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ABSTRACT

Rice is the staple food for more than half of the world population, and how to
improve the rice yield has been the major strategic issues related to people’s livelihood,
national economic development and social stability, waiting to be solved by scientists.
Fifty years ago, Longping Yuan proposed the theory and ideas of three-line hybrid rice,
then applied it to practical production, mading enormous contribution to our country food
security. The hybrid rice production in China developed from three-line hybrid to two-line
hybrid, and planting proportion of the latter in hybrid rice has been growing. Comparing
with CMS lines, the fertility of two-line sterility lines could be recovered by more restorer
lines with more freedom, which greatly simplifying the hybrid process and having great
potential for application. The two-line sterility lines are classified into
photoperiod-sensitive genic male sterility (PSMS) lines and thermo-sensitive genic male
sterility (TGMS) lines, whose fertility are influnced by temperature and day-length.
PSMS lines are male-sterile under long-day conditions and convert to male-fertile under
short-day conditions, while TGMS are male-sterile under high temperatures and
male-fertile under low temperatures. Nongken 58S (japonica) is the first found and also
the most extensive researched and widely used PSMS line, whose gene source is
transferred to other cultivars to breed lots of excellent two-line sterility lines. It is
necessary to isolate the PSMS and TGMS genes and elucidate their molecular mechanism
for better utilization. pms/ is the major locus controlling PSMS in Nongken 58S, and the
advanced backcross population between Nongken 58S (58S) and Minghui 63 (MH63)
was constructed to map the pms/ gene and be further investigate the gene function. The
major results are as follows:

1. Combined analysis of Genotyping and the spikelet fertility of the advanced backcross
F, population indicated that pms/ was semi-dominant rather than completely
recessive as previously assumed. Plants homozygous for the 58S allele were highly
sterile and plants homozygous for the MH63 allele were fertile under long-day

conditions; spikelet fertility of the heterozygotes varied from completely sterile to
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fully fertile, most of them were less than 60%. The 1:2:1 ratio of homozygous for the
58S allele to heterozygotes to homozygous for the MH63 allele was in accordance
with Mendelian separation ratio of single gene.

. For fine mapping pmsl, genotyping 6841 individuals from the BCsF, mapping
population derived from a cross between 58S and NIL(MH) identified 88
recombinants between two flanking markers Fssr and pj23, covering a 138 kb
genomic region in MH63. More molecular markers were developed surrounding Fssr
and Rssr (now P5) based on the previous work. Because of extensive phenotypic
overlap between heterozygotes and 58S homozygotes, only the recombinants between
MH63 homozygotes and heterozygotes were used for further mapping. Genotyping
the recombinants resolved the pms/ locus to a 4.0 kb region flanked by markers P4
and P6 with one recombinant at each side, with the SSR marker P5 co-segregating
with pms1.

The genomic sequence covering this 4.0 kb from 58S was complementary
transformed into the near isogenic line NIL(MH) and could ruduce the spikelet
fertility under long-day conditions, while no effect under short-day conditions. On the
contrast, the corresponding fragment from MH63 could not change the spikelet
fertilty of 58S. These results confirmed that the transformed genomic fragment indeed
contained the pms! locus.

. A full length cDNA named PMSIT by us was isolated within this mapping region
using 5° RACE and 3’ RACE. The suppression expression of PMSIT in 58S increased
the spikelet fertility of transgenic plants under long-day conditions, while the spikelet
fertility of transgenic plants with suppression expression of PMSIT in NIL(MH) did
not change regardless of the day length. Moreover, overexpression of full-length
PMSIT from 58S driven by the maize ubiquitin promoter in NIL(MH) greatly reduced
fertility under long days. The results above confirmed that the PMSIT corresponding
the pms 1 locus confered the PSMS in rice.

The expression pattern of PMSIT showed that PMSIT was expressed at low levels

and in a tissue-specific manner. In general its expression levels in both 58S and
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8.

NIL(MH) were low in all tissues assayed and especially so in green tissues. It was
expressed preferentially in young panicles and florets, with an expression peak at
secondary branch primordium differentiation stage, pistil/stamen primordium
differentiation stage and pollen mother cell formation stage. This expression pattern
corresponded well with previous results that the most critical period for PSMS
occurred. Moreover, the transcript abundance was lower in 58S long-day conditions
than 58S under short-day conditions and also than NIL(MH) under both long-day and
short-day conditions at these three stages.

This PMSIT transcript from 58S was 1,453 nt that was 65 nt longer than the one from
MH63 (1,388 bp). The two SNPs S1 and S2 were both located at the 5’ terminus of
PMSIT, while SNP S2 and marker P5 both cosegregated with pmsl. We compared
sequences of 15 different rice lines at these sites, the sequencing results and
recombination event narrowed the potential causal polymorphism to SNP S2.

There was no intron in PMSIT transcript locating in the intergenic region without
annotation. Three small ORFs were predicted from PMSIT. The guanine residue was
inserted immediately downstream the ATG start codons of putative 58S ORFs to
disrupt the reading frames. These three vectors were transformed into NIL(MH)
independently, could function properly to reduce the spikelet fertility of NIL(MH)
under long-day conditions, demonstrating that PMSIT encoded a long non-coding
RNA.

