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Abstract: RNase T2 is a class of ribonucleases that are widely present in prokaryotes and eukaryotes.
Plant RNase T2 family contains a large number of members, which are classified into different subfamilies
and perform distinct functions. RNase T2 members are crucial for plant development and abiotic and biot-
ic stress responses. This review provides an overview of the evolution and classification of the plant
RNase T2 family, with a focus on their biological functions, including their roles in regulating rRNA and
tRNA metabolism, cellular secretion and autophagy processes. We also summarize the roles of plant
RNase T2 in abiotic and biotic stress responses, antiviral defense, and self-incompatibility. This review pro-
vides a theoretical basis for further elucidating the molecular mechanisms of plant RNase T2, and facili-
tates studies of plant RNA biogenesis and homeostatic regulation.
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LRI T2 (RNase T2)2& — K 24T
J A% AN B AZ AR W) T (A% 2 7K 4 8 (Luhtala A1 Parker
2010). RNase T27/EfEAEK KB (WL, A
ANSEAT) DA K e )87 A2 R0 A= 4 e (Can it 25 $L
BB B 5 ) R ¥ B 2 T 58 (Maclntosh Al Cas-
tandet 2020). RNase T2 i Hyif P4 .0 B 75 4 His
F—ALysBHiRNA, 724235 42,3 TR R (cP) 45
FJIIRNA (Shigematsu52018). HF55 %W, 401 A
A K ECcP-RNA, 754 i J& 145 RNABI 1],
RNAJTERSE )y T K A% 2 Fh D) e (Lai%52023). 4t
1, HEARNase T2 [ 4H i 25 AL 25 B 48 7, 451
RNase T2 = rRNARE. S5 IHE. 5
tRNATTAE FJ/NRNARI A RS . A S0 ARNase T2
(&t f ik AEYIRNase T2 (14 25 HIAE W2 T G
ST AT A, RGEHL AR IR Nase T2 [
L FIThRE

1 RNase T280454ai#4k

55— o & R IR Nase & 4 g/l RNase A,
2 Ja MoK h 2 A 4335 HY 7 RNase T1AIRNase T2 (Lii
£62022; Kunitz 1940; Sato 1957). AN KX =Fl
RNase/& T A~ [F] (I8 5 (Li452022) . ZhangZ5(2012)
TERE FLA A 5 3 RS RN, B4R Nase T11E AN I
Y% 4 )@ AR i1 RNase 5 L5 al-B1-p2-B3-B4t%
OogEt . B 1A AR ) 7 A 5 Barnase |
EndoU. Colicin D/Colicin ESFIRelE, % % J#% iy
4% NBECRA 5 i (Zhang52012; Li%52023b). Batot
Z5(2017) R IR, Ok H HE /R A K [ CdiA" ™ FIRNase
AZ N TE 7 H AL, 15 45 74 1 B AH L. Mushe-
gianZ%(2020) 3@ i 5 51 Bb X6k A1 ER (4 5 45 74 Bb X 4
i, JE % CAiA™™ MR NaseA 25184 [¥) RNase 5 BECR
68 2% I (1) EndoU 1] B & H — AN 3L [F)fH Jeid i 45
P B HEBEAL T K 1, At RNase At )& T BECR#
Ktk o

LiZ5(2023b)AF 50 1 FE4 . 4B AT 2 R Nase
T2 )5 #& i, RNase T2t J& T BECRM X %, HA%Z
4 F n] HBECR &5 #4 28 3 5 2 46 77 4= . RNase
T2RBLH & 2R 1) “atBrin s & i, BADYAS S
1TBHT B HE R PO, B el EFI AN B R e
[l (TanakaZ52000; Krey%52012; Thorn%5$2012; Li%

2023b; MaclIntosh 2011). RNase T2 [ #h M T 5
BRI BECR 45 74 1) [X 1) ;. #i A BECRYT & Mal FF
4R, 25 EE VBT S 4E(B1-B2-B3-B4); 1fiiRNase
T24h $M % 0 N 25 PHE(B1-B2) TR, T > o
JiE(a0-al), J5 T4 P 2% PEE(B3-B4) (Li%52023b).
PN 1) 2 SO R HE S, e — PR
1 J5 N i R C 3 [X 38 B4 R BILR, 7T BRI K o0 F B4
) (R LA K B2 RN B3 2 (] ) T 24 (Bliven Fl Prli¢
2012; Li%2023b; UlielZ£2001). 4f i RNase T2

FIp4 (RNase T2f¥1B2)2 [i], K 2 BUR AR IEA T-a0
B4 5E I (Li%52023b; Irie 1999; Tanaka % 2000;
Cuchillo%52011; Maclntosh 2011). 4H [% RNase T2
Al Be G HABECRE 0t — 4, IF THHEFR RS
FHAFE] 7Tz 700 (Zhang%52012; Li%52023b).

H FI XS AE PR Nase T2 [ 25 ¥4 13t A0 38 ¥ A B
W&, {5 B 573K B RNase T2 (14 4 45 1) M4
B Bh W #B e {4 57 [ (MacIntosh 2011). Fl| FLi%
(2023b) ) 5 7] 9 4 HF 51 23 B S W 26 1R 40 7
(Arabidopsis thaliana) RNS1 (Ribonuclease 1) 2 H
(revCP_RNS1)FIBECR i 5 i 1) CdiA 1% & il (CdiA-
CTkp342)7E 45 14 b v FEAH AL (& 1-A) . CdiA-CT-
kp34272 fiili 4 70 55 111 1 (Klebsiella pneumoniae) 342-
CdiA £ ) Cii [X 48, % X 38y BECR &5 44 91 B
RNA i 7 M (Tomita 2% 2000; Gucinski$2019), iX
P 8] T #L B9 7F RNase T2 141 B4 RNase /£ 45 £ F 1)
[FEETE. 5548, #0 - RNS AT H A RNase T2 5 %k
(AL R B A PR AN DR ST B His AL AR L, A7 T
a0 F1B2 5% I (K 1-B). H fth RNase T2 5% j#% Fl Co-
licinD Z¢ J% ££ 0O I His fh £ Bk B & DR 57 1Y), 5 Lys—
EIE R T KH R 57 525, (HB4E B T His A R 57,
RNase T2FJHis{E ColicinD 4% #% ¥ i T Ser (Li%E
2023b).

H IR YIRNase T2F1 H Al BECR 5 JiiRNase Tt
7 FAHACh A, A B A AH ABh IR = 4 235 ) A e A0 Aor

1k _E I PHUE (Li%%52023b).
2 tEYIRNase T2 L FiHL
TERZH S AEY) h, S K 2H 7 RNase T2 K]




WM Y RNase T2 5 1 ML 3 TR 567

Arabidopsis RNS1 ~ MKILLASLCLISLLVILPSVFSASSSSEDFDFFYFVQOWPGSYCDTQKKCCYPNSGKPAADFGIELNYKDGTYPSNC
B 105) /N [/ 56 658606686a580060 00000 RYVLALSWQTGFCQSQHDRNRNERDECRLOTETTNKADFLTVESLEBGLPKSVAARGY
HUMan 3T00 A «vevvvvenenannenennn DKRLRDNHEWKKLIMVQHWPETVCEKIQNDCR. . . . DPPDYWTIMSLEBDKSEG. . . . . c
TOMAO [DIX A ««vvevveveneananenennn ASGSKDFDFFYFVQOWPGSYCDTKQSCCYPTTGKPAADFGIMELMENNNDGTYPSNC
Fungi 3D3Z A «-vrveneenens TIDTCSSDSPLSCQTDNEASCCFNSPGGSLLQTQFWDYDP . SDGRSDSWIIMELE@DNCDGTYOEYC

