬁ SSR ) EST

PO, BRI S RO E N A R =6
NIRRT 2 M A EE B 4 B E S Y
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%A SSR 741 Z J , WA IX 26 7 51 v [ HL 8 B 98
5790 L #KAF Primer Premier 6.0 ' 831514, I
KA 3 AR (R 1) 1966 MARIEX LS Y
FR AT A, ok S e B 2 SR AR A T AR G0 Ok B R
% (Yang Long) 1 25 MK Ok H#K £ (Re Sui)
20 DR LL KR B3 2 B (Ma Duo) B 21 A~
o BRI 51 P SITE A T A ARG IR
J& 3847 PCR ¥38 , PCR 2% 4 95°C 25 £ 5 min A H]
514 (9 A [ 1B R E 30 5. 72°C FEAif 30 s 34T 35 A4
TEFF i J5 72°C %€ 10 min, PCR SR fdi ] 15 wlL
AR A HG:3 wL (30 ng) 2 HF 4 DNA 1.5 pL
(10 x PCR buffer) , 1.5 uL (1.5 mmol/L) MgCl, |
1.5 pL (10 mmol/L) dNTPs ,0.30 pL (0.2 wmmol/L)
#5149, Lk 0.3 pL #y Tag DNA B F1 6.6 pL
ddH, 0 285 3R 35 e vl KA I 4% 5 e T U R
INETT I T AT Z2 38 AN A 2 S R S ) £
66 MFEM Y1 J5 F QTAxcel ScreenGel T 414 Hi Uk
F4¢ 12 kS 00 3 i BEOR /D, B JE, J POPGENE
version 1. 3" 180 45 {7 JL PR B (N, ) L 28 2

(H,) WEHRAE(H,) . ] GENEPOP version 4"
RS GFF& Hardy-Weinberg -7 L) I J2 15 77
TEEPAVTERLR ., &a, HEAZEMR SSR 3]
¥k K i EST J¥ %) 144 & GenBank L) 3545 GenBank

accession number,

2 #X
2.1 454 MEFELER

454 W J 45 R 28 F S T PR AR & Y P 2
Jog— 2L B F T 1997121 4% reads, B E N
88585965bp , J¥ 41| V- ¥ K £ 2 449bp, Xt T fr 3K 15
() reads AT PHE S5 15 5] T 22236 42AETUAR Y EST
Fea, o 547 2024 2% contigs (“F-1J 4K 974 bp
A1 BB L% 2186,696) F1120212 4% singletons (-1
e 404 bp AL 7 5 EL 8158700) o 7R T A B 43
7, Z %0 contigs 434 T 400 — 1400 bp X J&] (H
1-A), T £ %X reads W 43 Af 7E 400 — 600 bp X [&]
(E1-B),

(A) 600 -7
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&
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Q
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Figure 1. Length distribution of contigs (A) and reads (B).
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2.2 WIESIYHFEMEIE

FI ] Msatcommander #PFIL ARG T 321 694
RG99 EST J7 5], o f 23 &7
Pl EH AT R (7. 17% ) 285 575 & H =6
B (88.79% ) .6 )7 F) & A MG E A
(1.87% ) .3 %79 & A H A EE (0.935% ) .4
KPS ANIEER (1.25% ) (K 2)., fE&®
W2 M = (GGT ), (22.8% ) FiI
(AGC), (15.8% ) e % . W75 2 (CT) , & &
K% ,iK8| T 43.5% ,

AT 321 )55 P B UL £E 98 ki it &
B, 51 22 PCR 4 1 R0 Byt s A vl Tk A I, A 5
WEIE// D o E IPOIIE Y/ B SRk S (EP
Al KANASFF G U, 723X ) F 1) 86 (87. 8% ) X 5l
YA 27 51 (R 2) Ui ST
AR 280 (. 3) 5 215190 880 27. 6% .
X 27 X5 YA L B (N,) JERIR 2 -8 - I(E
4185 MBI B (H,) H/NT 0.001

RFU : -0.007 min - 10.825

£ 0.810 (ALV65) F-H#{H K 0. 467 , T W5 44 & JiF
(Hy) W 4 F 0 (AIV64 F1 AIV92) Fl 0.900
(ALV8) Z [a] -2 {8 Jy 0. 423, ML Y 3 A s
KB I A ML) R A, IR0 27 XF514)
M 10 X 51 Y9042 B N Hardy-Weinberg -
TR B sl (R 3) .