PMSIT was predicted to be targeted by miR2118, and we validated the cleavage site
in PMSIT in both 58S and NIL(MH) by modified 5° RLM-RACE. The signature
sequence of the highest abundance of Parallel Analysis of RNA ends (PARE) reads
also corresponded to the cleavage site. Sequencing of small RNA libraries constructed
using young panicle tissues from pistil/stamen primordium differentiation stage and
pollen mother cell formation stage and meiosis stages of 58S and NIL(MH) grown
under long-day and short-day conditions showed that 18 pairs of 21 nt phasiRNA
could be generated from the cleavage site triggered by miR2118. Comparative

analysis revealed that the quantities of 21-nt PMST-phasiRNAs were higher in pollen
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mother cell formation stage and meiosis stages than in pistil/stamen primordium
differentiation stage, and most phasiRNAs were generated from the sense strand
corresponding to the 4s, 6s phasiRNAs. The phasiRNA reads in 58S under long days
at pollen mother cell formation stage were the highest followed by 58S under short
days, while the reads in NIL(MH) were much lower. We noticed a trend of negative
relation between the abundance of phasiRNAs and the PMSIT transcript. We also
quantified small RNAs from pollen mother cell formation stage in the transgenic
plants, which showed that the 21-nt phasiRNA reads of PMSIT were much higher in
the 58S PMSIT overexprssion transgenic-positive plants than in negative ones under
long-day conditions. Conversely, their levels were lower in 58S PMSIT suppression
exprssion transgenic positive than in negative plants. These data suggesteed that
PMS1T-phasiRNA associated with PSMS. Without the complete target sequence of
miR2118, the transformed 58S PMSIT fragment did not reduce spikelet fertility of
NIL(MH), indicating the important roles of phasiRNA for causing male sterility by
pmsl. PMSIT was the first identified PHAS gene with biological function, implying
the importance of this kind of small RNA for plant growth and development, and also

deepening our understanding about the mechanism of PSMS in rice.

Keywords: photoperiod-sensitive genetic male sterility; pms/; long non-coding RNA;

miR2118; phasiRNA
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Abbreviation English full name Chinese meaning
CMS Cytoplasmic Male Sterility MM AT
GUS B -Glucuronidase ] 26 W PR T
LncRNA Long non-coding RNA KHEEm S RNA
InDel Insertion/Deletion VA TN
NIL Near Isogenic Line plie = PN PR
ORF Open Reading Frame FE TR S AE
PAGE Polyacrylamide Gel Electrophoresis VN M I e e L ok
PARE Parallel Analysis of RNA ends RNA K47 57
PCR Polymerase chain reaction FA Bt X N
phasiRNA phased small interfering RNA FEOL/NFHE RNA
PSMS Photoperiod-sensitive genic Male Sterility KU ZA T
qPCR quantitative Polymerase Chain Reaction £ & PCR
RACE Rapid Amplification of cDNA Ends PEPY 1 cDNA i
RNAi RNA interference RNA %
RT-PCR Reverse Transcription PCR R #5% PCR
SNP Single Nucleotide Polymorphism BRRHIR 2 &M
SSR Simple Sequence Repeat ] B PP 2 B AT
tasiRNA trans-acting small interfering RNAs S AAEF /N RNA
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fH.

a Three-line system b Two-line system
cMs (Q) Mainlainer(d} EGMS (Q) Restorer[d']

)

)
(—‘\.
—‘\
-/

®

( X J 1 W
; i \—F
ems(Q) Restorer (3)

B 1 AT REFZEMF KR (Chen and Liu 2014).
Figure 1 The application of CMS and GMS for hybrid seed production in a three-line and
two-line system (Chen and Liu 2014).
A 2 AR 35 B T 52 2 BETS BUA B MIRASE R BEIE A B MR . XA AT 8% /1

A 78 HA)HE I AN 5 AR AR 47 1) ) 26k KL i 1) 4 s A0 T O Q20 v A A% 1 AN

(Genic male sterility, GMS) AL ii VAT (Cytoplasmic male sterility, CMS) .
A M AZ HEVEAS B AR A ) B B RS PEAZ AN B BRI, 5 A P AR A R R
T 5T R AN T T L5 R A0 B A R R AH LA P R . DU 2R E AN B 9 BRIl A
AP g R JR P AR A = R A ARG B 28 MR I R A M. = RiIEE
o FHEYEAT 2. (R9F R (Maitainer) AKX & (Restorer). LLEH i Jii
ANERZNEAE, BWERZRZEHUAF R T AT RNEHEKES R RRL
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BRI E M RE /AR R AL (B Do PRIERI—FP 5
A% A E & (environment-sensitive GMS, EGMS), ZAE R E A —E
WM FREIKE, ATARESE, WHABRERERESAN—, B=REDN
P %; EGMS fEAN G &M MMENBEAR, [FFEAT 5WE R A4 scm (B D).

