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Abstract: Flammulina filiformis is an important edible and medicinal fungus with high economic
value. With the publication of the whole genome sequence of F. filiformis, and the development
of multi-omics analysis, transgenic technology, and gene editing technology, more and more
researchers have focused on the molecular regulatory mechanisms related to important traits (such
as growth rate, stipe length, bioactive substance content, etc.) and the exploration of key genes of
the fungus. This article reviewed the applications of molecular techniques in F. filiformis and
analyzed the advantages and disadvantages of these techniques. The recent research progress of
regulatory genes in important biological processes such as growth and development, temperature
response, metabolism of bioactive substances, and blue light response of F. filiformis were also
systematically introduced, and future direction of molecular biology research in F. filiformis was
prospected. This article aims at providing a valuable reference for the development of Chinese F.

filiformis industry.
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ICHTE AL LA RIS, IR
ST SR 45T 4% F. velutipes FEANSE4H
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Ak E S T AR S s F
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2018; HEMEF 2021), 514 ILAIRIE S |
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2013). BR TEFRYIBT, IR R AR X A
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H A% (Sharma et al. 2021), B 5 F =1 1 S2&F
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TP 2018; WATHS 2014; XUHHE 2014,
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Table 1 A list of genes that regulate the development of mycelium and fruiting body in Flammulina filiformis
2 ISP BT R ke 275 3CHik
Gene name Accession No. Annotation Function Reference
Fv-ada AB715331 Adenosine deaminase-like P24 K Sekiya et al. 2013
growth factor Regulate the growth of mycelium
fohoml KM598413 HMG-box transcription T 22 Wi AR AR SE 2014
factor gene Regulate the growth rate of mycelium Shi et al. 2014
Fv-JRLI KU310976 Jacalin-related lectin W SLATE Y, Lu et al. 2016
Regulate the formation of fruiting body
FIP-fve JC None B T R A TR 22 R KR TRHTSE 2017
Fungal immunomodulatory  Regulate the growth rate of mycelium Zhang et al. 2017
protein
Hyd9 KT868841 Hydrophobin gene PR AR D 225 RN T AR Tao et al. 2019
Regulate the density of aerial mycelium
and the number of fruiting bodies
pddl MG264427 Primordium development S LAKMFELELE Wu et al. 2019b
defect 1 (pdd1) gene Regulate the growth of mycelium
and the development of fruiting body
Ifel MH981942 Large fruitingbody cap 1 [EESROK NS IS Wu et al. 2020a
(Ifel) gene Regulate the growth of fruiting body
Fvepe2 KY815023 Cross-pathway control VS22 KA PRk AT Wu et al. 2020b
protein Regulate the growth of mycelium
(cpc2) gene and the development of fruiting body
Fvelpl MH234398 Mating-type pathway TEEZE KT RRE Lyu et al. 2021
gene Regulate the growth of mycelium
and the development of fruiting body
Fvhmgl KM598413 HMG-box transcription VA Pl A Kok Meng et al. 2021
factor gene Regulate the growth rate of fruiting body
FfNoxA MNG661156 NADPH oxidase complex 44 AR A= 1 38 B A Yan et al. 2022
component NoxA gene Regulate the growth rate and length of stipe
Ffjmhy MG670543 Chromatin modifier TR 2R AR RS Li et al. 2022
protein Regulate the growth rate of mycelium and stipe
FfMnSODI AYG96711 CuZn superoxide VR Yan et al. 2022
dismutase 1 Regulate the length of stipe
FfMnSOD2 AYG96712 CuZn superoxide A EAY L LR Yan et al. 2022

dismutase 2

Regulate the length of stipe

FIP-fve WEhEE, K FIP-fve JENTTERI 44T 1%
P22 AR I A8 TR A RS, )20 E 2 A K6
SR AR A AR KR H BA —E M
o T 2R 2R 55 (2014) DA 4 BT 4l b v B T — A
HMG-box (high-mobility-group box)¥% 51 [ -+ 2
WAL fohoml , Fi#E— LM I MR AR AT 1Y
AL IR Z AL R o B TR bR, KB R 224
FHR AR T H A R B RS W 22 A K
R A G EL DR R AN > T AL S, B rRES

