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PARHE I AR AL Ry AR AR O B B, M
PRIEHYIAEAESME RARIE A MR I [FIR, J2ARE
PN A TR AR B TR A i A iR o A RO AR X s
S AL LIRS LLAS (Pinus densata Mast. )
IR BSE Y s s K30, SRR T B
A K AMF 7776, B AR i A AMF
AR Em TR, HAMFMEEEREA
1, 254 LLARA R LA AR T B 5 ) ZFp i
Yt ESA R, WYE AR Y2 R R VR S5 F 4
BUAY B ZESE A R 2R, PRI SR SEma AR T W v
FRIEA G IS TR RS 25 5 2 1 b AR R M 2%
H, OR[RIZEAR S W 2 ) R A B R AT 1
FAHPIK T TR LSRG HAT E S, sRerfudgag !
PrEEPE Bk %5 ( Glomus mosseae (Nicol. & Gerd.)
Gerd. & Trapp) #I # P Bk % % ( Glomus
intraradices Schenck & Smith ) #fh & % X ¥k
( Quercus glauca (Thunberg) Oersted ) %l i &
B, AMF fEA2 2 25 4e HE 55 AR A v i T AR A= )
K, RIS R, ZEERERY, EART
AT, HREHEYIGEE 5 AMF JE i a3 50
Fo HT LRET AT AKMEREDN, AMF 5 & Lk
AN S AAAEAR N R . XA R 2R HA
JZPERIRE S P R FHE T IR B A
IARAR RAEFE N T P A i b, HAR PR M AR
I A AMF A4 S5 ] BUE S IR AT . T
W, A B AR W L T v L DX s LSRR [
FEEA AMF 5040, JF BHAE AR F & ILERAE Y

RBALE AMF, 43 =D I0E ER R 55—, Fl
FHRRIRFVE 120058 1R BRI L1 KA ) 1l DX 2 LLARAR T
TIEREAR ST R, FIIEAE . A
S5 1T BOW HA R TS . BB, RIS
W 7 ek e BUER X AMF 18S rRNA gene R 514)
Xif e L ARSI MR PRV AE A9 AMF SEAT9 18, 0 4G 56
P gk B REAEE AMF, 55 =, FIH gt MK
14 75 ok W% g LU BR AR 28 R AR P 15 A7 7E LA Y
AMF IAEZ . IBES5H, S56 % L B4 IS se i
PHAEEAL, DUP Wm0 s Ll 3 SR ER S
AR E AR AR . ARPR AMF #0288, 87
W LUK OTE 2 L s LLARAR ™ AMF B3 A6 5 1] o

1 RABEH G AR

KA
BT LU KA R AR R R L kR 2 —, A5
JI L E AR VG R VERARTS, L& i drisie, 755
ZERER, MM LOBIREEE 2 R, 2T
IR . ERBEVE RO X R, A F %
SR TRWE, BKZEDT 5—10 7, HREH
LA %, ML RS, AR 13.6 C, R
K i 942.6 mm, 4 ML X FE RN 25 5 4 B 0,
T X BB, B R T B0 7K 2 B v
FEJ o
1.2 #HmEE

F-2020 47 A . 10 AH12021 4 8 H 415 Hij
i T 28°45'3"~30°59'35" N, 97°40'25" ~102°

1.1

x1 HEWLETSLLFES LFEES FHEREER
Table 1 Survey of the distribution of several types of Quercus sample plots in the subalpine
regions of Transverse Mountains
WA SR B HFER/mM B /m fRiEmAs ) P
species collected location Altitude & Longitude Elevation Tree height DBH/cm Slope Sample NO.
28 92 33
97°29"17"~
P e 14 20 3
= LR [lif: % 4 97°29'19" E 2610 GSL1
Quercus semicarpifolia [€i5219. 5595% 28°50'7"~ 18 40 4
28°5027" N
24 80 4
KA LR 5 . I : 97°11'29" E %
Quercus longispica TH A 2 52 1 [ 15 55955 29°13'31" N 3440 2.0 6 FH12 GSL2
Pl =i T e ER LT 31°4328" E e
Quercus spinosa VY ) 1R By R e B A 2 L 102°16'38" N 3630 22 4 - P28 GSL3
NI AR i . 102°5018" E
s AR DU 1IR3 S L [ 1 31055 30°59'35" N 3480 2.1 45 FHI30 GSL4
LBk = - 101°8'42" E 1.8 8
Quercus semicarpifolia BB R AR 219 18 31°52'42" N 2970 39 18 FHi48 GSL5
AR IR CREE) 09°11'46" E
Quercus arborescens A AR B SRR AR M 28°1151" N 2 740 17 55 FH3#30 G

