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Abstract: RNA interference (RNAI) is a conserved eukaryotic mechanism that uses small non-coding
RNAs to mediate transcriptional/post-transcriptional gene silencing. Despite the deficiency of RNAI
mechanism in some fungi, evidence accumulates that fungal RNAi not only maintains genome integrity

but also plays a pivotal role in the regulation of fungal growth and development, heterochromatin
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formation, centromere evolution, and development of fungal drug resistance and pathogenicity. This

review summarizes the biological functions of RNAi in fungi, which is expected to lay a basis for

further research on the mechanism of fungal RNA.
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RNA 2 FAZ AW o i BE DR T A B A
FIRPLEALE], HA AR 20-30 nt (S
57N RNA (small non-coding RNAs, sRNAs)iJT
AR L K 35 0 1998 4, 3 [E b H AR K2 1) Fire
5 2E KA Mello 822 ZKFE Nature
AL R RSO, HRE RNA THURHE
&M Fire Fl Mello 25 & B2kt rp A0 5 W56
RNA BERSTTBRIE R R 35, it RNA T W)
BEE ONAME K BUEE RNA A S FE RNA
R ff ot B2 o BEE RN WTIR A, BT XY
RNA THIEHE RN 20-30 nt, HA T D) 68
AIAEGRIS /N RNA 25 5400 i 48 i R 2 38 1) 3
o WIEIE . 45t RO E P KA Y e
AN, X SeE AL/ RNA FE2538 3 36 /)
T+ 4 RNAs (short interfering RNAs, siRNAs),
/N RNAs (microRNAs, miRNAs)F piwi #HH.
YEH RNAs (piwi-interacting RNAs, piRNAs).
TEAFR RNA THdEH P, sRNAs 4% 1 i
ZW AN E s S, Bl kH . RNA T
MRGEME . 18 E0iH . ek, [E8F
B, KT RNAL Y ShREAHGE T2 248
TENZE . /NEUFER I SE S A i b, T R B
RNAI A BUR ED & e AP A EL T rp 2

H P RNAL ALHIIZ A4, REBAEE
fi] SRNAs #4 siRNAs. TEEEH, thZFikiz
PR AE RNA (dsRNA)#EHEA RNase 114544
SRR DI EST YN T 20-30 nt fJ sRNAs,
X2 SRNAs A IR BE I TTBR A i A #, 5 —
FHNFRE IR A ES LM RNA 7553 5T

245 (RNA-induced interference complex,

RISC). fE¥45%/KF I, RISC EGWHHSFAE
FH IR, R fOE s e R)A
K-, RISC EAWiE i sRNAs Bl & B ML XT
(175 R B I BT VAR RNA, T 26T RNA
REff, BEZ 2], S S BUR e SR TTER
RNAi e & MAERH & H, Dicer. Argonaute
LI & RNA #K#i 1) RNA B4 Hi(RNA-dependent
RNA polymerase , RARP)7E E [& H H A 8 & 1+
SPPE. RUHBEY E SR R T IS RNAIL 7EAE
HBEH VEN . HIE RNAL BEGEE L 9 i %
JEEF-BRER . W EE AR LA S AN IR R AR 4E
FE R eV . SR AER A B R 45 R AR

AP RNAL A2, EHE RNAI
WERAT ZWAEY e, SR EREK
RE ACHEE 2R | Y LR 2 1 A )
S RNALZEAS R A ELEE 4938 1 AR i A 4

ASOK X E B P RNA T A Y24 D RefE—
ZER N ETH RNA THEALH B & e i 2%

1 EHEETES

% )i ¥~ (transposable element, TE)/&—2&0]
DLTE G4 4K b A W] 2 a4k a) B il #2 3h iy
DNA, fEHWERA ) e, KBS
Al AN R SR | T A RIR G . DNA 3L
BEWTRLAE, DT S e L A RS e . Sl T4k
R e 8k, Vr 2 Bkl 1 i %
JVETF- I RALSH],  H U R AN T S R A
(repeat induced point mutation, RIP)F1 RNA
PepLil

HLBE Ik 761 5% (Neurospora crassa)se B H
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9% RNA THRBA G, EHERARKN
B, WMERMWEIEE T 5] k0 sk n H R DT
BRI HFRAE quelling, B URARIE T 1992 4EP),
quelling XF T4 i % J3& 52 il S b AN AT DY
Nolan %5 & SRS Bk i85 quelling iR 12 H () G4
1 QDE2 (Argonaute £ [1)F1 Dicer HE & 11l
Bl LINET [ 525 s a7 BRAE™, (L 72
NS RNA R 1Y RNA 224 QDE1 1 RecQ
DNA fi# il QDE3 25, 54k, TEMBEIKA
A YEAFAN B, RECXT DNA 5| & B8 5oy 24
JTER (meiotic silencing by unpaired DNA, MSUD)
0 BB A% 2 5 4 5% e 115 . MSUD & AETE DR
B, M IR SR A S
Ji R 5| A [ 05 PR A i %o e 25 51 % MSUD,
FECRECXT DNA LKAFERVIR, 25 MSUD
B FEZE Ao L T A A A L, P sad-1
J& qde-1 WFJEIEA, 777465 RARP. SAD-1
B AR X} DNA 7= 4= [F) 5 5 RNA (aRNA)S RN
WE RNA, ZJ5 dsRNA #4115 MSUD #f
XHY siRNAs (masiRNAs)® %, 2015 4£, Wang
S5 50E R T R BO 5% E 11 masiRNAs, H
%25 masiRNAs =K SAD-17, M
75 T MSUD TE A5 24 28 72 il 5 )32 3%
PEIE AR R e I TE T .