13N D\/A1 v} 71 J\O0006005060606000800066080 RSENITQWNLODNGTEGIQRAMFQRG. . ... .. VNRSLEGIMBEKICTGVPSHL
) [ o0 | re e

Arabidopsis RNS1 DASKPFD....... SSTISDLLTSMKKSWPTLACPSGSGEAFWEHEWEREBT@SESVID. ... ....... QHEYFQTALN
E.coli 2EA1_A DERRWMR..... FGSSPETGLSLETAAKLSEVMPGAGGRSCLERYHYA] FGFDP.......c0vnu. DAYEGTMVR
Human 3TOO A NRSWPFN....... LEEIKDLLPEMRAYWPDVIHSFPNRSREWKHEWERBETEAAQVDALNS. . . .. ... OKKYEGRSLE
Tomato 1DIX A DPNSPYD....... 0SQISDLISSMOQONWPTLACPSGSGSTFWSHEWEMBETEAESVLTN. ... ... ... QHAYFKKALD
Fungi 3D3Z_A DESREYSNITSILEAQNRTELLSYMKEYWPDYEG.ADEDESFWEHEWNEEBTE1NTIEPSCYTDYYAQEEVGDFEQOVVD

BVDV-1 4DW4 AATDTELK......... ATHGMMDASEKTNYTCCR. . .. ... LORHEWNEHEWENWYNIEP. .. .. ...\ .. WILLMNK
- e khg c

Arabidopsis RNST gy oy rigp; cafirkAGIN . DGKSESLESTRDSIKES TG  FEBWVEGNRDGSGN . . SQLYOVYLEVBRSGSGLIECPVERH
E.coli 2EAI_A §yor1KESEAGKFLADNY . . GKTVSRRDEDAAF AKSHGKENVKAVKLTCOGNPAYLTE Q1S TKADATNAPLSANSFLEO
Human 3TOO_A §vpr1piNsVELKLGIKP . SINYYOVADFKDALARVYG. VIBKIQCLPPSQDEEVQTIGQTELCLTKODQQLONCTEPGE
Tomato 1DIX A 1xNoTDLLSTLOGADIHP . DGESYDLVNIRNATKSATG. YTRWIQCNVDOSGN . . SQLYQVYICVDGSGSSLIECPTFRG

Fungi 3D3Z_A 1rkr1pSYTALSDAGITPSEDATYKLSDIEDALAATHDGYPPYVGCEDGALSQ. - - LYYYFNVKGSATGGTYVASERLED
BVDV-1 4DW4_A 10ANLTEGQPLRECAVTC. . . . RYDRDSDLNVVTQARDSPTRPLTGCKKGKNES. . . . . FAGILVQGPCNFEIAVSDVL. .

Arabidopsis RNSI  GKROGAE . TEFBSF. . .o vveve e eeee e
E.coli 2EAI_A PHPGNCGKTEVIDKAGY - .« v vveveeeneeeeananannn

Human 3T0O_A opspkQ.EVWLANGAAESRGLRVCEDGPVEYPPPKKTKHHHHHH
Tomato 1DIX_A GKCGTS.TIEFPTF
Fungi 3D3Z_A SNCKDSGIKYPPKYSSSKKIYGSSL.
BVDV-1 4DW4_A

E1 #IETTRNST1E MR FFIE XS 5347
Fig. 1 Arabidopsis RNS1 structure and sequence alignment analysis

A: 1% FrrevCP RNS15 CiA-CTkp342¢4 454 & Anpbat, 7 $l i FrrevCPRNS142CdiA-CT-kp342% & 45 #y ¢4 &
HAAME; revCP_RNS 1R JA Li%(2023b)i% 3 89 RGEERHEF) 047 F ok, dnd T 20 FRNS 189 7T 30 o A= e F-30 4, 414 Al-

phaFold3#=Dalif2 /53 & & 6 & & #4742, B: & IFRNS15 E/RNase T2, i 4 7 st

¥ LB D (HillwigZE2009; Ambrosio52014). &
MAEM Y, RNase T2 RE ) T KIS 14, I

P B DR 2 ) AR DR 5 2R, 3 3OA [ AE IR Nase
T2/ 2 R BA [ (Maclntosh 2011). LiiZ%(2022) 78
81N HE W 3[R 21 % 52 493 21 7851 RNase T2 AL [A,
M 53 €0, 35 25 3 9 74 4, RNase T2 K% H 76 R
5] 1% R AN Z (A AR AR K o 9 A S RHE )
oS E B 11~28 N IR, fE S A RHE ) ORI T
324AANEER MFEBRISHEY) . AT BRI
IRt 3 R DL R Nase T2J: R /-3 (Li
£2022). RNase T2 BRI 70 =R 125, 1T
FRAMIEE(RD). REFK T IGRZRE, 25 &
JohIE 2 7, 38 5 B A 4 VR R 14 (Macntosh 562010,
2011; Hillwig#$2011a). JL-FAEFr A Y+, 0 H
TE— e B I S Bl Ak . B 8. A Aa RIBR
A S REAT I BIT2E AR 51, 3R B IX JSRNase T2
RS VE R .  4h, 28R Nase T2 A () %k H ik
m TR, (A HA HEARRYM R ZREOR.
R HE— 5450 AL -BFII-C=ANTE K, AT
KL T Y, B L & T 0T 4, i
TEL-CIE2EH, RILT MRt 4k et ) 2 |
HAEPD IR, LGS S . BEVE . B BRI,

BB B BRI R Y)(LusE
2022), I1ZERNase T24: K 51 5RNA FA AR, 78
K22 O ) ARSI ) (1 25 (R B/ T HAERTE Fh
TV b BEAR S, B R K 5 R AF F (Macln-
tosh%5£2010, 2011, 2020; HillwigZ$2011a; Lii%52022;
Kothke fIKock 2011). 1125 a] 3 — 5 %1 43 NIT-A.
[-BRI-C= A K, AT R EEHRG R, 5
TR ZE TR AL AR, TI-BYV 2 32 5Ly B3 1 -4
VIR LA R FRE R R, - CHE 2K 2 HUsk ok
E 0 R AT RN (Li22022) . S5 1125 RNase T2 ik
PAAEARZ O BT Y ORI, SR 2 H 5T
TEHE W) H A8 AN 2% A AH 5% 17 S-RNase (Ramanaus-
kas fllIgi¢ 2017), MIZRu] it — 25 ¥ A HA TR
[I-A. II-B, II-C. HI-DFIII- E, II-A W 25 N &
BHREA, TI-BIV. R N3 R A, TH-CIE 1 B 5
F R B T H PR R, - DK R 45
T2 AN P EP RN TR 35 R
(LA, -EV ARG R H AR, SRR =4
BHEEER o 3% 0k 4 %5 5E (1) S- RNasef A2 7E T
HMI-CiV.EH, FENI-ENV 2R TR A S e 3. ik, 4
ARHRI 36 BB B %5 52 19 S-RNase Y A7 7£ T 111-D
W, 2= FH R % % € 1 S-RNase /X /7 /E T 1I-E
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=1 tEYIRNase T2/ 5 R IhAE

Table 1 Classes and functions of plant RNase T2

RNase T224 5 W AR A B 2R T F SR
125 I-ARF YR (D) VAEERNA R RS AU AlvesZ$2017; Bariola%51999;
I-BXF M YA (2) M J37 5 e 3 e B (PifIL Chen%$2024; Diaz-Baena%s
W o, TR KR 2023; Gho%52020; Gross2
AR T 2004; Hugot%%2002; Kim%%
-CNR AL ka2 Y QB AIdTE . P, Hl 2019; Kurata®:2002; LeB-
Ml AN15 %) rasseur2:2002; LehmannZs
2001; LersZ£2006; MacIntosh
%52010; Megel%52019; Ohno
Fl1Ehara 2005; Sun52022;
Velasco%42016; YeF1Droste
1996; Zheng2014
IES I-AG RN ek, Z&F (D)IAFERNAFIRNAICH &2 Bariola%:1999; Chen%:2024;
11-BE— A R D B FE P TR, 5 B WRIRE Rk Gho%52020; HillwigZ52011a;
I-CHnRl. Rk (2) M B fil 3 (P L . A Maclntosh 2011
1 RS
1124 II-A S RMEYR A (WENARE RS S5 AKX Maclntosh 2011; Luhtalafll

NI-B#& AR EHE R A
HI-CE 3Rl B}
HI-D A 73 T F A
HI-Exikl 8k, Z&F

SRAN
Q)BT

Parker 2010;
HillwigZ$2011b; Ramanauskas

Fllgi 2017; Zhao %2022

T2 H (Li452022), X 4e 45 3% W] S-RNase 7E AN [Al
M F R E T T8 S5 m L.