(not identified)
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AT L DK IY. 25 1L TUA s LLASAR T AR (AMF ) 3 81

508" E (WUJI , PUfkS5EH ) DL K 99°11'46"E .
28°11'51"N ( =Fg At P ) HuBE, REITLL O &
WA AR R (2 340~3630m) HiIX (1)
PRI M B R LLAR R AR AR, 45 LUBR AR Ry TR A e
ARaliph, PR TCHAMAHE . REHARF 10~30 cm
WA HHERAEEA 9 5 AEHAS, W MR E ILARR
FRIATIZHE, R LR RMAR . 2R AT S5 AR PR
TRA BRI, AT VAR, bR
WIS, WIS R R T-80 C R, +
HEOFAIAT B T EAS TR 2905 .

2 RIFi%

21 BUFRERELTE AMFRES5EE
211 ZLAARSR L3 AMF o7 5 el
HRHB 8t 40 Hifi5, FE0ffRE 20 g 135, A
BEESBERR, i 500 mL B4R 12 h 5, FIH
MBI UtER" 2 4 H (100 H 165 pm. 140 H
105 ym, 200 H 74 ym, 300 H 50 pym) i i Jf:
B — B A B A B A BUN 1L BB
g, #E 15 min J5{8 300 mL A &R, 5
B IZK 2 500 mL, #& 15 min J&5 [ -
200 mL ddH,O, BAPEREE 3 K, JaERrE 15 min
IF 3R 3F M 300 mL, 45— H iR M ER
=l B TG, MHMIENL ( Rocker 600)
0P8 25 S A TR A (R A A PR AR I, i
BRI 4 C VKFE A7
212 BFHEFLERZLRFEELT TEAR
Bi (LAICA SE6) T M5 7= MLrp iy 38 4% | Bk i B
A BUESEARRPEF, AE TR ddH0 1Y
B L RS (LEICA MC170) T g%
IR, e TEE ., KON, BRREIRRE, W
SRIBERI (M, SR JRRE | JRE N ERIE S
BB FIR A A Melzer's YL ik W82 & S A71E
S, BT . IR, B —
SHIL BRI TPEE 1.5 mL BUESLAEN - 20 C
UKRORAT, DMERSO 5 i ——Xf 0. S (VA
R L % T0F ) (1988) FiI http://invam.caf.
wvu.edu MIGE AR X B R T 42K BT 2 A5
SCHRRER, TS e,

B T g A A P TFEE, it
BN, B4 WER

7% B (SD): 46 %5 5 - FE b S TR AR B TR

AL
SD=X+FErft AMF i 740 -3 20,

213 fTesTAEMmFEE  FIH Chelex-100
PEICRS DNA, AT ELE A 600 pL
ddH,O, B AR GRS (30 HZ) EY
3min, Pl TFEHEBE RN LS, EE LAY
BRUAE Ve 2R AAAE AT . PV S i SR g e
BEHECET (1.5mL), filA 30 uL TE buffer,
BT BA R AR ORI R, HE KR RS R A
R IEE M. A 15 pL 20% Chelex-
100 J5 B T4 J& 5 iR /K i 5 98 C 24fi% 10 min,
WA—20 °C VKA VKA 5 min FHUH, BT EL.OHL

( Eppendorf Centrifuge 5417R ) 12 000 r - min™"
B0 10 min, R4S LB WD H TR 696 7 1Y
DNA Fifi

S (W) PUh ek, X

DNA #1785 PCR ¥ 314 . 2/ —489 44 L T iff
51%1% GeolL1 (5-ACCTTGTTACGACTTTTACTT
CC-3), GeoA2 (5-CCAGTAGTCATATGCTTGTC
TC-3') JeJWifk %N 50 yL(ddH,0 20 uL, TaqPCR
Master Mix 25 yL, GeolL1 1.5 uL, GeoA2 1.5 L,
DNA 2 L), 94 <C Ti4sPE 4 min, 94 °C A4 30 s,
54 °C Bk 1 min, 72 °C £ 2 min, HrpA
iRk, ZEfHET 35 AMEFS, J5 72 °C ZEff 10 min,
B 15 ) PCR R BE 10~20 f54E M5 — 4
DNA ¥ 4B, 45 % PCR L N5 %14 AM1
( 5-GTTTCCCGTAAGGCGCCGAA-3' ) F1 NS
31-GC (5-TTGGAGGGCAAGTCTGGTGCC-3')
94 °C WAtk 2 min, 94 °C 281k 45 s, 55 °C ik
1min, 72 °C {145 s, Hpb: Rk, GEiEfT
35 MEFS, J5 72 °C ZEAH 7 min, [l PCR ™4
FEPIHEAT 1% BlE SR YK (110 V, 25 min)
LB % 255 ( Molecular Imager GEL Doc TM
XR) K], WEEEIR, I LR B AT
HIF=HR SR T (TSINGKE B ) 534,
2.2 FUHFRBREER AMF £