NS EOR BT A BRIK T (Cryprococcus
neoformans) i FAAS ] () RN AT 845 4 41 il % Je
FiEYE, Hrh A TEATEB B siRNAs /511
I SR I B I DU BRI AR AVE A M AR TS 3 I DL
¥k (sex-induced silencing, SIS). TEA M4 5H T
T, Rdpl. Agol M Derl AR ILR B #HiE
R, AR R A TR Y siRNAs. {324 Rdpl
BAEUR, RN siRNAs ik i FEL,
FEPE TS, PR AR RN, 0 Rk
EA AT A R SIS RNAIL &2k il
(L e R N v 4 B Y v Y PN ES k.3 N £
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H, Zad B2 REa] DL AR 7 R P A2 B (oo L AT
VA HEAE SV SC B (a-0) ik FE R . I, MSUD
SIS 73 1] 52 A ) L B 7E AT P A B B Be i i %
JAE ¥~ 2R 3K ) EE B AL o FORLRE K78 B AH A
O, B AR R BR T SR A K BO AF R 2R D
quelling FYIERITIBRIL S , IRV 2293 245 3 1)
JT 2R (mitotic-induced silencing, MIS)®!, Jiang
S50 Dumesic 5538 12 %65 B A= Bk i sSRNAs 17
ORI, R IHAEE SRR K B g g ™
AR TR IR siRNAs!" ', Janbon 5% BH
Rdpl 2% G 208 F7 A A Wy B A2 1 AH O Y ik
PRl ek it i v, B AR T RRAT RE g a2
2013 4, Dumesic 5# (1 TAEfE 7S T BRERE & IR
K B A 1R IR Y siRNAs BB AL, HP
AWM TR TR
pre-mRNA 25 5 75 B He AR b3 B8, DT Bl R B 422
PR AR BX ) 25 1 &2 & 1K (spliceosome-coupled and
nuclear RNAi, SCANR)EHE GIKNEY), Z
JRFEER S LM Dbrl MfEH T A B dsRNA,
dsRNA #EAZ L) RNAL B48, 775 Tl
TR siRNAs!, X sb 28 LR | 76 225y 3400
FErp, Bk B BKTE RE A5 F ] RNAL iR A2 40 i 5%
JEFIEYE . IR A R P E T 5 A S HER
BRI RNAI #4428 198 8 [ (Rdel-5), #—25%}
RSP T T UESE P

EHALEE S, WA T RNAI BEIH
B 105 ME RS UE S o R IR % T (Magnaporthe
oryzae)J&— PR R GUEY), TEKFEA R A
BT RES R E . 2001 4, Nakayashiki 2%
AR A MAGGY L EFHE M. oryzae
20 b sz 2] EIZIH B4 S DNA H kL
Jek ) Nakayashiki ZE4EM M. oryzae WWFETE
RERZ M MAGGY FKiAH) RNAi B . J52eht
FEUESE, M. oryzae T 22 Wi SEREAE 7™ A i
] LTR F2 %% % 71 siRNAs (LTR-siRNAs), H:
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AR AL IR T MAGGY 9 LTR-siRNAs, it
W] M. oryzae RNAIL W EY) 2 Hhfig 2z —fH 2 4
BLREFIGPENS101 0 2013 4F, Yamanaka S57EZY
b8 8% +F: (Schizosaccharomyces pombe) i i T
EIRF T2 J% % F ) siRNAs, %2 siRNAs
B = Z 3 28 RNAT B AR R, Agol Al
Derl MIREBIRE 425 2L T72 RIBTEMERG 5%, A
ML, T2 UM siRNAs 507, g Bk
(Saccharomyces castellii) . /)N 3¢ 55 B (Puccinia
graminis f. sp. triticci) P WHRIE T 5% IR 1)
4% sRNAsHS 1

AR R, B E P A EAEZ LAY
RNA 3875 20 415 56 R 21 1) 58 B 1 it 5 %
LA BB (Mucor circinelloides)¥% JAE T E IR A N
J5/]N RNA (endogenous short RNAs, esRNAs)iH1 T
THGEPY, &L 4> esRNAs 1Y # ik 2 31| 22 i
RNAi @R, Ho s T4 226k ix
X3 Grem-LINE1 S 4611 siRNAs?". 2015 4F,
Trieu 55 & A B & P AR 200 RNAT R4
(non-canonical RNAi pathway , NCRIP)**!,
NCRIP ®A&HH T RARP F1 R3B2 H7 RIAZ W%
PREGIIZERIY . SRATIEFE KB, NCRIP 7EJH 17
B ) FNEL PR Dy TR FE AR . AR
NCRIP ffELL T, 2L RNAL AL 2= 4 3
Z 1Y) esRNAs KA ifi| Grem-LINE1 [z 5% 11,
UMW) NCRIP 5 RNAi £8 SR 42 A% L TG AR L
YERT, 3 5 i 4 22000 S B - ) 3Rk R AR 4
LR FaE . NCRIP 1E —Fog i 41
i, HATErAED, EAE R E AE Hee h R PR
AR — 20 A

2 SERELM

RNA 0 X% 40 B B 10 s 5 AR B A
SRS, RN XU EE A ] A —F KSR g
BL, X —Z5 18 7E 2R A YR N ARG 5] T UERH ,

WIESY) | AEY A S B P B RNAG
Rtk AR I T R TP/ RNA
(virus-derived small RNAs, vsRNAs)/ ™5 A &4
BE RGP ML AR 22 4R 5 TR AR S TR
(Cryphonectria paracitica) PRI 8E NIE 2

M S R T e 5 | A A SR E 0 1) i L TR
FILARE 5 Rl R aE ey, DR EC A o
5% RNAI RGHCHUE BE AP B Rk
HE P RNAI 25NN L 5 Ak T
M ZERZERT T . 2007 4F, Segers &5 & P SE¥E
W del-2 $ER 5828 del-1/del-2 3 R AE 3
o T B PR B i RO RS R , B
Adcl-2 ZEE MR RNA B3RO 25 41
5, EURIERH T B RNAI & BB RS R i A
Rt B2, S — IR, E del-2 FTEFTT,
HLA B 8 RNA BERS I 18 vsRNAsPY
HOEAER HE dm S i 4 1 Argonaute ZSRLEE 1 H
HA AGL2 2 5Hukd Bt ™, 5 del-2
FERZEWL, 555 B agl2 BYFE SRR 3%
P ARERNTE g IS A RNAL MR E p29 i
B, agl2 F del2 WG AR I s v 72 B A
F 0 YL FER AR B R LR, p29 fE
A RNAL SCHEEE A RIA, X RNAL =
59 BE B AR AL T RHZIEYE

¥ 55 il 55 (Aspergillus nidulans) ™ B9 W 5%
PE—UEH T EEH RNAT 486 5 1 il
ER, F& 7T A EE—N i EAE R
KPR, TEM &GS, WA i EE 7
M AMIEFE FE I RE e 5 | A A N 5 201 RNA T
PG, HiZ BRI RARPE Y ) 5 25
FEHA P 5 EH 2 MEEB gt Argonaute |
Dicer P J RARP HFIAYSEN, {H7E RNAI i 72
i, Z5HAR RNA JLEEY R A —1~ Argonaute
F—> Dicer FE P, WA rdrp JEH B A
3520 SRNAs 1977 A2 PO 5 s ) 520 2% 1499 25
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J&YL 5Ly, Hammond 5 & L E& 5 1816 B
{410 ) g SR ot B 00 L N B ) RS2 A 5 R Y
RNAi %, ULHH 1816 #5 8% H477E RNAI 1l
B, AN, A HE AR EE 341 AR AR,
M P REAS A DN B IR T 341 5 HE A9 siRNAs,
FEA UL B A RNA T3 RS RENS LUK
PR BB SEIR, OB Sy ik X
BEF S A R R, SR IS, S
1 RNA T RS W REB A T 22 BB
[Fi] v — 2955 B BE 3 1 78 RNAT ) 2 1 A
Tk N fE 1 RNA TR R %, X2 Bt 516
FZEAEAEN . ME ISR