1X = 2KRNase T2 7 H BLAE £, S0
RNase T2 2 ¥4k (1) 5 A 52 1) A AE A R SR P A
HM Y B G, % E AR E
Hf(MacIntosh%$2010). fE%)RNase T2 5 RIS A
TR 22 7 7 RS 3,k R & ) R0 R TR 2k
TEFE T IR R S 2 R, TTREEES N T X
16 5L PR 1) 2R 0 B 1 2 J5 3RS 3T T fiE (Zhang 55
2000; MacIntosh 2011; Lii%$2022), & [K 40 L2k
S M R B, IZRANI2E RNase T2 2 (A 47 7E 5 % FE 1
SELE S 2R FEIE T R B T TIZES-RNaself) [7 54
S-like RNase, & B II12& 5 [A A (g A Y5 T 12 34 A
(Lii%$2022; Maclntoshd$2010). SIZEFIIZSAH L,
IR RAE LT B A i Y R # e R  1, JF 5
R8T 3 2 A Je R iE (MacIntoshZ£2010, 2011;
Kothke f1Kock 2011),

3 1E4IRNaseT2HI AR F A4 Y F ThEE

3.1 1E4IRNaseT2iFErRNAK 5

i $E 4 RNase T2 U8 2 M8 9 4= BL 1K 4 7 HLEE
Hu 45 7 — 5 #F i (Macintosh£52020), U, 5§ 71125
RNase T2 FIRNS2E {7 7F P ot Y FIR i, rms 258
ARIGE AL R T i B RNA (HillwigZ2011a).
7 IR0 S0 % 11288 rRNAFI18S rRNA ) 3
HImAE, 22 BIRNS2XS rRNA (1) B fiff /& 6 AN AT 2 [
(HillwigZ52011a). Chen%(2024)% I 7 7 RNase
T2 Jk I RNS2 K5 K 578 4% 3 5110~30 nt/NRNAFH
2, [N rRNASTA ) /NRNA (rsRNA)TErns2 5845
A T B A R M BE RS N, 5 /NRNAT60% LA L,
rRNAFEASTE AR 4 0 8 (Chend52024) . 7E7K
T (Oryza sativa)™, WG FE TS LT 61~RNase T2 XK
5 K| OsRNSHE R (OsRNS1-4. OsRNS6. OsRNSS)
Weifs RIS, FECEF M A rRNAFEf#, /NRNA
Fr B3 in(Gho%5$2020). RNase T2 [ fi#rRNAIX —




Wlinas: FYIRNase T2 55 Mk 4k 3 T g 569

DIREATAE TR AR h A R . e
1 (Danio rerio)~ N(Homo sapiens) ¥l E}(Saccha-
romyces cerevisiae)™', RNase T2 i 4 B4 5l i i
4 4% rRNA £2 4% (Haud %5 2011; Henneke F/l Gértner
2010; Hillwig452009; Thompson fll Parker 2009).
— LB RIS RNase T2 1] i B A RE € Dhhe, Widblrg
FFRNase T2 I i it RNS27E 5% 22 6] 2 DA B i 1)
IKFRIE, S 53 12 (Maclntosh%5:2010) .
3.2 1E¥IRNaseT27EIFIEtRNAK S R HO/EF
TR Nase T27E Tt RNAAC S 7 1 th A H 2
fEH, & A EAUTEIRNA = AL tRNARIATAE v Be tRF's
(1), RFs2—RKIRerEIEHRIG/NRNA, 5]z
AV RE, B2 5 & FhPhiE N2 . Argonaute
(AGO) A (1) FE PRI T BR L H10 3] 2 Ja -3 % A RN 128
il F# %% (Wang %5 2023a; Chen%2024; Ma%52021).
BRI N S tRNA BE AL B A 167 72 4, {H K ik
Z [PUEHE R B, tREs2& 3 4% 7 1 RNase ) # (1) 7= 4)
(Wang%5:2023a; Alves%:2017; MartinezZ52017; Megel
£2019). RIEKSE . VIFIAL R LA LTS AL AT L
JERFs /3y = Ff 3 ZERAY: K H30~35 ntf5'E
3RH ((RNAY 4N T), K 3910~30 ntff158; 3 (RF
DL K K T RNase Z i1 [ BT AR tRNA 3% 1) 3'U-
tRF (ZhuZ52018; MaZ2021). F|H w1k, FERY
o R R IE 3'U tRF 17 42 (Wang252023a) . 5 45,
tRNA 2 75 1 3 R O RNART A (1) 13075 7 RNA
(tiRNA), BN EATREYH. EAR . #R 7T
S NI R P AR [ (HaMLee 2023) . H1T-3'-tiRNA
HA AR MCCAAR S, [ E A T8 ELS-tiIRNA
K (Akiyamafillvanov 2023). 7EMF.zh%H, 30~35
ntf)5 83 -tRH/Z f RNase A 51 i 1L 44 A2 i )
EILRNA A1, 73 YA 18~22 nt tRFs [ 77 4E
#7INH 5 Dicer fAGO £ 14 #H 5¢ (Fu%$2009; Marti-
nez%5:2017). fEMEREY, tRHs/Z HIRNase T2 5 % i
A Rny 1 Z4fFRNA P~ 4 1) (Thompson Al Parker 2009).
TEWE $1 VU REL o (Tetrahymena thermophila) ™, & FE 11
%5 #RNase T2 5 JlERNT2-A FIRNT2-C ) 3 ik 1
hn, 7557 A0t & tRHs (AndersenfCollins 2012).
FEALL B 7R A6 T Dicer-like 1 (DCL1)% 37 74£19 nt
tRFs; {H/2DCL1A 2 530 5 I+ 4£ F1 %)) 1 T tRFs (1)
FEAE, B S A RNase fEtRFs = A= i R 54