221 ZLAARER AMF T 5% IEI & AR
R NIMEFRAEAE AMF, H(-80 °C A IRAEHI 7
M. PUJIl (GSL1-a, GSL4-a) VIR #&H HAiHbIX
PIEIUARIR R (G) HEA, BT UK T kR RE
W, B85 A% 1 em K E/NBOIA 1.5 mL Y
OE T, A 75% WIS G RIZUZED 30 s, KR
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FIUE 2 ddH,O T bk, JEHBA T K R N
WA RIS 2 AR . RIS & (EZUP 4E
AP 5L A 4 DNA il #2387 & , SANGONG ),
J R e G P 10 B 3 A A AL SRR IR L LI AR AR
Z & DNA, fli [l AMF (585 E T ES 1% AMLA,
AML2 X =5 LIRS ME BRIEFE RS AM ELTE DNA i
T4, R ZE A 50 uL(ddH,0 24.8 uL, Taq
PCR Master Mix 16.2 uL, AML1, AML2 % 2.5 L,
DNA 4 uL), #5N 94 °C HiZEME 4 min, 94 C 7%
7 30s, 54 C &P 1 min, 72 CiBXA 2min, H
HARbE | RPE IR KT 35 MIEH, JE 72 °C 4E
110 min, ZJE&ER K ([F 2.1.3) &5,
FIH PCR =¥ alifb ol &, gtk Ho™=9,
i e pEAH & (FF 5 TOPO-TA wkEidHI &)
AR iz FEE U8 BB [R105C Y DNA 376 A JS0RE 28445
T 37 C# LB ARG SR PR 1 h ORI AR E:
FIEHAFEIR 180~200 rpm fZ35 555 )., 5558
R TEME TAESG FHL 200 ub B4 A THERTm
ANEFREHZR (AMP) [y LB kK IR 1, 55
FEER S EAE, 37 C HIRIEFE 12~16 h,
FEME TAE G DRSS AT % TR
sk (A 20 pL ) PEAFERTINEE 10 pL ddH,0
) PCR &I IR ST, R AML1 F1 AML2 514
X} DNA BAGHEATH 3G . ROV AR R A 50 pL(ddH,0
22.8 yL, Taq PCR Master Mix 20.2 yL, AML1 .
AML2 % 2.5 uL, DNA 2 uL), 94 <C FiAsE 2 min,
94 C A 45s, 65 CE M 1 min, 72 CiR X
45 min, HrpAspk o 24k R KT 35 MEER,
JG 72 °C ZEAf 10 min, 28 5E I PRI e f B 48
ZE IR B RREAS 2 20 ¥ /A ) ( SanGong B2 )
DT
222 FHLAAER AMF ZEIE R 2 R
SRR RIURAEARIT K 0.5~1 cm (I/NEE, B AL
A 10% KOH i il T /K i 4 90 °C i (4. 4k
M, HERRBOER, HEMKREZ WS
A 0.5% By MW Qe ik 4k 2L 90 °C Jef 1 h, HE
AL IR 3% FLIR . Hli (L 2~3 d =B
&, BT R T WA RN K AMF 58 Ak
451
2.3 HiEAE
)] H Chromas2.22, W %% 7 %1 1& K . DNA
man 8 B 5PHEF I, P 5$HE3E 2 NCBI HE

Bl 2 L MR E S . A Mega X £33
LU X I 0 2 SRS AR, 35 4% S B0 e e ) A A
T, F R RASIRE 1000 UIEACIREMG I R
BRBER,

iz ] EXCEL2016 St 17125 B4t Je 3 1
A ¥ HEXTEE o

3 ZRE5p7

31 JIFHELELE AMFAFRESRTEATF
HEYHE

Xof R L BRAR S 10~ 30 om - HE 1 i B4t S %
HY: 45 IWARFE L T ¥4 K AMF 1778, 1
T H#&EN 50~220 ym, JEARVIERIE | JEEKIE N
F. B2 LUREMRERET I, 8 I AR ER R
g, Hrp, #2860, R FERMsE T
JEZEAR VLI S FRE 2 H, A S B
(£2, K1), HEr, LLEBMWENMFIRL
Melzer's Yyl Jeto ) i o 5 F &7 L ARAR &R H 84
A% v 7 F % ¥ 4 1 O GSL2 (1 205.49) > GSL4
(178.90) >GSL1 (88.39) >GSL3 (43.84) >
GSL5 (16.16) ~-g™", Al ik LA RS
225, HESAGELBRRKTHERNBES (& 2),
Hirr, GSL3 R AH F IR H A6 755 BE AR A
FRIE . A 100 HT (B4 > 165 um) LU
RO F, Z2HEETH A5 T 300 H
fifi (50~74 um) N, RHERREA,
32 HEESFEMIFENEFENSLHEMKT
EJE AMF 8 F R R % AMF ZEREE