B e A A P BOR ) K ), RNAT RG22
SR IR E Z A TP R iR . A
ﬁ%*ﬁﬁ%(arbusoular mycorrhizal fungi, AMF)
SR AAEPIE A AR, S R MR B
RN . Wk sSRNAs & i &y & 2,
TR AR L I BROIR B A B B A A R [ i 7
FERH A9E g f5 sSRNAs, X2 sSRNAs th ] fES
HE I AR R Rk, R E W 5P
HAE R FEVERPY, RS i R R AR Bk
it bk 6 196 12 B, KRS Jok A B 4 5 A
dsRNA A1 RE 8 JCHE B0 B ik D AT 40 320MH O ik
Rk

3 ORVEEAKEXRE

AR P R AR EE B LA RNAT BRA T
MRy R A AR AL, T H BRI P B (Saccharomyces
cerevisiae) . LK BB H (Ustilago maydis) 3 ELTH
TRERT RNAL RGN, X RBAEM YK —
BemtaI, WSS E AT RNAL HLEIFFAZ S
WEERMNAER AT LR, SR, MRk
MG TR P RIPT R T IX—4518.2010 4F,
HUAE Bk A5 B 7260 miRNAs ) sRNAs
(microRNA-like RNAs, milRNAs)®®, milRNAs

<l actamicro@im.ac.cn, & 010-64807516

PR TF2h A% miRNAs (975 2098 15 3 8 3%
ik, {H milRNAs & fE RT3 R I B0
FIRAEREE, BRI AS SRR RS Ik 6
BHEFER KR TR, SR, fERURE bk
BT B, RECXT DNA 51 & A 8 24
DLERBRFERT, DCL-1 SR kR B 4l & 4%
TARBERER, 1 Dicer 4 X milRNAs HIIE
WEFTEE, R T milRNAs 2 5% k5
A A R

LA BE M. circinelloides) &—Fh NZE 5%
PFEUREA T, RS TI R ENEBERN, H
RNA JLERBL G 1 R ARGE T 2003 4571, Bk
5 5L 4H Fr gt 2 A4S Dicer 8 1 (Dell-2), 3 4
Argonaute 5 (Agol-3)LL & 3 4~ RARP #HH
(RARP1-3)) R[A ) RNAI FE M E A4S, 8@
1R R RIS B esRNAs T35 A 5 5L R 11 2
ik, RS IR N R R R T A BT
siRNAs (exonic siRNAs, ex-siRNAs), HHE =4
BREARE, HETEHIAR 324 4~ ex-siRNAs A
PLar R 4 258 1P, 55— ex-siRNAs BT ik,
WAL T Del-2 F1 RARP-2; 45 24K Hi T Dcl-2
1 RARP-1; %5 =2 [EBKHi T Del-1. Del-2.
RARP-1 DL J2 RARP-2; 55 MUK ex-siRNA Y4 &
&b, Hp % Del-1. RARP-1. RARP-2,
HAh, Ago-1 [HlHf 25 4 28 ex-siRNAs 4 A,
Dcl-1 itk G806 b B8 8 I7 A KR | 3
2SS H M, Del-2 B BB =
FRMW, BURE B ERE RNAI AR5 S5
W E IR AR K TR RNAT BER B de i e iy i 5 3%
R AV AR A B R R Y RNATL A4
W2 U RE R R bR . 2015 4E, Nicolas 251 i
A R, BREERTZ 700 NEEH K
FikZ F RNAD 20", IR K A5
ST BEBE IR R RE A S 2 AR
2 o RNAI B AR B RE A 2 70 53 B 25 S 5 2 Sk 4
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Classes | 2 3
No. of loci 9 292 88 5
RdRP-1
RdRP-2
Decl-1
Dcl-2
Ago-1
ex-siRNAs @™ @omom ) (-
B
G
1 E#ES K Dicer A ex-siRNAs 9 7R
2= g 81
Figure 1 Proteins involved in the biogenesis of

the four classes of Dicer-dependent ex-siRNAs in
M. circinelloides.

(A)
ex-siRNAs (class 1)

o
Endogenous sRNAs u[l"
il
. _ RARP-2
Proteins required Q

-Sporulation deficiency
- Accelerated autolysis
-No epimutants

Mutant phenotypes

+G-proteins
-Methyltransferases
+Lipid metabolism proteins

- fkbA

Candidate target genes

+Vegetative development
-Nutritional stress response
-Drug-induced resistance

Cellular processes

& 2

s R—3, e, ago-1. del-27 VA rdrp-2-
RASPRIYRIUE T BEAL . Bk
A (& 2A)H,

T 2 MR KRS Dicer (9 RNAL 422241,
G ER DI EIEL I AKE Dicer {HAK
jfi RARP [1) esRNAs =4 i 42 (R NCRIP), X
esRNAs #{Fx/FE rdRNAs (rdrp-dependent degraded
RNAs) (& 2B)™*, rdRNAs & K373 I 4k
RSB T 1X, 5 mRNA F4l—%, S2br |2
mRNA FE5 R =4, 2= A 4Kl T RARP1 .
RARP2 A K R3B2 A A i A2 R B TS AU 4 22
RARP %875 S8 rdRNAs &3k & FEAK, 1 %0 1 1Y
mRNA FKiEwTE . HAZRJEE % (eukaryotic

(B) (©)

rdRNAs sRNA effectors
e o A
—Q Wl e

*Reduced virulence

RARP-2 @RP-I
N C ¥

Defective sexual interaction
+Resistance to ROS

*MAPKs

Peroxiredoxin

+Cell wall-associated
kinase

-Mating secretion protein
-Heme-containing proteins
- Antioxidant protein

*Sexual development
-Oxidative stress response

-Host-pathogen
interactions

HEREBMXBE D RNAI HLH R HEE W5
Figure 2 Physiological processes regulated by RNAi pathway in M. circinelloides and Botrytis cinerea

[44]

