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Construction and Analysis of SSH cDNA Library of Ericoid Mycorrhizae
Fungus Under Nitrate Induction
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Abstract The ericoid mycorrhizal fungi cultivated in the ammonium and induced by nitrate as experimental material, this study
constructed a forward subtractive cDNA library to study the nitrate-induced genes in ericoid mycorrhizal fungi by suppression
subtractive hybridization. We randomly picked 300 clones for sequencing, eventually won 223 single sequences. Similarity search by
BLAST indicated that 92 uniESTs should be known function sequences, whereas 53 uniESTs might be unknown proteins and
putative proteins, which were unmatched sequences, while the remaining 23 sequences were highly matched. The known function
genes primarily involves in energy metabolism, material synthesis and metabolism, biological resistance, membrane transfer, and
signal transduction and so on, and some genes related to nitrate metabolism were found, such as nitrite reductase, nitrate transporter,
nitrite reductase, and amino acid permease and so on, These genes may provide a basis for further studies on nitrate metabolism of
ericoid mycorrhizae fungus.

Keywords Ericoid mycorrhizal fungi; Nitrate; Suppression subtractive hybridization
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FBAENEMI A IOER, MOBEWEVAR  UCNTE PHAKT 5.5 M B3Rt /EH JL-F- =2 n] LA
MRS, B 50T RAEHR, MYREK  ZEEATRI(Paul and Clark, 1989), R T35y
s i T L g A SR, LHEMES  AARH A (Kosola and Workmaster, 2007). i
B AR A S = (Gobert and Plassard, 1919-1971 4F[H] B KR WA AT BSTER H ZE Y i
2008). RN TR AR HGESIRZCE, S+ % (Vaccinium macrocarpon) I 7 SCCA : it

EWEKMENMES RGN ERAEERNE L. UWESEN, SRt KEERIEEE TR &
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2 A 158 e I 7 A DU 2 SR SR 0 68 o A=
K& KT DL R 8 SR (1 4 K & (Kender and
Childers, 1959). H T #AER R HIRIRAE T HIRETE L
K 9 4 35 1 # (ericoid mycorrhizas, ERM), Read
(1996)+HE I TR AR AT B3 9 1 A E AR S A AU
At JJ(Read, 1996). IttJ5, £ ERM HIH 457 LA
2 HE W5 %5 (Kosola and Workmaster, 2007). z At
B5%(Rhododendron fortunei L.) (F*IN 455, 2010)i5%:
IR ERM BB B AR SOR F A& e
{ERF TS AR S ERM FL B ISR &S B LA T
RN

O8] 12k 22 9 4% A2 (suppression subtractive hybrid-
dization, SSH) [ 1996 4 1 Diatchnoko 2% % B L3k,
BT HERR RS BPH R, KA
BRI SRR AL, BTz T B &R
PRI 22 IR B DR, IR e (R 2 B K A S Bl
BFEIEIR K B AEFENAR R & (8%, 2008; 55T,
2009). JEA& iR E R MESE, 2001; 7K 4%, 2002, H
SREFAE IR, 12(3): 261-265). AE 5 A4 WA (Hp
5t, 2005)%%

AHFFELL ERM BB H i 9 3k (1) — 2R LR N
BRESARE, T F ) 4 2298 2 52 (suppression subtra-
ctive hybridization, SSH) X #J% T ERM H1H i 4
5T T cDNA SCFE, DU H1533] ERM R
THASZAREHAE R B R R4, N7~ ERM A%
UL R S E TRl .

1 &R
1.1 & RNA 2/ & mRNA K45 B4tk
FEEF)E RNA 28S 11 18S 5 8455, 5 EB 45
ARERR 221, HF&HZ AR HIREELS,
JUF#%% DNA j55%(F 1). X HRAALFE A4 5 RNA
OD,60/OD2gq 737 4 1.900 £ 1.860, /T 1.7~2.0
(% 1), ULHAATIE RNA FERZZ20E. BEREY
JRS RAREERUIN, BRI, AR . 47 mRNA
TEBE MR B RE AR - 2 S M oRECR (B 2), BEHRH
Promega ] ] PolyA Tract SystemsIII (9Z5300)4fi{t.
HY mRNA HA R e, RyifeiE, wTHT
JE B R R