XS VUG, DU 2% s LUARAR -3 i) AMF 31
YOELERRW] . BB AN [RITRE A b X R A ) e LLIATR
15 AMF ¥ 5285k %% F} ( Paraglomeraceae )
Kk W8 ( Paraglomus) BABGENES &
(2 3), AP eI G (occultum |
Davis - INVAM | West Virginia University (wvu.
edu)) LLXt &M, Paraglomus )& T H RS
FhAUAH B 2KBR %% ( Paraglomus brasilianum
(Spain & J. Miranda) J.B. Morton & D. Redecker )
MRk ¥4 ( Paraglomus occultum (C. Walker)
J.B. Morton & D. Redecker ), {HiX 2 f AM ¥
TEGUE . il . fREZES Melzer's YLl S a4
K5 BAREMBYE AR, FH Mycobank £
AMF Paraglomus J& , %8 Gosling %% Fll Mello
45123 % 22 1) AMF Paraglomus J& B LR E 31 DL K
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Table 2 Morphological characteristics of soil AMF in roots of several Quercus alpine

fiFHR HIEEZE  Melzer's
SRAEMSFH T o5 7Bt IR um Spore  GLfh HABARFAE
Tree species Spore NO. Spore color Spore shape  Diameter wall staining Other features
of spore  layers reaction
by A ~ BAEE, U, ERE
GSL1-001 B2e HEE 130~160 — — PN =
& LI #RQuercus GSL1-003  ¥FiRHE e LRI 110~140 1 — TR AAEY
semicarpifolia Smith . -
=9 AR A _~ fFEER R, Bl
(Ci% GSL1-005 fifta BRI BT BRIE 70~100 2 —  Wpm e
GSL1-007 iRt 29/ 90~130 2 — 7 REFRRIEM, AAEY
GSL2-008 Bfu BOSGEHE  130~170 — — Eg%ﬁﬁj‘fﬁ”
KRFELAE GSL2-010 Ipfsimikis  BUEEERE  120~150 2 —  TEGE. HEVE
Quercus longispica
(Hand.-Mazz.) g s = - _ RKIANTEBA>EE
A. Camus GHEA) CELETIZ s Y ey 2 TP A
- 1 7 T T - fR A B XUEM &L,
GSL2-014 RiFEAREE FBEEMEE  80~110 2 — FIFL 5 A £ 0T
GSL3-007 e SRR 80~100 1 — e
R E LA . - - R, R
Quercus spinosa David GSL3-009  ¥AfRfh ITERTE BB 70~100 1 = BB B
ex Franch. (EA) %*;@%M?”F*J@
ST SRR — _ _ B NSV
GSL3-010 ®f WRIETE . I ERTE 50~70 B 570 T S 4
GSL4-003  IRIEZRLARE [53] 7 B [ 60~90 2 — B TG € B AL R IR
[T— GSL4-004 WERZHARG  HRPEGLIRE 60~90 2 —  fEERRREIE, REAGH
YE =) Ik
Quercus aquifolioides GSL4-006  #fxfh BRI 2 BRI 100~120 1 — KEEHE, AEGY
GSL4-00Y EiEf JTERFE 120~150 2 — L AN
; g . JRIE G Sl TR
GSL5-004 Efn IR EA N 160~220 3 — T HOBE o LB 402
. GSL5-006  MAf4 B UL ER 120~160 3 — fRER W2 7 2 HAEH
= LBk Quercus
ng";ggggéfa Smith GSL5-008 Hfn ITERIE BN TR 50~75 2 — BRI BAEE R
J
GSL5-012  RAFZEREARA BRI 100~130 1 — fAEEEE, W& W
GSL5-016 KRtz IRER (L HEsinEkE.  280~480 2 — CRiERd
SRR R L GA KRBt IR R 75~90 3 — ReE, BHENEY
Quercus spp. GB IR RE BRIE 55~75 3 — ANEY, AT

