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Fz 1. BMF AMF X3k B Mucoromycota FHJ3E AMF #EEFAER
Table 1. Genome information for sequenced AMF and non-AMF species in Mucoromycota
Species Genome/Mb Genes GC/% RS/% TEs NCBI No. & Ref.
Glomerales
Rhizophagus irregularis 125.9 26659 27.25 19.61 17115 PRINA299202 [29-30]
138.3 25760 27.19 20.48 19382 PRINA299206 [29-30]
131.5 26585 27.19 21.98 19345 PRINA299208 [29-30]
124.9 25164 27.22 19.86 16840 [29-30]
123.0 26756 27.26 18.54 17334 PRINA299212 [29-30]
136.8 26183 27.53 21.72 14451 PRINA208392 [24,30]
146.5 29805 21.40 NA 17710 PRINA477348 [51]
131.0 NA 25.80 NA NA PRINAS65846
149.8 43674 27.90 NA NA PRIJDB4945
Rhizophagus cerebriforme 136.9 21158 26.55 31.66 883 PRINA430010 [31,51]
170.9 NA NA NA NA PRINA477348
Rhizophagus diaphanus 125.9 23252 27.19 23.19 483 [31,51]
Rhizophagus clarus 116.4 27753 27.20 36.04 NA PRIDB6444 [34]
Rhizophagus sp. 125.9 23014 23.80 NA NA PRINA430014
Diversisporales
Diversispora epigaea 156.6 28348 32.00 43.60 NA PRINA431769 [71]
Gigaspora rosea 598.0 31291 28.81 63.44 10422 PRINA430513 [31,52]
Gigaspora margarita 773.1 26603 27.68 64.00 NA PRINAS575165 [72]
Mortierellales
Mortierella elongata 49.9 14969 48.05 4.63 167 PRINA346817 [31,73]
Mortierella alpina 38.4 12796 51.72 NA 6277 ADAGO00000000 [74]
Mucorales
Mucor circinelloides 36.6 11719 35.78 9.74 2319 AMYBO00000000 [75]
Phycomyces blakesleeanus ~ 53.9 16528 26.55 24.77 857 AMYC00000000 [75]

AMF materials used for sequencing were mostly cultured in the monoxenic root organ cultures, except Diversispora epigaea (sporocarps

collected from sand cultured pot) and Gigaspora margarita (germinating spores in spoiled water with 10”7 mmol/L strigolactone).

Non-AMF species were saprophytic fungi from Mucoromycota; RS: repeated sequence; TE: transposable element; NA: not available.

HISE 4, BeAh, AMF 8RR A TRk S
AMF FERZ G KB (expansion) A kP, 3
AT R &ts AMF FEfbad B8 b il T 5848 iy
SRR ZGE R S 2 . a0, AMF B4
WA Sel S A5 FEAS 556 LT T &
Y45 TSR Y TKL S5 R D) R it AR L 56 7
Til P11 2, 1 IR Y R PR A, WO O SR Y 225
JRIMTE W 2 3R Y . (AR B, Rk
AMF B 240 %, (B2 R T REIFA 2 H A

NN

actamicro@im.ac.cn

A RIEH L BP0, [ AMF S5 41
RN LA M AZ ) A ) 5 A BT R P
1.2 BEENEETSEEN AT HESE

AMF JEHH BA B =1 AT L5 1 (AT %) o
B, SIEH 45 DAOM197198 KK ZH N AT%
N 72%, BURLAEHREN AT%H 71%412,
L Z T, WhER TR A A L (KRB 5
& BB
fii $i w8 B Phycomyces

Mortierella elongata . Mucor

circinelloides .



RERSE | fZEMIZE4, 2021, 61(11)

3417

blakesleeanus . /NEMREE Rhizopus microsporus)i
AT%A T 52%-65%P", & AT%T/RE AMF LA
T E PERLAR, X AR E PR TE SRR BE b ]
[EURSEEFENR RIS ko S E P

AMF WEERH BAT = B R e - L,
SIE M A15E DAOMI197198 JE PR 25 PN %5 i 178 35 %
(coverage) ] ik 36%, HILLLE fBEEE 1) 4% e 75
i L IR F 63% 17 T R T ] A oAt A
WIS . BB . AP 8 AR
B ) T R AR T 36% , KT 10%°1,
X F I S B IR A R T2 AMF SERA X 5]+ B %
FR [ A S G Wy 2 e ) E EARRAE DY S ] 1Y
AMF TH R BT A 105G 20 1A — e 25
Peo EHEAEOLT , REULE MBI 0 TR R I
WA MR H T 2SS EARARER Al AS
1 B3 Bi#K)PY, {H Miyauch %5(2020)48 H: , #HLF
WAL, AMF J™4 AR (1 A 3 O KO0 e 72
590 4 B Ay i TR B e e A T R R A
RN ATk R AL R SE R D S 52 AMF
BRI AR Y, 5175 AMF fi 05 473 1 o R 3R
AR LB
1.3 RERFINEEERE SR FHEER