(Megel%52019; Alves%$2017; MartinezZ5$2017). 7E
5L FF 125 RNase T2 2 RNS 13T i ke, 5
tRFs 13" tREs/K- V5215, R WL RES 519 v
tRFs )77 4 (AlvesZ2017), Megel5(2019) 44 #h sz
I8, LB TFRNST. RNS2FIRNS3#5 B A 1] %
tRNA =4 tRFs [ 8 /. 73 4k, RNSTRIRNS3 3 %
75 ff Frh 7 £ tRFs, TRNS2 5 1} o tRFs (1) 772 4E
A 5 (Megel££2019). Chen%5(2024) %] 1F H# Fl 45 45
(R4 e TF I A7 R R ZNRNAGEAT 23 M7 5 % 5 H DY b
16 ntftRFs, X LEtRFSTE rns2 A5 44 v i) 32 B 41 I8
FEAR, FHIRNS2ME 316 nt tREsH 4. SunZg
(2022) K I /N 22 (Triticum aestivum) ¥ 25 5k ) T J&
o), /N A TaAGOI M TaDCL 5 it 171 #5852 £l
T S0, fiRNase T2 % % A TraesCS3A402-
G398300%¢ . %175, FEUIRIINZZ H AL B FJRNA ™
A tRFs.,
3.3 1EYIRNase T2 54 57 /il B IR ZHE X
RNaseT27E i # rRNAFItRNAF2 & (1 [, 5
S i 43 WA R W I8 A7 1 IR (Floyd%52015) . %)
IS AT RNase T2 15 1 C A i 4 Hr 2 B, T2
B CA Ut AT — AN I X 8, B N 13~27 A3
g, AT RE N A Jo M B I E f7 45 5 (Floyd552017)
T 50 R AV R SFRNS 258 AL 7E T P 5 ), [RIE 7E 5 AR
J AR VT HU R T B RNS 243 5 (Hillwig&52011a).
T I S A M 2H 4y R B, RNS2BR T A7 1E T 4 i
HH, TR B AT A I 4SRN B 1 2 R AR A
BT HIEE, UEHRNS25 0 MR R A S (Hillwig 2
2011a). & fiti(Solanum Lycopersicum) RNase T2 &
AT PR AR IR, 540, RS ST AR BA(Bariola%$1999) .
UL FF FF RNase T2 5 % &5 I RNS1 & — Fh 41 il 1 25
1, EARAE T MIAMH Sy RNSIZENAK A —BdE 5 Ik,
] BE A [ 43 Wi 1% (BariolaZ:1999; HillwigZ52011a).
B WY 2 ¥ (Utricularia gibba)f)UgRibT2-1
FE R gm A N 75 {5 5 IR R Nase T2, il i 5
SE I S0 7 L 5 T 2 M R A R e B PN A Y
77 BRAm . Y77 R oA A B, i %R Nase
T2 5 4311815 A0 5<(Oropeza-Aburto 2020).
TERERETR, AR AL B TR a1 1% DL R 2 bk
LA W D a0 B E B A (Kraft552008) . 7EAH
Y, RNase T2 1] GEth 2 5K #E. 76 1B
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A KL RE I R A A B B W, T S AR 2 B E
Fr i iy, BRARZS ) fa il 2] 3 AR AR R, rms2 R
AR R R LT LU AR B S 10f (Hillwig
£2011a). HURE FFrns2 AR H IR R T KE
rRNARH B/ NA, H AR 12 58 A o 41 Y
P (Floyd552015) . B RSB A7 O 3 58 A K
I R I BEAERNS2TEPEYK S 59800, B BIE A E
Wi I G BT = RNS2iE 1 R 21 (Floyd452015) .
ATGS5 H 2 H Wi 45 % 1% Wi JE 90 Fr 04 75 11,
TErns2 arg5 W FEAE Rk ILRNAE 2 1L 42,
I RNS2 I [ Wik ik 15 AR 2 4% 5 41 g 1 % RNA K
PR 7 ) RO RS 2 20N T AMERNS2 )
g%, HEM P MRIRNA (Floyd%:2015). B4k, RNS24k
Z Re 5] A ALY W, RINS2 ) 223 RV 3
T YE A0 MO AR ES B 2 75 19 (MacIntosh 2011; Floyd
2:2017). HicklZ5(2021)i8 & I, RNS2E & 21 i
TR IR 7 S AIRNA K AR BT 1 P Ik . RNAZH K
DA% 53 i = ) A0 e (] 4 9 52 1 P/ A4 2 5 RNA
B At ) 4 P o 5254, & U RNase (Buchan%
2013). 7EMMEREGUT, MY R P/INMEE 23N, 75
P BEFNI LAY 40 b, PANMR IR i S B Wi A%
#H ¢ (Buchan242013; Frankel2£2017). fEAE4) T,
38 A2 RN VR A DGR SE B T 6] 20 e N AR K oy
T W B ANIE AR, RNase T2EERIBHF NS T
RNA [ i 7 A= 5 72, 0608 0 A K & RA ) 1 iy 3
2 ¢ B B (MarshallZ£2018).
3.4 1EYIRNaseT27E M R AE 4 i & B H A9 E A
T PR Nase T2 5 Jif %, 51 1] LA 73 N AN W KR,
RS-RNaseflIS-like-RNase (ZhengZ$2014).S-RNase
Z 51V B ZASEAIE, S-like-RNase 5 S-RNase
[, A&5 AZAEIES S &R R 8 & M
(1) (MaclIntosh 2011, 2020; Zheng%$2014). UUF
FFRNSTFIRNS2 [ 85 [ 7K 1 7 Ptk 34 5] 21 384
i, AT AR I PR RNAZEFEPiFR 45 (Bariola%51999).
TEARPIIK FE B5 97 3 I, $h 7P RNaseT2 5 %k i 1 Es-
RNS 10 3 Piffpie e 8 35, EsRNST# A 2f th
FAR A 2 3G 0 7 2065 1445 (Velasco$2016). 7K
FEHfEAE8MRNase T2 p 71, H OsRNSI. Os-
RNS3. OsRNS4. OsRNS5. OsRNS7F10sRNSS 1
KRNSFE:[H, 1 OsRNS2F1OsRNS6 ZIIZERNSHE A .

HE DR 223k 20 M ) DL /K AER Nase T2 5% J 3k [H ) %54
P VIAH 9 (Gho52020). FEPILHESAAF T,
JKAEIZKERNase T23E K 7F 2 o sl w3 0 H 2435 DA
FERIA FiA; II28RNaseT24E K OsRNS2AEHR A1 7
HiRik B, OsRNS6TEAR H1 314 | i(Gho%52020).
7 M RNaseT2 % ji& il 7t RNaseLX 1 RNaseL E 7 Pi
YUHRES B 15 5 I = 3214 (Gross 55£2004) . 7EAEMHEE
(Nicotiana alata)"F, K I T —F#k fy 4 N NaPi/Sx-
RNaself]RNase T2 K, ‘BE/EPIYLER &/ FEEK
(AR o B 15 5 R I8 (Rojas55:2018) . H H ¥ (Zinnia
elegans)t)RNase T23&[K|Z RNase ITEARAN 45 50+
A G Ik, R WIZ RNase IF] it 2 541U sET:
I FEF PG (YeFI Droste 1996). iAW 5t % W,
TEF AL LSRG AR 3 R Nase LX) 2
T EW N, R EM WIS R E, I HRNase
LXEAR R /A A 214 (Lehmann®$2001) .
by 52 PR I 4 ) 2 IR 4L 355 IR B RNaseNE LA K
/NFE I WRN2FIWRN3 (Maclntosh 2011). [ 7 Pifify
18, 1R8G9 R 2P, T RNase T2 iR R
PVRNS3F 1) R IA7E S L e 15 0L N S Pk P15
S, B PR AR A SZ A5 B H ) E 8 (Diaz-Baena
££2023). {EmEhALEE R, FAF (Eucommia ulmoides)
2 v EURNS4. EURNSS8#1 EURNSI0 /) 3 3% 38 i,
I EURNS6 F1 EURNS191) 3% 3% 415 (Qing £2021) .,
TE/KFE 1, RNaseT25¢ i Bk 71 OsRNS43 R 1) 1 38
a8 T KRN R B B 52 1%, JF H.OsRNS4 4%
Y ONTE T R S 52 B 2 5 R T R R, B
OsRNS4A N 7K F (1 5 38 A0 52 b3 J2 82 (Zheng
2:2014). 53 4b, RNaseT2 5% il 73 OsRNS1E [K it
FILRT, FRF J HROS/K T3 K KR, 18 #H Os-
RNST W B8 A R B, 25 7 1TROSF2 7 (Gho
2022). BRItz AL, iR B2 S B OsRNS4R L N,
OsRNSIZRIE /D o #h Wi I8 58 215 5 OsRNS3 il
OsRNSSHIZRIE, M| OsRNS11521%; OsRNS3MW N
(IR i, ZEATE I 263% i (MacIntosh®52010).
3.5 tEYIRNaseT2%IfH R A #IEH E1E F