1.2.1 {APARIEMLRE

FEL) ) 20 M6 o VAN B R I BV A, LI S R 20 i o YA 2 fR
B0 A 5 R 8] 2 5 K P P A R DR LA P L R 350, 6 TR R 40 5T P B
PRI RAFAE RIS R B HES 2K, CMS 2 K A% N B 1 22 DR 78 S 0 0 41 o
MR N RE IR R05, A0 MR 5 200 B o ik DR 2 5% 4 A 328 1 BY 8 A ) 02 1 25 SR (Jonees
1950; Bailey 2002; Budar et al 2003). 4 fd 5T P4 & A & il {5 B 1A L ki ik DNA FiH-4¢
& DNA, HEYIHHSRIE R EN, X 120-160 kb, FEHAIXFEE, fEREL F
{f5F (Palmer 1985). F H F A LR A5 B 6 ¥ 478 2% B 1 S A 5 [R1 20 5 400 ff Jo A
/NE 5% (Frankel et al 1979; Liu and Li 1983; Chen et al 1993). 1 £& ki &3k K 4 B A
A=V, FESFRMSTHNESFRE, XMERA DNA WEH. HARMBEK
i R FE R T RE B AR B O, 5 04 i 5 1P AN B (Schnable and Wise 1998; Hanson
and Bentolila 2004; Chase 2007). CATREYIERAAILRIL 60 2 1~(Kubo and Newton
2008), {HE A S R LR A P AEAE RS 1000 MR A, X E A
SR gmt, TEANMAZ P E R, I R 58 A5 5 s i B bt A FH (Kruft et
al 2001 171 20 i J5 e 1 AN 6 if SIS RS 4 i B R 2H (A% K 52 35 (] (Restorer of fertility,
R RIFRIEThREMIREIKE . Rk, X4 5 et 7 ThBE 0 g K 30 40 i )i
HEVEARE BR (CMS KD A0 RFEERI 170 B9 AR ML S 3 2 IA) (R A ELAE

HARFAAAEIR 20 CMS JEI MR, (AERZSER R FEIMAAAE N, IXEehl
AR TT B, N T CMS 2EK, 20K & CMS IS IR AR (E N B AR S
A Bath of BRI AARAE, RIS M B HEEAS & Sk FH DA 50 CMS &[T JE it
FEER AT R FEDRIRN rf FEDRIAFEAE ) CMS 4 5 Hh 2o Rl s Jik DR ZH 7E e s 2 R B 1 B 2
K 1 S DN A B A B 22 ok TR CMIS BSE JE IR, A T 36 U T R R ) B 1
M, R TR AL BRI R B, 30 AR R 5o Rl & — BLAORLAR 1 € 15
T, el B ML R, PR E LA SR 1 B RS 1k B 2L R AR A

4
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FNHATNIE, 72 13 MEYI I B3 28 4~ CMS F: AFEF KT wrf13.
orf355 Al atp6-C, urfl3 S35 — M E BRI A CMS 2K (Dewey et al 1987;
Dewey et al 1991; Zabala et al 1997); /KFEH (] orf79- orfH79 L-0rf79 0rf307 WA352.
orf352 1 orf113 (Wang et al 2006; Fujii et al 2007; Itabashi et al 2009; Hu et al 2012;
Igarashi et al 2013; Luo et al 2013; Okazaki et al 2013; Wang et al 2013); =&+ 1)
orfl07 (Tang et al 1996); /NEHH] orf256 (Song and Hedgcoth 1994); &HEHH)
preSatp6-orfl129 M cox2 (Ducos et al 2001; Yamamoto et al 2005; Yamamoto et al 2008);
WEEH) orf138. orf222. orf224< orf220. orf288 Al orf263 (Singh and Brown 1991;
Landgren et al 1996; L'Homme et al 1997; Zhang et al 2003; Uyttewaal et al 2008; Jing et
al 2012); K= H K] 0rf239 (Abad et al 1995); B 1] orf125 F orf463 (Iwabuchi et al
1999; Park et al 2013); #3 N[ orfB (Nakajima et al 2001); AR ) orf456 Fi
orf507 (Kim et al 2007; Gulyas et al 2010); 1] H 2541 [#] orf522 (Hans Kohler et al 1991).
X G B PR R A VR TR ML coxl, atp8 F1 atp6 FiPH, HHEAIRIFHIFEA . BRE
BUE AR K. 72 C B DIRERT CMS EKrh, K2 gwtd i 5 5 1 ATPS-like membrane
protein, ¥ K& B 2K B 1A% 3 551 12 (Chen and Liu 2014).