1.2 SSH SCEE MR RAR I
1.2.1 Rsa I BEVIRCR /34T

B BRAH A EZH mRNA & 2 pg, REESERR
X4k cDNA J&, 28 Rsa | i), 35 2%35 i /EB
Jisg ek RS T il ) 2 (PR B), A FEAEL A AL (1) e
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2

3 4 CK CK CK CK

K1 5 RNA Hijk &

: CK K 1, 2, 3, 4 43 550 DU BB IS T £ %ok BRI AL FER A o
RNA; M: DL2000 maker

Figure 1 The agarose gel electrophoresises of total RNA

Note: CK and 1, 2, 3, 4 are the agarose gel electrophoresises of
total RNA from control and treated samples taken at four
different times; DL2000 maker

P 2 mRNA ik

VE: D: XPHE; T 4bEE; M: DL2000 marker

Figure 2 The agarose gel electrophoresises of MRNA
Note: D: Control; T: Treated; M: DL2000 marker

cDNA J\ 100 bp Z| s FEFLGIRBUIR 0 A, F2 B4
£ 150~2 000 bp PA_I, BEY) )5 cDNA $EE I HT 40 A7
Y0 BB A 2 T R, P S A 7E 200~700 bp 2 [H]
Ui BB V)RR AT, W T R SRSk T B R 2

;)ﬁj‘bﬁ
pATY S

R o
1.2.2 4HIPE 22 24 22 (SSH) J5 — ¥k PCR =419 #r
ZI T BE Wik PCR ¥718)5, —IXK PCR ;=¥
KSR 4) R, ZR A BER TASESR, ¥
14 cDNA Jr BLBURBUIR 20 A7, oA L BH S e S PR 2%y

W B R 22 98 2 S M PCR 7 88 ROR BT

1.2.3 SCES N R B K /N

BEALPIE 46 4> S FEEAT PCR 9734, Kl fprid
RN BN, R E S fis: A
JrBele/NA 200 bp,  #:KA 1000 bp, KER-EEHHTE
400 bp A RWER:. FBACRBLF, A BRI
A SCPER R SRR 2K

1.2.4 cDNA XCFEHR ESTs 241 K BhaeE AT
300 MPHME RN T 5E G, A 270 A kg
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F 1 5 RNA RIMPOGETHR I
Tablel Detection of total RNA quality by UV spectrophotometer

FE ODyo ODygo OD260/ODg0 W (Ug/uL)
Sample Concentration (ug/pL)
PO 0.351 0.185 1.900 1.404
CK
GO 0.346 0.186 1.860 1.384
Treatment
M1 2 3 4 5 6 7 8 9 10 11 12

K 3 AR sk 1A

7E: D15 D2 73 B ABEVIRT G RO, T1 5 T2 2050 8]
Al J& B 4022 M: DL2000 marker

Figure 3 The efficiency s of mMRNA digestion

Note: D1 and D2 are the Double strand cDNA of control
samples before and after digestion respectively; T1 and T2 are
the Double strand cDNA of treated samples before and after
digestion respectively; M: DL2000 marker

l-c 2=¢ E1 E2 M pl-cp2-c pEl pE2

& 4 =% PCR =4k &
VEIEL ZEEE—IKPCR™), 1-¢: RZEWE —IX PCR =4,

PEL: iEFIZERSE Ik PCR F#4; pl-c: IF [l 20 —
PCR /#J; M: DL2000 marker

Figure 4 Analysis of the second PCR product after SSH
Note: El:first PCR product of forward subtracted cDNA, 1-c:
First PCR product of forward unsubtra-cted cDNA; pE1:
Second PCR product of forward subtracted cDNA; p1-c: econd
PCR product of forward unsubtracted cDNA; M: DL2000
marker

X

MRl 2R EFS]. /N 100 bp /551 LL AT
RIFHIGE, 195 223 58— 741, 751554 181 bp,
5K 1007 bp, T 509 bp, i KkZH#HEEHTE 300~
600 bp 2 [a], 5 PCR il 4k A —%L.
2 Blast 7047, K3 223 % FE 51 92 4 NThRE
CUHTH, 53 AR MINRETF, 435 b 4k A
1385