pobss S e g R AT L S e 8 T

— BOAE S i E SR A KA B A K B B
R AEVAE D RE 0 5L A 4k g B . Lu et al
(2016) & ¥ Jacalin #H 3¢ 1) &€ £ 2 g 5 5L A
Fv-JRLI TE)JF 3P RIBK P, Fyv-JRLI-RNAI
PIARRINE TR | o IRER R H1123 H
AT SRR SRR R R TR R I R B A
KR . HRIE SR, RHZEER AR
HRAFEEE KA EE SR, P8 Z M4
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£4% pddl (primordium development defect 1)F [
MIRIRAK-HEF AR T B, pdd] BT
AR 22 AR 2 BT, 765 LT eI is
By FEIDR T R IE AR M DA 22 1 A 3R [ B mT A
HEIFERIE L, RN | R A
)0 # 1 TE AR R RE F19 (Wu et al. 2019b)., 5
IKEE FFER Hyd9 DUBR S B0 3 D AR i A T
LML, TR SR I B
PR Hyd9 R kAR AR I, HA SRS A
22 1) % S 0 ) SR BN - SRR (Tao et al.
2019). Lyu et al. (2021)%5E 5 1 LAYz R
IR Fyvelpl I HeAs Fvelpl FE R o 2R A A
RANi JUBRTAK, 1 IR BRI 22 A K U AR
(R SR = Ik RNAL BRI 24K
HEARZ M, AHFSARTE Bz 2 . $o
WD, Lieral. (2022) 1 WIE YL 8 BB & 1
ML IR Ffimhy 764254 B8 22 A KRN (K
PR AR R R SR o FfImhy @i/
FE T H3KO 7 5 2 B J A ke i 240 it B A S il 3
DI ERIE , DT 1 BRAT A aoh 2 v 1 4 L
W, IE RS SR AR

IE VAR DBILMU S R S5 ki
WA A= B S R EARGE o 40 Zn(11)2Cys6 &Y
kR LFC1 G Etai i L & f i, ifel
FERUTER SRR A R 22 R K, (H Ifel UL
BT SR A A, [HIGFRA R4 2 d, [F]
R B3N T SR R AR Rk el
SRS M fe Z A TR B, (H- B0 I a] 4
iR 3d, PR MR (Wu et al. 2020a), Z1L)
i, HMG-box ¥ 5%[HF FvHmgl W1E4% 46+
AR KR B iR RO, FvhmgI-RNAi
PRI EE SERE T A AL THF AR BB bR, RPN TR
W B &3, A=K R A 46 %8 (Meng et al.
2021), Ak, Wu et al. (2020b) % PRAEA [A) £ FH
HRSFIN cpe2 BER IE RS S5 4 & & it
BRI Fvepe2 i Fek kR 7 w3 . BrgRmt
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) 4 5 S5, ] Fvepe2 AT 4t ok Fn
M B 7+ B R S B R N i
7%, NADPH %{L M FfNoxA FiHi4E fLE SOD
S5 &5 AP R, FfNoxA FER i Rk
PR SRR A R BT BRI A BE J0 2 K T AR R
ik FvOl, RNAIQ WHRWIAHS; FfMnSODI #i
FfMnSOD2 33 323K i Z2 TSR I TRAW 1
SRR, FfMnSODI-RNAi 1 FfMnSOD2-RNAi
AR A TR LB AR R TR BE K (Yan et al. 2022).
VLB G E D se R SR, YRR T
SR A A G B L AR R O A R SR DR n
Ifel . Fvhmgl . FfMnSODI Fl FfMnSOD2 SV/F1E
BE B O EA ORI A, BRI
FH DR Gt 6 B ) o L b 8 DXL 0 i o HL R B
O RAERAB SR, P R S o BB SN
LRGBS, kS fG Ge it SR B 5 | ASMIESE A (%
FER AR )1 B AS R A 255200