KR FIBEIE A A2 AMF SRR 20 1)
N—WARVRRE, HAT, — WA Y R 20 b
TERR M SE R 7 8 R 90% L P, i
TE B SE LR L 3 1 AME i b i) 38 R R
RELRTIZ ], B2 AMFBEF PR
T6L % 85 1) 25 TR PR TP R A T R R TR o Lk F
60%LA B, FEAFRATTXT AMF JEPH 411 T e ik =
VAL, WY T AMF JE R 2R b F A A P 5
DR 2 8y B AR o IX 531 T AMIF Bk 1] A 8 A BT
AMF B K 20 v RN Tl RE L R e 2 L) £1%) 28 11 T REAE

EATTIE U™ A e A 75 55 05 S T Ak b R B DGR
AR,

AMF B BEPRZH N A7 RS 18 1y B R e PR i [
(53 R 2 TR B RS2 THT ) 5 S B o Sk
5 Rk 64% (AN BORLLE B RS ) , i = T Hoith
TR A B, AN, AMF KRR S 3
T BE B AT HaR R H . i, SRR S
TR B TR R RE S SR TR o, BB JEA T 2 A TN ) i
AL 16%-26%", SERSFIEEMLE, AMF
R S PR R R P 9t e N A SR R
IR A o7 AL, FEE A B EARRREY . DiRE AT
R, X IR R — S g5 5 {7 5 T
MISCER U KBS R, TTRESTEG S5
B SEAEENT P ZEERPY, AMF 35K
2H R A LR PT BRI 5 T AR A TR RO PR 3
Wi, BT A AN R O,

14 REFOLHEFHERHIIREER

AMF H AT 53 S i 1) J6 A2 T [R5 A O <7 i
R, XSS IR] 3 45 5 — e 5 Ko AR A {5 5
B IR Y, 19 U 20 RR I (tyrosine
kinase), 71 AMF 7E LB A AR 17505
JE§ A= AR B0, S IRIRIE, AMF SRR 41
EEKME Rt ER T S8 | FE%E
PEE IR B ARG BE A
1.4.1 GZ REFRAEY A MEE SRR . AT A
JLRE R ML R Y B 02 AMF LA RS o —
ANEEMRI . AEN—F BRI AR I AE YR R IFAE
F AL E A LI, X IR R R AT
SEANG I, YA MRE — R L P
Y RN, AMF BSCHIN 23 SRR YA T2
S5 2ROk S YITE R, AfEfEZ
i R A o AR b & B 32 AR R 2 R K R

http://journals.im.ac.cn/actamicrocn



3418

Tian Xiong et al. | Acta Microbiologica Sinica, 2021, 61(11)

(glycoside hydrolases, GH)®?\, 7£ A (1 MR B
. AMF JITH A B 0 200 R 5 i T 5 R 25
D ICE A 5 MW e I AR RE R (1451
Rk P B DRI i 2 B R R, R
R o-H MR, EEiDRA S 5EY)
20 L RE 22 B R AR, T AR AR DG 1 R B R i R AL
T FITT- 2 /K ik I 5 Dk R A 25 P S Py B2 01,
GV RANER(IE £ 9B 1 80 e 5
(GH5. GH9), HAthZ: 553127 4 R AR S5 11
WA A i 2 A B2 RA AN, e AMF A P
ARG AgER | KRRBEMACHER, &
AR BT . Filan, SRR g s i
20 rp A WK AR G W T AL A R R AL 17 %5
N FIRIE R,

5 AMF ML, [Fl)& T M 4E R (endomycorrhiza)
B9 2% B} 5 AR (orchid mycorrhiza) Fl KX 1 B B AR
(ericoid mycorrhiza) S A B 45 22 (A ) 4t i B
WM. LI Miyauchi Z£(2020)B9BF5E R, 27}
AR TS ARG EE A -8 H 200 114, FERSRTA
HR BT T & A DGR 98 B 297 49, ok
JE BH B AF FEAE W 240 A N ) A AR TR BT S A B AR
Wy 200 e it Tl AR AR D, W8 M ST HER TR R
R BSE DR B A 11 A2 A AT, AR
LA P4 R ) A R A il R H S R S
RETEZY EARAN N ETE . B AR RS 1Y > PR A
Ko