A: M. circinelloides canonical ex-siRNAs (class 1) generated by RdRP-2, Dcl-2 and Ago-1 play important
roles in vegetative development, nutritional stress response and drug-induced resistance. B: M. circinelloides
rdRNAs produced by RdRP-1, RdRP-2 and R3B2 are vital for sexual development and oxidative stress
response. C: cross-kingdom RNAI regulates virulence and host-pathogen interactions in B. cinerea.
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orthologous group, KOG)Zr#r4h KB rdRNAs
B AR Y DI AR b T s S T AR
BT . RGP S AR DGR R
A UHERN B% rdRNAs S 5iREZS M
TG s iR . BRI R, B EE N
A 3 187 AN BN 25%) %2 3|
NCRIP @AL IR . fEAR RS2 F T, NCRIP
AR BT WV E R AR L R B 238, (HAE I
B WG A AT, NCRIP py#ilfE AR, $t
FaNliE PSR SN AT R I e A | W £ 5
FEHY RNAT 1R RE X FRBE 5 S i 25 )
Ak, TE 7 3 W IR & K % (Trichoderma
atroviride)}', HEIET MR F 1) esRNAs AR
R¥EVTINRE . RGO F I — Mg T 4
WMAEBSRGE P ER, GBS EAEY B
N IE A ek e A K, ORI A P A 2 A
Dicer %5 [ (dcri-dcr2), 3 1> Argonaute % [
(agol-ago3)Ll % 3 4~ RARP & H(rdri-rdr3).
N T HFTIRGEARTE RNAL LB A Y22 6E ,
Carreras-Villasefior S5 7ERER AT PR T 25
RNAIQ SEA AR, X i TRk 1) 28 780 Fn
SR AT RA T o AEICAT 5 FIAILBE A 15 0 38
T, B AEARNRGOR T Sy B SR A K E ok
R, PAERSESAEMTF . HIE Ader2.
AderlAder2 e Ardr3 SRR, SUE 551 AR
AL A R R . Ader2 . AderlAdcer2
LRI 22 A KR RN, T2 A ih & 4k
M, X WT. Aderl, Ader2 Fl AderlAder2 [7)
SR T Mr, KB Dicer EAERIE LT
s R AEY 2= fE, X A[fg/2 Dicer
BRI AR R AR AR A JE R O AN, Der2
B R TR sSRNAs Rk it A8k 5 5 ol 22 R 3R
KB A — 3, XSRS AR, B TR
RAMEAZIRZ AL RNAT %48 S H = 2E 1 sSRNAS
L P RN R IR EREAREN A KM AT H
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RIEE LA

bR 125 5RO AR RNA L
w5 T R HENAMNLT, I SRR
FOORLRE Pk f %8s o AR AP FERIUESE T RNAI
B B A R B RS . R A ik T A
(Fusarium graminearum) g /NFL 4 W) 75 B 9 7Y
FE R, IR E A T (AT
AMIAEAR T (3 M) EFH . Son S K BURAY
B J1 W FgDicerl F1 FgAgo2 # il /=4
ex-siRNAs i ¥ F 46 FJE i, 1M FgDicer2 Fl
FgAgol FEZ 5Kk RNA HFH RNAI &
B BEJE . Zeng IR AR ETEA 1
A= 5 3 18] B BB % 77 4= milRNAs, FgDicerl Al
FgDicer2 fEf% | milRNAs P54 M £ &,
K 55 Y84 (Coprinopsis  cinerea) &M 5% 15 5 0+
R B I AR AR B R o B T IR 5 < vh
BAIE T 22 4SBT milRNAs, #3E RHi00 4% 2K
w5 A milRNAs RERS A F SR M R Bl B

4 NRARERAR

S G 0, 5 fe W) 2 A0 M 2 e 40 )5 v 0E L
FR), 6 0 70 1 40 ] 30 b OR 45k 4 A LY
e A XS, TEANNL > RLE 3, R g 5 B A
JRRZS H A Qe L (L, gt (it T
15 R RS HoA M ek 3 (0 BTt o LB 1 B
S. pombe WY AR5 KR E K (1) DNA ¥4,
ST 220 b, X e H K 1) DNA P41
A2 U G 0I5

FLE 2002 4F, Volpe %5 % P14 2454 B B 1)
RdRP. Dicer } Argonaute 5 RNAi 1F Hc6k
K, RO BRI 5, AN FG 0
it mRNA JK-V-#, HAHEMN H3K9 AL %
&K, RABKRAEG Ry B s H BRBE , XE
5 S € 2 2R TR BB A DR, X — B
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ZEHER RNAL ML & S a5 A 41236 .
RNA /-5 5 L 8 T8 i i A5 &2 RNAL A A
1 H3K9 By HIREAL . fRTHR L, siRNAs FIEAT]
1Y Argonaute 454 £ F14H 2% i RNA 175 5 19 7% 5%
UUBRE AR (RITS), FE7E Y ik B X IR EE
Y €[0T 1) 358 A A8 1 0 S Y B S R TR ol 3 o o)
RITS B GWHATYE, #E T siRNAs 574
o e R 2 ) e R Y S R T T
%L DNA 455 WA 7138, % DNA 45 & H 118
2458 W BE 2 otr (outermost) B & X I 1Y & & [P
51, RITS &Y Agol. Chpl F1 Tas3 fEH 4
B, o Chpl B & Y& 1, el
% RITS EEWEEARE] or HETH, WIEH)
Agol EMY5 siRNAs 5| FHEASE Al 7
RITS X} otr MIZ5G B8 T - A RITS & A Y144
SR E SR, Bk H3K9, MBS
Swi6 [, YRGB A g i,
FESEKE I HNIZ X I 1 ik . BRILZ b,
S4B 20 M PN I K I B TR IR T 2R IX
I AEgmAYS sSRNAs, JF H Rdpl 7E&H Z Rt E
PO e gE 45 R UL, R R Y
FTHITE LS RNAL ISR ZUIFHOC, RNAL 54
0L 5T 2 25 1) 28 S SR TR R 9 1) PR A S 25 5 A
—ifL,
5 fR#FLEHtA

2R — R B DNA L5, B S48
ZEARSRGR) T LT, AR BER AT
5 DNA F a1 P94, A B T B Ay
YO R B HER 43 1 o 3 2200 0] LUy Sk 15 2o ki A
X IR 2kn, Hob S5 22000 H 2 /NF 400 bp
)% DNA J7 5 (ANTRIP EE L), X335 220 17
FEL M LA 56 (n e £ 24 5 e B 31 LA 7 A4
B I (U N AR ) AN 56 o AN TRl o 2 22 6 19 3
REELAG 48 0T B PR SFIE , (A28 2207 X 3 ) DNA ¥

