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Abstract: The ‘reed mushrooms’ are general designation of wild edible fungi grown with
Phragmites australis or Tamarix ramosissima in lakeside and mainly distributed in Xinjiang. In
this study, ITS1-5.8S-ITS2 (ITS) sequences were used to assess species delimitation of the
specimens of ‘reed mushroom’ collected from Xinjiang. Combined with morphological
examination, four species of Agaricus, i.e. A. bitorquis, A. padanus, A. sinodeliciosus, and A.
subperonatus were recognized. The morphological descriptions, photos, and ITS for each species,
as well as the dichotomous key were given. Maximum likelihood phylogenetic analysis of 55 ITS
sequences from GenBank and 91 newly generated sequences in this study were performed. The
four species from Xinjiang were well supported in the ITS tree. Voucher specimens were
deposited in the Mycological Herbarium, Institute of Microbiology, Chinese Academy of
Sciences, Beijing (HMAS). The geographical distribution data and correlating environmental
factors of A. sinodeliciosus were used to model potential distribution using the maximum entropy
model (MaxEnt). The highly suitable growing regions of A. sinodeliciosus were relatively limited,
mainly located in northwestern China and Central Asia. In China, it is mainly distributed in the
two sides of Tianshan Mountains, southwestern Tibet, Haixi State of Qinghai, northwestern
Gansu, and western Inner Mongolia. The most effective environmental factors, namely the
precipitation of wettest month, the precipitation of warmest quarter, the mean temperature of
coldest quarter and the maximum temperature of warmest month, had decisive influence upon
distribution of the species. Due to limited suitable region of A. sinodeliciosus growth, the
protection should be strengthened and sustainable utilization approaches should be developed.
Keywords: Agaricus; phylogeny; MaxEnt
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Fig. 2 Basidiomes. A: Buried furit bodies; B: Agaricus bitorquis; C: A. sinodeliciosus; D: A. subperonatus; E:
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Fig. 3 Key characteristics of ‘reed mushrooms’. A: Agaricus bitorquis (Annulus inferous); B: 4. subperonatus
(Annulus superous); C: Basidiospores; D: Basidia; E: Cheilocystidia; F: Pileipellis hyphae. Bars: A, B=2 cm,
C-F=10 um. A and B were redrawn by referring to Parra (2008).
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291252 (ZRL20190065), #7498 H /R EEH1 5 d A
AN SR T R A T R S B R AL —
A, 2019 4 6 A 14 H, #H, HMAS 281633
(ZRL20190070), HMAS 291254-HMAS 291257
(ZRL20190071-ZRL20190074) , HMAS 281634
(ZRL20190075), HMAS 291258-HMAS 291260
(ZRL20190076-ZRL20190078) , HMAS 281635
(ZRL20190079), HMAS 291261 (ZRL20190080),
HMAS 291262 (ZRL20190081) , HMAS 255777
(ZRL20190082), HMAS 255778 (ZRL20190083),
HMAS 291263-HMAS 291266 (ZRL20190084—
ZRL20190087) #rif /R EHi 521 BIE M 4R
T A A R s AT o R\ A s
20194E 6 A 15 H, #®HE, HMAS 291267-HMAS
291270 (ZRL20190089-ZRL20190092), 291273
(ZRL20190096), HMAS 291274 (ZRL20190097).,
2.3 HPEXREHEMESSH XN
2.3.1 1EBYT(E

HREGERER, SR AUC {H5
A1 0.998 #10.999, 1iH] MaxEnt fAVSAIACR
LR 4T
232 BESHEE

AR SE R B 1S AR XA IS, RIS AR X
F2 B TR PG bR S b M X (P 5 e T A
St ), EFRE EL A TR L kg Ik
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PN DX 3, PR PG R . R P L H R

JEF LA B NS PU S HLIX (8] 4)

233 FMPEEREEITHNEEMERETF
S AR S R B 4 7313 1 e 2 B TRl R el

ARk EBI013), HAMEAIYTTERAIE 40%, H

YR R 2R K S (Bio18) . I8 2R - 44

AT TERE S5 44 Suitability grade ]
[ A& X Unsuitable region
{fiE 4 [X Lowly suitable region

1@ X Moderately suitable region ¢l

B 54 [X Highly suitable region

FHES . GS (2021) 6081 5

4 ET MaxEnt REFN PR IREENEE X

(Biol ) filf & H fix i (BioS), ‘EAMTMITTHR R4
I 16.9% . 16.5%F115.4% (F 1), X 4 FES
foe e 1 R o (8] 5), YR H Bk ik
15 mm B IEZEERE KSR 35 mm SRR 2
PR B A8 C R A R H ik itk 28 CHfrhAg
EQUN:S AL RSN

Fig. 4 Potential distribution regions of Agaricus sinodeliciosus.
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Table

M HIEES RN T E R H W RE M TIR R

1

Environmental variables used to create the species distribution model and their percentage
contribution to model performance