Numbers of sequences
"
o
1

1001
501
N
di- tri- tetra- penta- hexa-

Numbers of nucleotide repeats

B2 SSRE|YHEEEFISHE
Figure 2. The numbers of nucleotide repeats in SSR motif

sequences from A. luteo-virens.

[bpint] IEE > A3 A4 A5 A6 A7 A8 A3 A10 AN B1 B2 B3 B4 B5 B6 Bf B8 B9 B10
R T
A
600 s IS S S o S s i —— . S, S 5 s M e IS e W o
500 — fe— — 500
200 — jo—) a0
[r—— ——— e —— — [— [ ——
— —_— —— e e e, — — — — — — Voo
250 ——— ee——— 250
200 — [r— — 200
150 —— 150
100 — — 100
75 —
50 — |—
2 —
15 —
— v
0 » |
I 00#5[T  5283|RFU ~fl———"Contrast 1.10
1> 5662[¢l 13663| min Individual Scaling [———— Noise Cutoff- 0

3.5] 41 SSR 96 &3 4> PCR ¥ 38 & R EHE Bk U E
Figure 3. The PCR results of primer SSR 96 showed on QIAxcel ScreenGel system.
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2. 27TMNEASTUNERERNE SSRYWERER

Table 2. Characterization of 27 microsatellite loci in Armillaria luteo-virens

locus primer sequence(5'—3") fragment size/ bp  repeat motif Ta /°C GenBank accession No.