MAARJAM (ut.ee) H 5 A< fiff 5% 461 + #H L B2 /& T
90% ( #H 1L & 90.9%~ 99.2% ) 1Y 17 %) X} JL
FiE ILAR AR S AMF 8 F 31T RSk B Wi 2t
25 R W . W B A Paraglomus J¥ 5 R h
— %, MAARJAM (ut.ee)'f' Paraglomeraceae
Paraglomus sp.J& 75 54 GSL2-014 R Hh—K
(& 3), HpFraflr 5 AR AMF R4 fE
R —32, Horb, [REP SRR &1 97 %Y
AR A P RE WSk 25 8 N R LA
33 ZEERENS LFIREE AMF i FHIR R
AMF By 5 F 32 bE
FIH AMF 555519 AML1, AML2 Xt F 4% HL

P DX B 5 LU BRI RIS 7E AMF B9 ITS Jr B2 DNA
IR, GERFW . 2 T5% VR TR R E L AR A R
FIMIHTEE 30 s f5, HARRKMHIFTE AMF 1) DNA,
i i+ MAARJAM (ut.ee) Ml LU X & B, A74E E
55 5 Bk 92 % J® Glomus 7E Genbank 1 (1) 47 1
FPAVFL R B, o BAR AP 515 Genbank
T T 6 LG AT A LR B R R 2R R 2 R
Paraglomus J¥ 5 f£ 45 ( 3% 4), (AH A6 H 55 %
( Query coverage) & fix K iH 4 B ( Max
identity ) 2 ~EFRIFIESR . FIH Bio-edit F {445
e RERTI HAR AM RN R JEE, &3 A7 A B
PIoM—Hbk, SOk G1oMICE, SEEAT
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#: A-D 4 GSL1-001, 003. 005. 007; E-H /ﬂ GSL2-008, 010,
012, 014; |-K>4 GSL3-007. 009, 010; L-O y GSL4-003. 004.
006. 00Y; P-T & GSL5-004. 006. 008, 012, 016; U-V hE:A G
Notes: A-D are GSL1-001. 003. 005. 007; E-H are GSL2-008.
010. 012, 014; I-K are GSL3-007. 009. 010; L-O are GSL4-
003, 004. 006, 00Y; P-T are GSL5-004, 006. 008, 012, 016;
U-V are sample G

Y

2
~//; ‘

50,ym 50,ym

€

(2}

50 pm 50 ym

%

50,um

B 1 BSWHHFRE TR AMF 7R EHHE
Fig.1 Morphological characteristics of AMF spore in

soil of Quercus alpine root

AMF 17751 (GA. GB) —[FlMy & R4S & A5
s (B 4), odrkil. BIswMAES G1.
GA #i1 GB 5 Glomus versiforme ( Y17651.1) &
H—3, WHHHGEG X R SiZEiir, BEET
ik 98%, W & b A% BE %% 1 5 Glomus

T GSL1-5 Xt 4% 2 o 5 H IR T R4
Notes: GSL1-5 corresponds to soil samples under Quercus forest in
Table 5, respectively

B2 5#MELRGETFEERSE
Fig. 2 Spore density characteristics of five species
of Quercus alpine

versiforme [a] 545 = ) AMF JE sl 6 R, H
HEHTREERFIML, —H R ESF, Ul
BS54 TR b DX L AR AR RALAE 1) AMF )
AIRE M ERERS B IR R R, s 5 HIFAI R —
R L
3.4 JLMELHRIR R AMF 58 MK 22
JULFh Ll B AR 2R R B i Y (0 25 R R
100~ 200 % 5 K B AT U W 48 114 255 ol % Tl AAASE &5
¥, R ZERTE B L ARAR 2 PN = 2 5 [P sl (R E
([ 5a. b), FaRMEIE, &5 550 i %
A5, BB 1) TCRILIN Ty 1 e JRe” () A 1) D 22 2544
RN H: A 5 LLARAR 22 T AMF 328 B JE Bl i 0 48
K

4 i

41 S WHHRELT AMF BI8E
R A RERE ST A e b2 b, LT
BTG A= 22 180 st A7 AE AR e R P9, AM AR —Fh

HETIRER HIERUEY), 518 ERYRDE L
A R R BRI 1 AR I8 FA) B B XA 5 A

S A AT M 2 T A R s e 2 R A AR
A AMF NLEEE Y 72 AMF B Fil 58 5 %2
A HTF & AMF FEA R 15 EAEPR R T R
R ZREME, HAERITH AR RS i E
AIRREL R R L P,

BT L K — BL RS AE ) 2 FE T ST I S
X, A2EEW55h, 4 000~5 000 J74E i E]
JEE YR Kt A5 RO AR Bl 5 35000 5 i e SR B e, i
J 12 1 X AT B R AR IV b L A 47 ) sl e 27290,