Kl 5 ZZi cDNA SCEE#43 veRE ¥ PCR il

¥E: M: DL2000 marker

Figure 5 The PCR detection of parts of cDNA reduction library
cloning

Note: M: DL2000 marker

) 41.26%F1 23.77%. 23 267 HIRENS R BIA AT #¢
Rl 55 2T AR BIVLACIE R, (5 B4 R
) 24.66%. Nik—3L | fESCEEH ESTs Fnid AR
g s, g G AR H Y, TS 4t ESTs

BARS )\, BiEae MU YA SR
Ptk VIieis . g, 555 HAahohme.
RAENTIRe . F HREEPRAE BRSO b i o g ke, 4
HIORIR (B 6)0 AR AN R EEEE Fr o L Bk, o 3]
TAERIER 47%; YA EAREAE S ESTSS 7
Thie AR 7 81 b T o LA Ko 12%, Hob
B SRR SR A RS R IE 5B . TR R IE

REnT)iie

Function unknow
P IR A
Material synthesis and metabolism
il ]

Cell constituents
HAbT)RE

Others
Transportation
EIRURIPS
Resistance

A

Energy metabolism

Kl 6 AR EST T ERM HIEZE 7 RIEHE D) He 4 KK
Figure 6 Pie chart of molecular functional groups of differential
expressed gene in the subtractive cDNA library
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JREEFEA . EIERR G MG SE, BRILIEPE N BB A )
SR LA S s 8l RSsHBE R T
EE B R T B AR R ], o0 5 60s iz b4
H. HEH. #ZIEEA Ak, GPIERRS: )
JREEIEFHOCEER BT 5 Eefs] 8%, P AL E 2 Fm 1)
FgtEH, W: HAEFFIEEANRT). K B FiliE.
RN IR ISHELL X MFS o pEitic i
2 RERAREIAHOCEERR 531 7 AR 7%, H

S IR R EE . MRS . AT IR S
Wiy GTP MoK fifthe . WAL BE . ATP AT H14%:
HEIE A P N A — R B 4
# CHEMUEE. DARz AR OCEE N &5 . R 2 R
()52 &6 73 A v B Blast 45
2 it ig

) P 22 ek 2 A2 B b & T AR AR )
(22 5 LB A, T BB SRE AR [ 22 S AN ] e R B
e AREEH, ERM B Bk 19 TEWIIGIREE N
3.8 mmol/L ) MMN £ 3ih C2E K 15 d, HAEK
F = A IR AR 3500 T B TR 857 AR AL
HARIELIREATE, N #RHSETE FRFRR
5550 SR R o ZE BRI R, ORUE PR FR G R 2
MIFERT T EIAN, ARIe R F R IR A RN, Sk
W 2 N i A B R E T G 9% 24 h, 25
WA — o B 22 F X IR, ) — IR i NAH S
TR FAE RIS T, AT T iHEEAR
A ICIER, T IZ AR BTV LA G B