AIV 8 F:CCGTGTTAGGGTTTAAT 94 - 118 (AG), 54 KC357676
R:CAACCCGAACTCAAACTCCAA

AIVI8 F:TCCAGCCAATCCAGCTC 101 - 121 (AC), 54 KC357677
R:TGATGATGATGAGGATGACGG

ATV24 F:TGGGTAATGAGGGTTGG 142 - 170 (AGC); 54 KC357678
R:ACCACGACGAATCTTTTGACT

AIV25 F:AGGTAGTGATGGGGGTT 179 - 191 (AGG), 57 KC357679
R:ACAACCTCCACAACCCTCAT

AIV33 F:GGAGGTCTGGGATTCTG 165 - 186 (ATC) 4 54 KC357680
R:AGATGTGCAAGCTGCACATG

AIV37 F:TTGATACTCGTTGGCCG 128 - 140 (GAT), 54 KC357681
R:GTTTACGCGCAACCATTGTT

ALV45 F.CGTGTTAGGGTTTAATT 117 =129 (GAT), 54 K(C594361
R:TTGGATTCCACCTCTCTGCAT

AlIV51 F:AACGGATTCTACAAGTG 129 - 144 (GT), 56 KC357682
R:TTTTCTTCCCTATCCCCTGTT

AIV53 F:TGGGTGGTGGTAAGTGT 140 - 164 (GTT), 56 KC357683
R:CCTCTAGGTCGATTTCTACCG

AIV58 F:CAGGAAGAGGATGAGTC 97 - 109 (ACC), 54 KC357684
R:ATTGGGCAATGGTGACGAA

AIV59 F:GCGACCGACAGATGGAT 94 - 119 (AAG), 54 KC357685
R:ATCACATTCCTACCACCACCA

AIV60 F:TGATAGTCGCGGAACGC 80 - 116 (ACC), 54 K(357686
R:TTGGGACAACGTGACATCTT

AIV61 F:CAATCCAGCTCAGATCC 106 - 124 (ACC), 54 KC357687
R:GGGAACCTCTGTTGATGATGA

AIV64 F:TGAGGGGTTTGAAAGAA 190 -202 (GGT), 54 K(C357688
R:CACCACACCCTTTTCCACA

AIV65 F:AGGTGCAATTGGACGTG 156 - 171 (GTT) 54 KC357689
R:TAGCTTCAACCAGTCCCTCA

AIV67 F:CGAAAGCACCCGCAGAA 190 - 208 (GTT) 4 54 K(C594352
R:GGAGAGCAATACCAACCTGAA

AIV68 F:AAAGTCGGAGGTGGCAT 170 - 191 (GTT), 54 K(C594351
R:TTATCAAACCGACCCGTCCAT

AIV72 F:TAGGTTGAGCTGATAGG 153 - 165 (GCT), 54 K(C594350
R:AACAGCAGCAGCAGCAACAA

AIV73 F:TCCGTCACTCTCTCAAA 169 - 178 (GAT) 57 K(594357
R:CCATGTTTCTTGTCGTTATCG

AIV75 F:CTTATCGCGTGCAGTGT 305 -314 (GTT), 54 KC594356
R:CCTGATGTTCTAACAGACGCA

AIV77 F:AGGAAGTTGCTGATCGT 200 - 215 (GTT), 54 K(C594353
R:CATCTGCATTGACATAGGGCT

AIVS82 F:TGGTTCCTTCAAGTCGT 204 -210 (CGT), 54 K(C594359
R:CGAAACGTTGAATACCTGGA

AIV84 F:ATTGTGCACGCTTGGAT 238 - 244 (cem), 54 K(C594354
R:ACCACTCGAATAACACCACCA

AIV86 F:GTCGCCTCCTAACGTCA 188 - 197 (ATC), 54 K(C594355
R:TTGAGCCATCCGAGGAGATA

AIV89 F:TGAACTTTGAGCAGGTT 224 -236 (AGG), 54 K(C594358
R:CGAAGAAGATGTGACGATTGG

AIV92 F:TGAGAACTTGGGCTCTA 267 -276 (AGG), 56 KC594360

j=¢]

: TGTGGTAGCCGCCATTCTT

(GGT),
F:GGTTTTGGTGATGATGA
: 348 — GGT 3
ATV96 R:ACAACCTCCACAACCCT 48 =372 EA(‘C))S 37 KC357679
5G) g

F = Forward; R = Reverse; T, = annealing temperature.
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F3.HEFERE SSR I MM BEEFHG
Table 3. Summary information for 27 microsatellite loci in three Armillaria luteo-virens populations
Jocus “Yang Long” (N =25) “Re shui” (N =22) “Ma Duo” (N =21)
N, H, H, N, H, Hy N, H, H,
ALV 8 0. 900 0.740 " 8 0. 500 0.532" 9 0.613 0. 605 "
ALV18 3 0.767 0. 663 3 0. 200 0.319 3 0. 564 0.612
ALV24 6 0.433 0.715~ 6 0.200 0. 468 * [§ 0.321 0.305"
ALV25 5 0. 633 0. 604 5 0.200 0.252 6 0.451 0.549
ALV33 3 0. 500 0.497 3 0.133 0.380 " 5 0.519 0.556
ALV37 3 0.267 0. 494 3 0.267 0.367 4 0.374 0. 485
ALV45 4 0. 400 0. 466 2 0.133 0.123 3 0. 466 0.534
ALV51 3 0. 600 0.719 " 3 0. 400 0.419 3 0. 602 0.611
ALV53 4 0. 667 0. 664 4 0.567 0.461 4 0.581 0. 635
ALV58 3 0.533 0.578 3 0.533 0. 444 3 0. 475 0.522
ALV59 2 0 0. 066 " 2 0 0.065 " 3 0.342 0.431
ALV60 4 0.533 0.613 4 0.267 0.324 5 0.325 0.478
ALV61 4 0.633 0. 652 4 0.300 0.433 5 0. 481 0.519
ALV64 5 0 0.521° 5 0 0.182 5 0. 485 0.515
ALV65 5 0.733 0.810 5 0.433 0.528 5 0. 654 0.732
ALV67 6 0.633 0.758 " 6 0.433 0.561 " 6 0.519 0.471"
ALV68 6 0. 800 0.784" 6 0.533 0.541° 6 0.762 0.793
ALV72 4 0.533 0.051 4 0.433 0. 445 4 0.539 0. 624
ALV73 2 0.200 0.364 3 0.167 0.307 4 0.314 0. 452
ALV75 3 0.267 0.432 4 0. 200 0.328 4 0. 425 0.526
ALV77 4 0. 500 0.650 " 5 0. 400 0. 541 5 0.463 0.411
ALV82 4 0.433 0. 494 4 0. 300 0. 346 4 0.568 0. 692
ALV84 4 0. 100 0. 097 4 0.533 0.538 4 0.615 0. 698
ALV86 3 0.033 0. 098 3 0. 167 0.207 3 0.258 0.316
ALV89 4 0.567 0.613 4 0.233 0.360 4 0.478 0.589
ALV92 3 0.433 0.640 " 3 0.267 0.436 " 3 0. 485 0.515
ALV96 4 0.332 0.385 4 0.253 0. 266 4 0.472 0.525

N, =number of alleles; H = observed heterozygosity; H = expected heterozygosity.

bonferroni correction (p <0.001).