HEZ A2 5 H R AREMES-like RNaseZ 514
Y JRAR T E I (2 1) . BF9E £ 0, LR Nase T2
G IR Rk 1) N 35 JIAE M 75 (Cucumber mosaic
virus) M4 1% 5, 5 —FPRNase T25 ji% & [KINGR31E
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SR B % 5248 )i Rk i (Kurata%52002;
OhnoAllEhara 2005). RNase T2 3% [X[RNase NE
FENR B IR L7 A % 8 2 G 4515 5, I HRNase
NE ] L7304 21 000 B F 14 248 P o 2 [ i o 2 A= 2%
FAER A R B (Hugot352002). 54k, 1EAASMRIN
afifk J5 IRNase NE AT DL 1) 25 2F 72 a8 1 B
fA B 2245 K (Hugot%52002) . 125RNase T2 7K g3 [
OsRNS4F1OsRNSSTE [ AL 2 B B 5 M B A1 L B A im
5 TR 5 5 5, OsRNS3TE B JL ARG a0 i Ja 1A b
VA, 2 B g i 1) B AR B 4R I R O HE A H (Mac-
Intosh552010). 7E/NF2Hh, Hehp/Na2 56455 B e 24
hN/N#RNase T2 5K it L Kl TraesCS1B02G1702004F
INFZ SRR SRR e R OE TN R, 7B SR R
ik Fif(Qiao%52024), 74k, MY RAE S EEDHL
P T FR o AR b A B R D, T R AR A R
5T E R L B A (Qia0%E2024). S A
FEAM, ANE R A R (MNV 1) AT DO AR A
RGANFE IT(Kim&%2019). (EEIMNVI 3~9 hiA,
RNase T2 5% Jti 3 K RNST 2235 i, MNV 1= 4L
T PR 37 k2>, 33X 2 W UL 1 T £E 35X A i B AT e B0
T B N LR EFEMNV TR J4(Kim2%2019). 1E
A Te ) # MR PRI 2 T S-RNasei& M, 1 H R
255 T KES-RNase 58 8 N AL 2 R [, X LB ]
BT A B 1 AE K (HillwigZ52011b) . 783 4K 7
E AT )5, % liRNase T25 3L [KIRNase LE
()% K38 N T 1845, (A LES i RAR Ak vp b5
995 SR 17 A4 DG 1) 25 R A 4 #1) (Singh 552020)
X 15 B 1 RNase LEN 5 2K i ) 76 AT 1 96 1) 75 =
2 5 520000 R A B 480 S R (R AR B AL o S A, R
FE B SRy B DL R R W A R R U 0 15 22155 S 4k
P ON LA 22 Fih B DR Rk, X S (R PR ) B
T HRA G 52 A5 5 ) 1199 SR A (Gross 252004 Mac-
Intosh 2011; HillwigZ52008). 7K f#%RNase T2 5 ji%
JE K| OsRNS4 A1 OsRNS5 1E M )8 2, 8 B ok A0 6] 55
Fik Fif(Maclntosh2£2010). UG IF24afim:. 2%
L) AR A R I [R) P 355 3 22 Al g s 1, L Hp A 4
fLFd 7FRNase T2FK i HJRNS1 (LeBrasseurd$2002).
FFhnRNase T2 % 7t RNase LE B ARV AE B EF
W, ABAEREYIH 3240 Ja e Pud R IE, JFAE10 hiy
Y F5 e KRN ARG M (Gross252004) .

3.6 EYIRNaseT2{EAMBERE 5B AFEM
ER
3.6.1 S-RNase& 58 XA FEFAIHLHI

TR Nase T25 % i 51 4% I\ R /e 4 i 55 25 (Lu-
htalafllParker 2010). Z%Z % 5 — AN THRE N
fiff /& S-RNase, S-RNase t FF 1€ 54 B BURIAE Ky HE ¢
ML A S 4 7 28 R 55 Al (Self-incompatibility, ST)
WL B E B (1) (LuhtalaflParker 2010; MacIntosh
2011).  H Hi 0 SIHL I L AN A S-RNase & — Fit
YR RE 2, CEASSE AU ELAR H il 10k B A K
(LuhtalaflParker 2010; Maclntosh 2011). B 73 3% B,
S-RNase 73 WA 2| 4H i /- H i, 3 NAHZS FIASFH 25
#4647 & (Luhtalafl1Parker 2010; MaclIntosh 2011),
TEAnRHE R4 B Y F, S-RNase#i SLF (S-locus F-
box) 85 4% F 1R 5], SLE# 5ESLF-interacting SKP1-
likel (SSK1). Cullin 1 (CULI)HIRING-BOX1 (RBX1)
TERSCF & &Y 78 ME37> R (Zhao%2021). £
FALIS-RNase il H B fiF, AT A BOAH 2 (464 &
(Entani%$2014). XN RN A2 — M MERIFE
H AR R, JE E 3R S-RNasen] Ak £ AN SLFf# &
(Kubo%52010, 2015). 7EAAHZ ALK E 1, SLFE
I SCFE A1), S-RNase 78 24 41 il 55 25 4 ff 1E
FIRNA, i 5 F 1E42 8 2k MU (LuhtalaFl Parker 2010;
Maclntosh 2011; Liu%$2014; Zhang%$2024). 1E /i
R EYIH, S-RNase i i IX Fifg PEIX % (.2, 7F
ASFHES BIAERY B HPRIE S5 F IR, S-RNase BRI
G0 AT A, firh 2 40 2 P 3 BIRNARE f#(Goldraij
£52006) . 75 5 RME ) 1 A AL R & 1, S-RNase
T S A R T AL Tl TR T PR A, AT B IR
tRNA G B AL S S0 7 1 40 B A8 T2 (Li%52018). 7E
WL ZE @R, BT S-RNase TTiE 4 SCFR B, S5
E AL FE R AR A 2B KA I R LA 2530 (Gong
£52022), fEEFRH G B YV HA, £ 3kS-
RNaset H e dE ANTER &, FEMETER B H HIIRNA,
FR AR Hh B T A R, TR B 1 AR
K(Qin%%52018). F3 A HF 5t W, S-RNaseil nJ LI
S IR B R R KT, FOHI L R (5 5 5 SR
SER NN B A AL B A AR BAE H (Chen
2£2018; YangZ2018; Wu%2023). 4k, S-RNaseif
A DA E B RS S R F RS 5 @ B AIBZR 1/ 7
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(A5 = I R A AR 1 A2 4K (Guds2019; Wang
£2023b),
3.6.2 E-TS-RNaseRIBL T B R EFRIZHK

H AR Z AL T I, £AFE
Ykt G T AR I STR S (Fujiidé2016) . 4
gL AT FT, SLRGEA] LAy AR 2RI i1
1A B 22 A E Fl(Gametophytic SI, GSD A1l T4k 5 28
ASEHI(Sporophytic SI, SSI) (ZhangZ£2009; Fujii%s
2016). GSIIEH 32 B B 20 25 1 2 D] e (R A
FRHHE 0 P 9 A 55 D] 2 ) 45 1), PR DAy S = DA B2 (S A7 1)
(Li%%2022; Zhang?%2024; Zhao®52022). Sf7 /541
F55 FRLAE R ME M e s JE [R] S-RNase 5t [R] T Ath L 5
RUMENE 1R E KR F-box 2 Rl (Li552022) . AT 75 &9,
#ET-S-RNaseffGSLZ 4t 7] RE ALY T8 7R AN 5 B
I BT HIAZ O BT HAER, 2 T5% TR
M5, BA ML & A YR (gic MK ohn 2001; Ra-
manauskasFl1gi¢ 2017; ZhangZ£2024; Gibbs 2014).
HATC&EMFL Farklh &k, &R, 5
BRI RN X AR 2 5E TGS (Li
£52023a; Sijacic%$2004; Asquini$2011; Li%5$2019;
Liang%$2020; Ramanauskas fllIgi¢ 2021; Vieira%
2021). *f 257 Bl S-RNase 73 1 % B, S-RNase
HILE ZEF/ BN 046 2 Hi, NS-RNasefE#%
O AR o R B — SRR AL 1 S A A R4
(Liang%52020). GSIfE#EAL A FE Y, BT R E R
[R5 i S BSIR G 2 2R T A2 E A2 SR M (Self-
compatibility, SC) & 4 (Fujii$2016; Li%5$2022). SI
R K AT REIE G 2 Mg A R (D) R E R
B BCE RSO R, PR 8] ) 5 4
PEM AR S ESIR G EK; (2) SA7 A ¥IS-RNase
Z R BRI (3) SHL s HIFITA 4 73 # Z: 2k (Tomato
Genome Consortium 2012; Liang%5$2020; Du%52021;
Li%5$2022; Zhao%52022), SRR 2 HHEM WK AR
L ST, 1 BIEREEESClk & rpn] Lld it Fte ik fF =
FHRAESI (Li452022; Zhao%2022; Zhang£2024).
FEMCEEA b, AR AR T SIR G Al Uit DL J7
HEH IR () FEE BISHL RGBT RIS
(Q)ERHISHL BRI (3) S-RNase 1 i B (Lu s
2022; Zhao%52022; Zhang%52024). H i A1k, 3k
B Ah S AL A () S YR A kAL L2815 B T AR 1 1)

B L (Gibbs 2014; Du%:2021; Li%52022), # A
P AE 3RS S-RNasedk [K] 2 Ji5 5 #H JeF-box & [KIE
SAZ i, AR ABHE 7y B LR BE 1 SAZ s {HS-RNase
BRI ER, 2R AABHE > B R T Sz RATS-
RNaseFE K. SEIR AL B 222K 1 S-RNase A,
EAEL ) T il — IR R H B R 2 Jn R
T S-RNase& [K], S8 T SA7 & T E G2 oAk A B A
(7 2R (Li%2022).