HNTEAS [] 99 ol v 7 32 R A 66 2 i b A 25 8K
K, BIPGHEE R R

A SCEE R, RLBH B AR A R S
RNAI i85 UIMIE, 15 2260 2% 5 Y 6 508 1%
B X, B4 RNAIL HLEIX T8 22k 4544
BT R =AY N R (O R A I A3 S
RNAI JCHEEL R kO 2 3 800 22 0 X Y S5 g
R S8, H3KO AR e, DL R e fafhk
RN RIS RNAL & 428 10 i 42 1
A PRI I JRE 1 Rk R T A 2RI g
AR R, bR T 2GR Z AN, fERBRIAE
FLEA B A AE 2SI BLI] . 2018 48, Yadav
SENT B B F TR 0 A 2R AR LR AT T
FEPY. Yadav BN T 3 FPESEREE1E A0 55T
%, Hoh A BBk E H99 HHR A JEC21 Hik &
AN RNAL REE, HFHFRIKTA(Cryptococcus
deuterogattii) R265 AR RNAI RFE LK. F
FHARST 1Y 25 2260 % 1 CENP-A Fil CENP-C X} &
BRIA B 2R AT 580, R T AR BBk TR A%
FERRER I 22BN B . A SoT SR B
255, {H R265 TAkKH 45 2200 K R B 8 T4
A RNAi RGH H99 KARA JEC21 T kk,
CHIP-seq 45 % 7~ R265 Witk CENP-C % [ fr
AP AIREE . A, RNAI §JCH R265
R VRTE B 22 b XS B R T 2K B 5% sk R 1
HERER T3 7 e 174, T RNAT 588 /9 H99
HEF JEC21 WMk A &KW R HF, H
227 DX 51 i e E A B R AR . 2
H99 W PRFN JEC21 RER RNATL iRFE G K BT,
GEASMRAEAG A e vt 2 (8 R Hh IR A 220 4
TGN, HF— R ERMEELE FRSE, 15
BT RMIGER . B Lok X T Y
I RE X ek A AR, e R E 2
KR EAEDY X — R AR ST 45 R I, RNAI
I RE DNA H ALY 5K 80 i 7 BKAE
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RE S MG, A 2 b DX e e, AT S 3K
T b B 2 2R B () 46 05 RNAT R Gl
Tk B A 2o DX I A i A R AR T
Yifk , PE S 5 22k 45F RIS RE AP Rk
6 WYHEHLEE N

LK BB (M. circinelloides) i IR F &
PSR 2P % Rt 254, X (15 B W
JMELIA L HAET- 3805, WA T R B 24
PELEIX FRcEiRYT 2 XHE . 2014 45, Calo
S B RNAG BERE DLWt 5 =48 ) 7 5| &
B BENPIER Y FKS06 MEMAE R
A TR 25 PERO % A BA & BE RNA 5 80 MR
ARk HR AT BT fkbA BEPR I SC/N RNA 7T LU
fih % fkbA mRNA FEA#E, M BH 1k 24 90 $8 45
FKBP12 )74 o iz FE T B2 A4 L) RNA
EHSM, 4 Dell, Dcl2, Agol #1 RdRP2.
Dcl2. Agol 8% RARP2 flt2k ¥4: 53 fkbA i
BRI IR . AL, NCRIP B4R M R
1 R3B2 il RARP3 i 4 35 25 2 i Wt % 28 748
R RS T UM AR A, B NCRIP i&4%
TR RNAI (MR 28 07, X ee ik
MR T B EETEA T RNAL RERRGE L
A A 25 W AR R, DA R 4 2
IR 2A). F34b, BESEEAT 55 —Fhbt
FELEZGY) 5-FFLIH R (5-FOA)UEA TR , [ AE i
PEF T HL 5-FOA MR A4 . 5 FK506 ik
ZEAS BRAR LA &, 5-FOA i M 2% 48 #k vh A ¢
sRNAs I/t F 010, 7EWA 25 YIAFAER)
Whi, TR BRI FE h B W AL
Xf 5-FOA RYREURER® i Sefiff 5% 245 S ik — HiE
2, RMEA R RS, B LSS
KB&FmP 2R, A EZMitE
A 24500 A i 2454

TR, B BT 245 M 6 7 AR RRAE 1 5 B
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J1, et Hx e EAEY:, (H RNAL X FLF 2
FIRIEZMA AL ANt , 3R BEAE X B B E - 15
FAEAEM B Jrm . EE ARG S sSRNAs
AT LAGE W) Tl BB, 5 R oz Fe s 3 18 32 AN
L P 5 5 sRNAs BE 5 X 8 A5 58 X 17 DT
NN I e Y 1 P AN o B v 5%
YE# B RNA T4 (cross-kingdom RNAi), %Al
ﬂ?ﬂ?’fjﬁﬁﬁ%(Phytophthom sojae) . IKEH
(Botrytis cinerea) & BUR KA A K. K&
FERTE A 2 MR AE £ RNAL REERON
1, PSRI1 il PSR2, FHt PSRI Refg il fe 3
miRNAs Fll siRNAs I8, PSR2 AR5
FTWT siRNAs B b B2, AT i 55 48 90 1 1Y
GPE N AE N, AR E ELI A B IR
PR E G fE v 7 AR B B sRNAs Feiz 15 &
AN, XLEEs 5 sRNAs 5753 Argonaute

HASA, HFFE £09 RNAL R4, TUBTE £
O 9 W& BRI, be i 22 20N AR B 1 O

(mitogen-activated protein kinase, MAPK) . %
ALY . A0 BE A G BB (8] 2C), IS 5
H &8 W9, BT KEE T (Arabidopsis
thaliana B. cinerea) RNAIi &5 65 2 T 33
LR HE IR, B IT Agol Z A2
R AR IR B R T Ak, X —
SR IR LT, WAL IR TR (Colletotrichum
gloeosporioides)®, RNAi & [ it 5 5 S0 E 1 ]
ZEM I BE ) S A, DA A R B P

7 REREE

HiER FE ML 150 TR, 2 HRAE
TORAEWSERE, X EURE B R A E B
SN FIB PRI N R 2%, A e
TEFELE P £ T RNAL &40, M RNAI
RY M EAE AR RNAL REZAN, 6
THEMLAD RNAL B2, HARR T EE S
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BAIREEE T, AR e AR R G
RNAi LI VR 220, X2 e iR
TP A ST IR o BE4h, RNAL HLTIAEAR
YR g AL R, LA Tk A 7= H RNAI
R R —EEE, XA R EAREN
Jl . R BETET RNAL VEHMLEI A 92
TIREMbE o C UG T — it R, HaiFZE
B R A A i A

(1) &%, XFHBTIM sRNAs 112518
FEE—H A YW RNAL BF5 458, sSRNAs
e 38 = R AN AT D — R T B R
I FE R R T RERETRET. /bR
. W& T 1Y sRNAs, A T rRNA 3¢ tRNA
i) sSRNAs il #2385 Y VEREAILRE A 1 B 200
BB R B . /N A B At i
rDNA SEJEH SRNAs 52 5] RNAi A2 JE 064,
HARENAEY=6e, HEP RNAL P 6E
A rRNA 3 rRNA 2 SCEEIN T HA 5 )
AEM sRNAs, X2 5T A E A w
WEEh, T (RNA F2E, AfRriE—2 5,