MPTEESCPEr, FRATTILIRTS 3 SRR s R
HEEDR . — SR AR AL i i ik DR R — 2 U M PRI i il
B, FINESE) 3 K AR s E A AL F DU H
E 5V A AR R R P A . AR 2R
BEANTTRINHR s 2 AEMIRN, X2d
YIRTHIR AR R 28— 20 . MR A FIAHIR 2h 4% e
IR HE L2 AN B 2 RO 2 R R KR 1 T A7
T, W AEFREANE, Bl AR s &
2% (high-affinity transport systems, HAT S) MG 3 Al 4
#E1Z 245 (low-affinity transport systems, LATS), 4
AN TR Eh A B i (>1 mmol), SR AI M1 R
SRR, iRk BERARIT (<250 umol), R IE
AGUEAME . AIREIKEE Y 100 um/L, FHR
Hia P B IL I 6 Uk, Ul B AR FE R &= 2R
NZERRREER R, #ENK ERM EEF NRT
J& T R IE RA KM IA L —, X7 2
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Aoy FIRISUEEUE B o TR SR R 0 e B AR
HER, EZH5ERENZHIEEESENEWZ
BT, DAUCHOE IR RS, AR I S5 AN
AR IE SR B 2 120 A i ) SC R B AN SR g, AR
W R B A7 SR IR B IE N AN R, T RHBRE A
PRI Sl A0 S5O . BRI L Rk SRR B Eh
AT AR AR DB 7T, H il J LR 51 1A
RAERT R, FEBEZSHZIMERRE R iR EE
BRI R IR AT, WEH] [z 8RR S Y 2 AN A,
EAMZIEIR IR TS, TR T AR B
1A (Jargeat et al., 2003; Guescini et al., 2007), ERM
R 2 2R 3 DR 1) A A A A 75 A [F]E R AT
RIS IR . B2 35 SAUIE AM AR 1
W LLBGRN, SMERR AR AW &, CHHEsE
AM B AR BB e R 1 S SRR — R AR & B
ke, Hohub B 2 PR BRI A A s
(Govindarajulu et al., 2005; Montanini et al., 2006),
Aot F PRI e AL I 4 Tk, RS 3 A
[ ESTs 741 ; K& /e AM ELHE &R A Sk
(B, o B3 IR AR 22 33 AR P B 22 1) 3 A
FIEA, TMAEERIR AR S 2 RR i — iz
SE R Z AR AN B 22 5% 22 M3 PN 1A 22 119 3 2 (Guescini
et al., 2007; Cruz et al., 2007), ASH 7T HH3R1GH %
BERR AL G EST 41, IXLEHUi ] ERM H & A]
REAFTES AM T E I R R R IR L ia i,
FUHFIRA TR Z R ENFE, A FHR 2 505 A i
TR DIRETERE, ERM ELEF] FH M Z nGh@ it
TR, AR, 4 ket ik t i =
L7 S FAR FEPR R FH S 78 2 PCR A Northern 2333
— B HATIRUE, FFEEAT A R DR 1 e B S LRk A
Ihfe st ZF 7~ ERM B # A EF R IHLH],
A RS TR AR BRI R o

3RS A
3.1 M8l
RIS B 77 5 HAEK RIFH ERM
FLEE PR 197 FEARIEAM R MO T 2R
(Ascomycota). #E B 44 (Leotiomycetes). A B £}
(Myxotrichaceae) . 4 ff1 J& (Oidiodendron) &
PR, B EELETULERE R = MRS IR R .
W58 T AR A B A A A, T E E 2
W AR 0 T S E B AR
RAEAT: PolyA Tract SystemslIIl (Z5300)
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F 2 WAIENFABS Genbank H 03 ] (AR B H A 45 R
Table2 The similarity of parts of fragments with the function identified genes in GenBank

EST %45  KZ(bp)  [FI¥ZEER Yk FAAARE LUEEN)

EST No. Length (bp) Homologous gene Organism Identies E-value

1 709 IR g 192/230 (83%) 4.00E-139
branched-chain-amino-acid aminotransferase  Sclerotinia sclerotiorum

2 967 AR BB 219/280 (78%) 4.00E-158
branched-chain-amino-acid Sclerotinia sclerotiorum

3 434 PRI R 2 il KA 112/135 (83%) 6.00E-61
pyruvate decarboxylase Botryotinia fuckeliana

5 551 B i Glarea lozoyensis 92/130 (71%) 1.00E-61
\bltage-gated potassium channel subunit beta—1

8 532 B TIEIE Talaromyces stipitatus 144/205 (70%) 7.00E-14
voltage-gated K channel beta subunit, putative

10 367 R IE A AL i Eo 71/89 (80%)  7.00E-12
Nitrate transporter Aspergillus nidulans

45 710 AR E 60S L EA 115/126 (91%) 4.00E-73
ribosomal protein L2560s Sclerotinia sclerotiorum

52 939 THERIAE i g ik 173/291 (59%) 2.00E-113
nitrate reductase Aspergillus niger

54 386 FIE IR AT Glarea lozoyensis 32/35 (91%)  6.00E-13
putative Isocitrate lyase

103 570 FILRREE N Grosmannia clavigera 135/178 (76%) 4.00E-76
amino acid permease

113 506 Sl KA T 58/132 (44%) 8.00E-38
similar to autophagy protein Atg27 Botryotinia fuckeliana