EO ] AU, AF RETLLPKOE 5 Ll JURR S LLBRAR T AR AR ( AMF ) 545 85
£ 3 &5 AMF 5 GenBank FyF 5115 B b3t
Table 3 Comparison of sequence information of each alpine oak AMF with that in GenBank
GenBank " AH T B i
it Tty Wbk Nearest type strain GenBanki 3t ML
species collected location Strains No. Pl I Accession No. Identity/%
Family Genus
GSL1-001 Paraglomus sp. LT935278 97.2
= . GSL1-003 Paraglomus sp. LT935278 99.2
guu;fis ﬁ,\ﬁ%%%% Paraglomus IH1
semicarpifolia 35219552610 m GSL1-005 VTX00444 LT983307 99.2
GSL1-007 Paraglomus sp. LT935278 96.1
GSL2-008 Paraglomus sp. LT935278 97.2
Paraglomus IH1
K L R g GSL2-010 VTX00444 LT935278 98.0
Quercus . ey
R 15559573440 m GSL2-012 i a(f’%’("o’g;’j ‘1'“ LT983306 985
GSL2-014 e LT984328 91.7
Paraglomus IH1
GSL3-007 LT983306 98.6
ol UL/ e ey
SQpL;s(r)(;L;s 251113630 m GSL3-009 KIRBER Paraglomus sp. LT935278 95.8
GsL3-010  Paraglomeraceae  paragiomus sp. LT935517 96.3
Paraglomus IH1
GSL4-003 LT984234 93.3
VTX00444
I AR DU 1 T E L GSL4-004 Paraglomus sp. LT935517 96.5
Quercus (#3103 540
aquifolioides 1531057 0 GSL4-006 Paraglomus sp. LT935482 93.9
GSL4-00Y e LT984234 90.9
Paraglomus IH1
GSL5-004 VTX00444 LT983016 91.3
GSL5-006 Paraglomus sp. LT935278 96.4
(ERFA) @l ey
Quercus giﬁﬁé?%%@ﬁ GSL5-008 Paraglomus sp. LT935278 96.2
semicarpifolia Paraglomus IH1
GSL5-012 VTX00444 LT983306 98.6
GSL5-016 Paraglomus sp. LT935517 95.6
AR Ty
FaER 2 52 Paraglomus IH1
Quercus s GSL1-a LT983016 90.3
semicarpifolia [¥i#219572610 m VTX00444
IR L AR
Quercus = M R AT GSL4-a Paraglomus sp. LT935482 92.9
aquifolioides
7: GSL1-a. GSL4-a iR RICkes RILXT, HANAMFFFFHILERS

Note: GSL1-a and GSL4-a were the comparison of root clone results, and the rest were the comparison of AMF spore sequences

WK BN, AT L R 1) R D) S o B
(1R BH 8. A (R AR AR S oy AR 0 B335t O B R
HRBER TG . TRIE, 3ty 2 i L AR A
Y3 AR R TERY AMF BEATIFSE, WAL & B 1)
1 B R A% B A BY T B A% O 8 78 % L X AMF (192
VR EFREI A S 2R

AW FE R ITE i MBS 22 oy T A W2
S5 AR SE & L LARAR T R 95 P AR 7E AMF B
1, X S5REE" TR IE iR (RLFP)
DRI A A BT LA T B i SR —

., BET AMF B A 51 T RBRE T T2 A7 AE T
VB Ly I 5 Lyl DX g LUK T IR . PR )i
S 4%+ HEREA R T 18S rRNA gene 43 TiE
PR, A 3 5 ER PR R Paraglomus 1)
FRGRARBHR, W& BT RIESEESE
WESCE R RN TIEEN LB, HAEBIM . TR
M. FOEEZEOR Melzer's YL i I 50045 7 T 24
HHATC A E PRk | kR S hL
FlZJE T AR RIHA AW 22 5, SOl hizix
AR T AMF R4 T A8 28 BREERE R T A
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96|LT983306.1 Uncultured Paraglomus.sp

82 LT983307.1 Uncultured Paraglomus.sp
74l

LT935278.1 Uncultured Paraglomus.sp
100 GSL2-014
AJ006796.1 Archaeospora leptoticha
66 LT223369.1 Uncultured fungus isolate Paraglomus
98,1 7223368.1 Uncultured fungus isolate Paraglomus
GSL1-a
GSL4-a
GSL4-003
GSL2-008
GSL1-001
GSL3-007