(2) DL, A% G0 i ey e B A8 F
R i 14 4 1 3k 1 5 A% sSRNAs 047 5 &% s 31
J¥, XA R e E A H AT 5'-P/3'-OH
) SRNAs UL, BUAT 3k B2 iR AT gE &
W R R Y SRNAs J 471 50 1 45 51 77 A i 25
XICBERHAS T AT RNAL HLH Y 4 i
R, 2021 4, Shi %tiE ) PANDORA-seq if
T BA AL A T R B RNA B 9 R T
sRNAs W7 BFE [l . S50 7 2 BB Re 8 KK
PE SR TR T HE S, R AIESE TAE H h
BN PRERE T E AU E sSRNAs FEA

(3) WA, @ o EYE THNEZ W
S BRI U R R i — KA, (EAS T 2,
CRISPR #i AR JE—WiARIF 221, HHIE ik
. M. REkE . AESFEETYCEL T

W) CRISPR ZRGE1 ), 47 bl T4 8 KL 40
B RNA 407 I AR

S0k

[1] Fire A, Xu SQ, Montgomery MK, Kostas SA, Driver
SE, Mello CC. Potent and specific genetic interference
by double-stranded RNA in Caenorhabditis elegans.
Nature, 1998, 391(6669): 806-811.

[2] Napoli C, Lemieux C, Jorgensen R. Introduction of a
chimeric Chalcone synthase gene into Petunia results
in reversible co-suppression of homologous genes in
trans. The Plant Cell, 1990, 2(4): 279-289.

[3] Romano N, Macino G. Quelling: transient inactivation
of gene expression in Neurospora crassa by
transformation with homologous sequences. Molecular
Microbiology, 1992, 6(22): 3343-3353.

[4] Nolan T, Braccini L, Azzalin G, De Toni A, Macino G,
Cogoni C. The post-transcriptional gene silencing

independently of DNA

methylation to repress a LINE1-like retrotransposon in

machinery  functions
Neurospora crassa. Nucleic Acids Research, 2005,
33(5): 1564-1573.

[5] Shiu PKT, Raju NB, Zickler D, Metzenberg RL.
Meiotic silencing by unpaired DNA. Cell, 2001, 107(7):
905-916.

[6] Hammond TM, Xiao H, Boone EC, Decker LM, Lee
SA, Perdue TD, Pukkila PJ, Shiu PKT. Novel proteins
required for meiotic silencing by unpaired DNA and
siRNA generation in Neurospora crassa. Genetics,
2013, 194(1): 91-100.

[7] Wang YZ, Smith KM, Taylor JW, Freitag M, Stajich JE.
Endogenous small RNA mediates meiotic silencing of
a novel DNA transposon. G3 Genes|Genomes|Genetics,
2015, 5(10): 1949-1960.

[8] Wang XY, Hsueh YP, Li WJ, Floyd A, Skalsky R,
Heitman J. Sex-induced silencing defends the genome
of Cryptococcus neoformans via RNAi. Genes &
Development, 2010, 24(22): 2566-2582.

[9] Wang XY, Wang P, Sun S, Darwiche S, Idnurm A,
Heitman J. Transgene induced co-suppression during
vegetative growth in Cryptococcus neoformans. PLoS
Genetics, 2012, 8(8): €1002885.

[10] Jiang N, Yang YP, Janbon G, Pan J, Zhu XD.
Identification and functional demonstration of miRNAs
in the fungus Cryptococcus neoformans. PLoS One,
2012, 7(12): e52734.

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



1666

Zhao Xuan et al. | Acta Microbiologica Sinica, 2022, 62(5)

[11]

[12]

[14]

[15]

[17]

Dumesic PA, Natarajan P, Chen CB, Drinnenberg IA,
Schiller BJ, Thompson J, Moresco JJ, Yates JR III,
Bartel DP III, Madhani HD III. Stalled spliceosomes
are a signal for RNAi-mediated genome defense. Cell,
2013, 152(5): 957-968.

Janbon G, Maeng S, Yang DH, Ko YJ, Jung KW,
Moyrand F, Floyd A, Heitman J, Bahn YS.
Characterizing the role of RNA silencing components
in Cryptococcus neoformans. Fungal Genetics and
Biology, 2010, 47(12): 1070-1080.

Burke JE, Longhurst AD, Natarajan P, Rao BD, Liu J,
Sales-Lee J, Mortensen Y, Moresco JJ, Diedrich JK,
Yates JR, Madhani HD. A non-dicer RNase 111 and four
RNAi-mediated
transposon suppression in the human pathogenic yeast
Cryptococcus neoformans. G3: Bethesda, Md, 2019,
9(7): 2235-2244.

Nakayashiki H, Ikeda K, Hashimoto Y, Tosa Y,
Mayama S. Methylation is not the main force
the MAGGY in
Magnaporthe grisea. Nucleic Acids Research, 2001,
29(6): 1278-1284.

Murata T, Kadotani N, Yamaguchi M, Tosa Y, Mayama
S, Nakayashiki H. siRNA-dependent and -independent
the LTR-
the phytopathogenic

other novel factors required for

repressing retrotransposon

post-transcriptional  co-suppression  of
retrotransposon MAGGY in
fungus Magnaporthe oryzae. Nucleic Acids Research,
2007, 35(18): 5987-5994.

Nunes CC, Gowda M, Sailsbery J, Xue MF, Chen F,
Brown DE, Oh Y, Mitchell TK, Dean RA. Diverse and
tissue-enriched small RNAs in the plant pathogenic
fungus, Magnaporthe oryzae. BMC Genomics, 2011,
12: 288.

Yamanaka S, Mehta S, Reyes-Turcu FE, Zhuang FL,
Fuchs RT, Rong YK, Robb GB, Grewal SIS. RNAi
triggered by  specialized machinery silences
developmental genes and retrotransposons. Nature,
2013, 493(7433): 557-560.

Drinnenberg A, Weinberg DE, Xie KT, Mower JP,

Wolfe KH, Fink GR, Bartel DP. RNAI in budding yeast.

Science, 2009, 326(5952): 544-550.

Sperschneider J, Jones AW, Nasim J, Xu B, Jacques S,
Zhong CC, Upadhyaya NM, Mago R, Hu YH, Figueroa
M, Singh KB, Stone EA, Schwessinger B, Wang MB,
Taylor JM, Dodds PN. The stem rust fungus Puccinia
graminis f. sp. tritici induces centromeric small RNAs
during late that are associated with
genome-wide DNA methylation. BMC Biology, 2021,

infection

<l actamicro@im.ac.cn, & 010-64807516

[22]

(23]

(26]

[27]

[30]

19(1): 1-25.