4 REESRE

RNase T2) ¥Z fFE T R A HAZ AW, 1
T ) A0 B 8 e 97 o d8 A Ok PR B L TR . YY)
RNase T27E 4514 b5 40 6 8 % R 4 BECREE K %
HAFJENE. HPRNase T240 8 = KK IR &
B o) iz, R Z Mg, TES5%
FhE S B TRt B R X R A, A
WA A R DR 5 T2 il D3 AN AE B0 0L I AL A v
I, AIREACYR T IR, FES 5 A AR,
HYIRNase T2 X 1] AR HE 2 5 5 B A A SEMAH K
T4 N AN 2 S-RNasefl1S-like RNase . S-RNase
TEAS[F R ) B R ik 1 1% 5 2F . S-RNase mJ
DIE RN —Fd RS S5EY A ZAEN RS,
TEANSE R AE 0 & b B R AE R RNA; 7T LAAE
LA 28 1977 A0 38 40 %) — 38 0 100 o) AL L T PN 4 TR
4K, S-like RNase N& S5 H A A FERM, B
H 2R AW Dy fe: e 825 R A 4 ol 38 (e 25
PLEE). HERNAM R, S5 EW. 1)
FILRNA = A RNA )T AE 7 B (tRFs) LA A J5 A4 55
S5 H T, MR Nase T27E4H i i B A4 A (i
PRI T AR DA R AR AN [ i 25 4
B4 A B A, J H RNase T2 o] i it FE36
i SAEH TR e i R 28 R 7T, ARkl
PLidE ik R 2 AR 10 BOR g AT RNase T2 ) 3744 fig
SEAL, I AL S B RO B R FO A AT
74, Y RNase T272 &l IS R €S SEE 5 N
Jo7 XA D% ) B B B, DA RO i I B R A
Z 5 M RNE EVIERR A . L, o] LA
i%ERNase T2 /£ HAF B H, 456 HE DK 9 48 i R
BOLRIE, B HE B WAL ) OCHE . RNase
T2 1T A EIRNA . tRNA K HiAh /NRNAZEFFRNA
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TR P AR, DL A A RNABF 7 1§ BLRNA
g B (R P [EE AL A R IR AT -
R AT LS F el 5 B R 0 18 RNase T2f1HF
JE JRPIRNA, IR NAR BT HAERNA AU 1 7E H .
&5, U R RNase T27E ihid Je B 1 () I g &
A& T, (HHZ 510G 5 m e kLMY
Jolp 3 s R H () b TR A 4 AT G R, R SR
RN HTRNase T27E il 2648 1) 40 T 4% W 45,
% %€ RNase T2/E H I EFRRNA . J8 IS w7,
YA B T 48 7~ MR Nase T2 (190 40 i D 68 Sz FC e AH
WK K E 5 a5 B e R A
PUI P FOHRE A A= P2 R R SR A R S HE

&% ik (References)

Akiyama Y, Ivanov P (2023). tRNA-derived RNAs: biogen-
esis and roles in translational control. Wiley Interdiscip
Rev RNA, 14: ¢1805

Alves CS, Vicentini R, Duarte GT, et al (2017). Genome-wide
identification and characterization of tRNA-derived RNA
fragments in land plants. Plant Mol Biol, 93: 35-48

Ambrosio L, Morriss S, Riaz A, et al (2014). Phylogenetic
analyses and characterization of RNase X25 from Dro-
sophila melanogaster suggest a conserved housekeeping
role and additional functions for RNase T2 enzymes in
protostomes. PLOS One, 9: 105444

Andersen KL, Collins K (2012). Several RNase T2 enzymes
function in induced tRNA and rRNA turnover in the cili-
ate Tetrahymena. Mol Biol Cell, 23: 3644

Asquini E, Gerdol M, Gasperini D, et al (2011). S-RNase-like
sequences in styles of Coffea (Rubiaceae). Evidence for
S-RNase based gametophytic self-incompatibility? Trop
Plant Biol, 4: 237-249

Bariola PA, Macintosh GC, Green PJ (1999). Regulation of
S-like ribonuclease levels in Arabidopsis. Antisense inhi-
bition of RNS1 or RNS2 elevates anthocyanin accumula-
tion. Plant Physiol, 119: 331-342

Batot G, Michalska K, Ekberg G, et al (2017). The CDI toxin
of Yersinia kristensenii is a novel bacterial member of the
RNase A superfamily. Nucleic Acids Res, 45: 50135025

Bliven S, Prli¢ A (2012). Circular permutation in proteins.
PLOS Comput Biol, 8: €1002445

Buchan JR, Kolaitis RM, Taylor JP, et al (2013). Eukaryotic
stress granules are cleared by autophagy and Cdc48/VCP
function. Cell, 153: 1461-1474

Chen J, Wang P, De Graaf BH, et al (2018). Phosphatidic acid
counteracts S-RNase signaling in pollen by stabilizing the
actin cytoskeleton. Plant Cell, 30: 1023-1039

Chen Y, Liu X, Chen W, et al (2024). RNS2 is required for
the biogenesis of a wounding responsive 16 nts tsRNA in
Arabidopsis thaliana. Plant Mol Biol, 114: 6

Cuchillo CM, Nogués MVR, Raines RT (2011). Bovine pan-
creatic ribonuclease: fifty years of the first enzymatic
reaction mechanism. Biochemistry, 50: 7835-7841

Diaz-Baena M, Galvez-Valdivieso G, Delgado-Garcia E, et al
(2023). High ribonuclease activity in the testa of common
bean seedlings during germination: implication and char-
acterization of the ribonuclease T2 PvRNS3. Agronomy,
13:2750

Du J, Ge C, Li T, et al (2021). Molecular characteristics of
S-RNase alleles as the determinant of self-incompatibility
in the style of Fragaria viridis. Hortic Res, 8: 185

Entani T, Kubo KI, Isogai S, et al (2014). Ubiquitin—protea-
some-mediated degradation of S-RNase in a solanaceous
cross-compatibility reaction. Plant J, 78: 1014—1021

Floyd BE, Morriss SC, Macintosh GC, et al (2015). Evidence
for autophagy-dependent pathways of rRNA turnover in
Arabidopsis. Autophagy, 11: 2199-2212

Floyd BE, Mugume Y, Morriss SC, et al (2017). Localization
of RNS2 ribonuclease to the vacuole is required for its
role in cellular homeostasis. Planta, 245: 779792

Frankel LB, Lubas M, Lund AH (2017). Emerging connec-
tions between RNA and autophagy. Autophagy, 13: 3-23

Fu H, Feng J, Liu Q, et al (2009). Stress induces tRNA cleav-
age by angiogenin in mammalian cells. FEBS Lett, 583:
437-442

Fujii S, Kubo KI, Takayama S (2016). Non-self- and self-rec-
ognition models in plant self-incompatibility. Nat Plants,
2:1-9

Gho YS, Choi H, Moon S, et al (2020). Phosphate-starva-
tion-inducible S-like RNase genes in rice are involved in
phosphate source recycling by RNA decay. Front Plant
Sci, 11: 585561

Gho YS, Choi H, Moon S, et al (2022). Tissue-specific en-
hancement of OsRNS1 with root-preferred expression
is required for the increase of crop yield. J] Adv Res, 42:
69-81

Gibbs PE (2014). Late-acting self-incompatibility—the pariah
breeding system in flowering plants. New Phytol, 203:
717-734

Goldraij A, Kondo K, Lee CB, et al (2006). Compartmental-
ization of S-RNase and HT-B degradation in self-incom-
patible Nicotiana. Nature, 439: 805-810