S CMS FERERA Hou N RZ K SR R, Fodb CMS JERAFAEE JLAS Rf 3t
R A AR e A B R AERE] T R E, CMS BEIERRA. LR
IR ) CMS J KN R FERIAL RS E BRZ A4S, HP U R 8 Mg, &
FE 2K urf13 %R Rf2 (Cui et al 1996; Liu et al 2001a); 7KF& orf79 X N [K) Rfla F1
Rf1b (Komori et al 2004; Wang et al 2006)~ orfH79 X% 1] Rf5 (Hu et al 2012). L-orf79
XTRE ] Rf2 (Itabashi et al 2011)« orf307 %§ N.f¥] Rf17 (Fujii and Toriyama 2009); 5%
HR RfT (Klein et al 2005); JH= orf138 X Si[F] Rfo (Brown et al 2003; Uyttewaal et al
2008); ¥ D orf125 XN Rkl Corf687) (Koizuka et al 2003); = preSatp6 Xf N ]
RfI (Matsuhira et al 2012). }4b, fEREA ik Tl 2] Rf 22K Rf-PPR592 (Bentolila et
al 2002). KA G RN HENEA BT RREEER REAT HIT IR VYR — A4S
(Komori et al 2004), J& k&I SEFR2 AT 2] RfTa F1 Rf1b 2H i (Wang et al
2006), I HAKFELER MM R MEVEA T RS 5 Rfla NFE—2ER, #gmis
PPR791 & FH(Hu et al 2012). JHZEH 1 Rfo FE R 2@ PAEE N FIF0LRE I 1 38 R 4 L 2k
VESCRER IR, 52 MR R WOYFE— AR, #RAEVKER Ogura B4 CMS 15K
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H T (Uyttewaal et al 2008). =3 1¥) RfT T2 1 CMS ZER KM T KA R &5
— M TE R AR TR VE AN B AR R R, gD 2R AR £ FE Il E B (Liu et al 2001a).
X R FE R KR4 #4mfS PPR &5 H: Rfla 1 Rf1b 53 554 18 A1 11 4> PPR motif,
Rf-PPR592. Rfo [¥] PPR-B & A= 84 (1 RfT W53 74 14+ 17 F1 14 > PPR motif.
PPR (Pentatricopeptide repeat) £ [H2F81E)T 4 HAFAEZ AL 35 NE LN
JCHHTHRBLE RS E AR, KRR 35 MR B IR N PPR motif. PPR &
HAEME )AL R PR EAFRAE, 753 EE B LD DL (Small and Peeters 2000; Lurin
etal 2004). PPR ZK[15 RNA 4B <, PPR & A1 N i &1 kit ol # -S4 4AR 1)
PRI P A, G N RLAR B S 2 55 mRNA INL, S ingmiE. 59
e, BIY). FEARAIEN IR FE (Kotera et al 2005; Schmitz-Linneweber and Small 2008;
Barkan and Small 2014). fi{ PPR motif [f] Rf 28 2R EZ N BIPE, 181X R4k
PR J S0 B ) B B CMIS JEE IR 1) e s AR SR ] CMS BRI I ik, TR SR & 18
(Wang et al 2006). X8 Rf Kl I A7 78 Fi% 70 A7 ) PPR & H (Fujii and Toriyama
2008), {HALH A —Aak#H A REaE X CMS ZERFEIER, JiBTX L PPR & 155
LN 2 AR SR A A5 . B AT PPR R (1 (45 ) Q&R AT oK (Yin et al
2013), iE3E T PPR motif F AN [F A7 B 1) 2 ZE R 4L A X6 R R 7 AS [A] ) RNA B8 22 (Shen et
al 2015), L4E 7 H PO Fh 35 A 2 B R AN H 6T B (1) DA RNA B 2 [A1RE S AR il AL
HI & B/ T [1)(Shen et al 2016). X EEHF 7845 F AT PPR 25 (A (RS 7 51 AL T 5
EARYE, ARTAEMEE R EF T FREB—AN25 T CMS B BF AE AN
T,
X R BEHFI CMS ZE[FIAH EAE R CMS (9 FALSH], i & 40 i%
S IR 2H RN 28 kr Ak 2 DR 4H 22 [B) AT U 4% Anterograde regulation ) ¥ 4T 1 #%
(Retrograde regulation) L [F{f FH ) 45 & (Fujii and Toriyama 2008; Woodson and
Chory 2008; Fujii and Toriyama 2009; Chen and Liu 2014). JfiAT {7 2 & 41 B 2% 2L A
ot ER LA Th B IS . A AR JE R 20 4 1) 2R b A4 s 1736 [H] (mitochondrial-sorting
gene, MSR) ¥, t#f RF HHH. HIUrRETER T (tissue-specific regulatory
factors, TSRFs) FIZRAM FAHEEE G (mETC) WAL, #igik FZhifh iy A
FRH (G mRNA (R). HE (P) s ARH (M) /K EXF CMS PR AT 1
Yo AT P42 SR 4R AR R P2 A (1) — Be3i 1715 5 2 R i A5 3 3 4 A%, 3
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G B M AR Ak T, SRR RAE . REWITESREHS 4
PR A0 E SR BB ER ¢ MidE ROS (reactive oxygen
species) FEIITI(Ji et al 2013; Wang et al 2013).

Mitochondrion Genomic rearrangements

-
i RF proteins g ¢
i ‘i‘\n—ucms mMRNA WA
M- ! Cytotoxicity

Anterograde Anthers or microspores

regulation _--~—l‘IF 5
y
Subunits of Energy deficiency
mtETC complexes -

s 2
s I

Cytosol L

l MSG proteins

Nucleus T

MSGs

PCD signals
in tapeta

PCD signals
in microspores

Abnormal
pollen PCD

Gametophytic

sterility

Retrograde
regulation

Premature
tapetal PCD

Sporophytic
sterility

B 2 HH R AR B SRk -1 25 F BL/E#EE! (Chen and Liu 2014).