Nicolas FE, Moxon S, De Haro JP, Calo S, Grigoriev
IV, Torres-Martinez S, Moulton V, Ruiz-Vazquez RM,
Dalmay T. Endogenous short RNAs generated by Dicer
2 and RNA-dependent RNA polymerase 1 regulate
mRNAs in the basal fungus Mucor circinelloides.
Nucleic Acids Research, 2010, 38(16): 5535-5541.
Navarro-Mendoza MI, Pérez-Arques C, Panchal S,
Nicolas FE, Mondo SJ, Ganguly P, Pangilinan J,
Grigoriev IV, Heitman J, Sanyal K, Garre V. Early
diverging fungus Mucor circinelloides  lacks
centromeric histone CENP-A and displays a mosaic of
point and regional centromeres. Current Biology, 2019,
29(22): 3791-3802.¢6.

Trieu TA, Calo S, Nicolds FE, Vila A, Moxon S,
Dalmay T, Torres-Martinez S, Garre V, Ruiz-Vazquez
RNA
promotes mRNA degradation in basal Fungi. PLoS
Genetics, 2015, 11(4): e1005168.

Pérez-Arques C, Navarro-Mendoza MI, Murcia L,

RM. A non-canonical silencing pathway

Navarro E, Garre V, Nicolas FE. A non-canonical
RNAI pathway controls virulence and genome stability
in Mucorales. PLoS Genetics, 2020, 16(7): e1008611.
Zambon RA, Vakharia VN, Wu LP. RNAi is an
antiviral immune response against a dsRNA virus in
Drosophila melanogaster. Cellular Microbiology, 2006,
8(5): 880-889.

Zhou R, Rana TM. RNA-based mechanisms regulating
host-virus interactions. /mmunological Reviews, 2013,
253(1): 97-111.

Ding SW, Lu R. Virus-derived siRNAs and piRNAs in
immunity and pathogenesis.
Virology, 2011, 1(6): 533-544.
Segers GC, Zhang XM, Deng FY, Sun QH, Nuss DL.
Evidence that RNA silencing functions as an antiviral
defense mechanism in fungi. PNAS, 2007, 104(31):
12902-12906.

Zhang XM, Nuss DL. A host dicer is required for
defective viral RNA production and recombinant virus

Current Opinion in

vector RNA instability for a positive sense RNA virus.
PNAS, 2008, 105(43): 16749-16754.

Sun QH, Choi GH, Nuss DL. A single Argonaute gene
is required for induction of RNA silencing antiviral
defense and promotes viral RNA recombination. PNAS,
2009, 106(42): 17927-17932.
Hammond TM, Keller NP. RNA
Aspergillus nidulans is independent of RNA-dependent
RNA polymerases. Genetics, 2005, 169(2): 607-617.

silencing in



RS | MUESIR, 2022, 62(5)

1667

(31]

[32]

[34]

[39]

[42]

Barton LM, Prade RA. Inducible RNA interference of
brlAbeta in Aspergillus nidulans. FEukaryotic Cell,
2008, 7(11): 2004-2007.

Hammond TM, Bok JW, Andrewski MD,
Reyes-Dominguez Y, Scazzocchio C, Keller NP. RNA
silencing gene truncation in the filamentous fungus
Aspergillus nidulans. Eukaryotic Cell, 2008, 7(2):
339-349.

Hammond TM, Andrewski MD, Roossinck MJ, Keller
NP. Aspergillus mycoviruses are targets and
suppressors of RNA silencing. Eukaryotic Cell, 2008,
7(2): 350-357.

Silvestri A, Turina M, Fiorilli V, Miozzi L, Venice F,
Bonfante P, Lanfranco L. Different genetic sources
contribute to the small RNA population in the
arbuscular mycorrhizal fungus Gigaspora margarita.
Frontiers in Microbiology, 2020, 11: 395.

Dang YK, Yang QY, Xue ZH, Liu Y. RNA interference
in fungi: pathways, functions, and applications.
Eukaryotic Cell, 2011, 10(9): 1148-1155.

Lee HC, Lia DL, Gu WF, Xue ZH, Crosthwaite SK,
Pertsemlidis A, Lewis ZA, Freitag M, Selker EU, Mello
CC, Liu Y. Diverse pathways generate microRNA-like
RNAs and dicer-independent small interfering RNAs in
fungi. Molecular Cell, 2010, 38(6): 803—814.

Chang SS, Zhang ZY, Liu Y. RNA interference
pathways in fungi: mechanisms and functions. Annual
Review of Microbiology, 2012, 66: 305-323.
Torres-Martinez S, Ruiz-Vazquez RM. RNAI pathways
small RNAs and
functional diversity. Fungal Genetics and Biology,
2016, 90: 44-52.

Nicolas FE, Torres-Martinez S, Ruiz-Véazquez RM.

Two classes of small antisense RNAs in fungal RNA

in Mucor: a tale of proteins,

silencing triggered by non-integrative transgenes. The
EMBO Journal, 2003, 22(15): 3983-3991.

Lax C, Tahiri G, Patifio-Medina JA, Canovas-Marquez
JT, Pérez-Ruiz JA, Osorio-Concepcion M, Navarro E,
Calo S. The evolutionary significance of RNAI in the
fungal kingdom. International Journal of Molecular
Sciences, 2020, 21(24): 9348.

FE, De JP, Torres-Martinez S,
Ruiz-Vazquez RM. Mutants defective in a Mucor

Nicolas Haro
circinelloides dicer-like gene are not compromised in
siRNA silencing but display developmental defects.
Fungal Genetics and Biology, 2007, 44(6): 504-516.

De Haro JP, Calo S, Cervantes M, Nicolas FE,
Torres-Martinez S, Ruiz-Vazquez RM. A single dicer

[44]

[45]

(48]

[49]

gene is required for efficient gene silencing associated
with two classes of small antisense RNAs in Mucor

circinelloides.  Eukaryotic ~ Cell, 2009, 8(10):
1486-1497.
Nicolas FE, Vila A, Moxon S, Cascales MD,

Torres-Martinez S, Ruiz-Vazquez RM, Garre V. The
RNAI
environmental signals in the basal fungus Mucor
circinelloides. BMC Genomics, 2015, 16(1): 237.

Torres-Martinez S, Ruiz-Vazquez RM. The RNAi
universe in fungi: a varied landscape of small RNAs

machinery controls distinct responses to

and biological functions. Annual
Microbiology, 2017, 71: 371-391.

Druzhinina IS, Seidl-Seiboth V, Herrera-Estrella A,
Horwitz BA, Kenerley CM, Monte E, Mukherjee PK,
Zeilinger S, Grigoriev 1V, Kubicek CP. Trichoderma:

Review  of

the genomics of opportunistic success. Nature Reviews
Microbiology, 2011, 9(10): 749-759.