99
65
60
52,
37

NR 119545.1 Paraglomus occultum INVAM IA720 ITS region from reference material

100‘ AY577556.1 Neurospora tetraspema

0.20
: GSL1-a #ll GSL4-a KUK 'S 2 i ILAREEAR R AMF (952 B BT bk 2 5
Note: GSL1-a and GSL4-a correspond to the numbers of clonal strains of root AMF of two Quercus samples
3 I EEEJLA S WARR R 11 AMF 78 FA01R 2522 AMF EF 18S rRNA EEF 355 % F IIME N RS L

Fig. 3 Phylogenetic tree constructed by 18S rRNA gene sequence and reference sequence of several species of
Quercus alpine rizosphere AMF spore and roots AMF clone in SiChuan and Tibet

x4 BFEREBHMXFLARERE AMF TESH TR AMF 8 FHTEEER

Table 4 Comparison of AMF clones in roots of Quercus alpine and AMF spores in soil in Shangri-La area

GenBankHHHHIT HEi#k
L SR TR Nearest type strain GenBank®F#%  HILIE
species collected location Strains No. # = Accession No. Identity/%
Family Genus

(FFARED EIIJJH\' ) L PR GA RIEER} Glomus sp. VTX00301 KC579428 98.1
8‘:,??32;?%2')0”‘) olla SHEH IR TER GB Glomeraceae  Glomus sp. VTX00113 JX144124 99.0
G1 Glomus sp. VTX00113 JX144124 99.0

G2 Glomus sp. VTX00113 JX144124 98.9

G3 Glomus sp. VTX00113 JX144124 99.0

G4 Glomus sp. VTX00113 JX144124 99.0

G5 Glomus sp. VTX00113 JX144124 99.0

G6 Glomus sp. VTX00113 JX144124 99.0

GRARD Btk ‘ § G7 " Glomus sp. VTX00113 JX144124 99.0
ff,gf{g‘;ﬁtf‘f‘fe”;’fa’p folla. AR R AL TR G9 Glomeraceae  Glomus sp. VTX00113 JX144124 99.0
G10 Glomus sp. VTX00113 JX144124 99.0

G11 Glomus sp. VTX00113 JX144124 99.0

G12 Glomus sp. VTX00113 JX144124 99.0

G15 Glomus sp. VTX00113 JX144124 99.0

G16 Glomus sp. VTX00113 JX144124 99.0

G17 Glomus sp. VTX00113 JX144124 99.0

W GA. GBI T fi i ILARAE A T 1018S rRNAZER YL 5, SR R Tu e 45 SR poxt iR
Notes: GA. GB was the result of amplification of 18S rRNA gene from the spores of Quercus shangrila
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GA

99 GB

99l g1

Y17 651.1 Glomus versiforme
100

L20 824.1 Glomus versiculiferum

AJ301 858.1 Glomus verruculosum
97

AJ301 864.1 Glomus sp.

AJ301 865.1 Glomus sp.

<<FR750 043.1 Gigaspora margarita

8
FR750 044.1 Gigaspora margarita

HM421353.1 Eukiefferiella devonica

0.50

E4 ZEEEBENSLFRETESIRR AMF 2EER
£TF 18SrDNA F 3| 55% F S K Rt L it
Fig. 4 Phylogenetic tree constructed by 18S rRNA
gene sequence and reference sequence of several
species of Quercus alpine rizosphere AMF spore
and roots AMF clone in shangri-la, YunNan

Note: a-e in Figure 5 respectively correspond to GSL1-5, and f
correspond to G

5 ZEWHFRE AMF a3 MAEEN
Fig. 5 AMF vesicles and arbuscular structure of
roots of Quercus alpine

il Fh T Ak b A7 YA 00 AR B S S R
£, 254 18S rRNA gene J5 51 BIEE LT 43 HTIA
g, HoEk AR 18 K fk Ut A P /E Glomeraceae il
Paraglomeraceae B & H B 43k, T ARGk
B CE3) XA T 1L b5 o e v 1| 45 b DX 7 1)
WAL VEATHEDN , GSL2-14 (#3E L4 T Paraglomus
F1 Archeaspora Z [a], Tfii GSL1-001, 2-008. 3-
007. 4-003 &M A —32, SHrERIFICER,
XA HI AT H 25 0 B 9004 Paraglomus
H1 Archeaspora )\ Glomus 14325 14 2= 1y 43 2 2%