Figure 1 The general model of mitochondrial-nuclear gene interactions in CMS system (Chen

and Liu 2014).

1.2.2 {HpORZIEMALRE

MR TR EA T, MR B A KB EE ], FE8fE BRI 5L
OTETEL, 0T HAE IR N B A . B TR B AR R AL 2 A
A 3 gifteky, A& R ek K B AL, AR CEE N T R AR AR T R AR
PRI NAEZG JE 5 R 234k H AR BEAR B 22 i ekl 7 24T i N1 DY 434k, DY
I3 VA RIS T 5 H SR R /IR TR 0o W I 2293 200 BRUREE G 744, SR 5 ENAE R R
S4B B (Smyth et al 1990; Ma 2005; Zhang and Wilson 2009; Zhang and Yang 2014). H
FEAE 3 AHREAE R T eIt A b B AR TR A0 LR 5 — IR 22 0 3R AEAE AR R G 2 RiT, 1T
2 MACR FEACR R BT AR JE A R Rk A T — IR 33, TeR 2 N4, 255
TR HENAEN B Th A 58 R I 2290 24 (Bakie 2005). /R i s B 7K R AT
FAITERJE T 3 ARk, DRLORE FLAH OC U7 THI AT T LU BRI, 6 2 ZH AR
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TEAE W B 25 1R U2 1R 2 (Rutley and Twell 2015). AEAER R B BIAEMT— i
FEHIA — RAINERN S, KEMHCERMRAE, RiGeis R KA RE
2 BH, ek B e A s, i Al A% EEYE A B (Goldberg et al 1993; Scott et al 2004;
Ge et al 2010).

IR FE A E SN ARSI R BAT TR, 5 A s = RIS
JEEFRIB T K 1) 50 B Ay A AE AL 2T 24 308 B J Bl IR R AE A ), 8 24 PR A AE K i R TR
B2 T EUR TP RRIA K, B R BB R AR 2 Tl 5 LR R IA s 1
ik R 1A (Wang et al 2010b). KEHULRI ST SRR/ . SUZAERRL. =R
ACHRLAN L AEN KL AT Affymetrix 36 F 404, £ 13,977 MR Z DX PIANA
PHz —Rik, HERBEN 61.9%, RiEIEFFE: 5HAMLEPE LG RN
A 1,355 N 9. 7% M F A RAEN H R w208, B —Lugn i Y L Rk
IRl 7 AR 1% R T (Honys and Twell 2004). | A AU &1 ARy 5 H e K FEAE 0 &
B I FE R o S B = AZAEAS IR S AN R /N 40 M R K R 2 4 A
HorHrion, RIS 28,141 MEEFTER L hRiL, HP KL 12.3%HEE 28 T
kR ERIL . JFHSMREIFES R, ROk R R B R B A K E R
Sk, oAM= RS, EEW RIS R AR, ERAR
AN A AR 2 (Hobo et al 2008). fifi 5 BT — AR K A A B AR RNA-seq FTH L,
X B PRI IR e S AL o M R SR BR A B, A4 Bh T B8 4t TR A0 I B AH G HE A
(Rutley and Twell 2015).

T TREARAR i ) 5 7] 10 A% 272 H BRI FEAE K0 B AR S HE DR B Ay B A i
B, TEKREAIRE I % B T LA SR AN B ARG S R, LI # sl
SR GRELE KB AR BE T B B R FE B N I (Nguyen et al 2016). X 2EHE[A]
Z VA EAE R & AL, TER T — e KI5 M 44 (Ge et al 2010; Chang et al 2011;
Zhang et al 2011; Guo and Liu 2012; Luo et al 2014; Shi et al 2015), F H ¥ £ A #1%
FE 7K R AT R 7 22 18] 2 7 57 () (Wilson and Zhang 2009; Zhang et al 2011; Gémez et al
2015; Shi et al 2015), XAk b FIOR S 9T 50 HARE ) 46K K B SR it T 1R U (1)
i,

BRI T AN AL AN B IO LEEIE 70 LB 28, X LAk 40 T A0 2 1 R A
T E B TTER, (H R E SE R A N A E T Ik e A T AN e DR R Mg A
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R BN RFF RTEEIRP R E M, WK TN . Gk, —ABRuRignm
RHEVE AN BRI, A (643 M 2% B RN AT HE(Chen and Liu 2014). MUK
TR MIZ HEVEA B 2R EGMS A B IEAE — @ MBI FRE KR, 23] H R
AR B RENA . BARAE AR TP A 0 T EGMS HIRAE, (B DAKRE 53 't iR ok
YA E RIVE SRR BRI, i E LR J7 T B Fo T e e 5, —EAL
TSR