Code Environmental variable Contribution (%)
Biol YR Annual mean temperature 1.0
Bio2 B IR 22 A ¥{H Mean diurnal range 0.5
Bio3 ZHEPE Isothermality 33
Bio4 TR EZ AR L IOFREZE Temperature seasonality 0
Bio5 % H £ =il Max. temperature of warmest month 15.4
Bio6 % A /AR Min. temperature of coldest month 1.0
Bio7 IR A AL TE R Temperature annual range 0.2
Bio8 B ZE -3 Mean temperature of wettest quarter 0
Bio9 I T2 V-3 % Mean temperature of driest quarter 0
Biol0 2 -3 E Mean temperature of warmest quarter 0
Bioll FRZEE TR E Mean temperature of coldest quarter 16.5
Biol2 FE K Annual precipitation 0
Biol3 #it H B K £ Precipitation of wettest month 40.0
Biol4 I T H WK & Precipitation of driest month 2.2
Biol5 [ 7K 1075 55 2280 Precipitation seasonality 0.6
Biol6 TR 2 [ K i Precipitation of wettest quarter 0
Biol7 & TEERKE Precipitation of driest quarter 1.1
Biol8 B 2= [ [% /K &t Precipitation of warmest quarter 16.9
Biol9 % ZE 47K & Precipitation of coldest quarter 1.3
0.7 0.7
%’ 0.6 g 0.6
%05 o 8 03
ﬁ?-; 5 04 % < 04
2 03 # 2 03
BE ®E 02
S S
£ 0.1 & 0.1 J
0.0 -~ 0.0 ‘ . .
-200 200 600 1000 1400 0 500 1000 1500 2000
Biol3 (mm) Biol8 (mm)
06 07
# E o4 # £
23 2% 04
i 2 0.3 #H &
®E 0 REI
I 2 02
£ 0.1 = 0.1
0.0 = ; 0.0 O R T R S—1 i
-70 -50 =30 -10 10 30 -30-20-10 0 10 20 30 40 50
Bioll (°C) Bioll (°C)
5 FESEREFRImLZ

Fig. 5 Response curves of main climate factors.
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3 ik
3.1 “IFELE BRSNS

A B Tz B bR AR SR AR AR 5T SR
B, A TR R S LAk, s iR
AL CEEUER BT AR E e BB
AEECNARRL, HIFA B, W2 )m T
BEgE & Pseudochitonia W.J&, 2 DNANEIL MY
Fi, 433K Bivelares ) RALEE S A. bitorquis |
HHARSERRBE T A. sinodeliciosus FUVACHAEE 45 A.
subperonatus; J% Nigrobrunnescentes 4 I1iE4)
B A, padanus. X 4 NYIFR T E N S ET
BOBEREZER. HBBE R SRRV 1 (F
FnMALESE 1987; SKIEMAM T HIE 2014),
TR R B A e A e . e R
FRARSEIRBEGE A, sinodeliciosus PRAXAEFE A %
1B (Wang et al. 2015; TRIGHESF 2018; SHHE
2019; R 2019); T RHEEEGE A. bitorquis J&
TG A Bl R SE N A Bl A ] A 25 R A 2k
B, A B A B9 i iE (Parra 2008 5 Kerrigan
2016); WAIKZNEERE A. padanus BR5A11EFRE
(51 B LA 3 7k 2019), AXTE 2R FA
B, FEA KA NMND S - (Parra
2008); \LFCHAEE 4 A. subperonatus WK Ah
(Parra 2008), 7EJt3E FEEA0 F A AKWIE 1,
WA A s A 1% B (Kerrigan 2016), 7E3K
B C A SCEIC B (S HESE 1995), FEADIGE P
ARG F RGE KT L, IR T FEIEAR
A o ARSCRIRIEGE 45 SRR W gk 260 e [ VG 5 3t IXC
RBSE AP0 (G R A 20215 FRAE
2021), PHFESHLIX ORI BB 1 2 I A o it —
ST

HAESEIRBE 4k & R 2015 4F, (HZRiE
JEEFATE, KIZYIFIE SRS 50k BR
A Bl OB 4% A. gennadii (Chatin & Boud.) P.D.
Orton AHLL, BT LArhHESEREE 75 19 Bl fiv 44 b [

200 EYIEIR

BELE(INIGEK, 2000), BEE 7> THEWFRIRE, LA
DNA FF9I R BEmli ) 707 R G0 & TR A
BIRAY R R g RN B (B8 A R T
i J P RGO R B Y AN 2 - B AR AS R T
JE 45 R 1Y) Bivelares 41, TR B KR B 576 B 45 U]
J&F Chitonioides 2 (Wang et al. 2015)., TEIES
PR AEAE A S DX - TR R
HATEIRBI ek, 20 A
B2V EE L RTAIUEAR PR R N Ik B 7N P
TRER TR RGN, A MA:- B 1A (Wang et
al. 2015); 17 [ F 8 gk A HAG 38 ARl 1A 1Y)
AR, HRZGEAZ R, WECch ARk
(Parra 2008). [HUK FFTERR) “BIAEE 45" Pk
IR AT 24 R B SEBR B 4 A. sinodeliciosus ,
BEAARAS PR AF T b R 27 B 1l A M0 5 BT 1 )
FRATE , BECARAR Y ITS JP41$£5C GenBank (No.
KM657906) (Wang ef al. 2015),