FENARM) AR,
4.2 SHILHFRZE AMF 184 RRR

i T Bl AMF 5B REARAIHA —E 1R
FRE, Hishz —EEHMRED W E AM Kk,
N AEHERRAE AM ELE RS 0T, L, SHARIE SO RE
R, PEFE AML1 FIl AML2 75 51909 1 w5 AR
HRZ (HAGSL1-a, GSL4-a. G ) AMF [ 18srRNA
B, RS PN VG A e LR s B TR AR AL
FER ) AMF Y 25 BR % %5 )8 Paraglomus, 5
A e B b DX i L BR 5 3 TR AR A DL BE 55 v 1) AMF
WF N ER R R Glomus, RStk B W LR %R
B . Glomus versiforme 5 )5 % AMF [a] I 14 &5
(E4), PO, DU 53 B A0 b = LR AR &R
AMF Z5 A7 7 —E 25 5 o X PP B4 b B i PR T
e AMF 7E 0 Ak i # v B s A 5 A8 1k (A
Pas . DU B = ) FORTE & IARA (£ 1) i
B R M TR, AT re R gt SR Sk g S
A JEE VU R BE RS AR PN R BT 2295 XIAR B 45
REML, SRR BT E A TR B A IR T
WAWIELE AMF, %5 =, PCRY b T
DNA R 1 AETE 5% B i 28 SO TR IR A%, )
JoHE L 25 B I 45 X DNA 97 3 1 Bl — 5 5% i B9,
SIS, B A A v A 1) 8 Rl R X A A 22
S, I HA 3G B G T P A SR T R R A IOR
PTG 185510 X B & A B B B 0 S s 21
4R BNZES . WAL, WIIBRRR . RIEREARI )
SUAH —Fh AMF B8, AT RESR 7R A 7] & LLAR [R] B
{5 —F AMF ZENAMBFRIG B =B R . ATtsE
R, DRI N IR RERE AT AM P2 RE 17
AR, A E RSO T A R R
e B, LR AE A PR X, S
5 . MR BOK ISR AEATAS AR B v AR IR S s L
FRfE Y N IR R kA AR, S —E R E T
It AMF F=#1,, i Paraglomus F1 Glomus 7E = 1L
BRI PRI M) i A= 2807 Se Frad B vh ] 40 1 Al 3
Hifz, DACRER DR A B R i I i 55 i as

ZRA BT LU DK = Ll LA = L AR AR T
AMF 117 K HARPR AMF (50 Eas 2o, &
AR ARV E IR B A8, 7 SAMERRE
ARG IR, HA T RETE H AR IR
B TYH AMF AR 4 . S DR Lz
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Investigation of Arbuscular Mycorrhizal Fungi (AMF) in Several
Alpine Oak Understory Forests in the Subalpine Zone of the
Hengduan Mountains

LI Hong-bo', HUANG Yao-hua', KANG Ding-xu', WU Jian-rong?, MA Huan-cheng', CHEN Shi’"

(1. Key Laboratory of Southwest Regional Biodiversity Conservation, National Forestry and Grassland Administration,
Southwest Forestry University, Kunming 650224, Yunnan, China; 2. Key Laboratory of Forest Disaster Warning and Control
in Yunnan Universities, School of Biodiversity Conservation, Southwest Forestry University,

Kunming 650224, Yunnan, China)

Abstract: [Objective] To clarify the taxonomic status of AMF spores under the oak forest in the subalpine
belt of the Hengduan Mountains. [Method] Six samples of alpine oak root enclosures and root systems
were selected from different parts of the subalpine belt of the Hengduan Mountains, and AMF spores in the
soil were selected by wet sieving sedimentation method. AMF-specific primers were used to amplify the
18S rRNA gene of the ITS region, which was identified by combining morphological and molecular biolo-
gical means, and the phylogenetic relationships were constructed to infer their affinities. [Result] The res-
ults showed that AMF spores and root cloning consequences of alpine oak in Sichuan and Tibet were the
genus Paraglomus. And the consequence of AMF cloning on the root surface and the AMF in soil of alpine
oak in Shangri-La showed that AMF could exist in the inter-roots of alpine oak plants. These AMF were the
genus Glomus. In addition, only one AMF was found in the root envelope and inter-root soil of alpine oak
forest in different sampling sites, suggesting that AMF might have a symbiotic relationship with alpine oak.
Aniline blue pigment staining result showed obvious arbuscular and vesicle structures in roots. In addition,
the AMF spores under the Alpine oak forest differentiated during the evolution and were between the taxo-
nomic status of Paraglomus and Glomus, and there were differences in AMF in Tibet, Sichuan and
Shangri-La, Yunnan. [Conclusion] AMF generally exists in the pure understory root rhizosphere and inter-
root soil of alpine oak in the subalpine belt of the Hengduan Mountains, which provides a theoretical refer-
ence for understanding the formation and evolution of AMF in the understory of alpine oak in the subalpine
belt of the Hengduan Mountains

Keywords: alpine oak of the Hengduan Mountains; arbuscular mycorrhizal fungi (AMF); phylogenetic
construction; taxonomic status.
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