1.2.3 IKFERHBEE A BMRER

1.2.3.1 HRBUEMERT BKEN LI L E R FFE

A MFEBEFT 1966 42 SCHE H FHRMEMEAS B /K FER FH 2 Fhp 34 1 B A8 G
1966), {EFREKFEE Fh AR T F RN E RO, TFE T REZIZ AR
WTC o AR 2R HETEA & FRAS S T AT A S, BT =R E Fdh .
TEMES SR, 1973 AEA7 W RATE TSI 035 FH V0 180 S5 7y b e P AR it ol B 58 (19K
FORILT — AR E AR A MMM B HRAC R 58S, I HLI% 3k & 4 i B e vE AR 8 4%
G175 S HARKEG S A AT S R A U R BRI R . AR —IREHRIR R
58S MIBMENAREE, FREMI AT RARE AR LR, 110 I3 Fi i 7 1 0 Bl g
i, WAE R ERIGE AR BE L RRGR LR Z iR 1. RILAE 1980 “EAT 1981
FRTAR B 58S HEAT /- HEREFI SIS, 4 SR bR 1 45 S AR R K RE A DM 2
TR KT, D SR HERR TR BRI R I, B H B R R B
588 MEMERECRIEMEN: KHRTASE, MHKR T E. mHMHT 500 24
MRS ZEATINAS, HAREIKE K H IR AR 58S M ETE, HEBR T AR 58S 241
JFHETEA BRI AT RETE: IERAEW Fo Al B /R 54 & PRI LU BIRE& /R — X et
FEAI I 3: 1 I B b, IXSESEIb 4 SRAE 1985 MAE L, R T HAE ARG H Ff
R A E (A BIRS 1985), —RF 51 T3, # FRMJLEF, SHLURE 58S
NHERREE T — K& B Y SR A OB A S R, HRE WA A
R LT BB B Z e s, RUDEBUEMEAR S RE KM AT RIELEHT
AR IEAE T B IAA T ERERF R, ST SN, NEHNHAESE RET
ZRAEHF . OGBS REEE — RHH, KKE =R/ E M.
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g, BRI R T B IR R R BN B R 54608, %%
&R S-1 MR S-1, X=AFHF I EERICY SR FAE . REFTE, it
FIRERT R T R SHRBIAE = G (a5 1989, FT V6% 1990; ¥4 55
1992; XBHREE 1999). 1E 1986 F48 LA 7 e AL BT HEIE A B PR £ 5460 I
THEPEAERE, T 5460 K H T IR 54 RS G BITEVZMEEAR B RS T4
AT, WA HEF A —E M, Fithdr 49 5460ps(1- 5 1989). Fi
FIN AR B B A DGR 4 R ITE =il T B s B ], KB /R kR I
HEEAERESEAE, KR FE2WE, N 5460ps MOARBIEEARE, T4
9 5460S(PFEAEE 1989). i F A2 A8 K FEH 7T HH O T~ 1987 4 M 40B/H285 /7 6209-3
Fy BT R THEEAE®REXEEIHREER T AE RER S-1CBHERGE
1999), &P TH 54608 MBS IR G, wAHE I NREUEEASE RJE
%5 1990), JFHBON THREIZEHRENE /R EERERFF L —. MR S-1 NE
1986 4 H 4T BA T AV B2 5 Bt AR BT A= FE/RO 183/ 64 1) Fy BEAR 1 HIA F 1k
87NI123S ik F1fik, BARBUFECELETHE 1992).

H a0 E A TAE P RGBT A B R R 2R A TR 58S 1224k S-1 MfiTAE
A RS 2011). 1 E FAKREEIE 0 Chttp://www.ricedata.cn/variety/) 48 it%K
i R H Er oy s UL B R E RIEH 99 A XEOLIRBRNE &
(IS B ORIUE T FRIE 258 R A2 7= P TR 08 IR P HRR 4k

AR T RARR 58S & ML (1 5 i FABIUBE S oy — R 4 Ji 6 4 A,
B MR SRR A A RN A BEA R B, 9T LIS B AN & PR 5 S0
T IR R, SEAETE— 8 1 B AURS OuE RIS 1988). 23200 A A
JEAE R ER AL e P i SRS, e DL N E RIS 2010). [, KB 58S
BRSO AAER AN EERE, AT EWIGAREE. EKER IR, E
H R 3ok v AR B AR 2 o R B s T AN TR T 7RG L5 A K 0 B iy v i R AR i {1
R CEECAEMSE 1991, B, REE—TIREEEN. 8 M guknt
HARA AR BUBE AR ST B2 K B R TF 14 by JesR T 50 lux (9 H R A REARIE AR B 58S
MAE, HEKEMT 1350 MEEARIKREGKkE E% 1987), tbik, 728 H %04
FHHTRE WD Pl A S A B O A ES 1987), HHARRB A K6 & s
SRRWAR: LN EA FOE—FERRS, SOENNRA: 6MRBRIE REd

10
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LG (ZE 4 and o iHEIE 1987; BRICAL and HEHE 1991). RBAE RLK
S-1 B SR BN 26°C, e T LR FE N R MR R DA EVE A & I8 T IR A AT 6 (4
DUKEE 1996) 0 HXof Tt FEE UV Iy S 9 464 B4 N T s S AR i o0 2 (R R 28 and
FE ¥ 1994),

7 H X 28 JEU ARG IR O & 2R ab MO RS B (1 — REUHIEERT A2 R 1 & PR 451
I SR AN SR AR ARF, JF BRI 250K, i B AL 1 5o B 7
LI AT AEAE— T (M5E MR o [FIR, 78 BB 1 TR RV PR B X e B K R B 1
s B HA —EAMERN, BN B RER IR N & MR IG T K405,
AR T M F ALK TR A RIREAT, FTLMBEZ B E R R A
B RN M I 52 36 AR B O XCE s (BRI S R E
A BB