3 itk

TEAR LI th B AT A 2 [ 454GS FLX Titanium
6, AT 174 plate {3545 7 80Mbp LI I 9 %k
Pt 2 PR R 24 LIS 4643 T 321 4 & A5 SSR 1
EST P91, 3% 86 7 51 © 2 J2 % o f% ok i BF 52 9F %
SSR 514, M ZRiH— S BF 58 % A , N EST )5 51 JF
K SSR 51 WA % (o TR I3 IRt iz
07 P T 5 PR £ 2 TR 50 S A R M e L LA TR Lo
LRI PR S RS T SR, &
M, WA — e B 5N EST-SSR i T JF & [ 2 A Y
Gt 5 5, T 25 L = A% A IR — A SR B,
DAFR DL = SRR E R 0, Hoh TR A X
SR SF P EST-SSR BA Z S AR B i g™ .

# Significant deviation from Hardy-Weinberg equilibrium after

ARHFSE N 454 7 25 A5 8] T 321 & SSR
) EST J¥ 51, 783X 321 4507 41 24 rp =1 3t i &2 )3 5
A E] T 88.79% , N AE T LR BEIE &5 R, FRATT A
ROk B 3 ASASTR] 27 43 A5 J8 Y 66 A 1A X i HL
VR 98 XF 51 Mk AT IR UE, A 27 MBI EA £ S
PEEH A 10 X751 ¥ 2 T Hardy-Weinberg -
i, 3K AT BB R R R S5 Vb R ) TR RO AR B D R
B BN 1T B3 AN ERET R H Y E
Bk 0.475 (YR ) [0.355(#sK) . 0.558 (L £),
FI T PSR = AT 2 R B AR [ R )
H B ) 25 530 02+ 3 5 35 M, 75 2208 AR A i 72 4
JE RIS E— R IE . 48 F T IR, X 17 X} EST-
SSR G W0Hs kA e B 4 A T o AT 22 A S R 4
FA AT 5% LA B ol o 0 U 5, 2 A% RS A 2 | L 3R AR
FRIEAT T 7 s 3L m .
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Isolation and characterization of 27 polymorphic
microsatellite @ markers in  Armillaria luteo-virens
( Physalacriaceae )

Rui Xing''?, Qingbo Gao', Faqi Zhang" *, Yinhu Li""?, Pengcheng Fu''?, Jinhua
Zhang''?, Jiuli Wang''?, Shilong Chen'*

"Laboratory of Qinghai-Tibet Biological Evolution and Adaptation, Northwest Plateau Institute of Biology, Chinese
Academy of Sciences, Xining 810001, Qinghai Province, China

? Graduate School, Chinese Academy of Sciences, Beijing 100039, China

* Key Laboratory of Eco-Environments of Three Gorges Reservoir Region, Ministry of Education, School of Life Sciences,

Southwest University, Chongqing 400715, China

Abstract; [ Objective ] The objectives of this study were to use Roche 454 GS FLX system to develop SSR markers for
Armillaria luteo-virens. These datasets will be valuable for detecting genetic diversity and population structure of this
species. [ Methods] We collected Armillaria luteo-virens samples from Yushu in Qinghai province, China. Total RNA
was isolated by using the TRIzol reagent, after that we constructed ¢cDNA library and performed one quarter plate of the
whole run 454 pyrosequencing. We selected 98 primer pairs randomly from the 321 SSRs to evaluate their application and
the polymorphism across 66 individuals ( Armillaria luteo-virens) representing 3 wild populations. [ Results] Roche 454
sequencing yielded 197,121 reads with a total nucleotide size of 88,585,965bp. 27 of 98 SSRs loci were polymorphic.
Numbers of alleles (N,) ranged from 2 to 8. Expected heterozygosity ( H,) ranged from less than 0. 001 to 0. 810 at locus
ALV65, while observed heterozygosity ( H,) from 0 at loci AIV64 and AIV92 to 0.900 at loci ALV8. We found no
evidence of linkage disequiliburium, however 10 of 27 SSR markers showed significant deviation from Hardy-weinberg
equilibrium. [ Conclusion | These remaining 17 pairs of Armillaria luteo-virens SSR markers will be valuable for future
research on detecting population structure and conservation of this species.

Keywords: 454 pyrosequencing, Armillaria luteo-virens, simple sequence repeat, genetic diversity, Qinghai-Tibet Plateau
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