Gong W, Xiao S, Wang L, et al (2022). Chromosome-level
genome of Camellia lanceoleosa provides a valuable
resource for understanding genome evolution and self-in-
compatibility. Plant J, 110: 881-898

Gross N, Wasternack C, Kock M (2004). Wound-induced




574 TP A B 244 www.plant-physiology.com

RNaseLE expression is jasmonate and systemin indepen-
dent and occurs only locally in tomato (Lycopersicon es-
culentum cv. Lukullus). Phytochemistry, 65: 1343—-1350

Gu Z, Li W, Doughty J, et al (2019). A gamma-thionin pro-
tein from apple, MdD1, is required for defence against
S-RNase-induced inhibition of pollen tube prior to self/
non-self recognition. Plant Biotechnol J, 17: 2184-2198

Gucinski GC, Michalska K, Garza-Sanchez F, et al (2019).
Convergent evolution of the Barnase/EndoU/Colicin/
RelE (BECR) fold in antibacterial tRNase toxins. Struc-
ture, 27: 1660-1674

Ha SG, Lee SV (2023). The role of tRNA-derived small
RNAs in aging. BMB Rep, 56: 49-55

Haud N, Kara F, Diekmann S, et al (2011). rnaset2 mutant
zebrafish model familial cystic leukoencephalopathy and
reveal a role for RNase T2 in degrading ribosomal RNA.
Proc Natl Acad Sci USA, 108: 1099-1103

Henneke M, Girtner J (2010). RNase T2 deficient cystic leu-
koencephalopathy resembles congenital cytomegalovirus
brain infection. Nat Genet, 41: 773-775

Hickl D, Drews F, Girke C, et al (2021). Differential degrada-
tion of RNA species by autophagy-related pathways in
Arabidopsis. J Exp Bot, 72: 68676881

Hillwig MS, Contento AL, Meyer A, et al (2011a). RNS2, a
conserved member of the RNase T2 family, is necessary
for ribosomal RNA decay in plants. Proc Natl Acad Sci
USA, 108: 1093-1098

Hillwig MS, Kanobe C, Thornburg RW, et al (2011b). Iden-
tification of S-RNase and peroxidase in petunia nectar. J
Plant Physiol, 168: 734-738

Hillwig MS, Lebrasseur ND, Green PJ, et al (2008). Impact of
transcriptional, ABA-dependent, and ABA-independent
pathways on wounding regulation of RNS1 expression.
Mol Genet Genomics, 280: 249-261

Hillwig MS, Rizhsky L, Wang Y, et al (2009). Zebrafish
RNase T2 genes and the evolution of secretory ribonucle-
ases in animals. BMC Evol Biol, 9: 170

Hugot K, Ponchet M, Marais A, et al (2002). A tobacco S-like
RNase inhibits hyphal elongation of plant pathogens. Mol
Plant Microbe Interact, 15: 243-250

Igic B, Kohn JR (2001). Evolutionary relationships among
self-incompatibility RNases. Proc Natl Acad Sci USA,
98:13167-13171

Irie M (1999). Structure-function relationships of acid ribonu-
cleases: lysosomal, vacuolar, and periplasmic enzymes.
Pharmacol Ther, 81: 77-89

Kim K, Yadav D, Cho M (2019). Multi-phased internalization
of murine norovirus (MNV) in Arabidopsis seedlings and
its potential correlation with plant defensive responses.
Microb Pathog, 135: 103648

Koéthke S, Kock M (2011). The Solanum lycopersicum RNa-
seL ER is a class II enzyme of the RNase T2 family and
shows preferential expression in guard cells. J Plant
Physiol, 168: 840847

Kraft C, Deplazes A, Sohrmann M, et al (2008). Mature ri-
bosomes are selectively degraded upon starvation by an
autophagy pathway requiring the Ubp3p/BreSp ubiquitin
protease. Nat Cell Biol, 10: 602-610

Krey T, Bontems F, Vonrhein C, et al (2012). Crystal structure
of the pestivirus envelope glycoprotein Erns and mecha-
nistic analysis of its ribonuclease activity. Structure, 20:
862-873

Kubo KI, Entani T, Takara A, et al (2010). Collaborative non-
self recognition system in S-RNase—based self-incompat-
ibility. Science, 330: 796-799

Kubo KI, Paape T, Hatakeyama M, et al (2015). Gene du-
plication and genetic exchange drive the evolution of
S-RNase-based self-incompatibility in Pefunia. Nat
Plants, 1: 14005

Kunitz M (1940). Crystalline ribonuclease. J Gen Physiol, 24:
15-32

Kurata N, Kariu T, Kawano S, et al (2002). Molecular clon-
ing of cDNAs encoding ribonuclease-related proteins
in Nicotiana glutinosa leaves, as induced in response to
wounding or to TMV-infection. Biosci Biotechnol Bio-
chem, 66: 391-397

Lai H, Feng N, Zhai Q (2023). Discovery of the major 15-30
nt mammalian small RNAs, their biogenesis and function.
Nat Commun, 14: 5796

Lebrasseur ND, Macintosh GC, Pérez-Amador MA, et al
(2002). Local and systemic wound-induction of RNase
and nuclease activities in Arabidopsis: RNS1 as a marker
for a JA-independent systemic signaling pathway. Plant J,
29:393-403

Lehmann K, Hause B, Altmann D, et al (2001). Tomato ribo-
nuclease LX with the functional endoplasmic reticulum
retention motif HDEF is expressed during programmed
cell death processes, including xylem differentiation, ger-
mination, and senescence. Plant Physiol, 127: 436449

Lers A, Sonego L, Green PJ, et al (2006). Suppression of LX
ribonuclease in tomato results in a delay of leaf senes-
cence and abscission. Plant Physiol, 142: 710-721

Li C, Lu M, Zhou J, et al (2023a). Transcriptome analysis of
the late-acting self-incompatibility associated with RNase
T2 Family in Camellia oleifera. Plants, 12: 1932

Li H, Schneider T, Tan YJ, et al (2023b). Ribonuclease T2
represents a distinct circularly permutated version of the
BECR RNases. Protein Sci, 32

Li M, Zhang D, Gao Q, et al (2019). Genome structure and
evolution of Antirrhinum majus L. Nat Plants, 5: 174-183




WM Y RNase T2 5 1 ML 3 TR 575

Li W, Meng D, Gu Z, et al (2018). Apple S-RNase triggers
inhibition of tRNA aminoacylation by interacting with a
soluble inorganic pyrophosphatase in growing self-pollen
tubes in vitro. New Phytol, 218: 579-593

Liang M, Cao Z, Zhu A, et al (2020). Evolution of self-com-
patibility by a mutant S,-RNase in citrus. Nat Plants, 6:
131-142

Liu W, Fan J, Li J, et al (2014). SCF(SLF)-mediated cytoso-
lic degradation of S-RNase is required for cross-pollen
compatibility in S-RNase-based self-incompatibility in
Petunia hybrida. Front Genet, 5: 228

Luhtala N, Parker R (2010). T2 Family ribonucleases: ancient
enzymes with diverse roles. Trends Biochem Sci, 35:
253-259

Li SZ, Qiao X, Zhang W, et al (2022). The origin and evo-
lution of RNase T2 family and gametophytic self-in-
compatibility system in plants. Genome Biol Evol, 14:
1215-1221

Ma X, Liu CY, Cao XF (2021). Plant transfer RNA-derived
fragments: biogenesis and functions. J Integr Plant Biol,
63: 1399-1409

Ma Z, LiJ, Fu L, et al (2023). Epididymal RNase T2 contrib-
utes to astheno-teratozoospermia and intergenerational
metabolic disorder through epididymosome-sperm inter-
action. BMC Med, 21: 453

Macintosh GC (2011). RNase T2 family: enzymatic proper-
ties, functional diversity, and evolution of ancient ribonu-
cleases. Ribonucleases: 89-114

Macintosh GC, Castandet B (2020). Organellar and secretory
ribonucleases: major players in plant RNA homeostasis.
Plant Physiol, 183: 1438-1452

Macintosh GC, Hillwig MS, Meyer A, et al (2010). RNase T2
genes from rice and the evolution of secretory ribonucle-
ases in plants. Mol Genet Genomics, 283: 381-396