WA, R E ke T —n g2
St IR R B R IE, 4 Fyv-hyd] (Yamada
et al. 2005). Fvpal (Yun et al. 2015). HydIl-10
(Kim et al. 2016). fvexpll (Huang et al. 2018).
Fv-hmg (F00% 2018)F1 fvexpl2 (IRI%EZE 2020)
L ENHERMA T S BT IR R R KA
ERENTRBIESH TSRk T k%
PR T, HBEARShREB AT H 43
TAY T BT
23 REMENEER

ST AR (13-16 C)iF A REIE
)58 S (T2 = o s X 7 N (£ P N 3 2 (5
T AR AR A, A Tl IR A
{UEINTE ST, 05 TR I BB INAE
Ut , At g 0 oy 225 5 DR ) 4 s 5 T s
RIS R or b BRI 1T 1 M =R K
G HH o WIRGIELH FfGal, Z%FEH T FRIEN
PRIPR LU B A 0 B iR FLA B s A 3B (30 °C)ifif 32
P (Du et al. 2022), HZ, EEUHR T FfGal
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B SR B IIRE, HAREIIE B B
W EA RPN Ry i — LIk, Fi5k,
WA — L N 57 BRI B R R 7S 3 A UKOF |
W, AN Tpsl. Tps2 (REHEE 2015), FvIDI (X
W 2016). hsp70. hsp90 F fesl (Liu et al.
2020), (HAREANTEE S5 G4 i RS N
¥, T LR 3 A2 T B — 25 1 5
WE. SV, At FAba A G R ALY,
BT Y, BRTR TGk I B A i
ISR 3B, R e A A i
B RO B AR I 2 %507
24 REREEIERERER

SEHHAMRKMZHMNE, X 5HEAE
W2 IR Z A E WS T AR G . (H,
H RAT) JC i A G 2 T fiff Ao X 6 £ ) 08 A i 40
TEAET A AL R . Tian er al. (2022)ff
IE B R 5T R BE AL B AR A5 1G4 5 4% TR Y
AR & i, Soe RS S AL R B R A L
AAT3-RNAI FRER 52008 & BERRAIE T 249 24.87%,
AAT4-RNAI R R 2 IR S 2 H I m 74
13.55%, WFEBHEILIRLIZ I AAT3 Fl AAT4 2
5T RME SR G il . Liu
et al. (2019) k& IR 1:f % 3k P B 2 1 i 0 il 356 (A
Fvsdh RERSAE AR A A . TEAh, #ia
R WU PR HCS . HACI, HAH . HDH . AAT .
AAR T SR WRIEACT- 52 IR B f AR DGO
R (F7HTEE 2018), REBUIWATEAOGHE T 44T
Tl 2 W0 M 0 00 245 P A (L B A s 3L ) T F)
L XA B AR R R A, B
SELOPS (2 PSRk ot T A el 7/ MR ) W B
SEEER, DGR E A R bias , RIS T
TR AR S IR 1) 1 A O e B A R —
{EARBFFE 7 1] o
2.5 EZHER

MR BB M IR T, BRI R 24
AR E TSR, S4TSR L RN
i PR T RO, EOREX —d Rk

PEREAE ., D988 Zn2Cys6 RUEHERE 5 [H 1
FIWEILE FfZCP09 . FfZCP28 .. FfZCP32 . FfZCP60
Fl FfZCP62 1 GRS 5 Feik it 25 T, HfE
DL R T XS 5 G B X i (e [0 (Y R 4
2020), XEEFISE(2023) 4 1 kPR 2H Hh % 2
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FfCry-DASHYHI 1 N ARILH (FfPhy), 5%
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