IEAME GenBank H1f# ITS J¥51] No. AM930983
A AR SE R B gt AR DL RE AR g, T I TR R
25T IO 4 TN I R I I v 3T 3H Y B R
18545 A. balchaschensis Samgina & G.A. Nam
(Hildén et al. 2013), A FE K& T2 718
BRI, RSO A AR A4l A FIAR 5C 53 2R
RS, JCRRH E 2 B R S Oy B R A 1 2 7Y
YA . SRTIARYE 1989 4F% 32 ELRME AT B 4
18 S A 18 SC (XA 6 T B AR I A B el M — 1 73
FERTL), AR SR o L R A A )
BB ZES, W IR0 A8 g B R B IR
F A= # {4 (Samgina & Nam 1989), T[fiiHH4E3EK
HE Lt A A AR G B AR A RS L BT LA
FATHEN GenBank H1 341 AM930983 1RA7 FI BE ML
N ARG URE 4, (HB RS 158 5 O R W A
B 4t
3.2 HIERIREWEEEXTNRAE AR
g

FH T H A8 S AR B 5 A DX T 1) 43 A1 R a
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Shy AR TR A T T R T T i S b B A A
ARAT B AR BR AT 25, o F T 5 SR A 0 A 5 ik g
T W BB AT AR AE VUL . O DA R N S X
HOPESCHR AN, BRoprsm . &igoh, iR
WEHNEREE 2019), WEHGETHE 2019)
CA kA, XiF—2 Ui T MaxEnt £
43 A DX 5 e A 5 R 4 S B 43 A1 XA 006
Bowm, BNZERECN R, AU B A
B DRI - v A2 5 IR 4 35 A Y R R A T T AL
W, R RS HM AR, R, 4
B LA S N THRAE, W Re AR A5 5T kg

AT T
ARWFGCTE e B, AR OR PR3 R A

A AR S R R, oA Lk 1% B AR Y
JREL H D o Qe IR I R 25k h A SE R
HH X, HEM 2016 LK, BIkRS:
Bk, AR ES LM BUR B E /N, AT
i LT A A SR T A H s, 1 1R
6 SE R B g AR IRE LI A v A S R I 4 5
Az DR T 45 SR A AN T4 T AR AR SE IR
IR0 AR BA —ESHMAE, R
fIE A H A8 SE R 4 D BT R IR AR RN TR X
BRI B IS S5
3.3 FEEZKREBHRFERP. BR5AH
SR A

TERHD ORI, Bl O &R 16 A2 A8 3
B, AYIZAEREL, 2000 4F 6 F i AESE R
T A9 5 b 22— A SE LE I b A A YR X H SR
PPIX, 2007 & 4 H SOETHENEZRS A RRY
X, H A SR B Gk A R M A2 B T — R
1o BORIRAT XA Hh A2 58 BRI 4 1y = 2
PGy, (HYERYVE SRR, tiE—
FRE BAARY T AR SE R o . FEAT ML ORI
T, X H AR SR R % T R N T I AR B AR 1Y)
WS, 24k B P B G ) — A S EE A,
A N T Y g E, 2L 4e4(2018) &

AR SRR AT A L E AT g . AR AR
FUREE 4 O I T = Y4k, BRI
R R R A R (E R 20025 ) /D A
2014; TRUGHMESE 2018), HHAESEBREE 15 1F Ay B s
P, WPAGRUEARR, DRI T 258 1 45 R
T Tt R PR T B

K Z B0 FH TR A R R O R 1) I 8 AR
K, &A@ pH 7£ 3-8 ZE, Ll 5-6.5
NE, pH KT 7 WAEKSZHE, KT 9 BJLT5E
kAR, AR EHEHREE pH A
[, WA % = P MR, KRR SR iR, JL
R = R A B (5 B RBR L 2010),
SR AR ST B4 3R 1 25 0 S A A e 3 1 g Ak A=
A ME S IX 28 7 T AR AL, R RS Y R
LI PR KB B AR (TR 2019), itk
DRAFZ A Hh 48 56 WA 1 2 T 2k Bl ast 1% 9 I LA o
B Y, BT CAPS 43 THric . ACHCSLEG AN
HESCIR N IRUE, T UERH Ho e SE BRI 4 1 AR 1 s
RS RECE N E, fAERR A Rl Ak
SRBC G REY IR I (Ling er al. 2019). X 4EAF
FEXPIZEE N ARG SRR . B fidsa . I
RAFEJTRAE T L2 B IR

BOM - A AT 38 4 7 HE L% B R AR H B TR LA R
TFTA ARG R A & F I3 M A FH R AR AL T4
AT A E T 1SR, B F R R
4 B 3 R I A ML TR T 4 o R RS R AR
WA,
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