Marshall RS, Vierstra RD (2018). Autophagy: the master of
bulk and selective recycling. Annu Rev Plant Biol, 69 (1):
173-208

Martinez AG, Slotkin RK, Choudury SG (2017). tRNA-de-
rived small RNAs target transposable element transcripts.
Nucleic Acids Res, 45 (9): 5142-5152

Matos RG, Pobre V, Reis FP, et al (2011). Structure and degra-
dation mechanisms of 3’ to 5’ exoribonucleases. Ribonu-
cleases: 193-222

Megel C, Hummel G, Lalande S, et al (2019). Plant RNases
T2, but not Dicer-like proteins, are major players of tR-
NA-derived fragments biogenesis. J Integr Plant Biol, 47:
941-952

Mushegian A, Sorokina I, Eroshkin A, et al (2020). An ancient
evolutionary connection between Ribonuclease A and En-
doU families. RNA, 26: 803-813

Ohno H, Ehara Y (2005). Expression of ribonuclease gene in
mechanically injured or virus-inoculated Nicotiana ta-
bacum leaves. Tohoku J Agric Res, 55: 99-109

Oropeza-Aburto A, Cervantes-Pérez SA, Albert VA, et al
(2020). Agrobacterium tumefaciens mediated transforma-
tion of the aquatic carnivorous plant Utricularia gibba.
Plant Methods, 16: 50

Qiao L, Gao X, Jia Z, et al (2024). Identification of adult re-
sistant genes to stripe rust in wheat from southwestern
China based on GWAS and WGCNA analysis. Plant Cell
Rep, 43: 67

Qing J, Du Q, Meng Y, et al (2021). Genome-wide identifica-
tion and expression pattern analysis of the ribonuclease
T2 family in Eucommia ulmoides. Sci Rep, 11: 6900

Qin XM, Zhang Y, Liu YJ, et al (2018). Molecular mecha-
nisms underlying the participation of Ribonuclease T2
gene into self-incompatibility of Citrus grandis var. Sha-
tianyu Hort. Cell Mol Biol (Noisy-le-grand), 64: 1153

Ramanauskas K, Igi¢ B (2017). The evolutionary history of
plant T2/S-type ribonucleases. PeerJ, 5: 3790

Ramanauskas K, Igi¢ B (2021). RNase-based self-incompati-
bility in cacti. New Phytol, 231: 2039-2049

Rojas HJ, Caspani C, Escobar EG, et al (2018). NaPi/SX-
RNase segregates as a functional S-RNase and is induced
under phosphate deficiency in Nicotiana alata. Biol Plant,
62:261-268

Sato K, Egami F (1957). Studies on ribonucleases in takadia-
stase. I. J Biochem, 44: 753-767

Shigematsu M, Kawamura T, Kirino Y (2018). Generation of
2'.3"-cyclic phosphate-containing RNAs as a hidden layer
of the transcriptome. Front Genet, 9: 562

Sijacic P, Wang X, Skirpan AL, et al (2004). Identification of
the pollen determinant of S-RNase-mediated self-incom-
patibility. Nature, 429: 302-305

Singh NK, Paz E, Kutsher Y, et al (2020) .Tomato T2 ribonu-
clease LE is involved in the response to pathogens. Mol
Plant Pathol, 21: 895-906

Sun Z, Hu Y, Zhou Y, et al (2022). tRNA-derived fragments
from wheat are potentially involved in susceptibility to
Fusarium head blight. BMC Plant Biol, 22: 1-17

Tanaka N, Arai J, Inokuchi N, et al (2000). Crystal structure
of a plant ribonuclease, RNase LE. J Mol Biol, 298:
859-873

Thompson DM, Parker R (2009). The RNase Rnylp cleaves
tRNAs and promotes cell death during oxidative stress in
Saccharomyces cerevisiae. J Cell Biol, 185: 43-50

Thorn A, Steinfeld R, Ziegenbein M, et al (2012). Structure
and activity of the only human RNase T2. Nucleic Acids
Res, 40: 8733-8742

Tomato Genome Consortium (2012). The tomato genome




576 TP A B 244 www.plant-physiology.com

sequence provides insights into fleshy fruit evolution. Na-
ture, 485: 635

Tomita K, Ogawa T, Uozumi T, et al (2000). A cytotoxic ri-
bonuclease which specifically cleaves four isoaccepting
arginine tRNAs at their anticodon loops. Proc Natl Acad
Sci USA, 97: 8278-8283

Uliel S, Fliess A, Unger R (2001). Naturally occurring circular
permutations in proteins. Protein Eng, 14: 533-542

Velasco VME, Mansbridge J, Bremner S, et al (2016). Accli-
mation of the crucifer Eutrema salsugineum to phosphate
limitation is associated with constitutively high expres-
sion of phosphate-starvation genes. Plant Cell Environ,
39: 1818-1834

Vieira J, Pimenta J, Gomes A, et al (2021). The identification
of the Rosa S-locus and implications on the evolution of
the Rosaceae gametophytic self-incompatibility systems.
Sci Rep, 11: 3710

Wang CJ, Chen WQ, Aili M, et al (2023a). tRNA-derived
small RNAs in plant response to biotic and abiotic stress-
es. Front Plant Sci, 14: 1131977

Wang Y, Liu P, Cai Y, et al (2023b). PbrBZR1 interacts with
PbrARI2.3 to mediate brassinosteroid-regulated pollen
tube growth during self-incompatibility signaling in pear.
Plant Physiol, 192: 2356-2373

Wu L, Liu X, Zhang MY, et al (2023). Self S-RNase inhib-
its ABF-LRX signaling to arrest pollen tube growth to
achieve self-incompatibility in pear. Plant J, 113: 595-609

Yang Q, Meng D, Gu Z, et al (2018). Apple S-RNase interacts
with an actin-binding protein, Md MVG, to reduce pollen
tube growth by inhibiting its actin-severing activity at
the early stage of self-pollination induction. Plant J, 95:
41-56

Ye ZH, Droste DL (1996). Isolation and characterization of
c¢cDNAs encoding xylogenesis-associated and wound-
ing-induced ribonucleases in Zinnia elegans. Plant Mol
Biol, 30: 697709

Zhang D, de Souza RF, Anantharaman V, et al (2012). Poly-
morphic toxin systems: comprehensive characterization
of trafficking modes, processing, mechanisms of action,
immunity and ecology using comparative genomics. Biol
Direct, 7: 18

Zhang D, Li YY, Zhao X, et al (2024). Molecular insights into
self-incompatibility systems: from evolution to breeding.
Plant Commun, 5: 100719

Zhang J, Dyer KD, Rosenberg HF (2000). Evolution of the
rodent eosinophil-associated RNase gene family by rapid
gene sorting and positive selection. Proc Natl Acad Sci
USA, 97: 4701-4706

Zhang Y, Zhao Z, Xue Y (2009). Roles of proteolysis in plant
self-incompatibility. Annu Rev Plant Biol, 60: 21-42

Zhao H, Song Y, Li J, et al (2021). Primary restriction of
S-RNase cytotoxicity by a stepwise ubiquitination and
degradation pathway in Petunia hybrida. New Phytol,
231: 1249-1264

Zhao H, Zhang Y, Zhang H, et al (2022). Origin, loss, and
regain of self-incompatibility in angiosperms. Plant Cell,
34: 579-596

Zheng J, Wang Y, He Y, et al (2014). Overexpression of an
S-like ribonuclease gene, OsRNS4, confers enhanced
tolerance to high salinity and hyposensitivity to phyto-
chrome-mediated light signals in rice. Plant Sci, 214:
99-105

Zhu L, Ow DW, Dong Z (2018). Transfer RNA-derived small
RNAs in plants. Sci China Life Sci, 61: 155-161




	565-576 300322.pdf
	577-592 101208.pdf
	593-602 101239.pdf
	603-612 101238.pdf
	613-618 101233.pdf
	619-627 101197.pdf
	628-642 200072.pdf
	643-652 200078.pdf
	653-662 101194.pdf
	663-672 101174.pdf
	673-684 101147.pdf
	685-695 101257.pdf