L) 200 B e Wl Y 12K T BB AMIF )™
s e AR Xy —Fhad PR AR, AR 19
AFEMEY MR E Y KK TR
(pathogen-associated molecular patterns, PAMP)AHI
W45 0 5% 43 F# 2 (damage-associated molecular
patterns, DAMP)ZEBAHALHITRMN, 25 5

actamicro@im.ac.cn

PEZRGEAR AN X TR, SEIR S A AR H
(R 432301 38 T i/ DAl ) 40 R A A IR (X ) AMIF
w2 A% EFEY AN, BT s 60
o SoptbtsR R, FFRMEP P AR VAPYRIN
FENBEREAE AMF A (2 A P AICAR 2 Fz 41 At RE 1) Jey
WAFRRMAL WX AMF B A SH MY
2 iR e A R 5 A N ZH 3 DI AF G
1.4.2 BRAVEENIRRSEEERE . JEE AMF Y HE
P45, Bago (2004)85:# AMF & SCA“T= il H
W, FO T EAY 25% p IR R 4L, U AR
7 W2 ) N Sk B B2 1R R Y L T 22 5 A SR 1
Ji 1D R G A AL, 3 A % TR TR
Z R R BRI R A WD AR, CF
AMF JE[R 2 v 34 i 2 g 7 R 45 T 1 5 18] (9
[, AR, Bl A, B2 BUIEHIRR&EE), miH%
BT 5 1RG5 IR A i 43 45 4 Sl B A i AT
RLE R e 5] (2412200

IR R, AMF 98 & A7 LR SME R
22 A A BRIV IR, AAE S HE ) I LR B 254
(R PN B 22) R A5 At AR I 1 ) A7 AE L I T
FEil s N EARIC L R B, AMF g FHH i
B IS R R T A R DR . R I R A T
W= ge—AIE T AMF H BRI R L&
BHIEAR AR, & T IR R IR a1y,
WM EE 5 32 AR UERE 0T, [RIGAR T2 AMF BR
W LLAP T B ARAG 0 55— E R IE" . 7E AMF
5 EEYIE A A R R, BRI
JE 1, AMF 14 55 08 1 R A QI AE DG (0 JE R 2 ik el
R E IR A S I 7 T A A P O IS ) G i i
(21
1.5 BA5H AR

KALIE, AMF #3802 — Rkt otk




RERSE | fZEMIZE4, 2021, 61(11)

3419

FEMITAED . B BT R IBIER A, ARG S &
MW AMF 5L 2 N A7 - HA LA PR
B DR ) R A0 B TR, A 9 DB AR 0 2L 1 R e P
[RILO641 ) K B MATA-HMG (mating-type-related
high mobility group)%ti#a i i1 22 1 A 52 % (LA
JE TR E FASIFI 2 A A Z R SR A
Halary 55(2011)¥5 it , 765 2 M O B8 25 F1i3 SE A 1
7 1 L DR 20 v e IR DR 0 AR R TR ]
B SR DS BN 85% LA 11T, SR ILIR Y
BIRITH7R T AMF (77535 HPh B0 A5 Ak
s, (A MLESE KA, AMF Al fg HU2F|
FH T 33X A P AR BB AR DG 1Y) 56 DR f S B R IR 1 24
DI/ A ERAENRE . st 2k, m
AT R A VAT . AT IR 2 B R
JE WA RS A0 A A7 — S SR AR S, BRE
AMF 1A= i A P9 8 PT R A A AT R A% i R 4
AP AN 4 Bk, X 5572 5519 H 3 ml g
5 BB AR LR A 5P,
L6 25 C. PHREFNEEEFLR

Ve —Fh 5 RGBS o e R A A 3 D) LA K
FHWEY), AMF 7E3R8) 45k C, N, P 550K
KUEF R HEE ELEN . AMF 2 X
BB IR IC R AE PR OC A I R S A E L — B &2
Kt

KALIE, AMF — B #A NI —Fi A% AR
A FAEYRI C P, th T k= RERERG S
A HUT A B FE R0 AMF TGk H3E 0
AR AN, SR EIER], BRAESME
SRAL SRR R , AMF JCEETESE 2 55 28 110
WEE N EEE T, SR, DRI KRB, AR
HER R JIE Y R AAAE AMF 9T, B
AMF AN B 22 0 B W i BOME 19 5% Js 1

(monosaccharide transporters 2)°°! | L1514 /8% AMF
HEE M, Ak, AMF TERYIRTEY e i
A ATRERN T DRI A HoAth 2 = 3Rl

AMF fie i 25 FAEH) P ARULAE T 0 AMF bl |
IHLEIIRE. AR TIEPE P RENGEES, R
E AMF R HNAAE gD IR I I S, A4
T il 5 O Wy O R I R T VAR T R 1 R il
L1681 B H R 1% JC AMF 4306 1R T () 3 U0 IE 35
FSEIESE, AMF Rl oG i - S i . b
VA Wl T P O PR R TR ) 3 i I - e
P B AR I, AMF R4 AT DAL
R ERY A ER R TS ET, {4 e HLEE
PIRERE, SEmtEYIx PRI,