115 569 IR I I Grosmannia clavigera 134/178 (75%) 1.00E-75
amino acid permeas e

120 715 TR IEE N Metarhizium acridum 131/232 (56%) 2.00E-92
amino acid permease 2

143 495 MRS Is A ik 97/132 (73%)  7.00E-45
nitrate transporter Aspergillus terreus

144 367 R IE A Talaromyces stipitatus 52/116 (45%) 2.00E-16
nitrate transporter CrnA

145 366 R IE A /N ELR B 71/89 (80%)  7.00E-12
nitrate transporter Emericella nidulans

156 649 HEH WE IR 22 35 115/153 (75%) 4.00E-18
histone 1-like protein mRNA, complete cds Myceliophthora thermophila

158 497 R IE A + A 111/151 (74%) 4.00E-46
nitrate transporter Aspergillus terreus

174 426 FILRREE N Grosmannia clavigera 99/129 (77%) 1.00E-68
amino acid permease

179 908 2R 1 60S 2B 115/126 (91%) 4.00E-72
ribosomal protein L2560S Sclerotinia sclerotiorum

183 367 RS IE Talaromyces stipitatus 52/116 (45%) 2.00E-16
nitrate transporter

186 578 HEH H3 SEEY] 52/52 (100%) 5.00E-27
histone H3 Beauveria bassiana

204 312 2R 1 60S TR % 85 67/74 (91%)  4.00E-40
ribosomal protein L26 60S Botryotinia fuckeliana

206 751 HEH HL FERE Ik 7R A 317/479 (66%) 2.00E-23

histone H1

Neurospora crassa
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Promega ‘A 7, PCR-selectTM cDNA subtraction kit
PL & AdvantageTM cDNA Polymerase Mix 4+
Clontech 24 &), pMD-19T # A& 14T TAKARA A,
6 1A 22 55 97 i F B A5 7R 0N MMIN (Meelin-
Norkrans Medium) 555, BRI IZZ SR, A
U N(NHL),HPO,, £KFE 3.8 mmol/L, #%i# 150
rimin FER N IELERE R 15 d, TRFEN(5+1)C.

32
3.2.1 Bk b

WARRE TR 16d Ja, SRR 2, HE TR
MMN B 78R 55 7% 24 h, FuGdsE, —FEE
TRt MMN 3572 h R 3 7%, 1E AR IR —
8 2T BL 100 umol/L Ca(NOs), A ik — & U5 1)
MMN 5578, B THESEES, (NG, o
BRI IE 4hy 8hy 24h. 36 h BUM, REGELE.

3.2.2 &L RNA 2K mRNA f4fifl

w225 RNA AT E 2 7] PlantRNAzol 1t
ISR PIREEGHE A, 1% st
HK, Al RNA SRR, FHHMERIMO0E
THI 5 4 B Rk FE s 5K F Promega & 7] [ PolyA
Tract SystemsIII (Z5300)7% & mRNA, JF| FH B2 i§
e L A U L S A 1

3.2.3 i ZE ph AL
% FH Clontech /A ] [ PCR-select TM cDNA Sub-
traction Kit {77 &, I % FHo i B P37

3.2.4 ZEJ cDNN SCEERIRIEE K 551 b

B R PCRYIGL WG, W54k pMD-
19T #4%, WK RS2 A4 DH5a, FER
CDNA SCHEREE . BEALIESR: 300 ANFH M 7 F k47 I
¥, BRI 75 s e s RSk S s, AR
EST 741, T NCBI LT Blast [FJgEEXS K DhfeE:
)T, KPS ESTs HEATIEK LhAE 02K,

& STk

FRAR I INKFE AT T 0 S 56 Ve T AN SEBRAIT 7T (30T
N SREIGETH M EFEMATTN, 7 TFRE B Bk
i, WXEESBS: REEHEFRUNEESBS. £
PRAE ER DL R B R & SOAR

B
AHF 5 B E K B R R A 400 H (30972409) % Bl . 1E#&
B T AR ST PN aE . BT . 05 DA AR
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Wi AL AR Sz aned T2 o ) 355 B o Sl A o B 44 1 [RD 4T D1 o NI
VPR AE SUUL
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