1.2.3.2 REEBUEM RN FERE RN E LM E

L) R R e B 0 5 e A B E AN 2 N, T T AR R st
B SR B R — sl e A s R A P 22 . B H AL, AKFE SBE AL
TR R A RIRE , tellipms T pms3%5, AN 18 4E 22 10 7
PR T HAOCHAA T R, AN CSA . IX eI K A G (R SEA OGS BVE R 1

H A B 58S HABAF REAVKIARG HEAT 1E S 2 FIIAE , R B AR BRS8SIIA & P i %
PR SE R B, SR BS8Z M AF1E — X £ 2 7 CH W and XS54
1986), -5 HAth S Fh A1 AA7E 1-206F 32 A0 R (9 22 (MG B4 and 289000 1995), I H.
SHUZ A B KFEA B PR e PR E P (1 52 158 32 B H AR QTL I 54 M (He et al
1999).

X IR L7 55 E AL B F FHRFLP. AFLP. SSRZ57yT-FRi0 45 & M A & -k
VEREIUBS A HTidhAT 10 A5 B TS (R . Zhang®5(1994)% S5 7E32001S X B K63
(RIF 73 BSR4 ORI 20 B A 6 BUEVEAS B AL i pms TR pms 2, 3 HAL T 5874 tfk E 11
pms I3E DR RO 21 58 3 e 04K _Epms21012-31%, VR ATT 8 IR SR J5 R4k S AT R
ME L, AN IZEER E AT A SSRATF#r it FssrAlRssrZ [A]85 kb5t Fl P (Liu et
al 2001b). {H7E L 78 72 v R A B S8S A B S8 A E pmis 1 X 35k PN A7 1E 2 25 1Y)
PRICS IX P IR B AR AR DG, SRR R S8SHIAR B S8TEpms b i B H

11
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BRI, A BS8SH B IEA & B 7 A B E(E RS 1997). AR ES8S
51514805 [m14223 X BN & P 282 B T Brpms 1AM 5 — AL T35 1294 (R B
BHETEA T AL fipms3, I ZAIESpms3 /2 FHUR B58TAL N A B58SHIAL i (Mei et
al 1999a; Mei et al 1999b). [FlSepms3 AT ZIRIB e AL, ¥ 4i/NE] T 28.4 kb
M(Lu et al 2005). Jtb4h, WL RZHR HEE%64S 5931 1H G RIFEAE S TR (kR FoE
BB T A E AL Spmsl (@), AREKE, pmsIhr LS BIARICRGATTIESF AL T
pmsl(ONFIEFEFILOC _0s07g121301) 5 —Aintron b, (HHAGE UL BIX AL £E —
FERI(Zhou et al 2011), JRE A BS8SHIBEIE6ASHIA G F I EAr (FRBiESE 1997),
] BEAETE 9 AH 403 PR 42 ] 5] — MR IR mT Bk o

ZR9S 2 VU 4R FRARFH i & BRI ADCBORN & &, A H 2R IR 5 R B58STE K
(EHEEE 1999), I HAE VML B BRIEZAE EE S, AT R4k -,
fir 4 Apms4(Huang et al 2008). 1944 71X $LIE K A A5 B .

HLFN20124F A iRV R 22 RIS R ARV R 22 A A R TE 1 0 AR B 58S Hh 2 il (¥
FBURE T AN B R pms 310 LT S BE RN DI B 43 M o A 9045 SR B ARATT 43 50l ) FH A [ 1 D'
RBIZAE R—— R BS8SHIEE #64S 58 AL AN G AL i pms3Fp/tms 12-152 1 7] — >
B[R B R4S BAR R IR RRSBSHEH MK, P ZIAMEAESEAL s A% AN B R (RS Ie
A 1997), HEZHKRICNRBEEEAT: &R FAE, KR T E. Mpimsi2-1
B B N BUEE K H il 26 1 N AR I B AR BS8SHIRE FR64SII B 1. BT HFIA
B RGN AR, R AN SR 20 pms 3T RE (4 AT LI AT AN [

AW AL C 2 R 2 pms3 B R I RAE S T R B8 NCHAF R E
58S(Mei et al 1999a), Ding%5 K X Fh AL /& tHpms 3% A B BAMRERGE ), KR E
S8 HIEGAL N T A RS8SH M THEEC, FldEpms3giiGHI1, 236 bpK Hlong non-coding
RNA LDMARWIRNA R KA T 203, FFid L R 31 X SDNA H EAL 1 CGHY
HACRERE M, ] T R R H IR R Rk R, SEUMEYAE (Ding et al
2012a) . b J5 i — 20 IR AN 90 & B A& B LDMAR J& 2 1 X K FE 4 21-nt ) /NRNA
Psi-LDMAR/I 3 1 1% X [A] (1 DNA F B4k, & T L 24 () RNA /i 3 1) DNA F 2 4L,