Carreras-Villaseflor N, Esquivel-Naranjo EU, Villalobos-
Escobedo JM, Abreu-Goodger C, Herrera-Estrella A.
The RNAi
development in the filamentous fungus Trichoderma
2013, 89(1):

machinery regulates growth and
atroviride.
96-112.
Son H, Park AR, Lim JY, Shin C, Lee YW.
RNA-

mediated gene silencing regulates sexual reproduction

Molecular Microbiology,

Genome-wide exonic small interference
in the homothallic fungus Fusarium graminearum.
PLoS Genetics, 2017, 13(2): €e1006595.

Zeng WP, Wang J, Wang Y, Lin J, Fu YP, Xie JT, Jiang
DH, Chen T, Liu HQ, Cheng JS. Dicer-like proteins
regulate sexual development via the biogenesis of
perithecium-specific microRNAs in a plant pathogenic
fungus  Fusarium  graminearum.  Frontiers in
Microbiology, 2018, 9: 818.

Lau AYT, Cheng XJ, Cheng CK, Nong WY, Cheung
MK, Chan RHF, Hui JHL, Kwan HS. Discovery of
microRNA-like RNAs during early fruiting body
development in the model mushroom Coprinopsis
cinerea. PLoS One, 2018, 13(9): e0198234.

Volpe TA, Kidner C, Hall IM, Teng G, Grewal SIS,
RA. Regulation
silencing and histone H3 lysine-9 methylation by
RNAI. Science, 2002, 297(5588): 1833—-1837.

Verdel A, Jia ST, Gerber S, Sugiyama T, Gygi S,
Grewal SIS, Moazed D. RNAi-mediated targeting of
heterochromatin by the RITS complex. Science, 2004,

303(5658): 672-676.

Martienssen of heterochromatic

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



1668

Zhao Xuan et al. | Acta Microbiologica Sinica, 2022, 62(5)

[52]

[53]

[55]

[58]

[59]

Yu R, Jih G, Iglesias N, Moazed D. Determinants of
heterochromatic siRNA biogenesis
Molecular Cell, 2014, 53(2): 262-276.
Volpe T, Schramke V, Hamilton GL, White SA, Teng G,
Martienssen RA, Allshire RC. RNA interference is
required for normal centromere function in fission
yeast. Chromosome Research, 2003, 11(2): 137-146.

Yadav V, Sun S, Billmyre RB, Thimmappa BC, Shea T,
Lintner R, Bakkeren G, Cuomo CA, Heitman J, Sanyal
K. RNAi is a critical determinant of centromere

and function.

evolution in closely related fungi. Proceedings of the
National Academy of Sciences of the United States of
America, 2018, 115(12): 3108-3113.

Gao DY, Jiang N, Wing RA, Jiang JM, Jackson SA.
Transposons play an important role in the evolution
and diversification of centromeres among closely
related species. Frontiers in Plant Science, 2015, 6:
216.

Calo S, Shertz-Wall C, Lee SC, Bastidas RJ, Nicolas
FE, Granek JA, Mieczkowski P, Torres-Martinez S,
RM, Cardenas ME, Heitman .
Antifungal drug RNAi-
dependent epimutations. Nature, 2014, 513(7519):
555-558.

Calo S, Nicolas FE, Lee SC, Vila A, Cervantes M,
Torres-Martinez S, Ruiz-Vazquez RM, Cardenas ME,

Ruiz-Vézquez

resistance evoked via

Heitman J. A non-canonical RNA degradation pathway
suppresses RNAi-dependent epimutations in the human
fungal pathogen Mucor circinelloides. PLoS Genetics,
2017, 13(3): e1006686.

Chang Z, Blake Billmyre R, Lee SC, Heitman J. Broad
antifungal resistance mediated by RNAi-dependent
epimutation in the basal human fungal pathogen Mucor
circinelloides. PLoS Genetics, 2019, 15(2): e1007957.
Qiao YL, Liu L, Xiong Q, Flores C, Wong J, Shi JX,
Wang XB, Liu XG, Xiang QJ, Jiang SS, Zhang FC,
Wang YC, Judelson HS, Chen XM, Ma WB. Oomycete
pathogens encode RNA silencing suppressors. Nature
Genetics, 2013, 45(3): 330-333.

Weiberg A, Wang M, Lin FM, Zhao HW, Zhang ZH,
Kaloshian I, Huang HD, Jin HL. Fungal small RNAs

<l actamicro@im.ac.cn, & 010-64807516

[61]

[63]

[64]

[66]

suppress plant immunity by hijacking host RNA
interference pathways. Science, 2013, 342(6154):
118-123.

Wang QN, An B, Hou XR, Guo YF, Luo HL, He CZ.
Dicer-like proteins regulate the growth, conidiation,
and pathogenicity of Colletotrichum gloeosporioides
from Hevea brasiliensis. Frontiers in Microbiology,
2017, 8: 2621.

Wei HB, Zhou B, Zhang F, Tu YY, Hu YN, Zhang BG,
Zhai QW. Profiling and
rDNA-derived RNAs and their potential biological
functions. PLoS One, 2013, 8(2): e56842.

Zhou XF, Feng XZ, Mao H, Li M, Xu F, Hu K, Guang
SH. RdRP-synthesized antisense ribosomal siRNAs
silence pre-rRNA via the nuclear RNAi pathway.
Nature Structural & Molecular Biology, 2017, 24(3):
258-269.

Wang Y, Weng CC, Chen XY, Zhou XF, Huang XY,
Yan YH, Zhu CM. CDE-1 suppresses the production of
risiRNA by coupling polyuridylation and degradation
of rRNA. BMC Biology, 2020, 18(1): 115.

Shi JC, Zhang YF, Tan DM, Zhang XD, Yan MH,
Zhang Y, Franklin R, Shahbazi M, Mackinlay K, Liu
SC, Kuhle B, James ER, Zhang LW, Qu YC, Zhai QW,
Zhao WX, Zhao LL, Zhou CC, Gu WF, Murn J, Guo JT,
Carrell DT, Wang YS, Chen XM, Cairns BR, Yang XL,
Schimmel P, Zernicka-Goetz M, Cheloufi S, Zhang Y,
Zhou T, Chen Q. Pandora-seq expands the repertoire
small RNAs

Nature Cell Biology,

identification of small

of regulatory by overcoming RNA

modifications. 2021, 23(4):
424-436.

Zhang P, Wang Y, Li CX, Ma XY, Ma L, Zhu XD.
Simplified all-in-one CRISPR-Cas9 construction for
efficient genome editing in Cryptococcus species.
Journal of Fungi, 2021, 7(7): 505.

Matsu-Ura T, Baeck M, Kwon J, Hong C. Efficient gene
editing in Neurospora crassa with CRISPR technology.
Fungal Biology and Biotechnology, 2015, 2: 4.
Schuster M, Kahmann R. CRISPR-Cas9 genome
editing approaches in filamentous fungi and oomycetes.
Fungal Genetics and Biology, 2019, 130: 43-53.

(R34 GKIGEEN)