SMARTTE, AMF JE R4 2= 58 O IR B
J& T RATX AMF fIAIR; JUHGE 878 AMF 1)
WAL S EFRIEA . ARG A TR TR
W mMEERE R, W AMF B9 H AL 5 oy 34t
THEEWIET, Ak, T AMF 28535 il
AREE AR, B ATC A AMF SR 415 B4
RAEF AR, RFGHZXT AMF JEHAH =1
98, JUHIEFI XK B I 5 H ARk i B iy 5t
FREREI 0T

2 AMF % 5§ 4 #:4F

NCBI ¥ 5 B T2 2% 45 AMF 453 4 4
HEEMERE . BRERE . JRRER B MERER
B 1 NS MR ka5 8. H, £
Ml%E 0 H FAERFETE B 200 A 6 AR 5 A F i sk
AEE, IR B AR B 1 A
A SRAME R (3 2). IXEE SR E BIMREUR 2
BT P BRRILER AR ZIEH BRI
AR SEREN . BRI T OLA/E R A 40

http://journals.im.ac.cn/actamicrocn



transcriptome

3420 Tian Xiong et al. | Acta Microbiologica Sinica, 2021, 61(11)
F2. HRANFH AMF Y REUFER
Table 2.  AMEF species and sequencing information for transcriptome sequencing
Species Method Object Transcripts GC/% Unannotated/% NCBI No. & Ref.
Archaeosporales
Ambispora leptoticha Single-cell Quiescent spores 139347 43 56.7 PRINA376430 [86]
transcriptome
Diversisporales
Acaulospora morrowiae  Single-cell Quiescent spores 49516 43 48.6 PRINA376430 [86]
transcriptome
Diversispora versiformis  Single-cell Quiescent spores 207252 47 48.1 PRINA376430 [86]
transcriptome
Gigaspora margarita* Transcriptome  Germinating spores 86183 32 87.3 PRINA267628 [87]
and hyphae
Gigaspora rosea® Transcriptome  Hyphae and spores 86332 33 82.0 PRINA281451 [52]
Racocetra castanea Single-cell Quiescent spores 57737 33 71.0 PRINA376430 [86]
transcriptome
Scutellospora calospora  Single-cell Quiescent spores 28680 33 41.7 PRINA376430 [86]
transcriptome
Glomerales
Claroideoglomus Single-cell Quiescent spores 36227 30 64.7 PRINA376430 [86]
claroideum transcriptome
Funneliformis mosseae Single-cell Quiescent spores 56258 33 60.9 PRINA376430 [86]
transcriptome
Rhizophagus diaphanus*  Transcriptome  Germinating hyphae NA 36 NA PRINA209039
Rhizophagus clarus* Transcriptome  Hyphae and spores 39663 37 NA [34]
Rhizophagus irregularis* Transcriptome  Germinating spores 25906 34 58.2 PRINA274445 [66]
and hyphae
Paraglomerales
Paraglomus brasilianum  Single-cell Quiescent spores 101297 41 60.5 PRINA376430 [86]

*: genome sequence available.
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Abstract: Arbuscular mycorrhizal fungi (AMF) are widely distributed in nature and can form mycorrhizal
symbiosis with the roots of most vascular plants. They play important ecological roles in the regulation of plant
community, and are deeply involved in the global carbon, nitrogen, and phosphorus cycling. They are also the most
promising microbial groups in the fields of agriculture, forestry and environment. However, so far the information
of their genomic and transcriptomic characters was limited, partially due to the technique limitations in their
cultivation. In the past decade, researches on AMF genome and transcriptome have achieved a rapid development
under the impetus of high-throughput sequencing. These studies have greatly improved our understanding of AMF
in heredity, development, metabolic physiology and symbiosis mechanisms. Here we reviewed the research
progresses in the available genomic and transcriptomic information of AMF based on published literature. We
found that genomes of available AMF species commonly have large sizes, high transposon abundances, high GC
contents, rich in functionally-unknown and species-specific genes, and are lack of some symbiosis-related genes.
We also summarized the transcriptomic characteristics of AMF in different symbiotic structures, at different
symbiosis stages and with different host plants. The results showed that the transcriptomic sizes generally varied
among different AMF species. Also, in different symbiotic structures or at different symbiotic stages, diverse
transcriptomic characteristics were found, especially for the expression profiles of genes related to nutrient
exchange and signal transduction. In contrast, the transcripts of the same AMF in symbiosis with different host
plants were relatively conserved. Finally, we proposed the research directions that need to be focused on in this
field, including the innovation of AMF asymbiotic culture technology, the analysis of AMF gene functions, the
study of non-model AMF groups and the study of AMF proteome.

Keywords: arbuscular mycorrhizal fungi (AMF), Glomeromycota, genomics, transcriptomics, symbiosis
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