(RNA-directed DNA methylation, RADM) (Ding et al 2012b). ZhouZs tHilF 52 1 MK
HZ64SH % 8 B Wp/tms 12147 15 L[ R — MR IB I i T IR A T, 120805
RAEIFALT21 ntfI/NRNA osa-smR5864m I 25 1167 L, osa-smR5864mAlE A4 7

12
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osa-smR5864wHITE SRR LS Tk, F G & 22 [ (14 21 22 St A 52 16 HEKC BE AL
fRIsZm, A AR A R A R B NRNA R R I B ORARBL, 7T g 2 il 0 /s
RNA%E G 10 R Ui SE 28 R 3EAT 3% osa-smR5864w 2 Il H. Rl LI K ) Rk, 1M
osa-smR5864m | AN A7 751X F # i AF F, A 45 D6 I SR AN B 15 DLAR B, DRk
p/tms 12-1 ATRFE IR TRAE fosa-smRS864m KT e R I e 58AF, A H AR KRS AURIARS 5 5t
I3 92 B G BUEE AN B AR EETEAS T (Zhou et al 2012).  HLHTAE WF ST IR IE K KA
&5 FEGTPL: & & A il K osRACDH: AL Ak B S8SREAE I PE1F 2 — 2 A2 B K
2, osRACDHIFRIEZIFRA RS EME, WHHELESE T RKRHB FRESSS
B YR IREE 2004), (HIRBAIEYER P osRACD S pms3 2 [AAF{E HAE, &
EAE Fpms 30 N HIE R 2 5 Y BV AR B 10 f5dt— B B FEAESE

BT Bk pms3FERE ML T, [ AR BS8SHIERHE64S 73 il 7 A 2] (1
UHEYEAS B 522 K pms DRDGIR BUBEVEAS B 522 Kl pms 1 (1) ARG 3 BE TR [X (RN A7 1636 7y B 5
IS, HENIZ PN R 7T 2 p ] — AN R A )

csa RN (carbon starved anther) S W12 SFAUE R —ANHEVEAR B M BHEEAT IR 5T,
JERKMILE OB R, KBTS, mHETAE, BFHuET
FCRUEEA & R (Zhang et al 2012). AHSTFEF AR, csaZ8AR PRI F A 25
(BT, AL S B PR A A B ERAE, U RTERZA R & 5 IR 2 h it Bk
KB & B RAR, IXPE B AN B 2 5 80T HEME AN (Zhang et al 2010), {HIX
FORE > e SR P 7RG H RN BEAS LUK, 845 B PEPK 5 (Zhang et al 2012). Joit 2 7EH
TG, CSAHEPR I RAZHRER I H B E , AL SR m,
HA WK AEFNTE /7. 8 FH CRISPR/CasOF; A X AERE i #19522, 22 fLSBAI =
B 131 CSASE AT i, 73 mI3RAS T RIREA BRI BOCBUEYEA & 595229
JYSBER NG IR BUEVE R B RKY1319°77, AR T /KR 7= B F(Li et al 2016). 1
bb, AR BT SE 3R B REAE HE CSAZE R 3Rk s IS R N ER(S 5 R T OsBZR1
(I8 2 FEARAEAD B 1, OsBZR1IE IS 454 B CSARL R (13 ) 7 LR CSAM R IA
(Zhu et al 2015b). ANid AT UESE R IS 2 A B 75 225U CSATE K 2 5 (1 e At
EAE.
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R1 KB ERMEDERBHEEN FREEMRE R

Table 1 The information of mapped photoperiod-sensitive and thermo-sensitive genic male sterility genes in rice.

HA P /SEEREN NEFEAR 1538 [X. 8] Tk S 3R
et pmsl 7 320018 85 kb — (Zhang et al 1994; Liu et al 2001b)
iR pmsl(t) 7 e 9% 648 101.1 kb — (Zhou et al 2011)
e pms2 3 320018 17.6 cM — (Zhang et al 1994)
Hef pms3 12 B 58S LDMAR long non-coding RNA (Lu et al 2005; Ding et al 2012a)
et pms4 4 % 9S 6.5cM — (Huang et al 2008)
SR p/tms12-1 12 R & 64S 0sa-smR5864m small RNA (Zhou et al 2012)
b i Cs4 1 csa FRAIR LOC_0s01g16810 MYB % 3HF (Zhang et al 2010; Zhang et al 2012)
L rpmsl 8 H DIS 998 kb — (Peng et al 2008)
b e rpms2 9 H DIS 68 kb — (Peng et al 2008)
Sl ptgms2-1 2 71 638 50.4 kb — (Xu etal 2011)
DiTK o tmsl 8 5460S 6.7 cM — (Wang et al 1995)
R tms2 7 Norin PL12 1.7 cM — (Yamaguchi et al 1997)
T tms3(t) 6 IR32364TGMS 2.4cM — (Subudhi et al 1997)
MiTK o tms4(t) 2 TGMS-VNI 3.3cM — (Dong et al 2000)
R tms3 2 GAS-1, #R 1S LOC 0s02g12290 RNase Z (Wang et al 2003; Jiang et al 2006; Zhou et al 2014)
B tmsX 2 Gl 183 kb — (Peng et al 2010)
MiTK o tms6 5 Sokcho-MS 2.0 cM — (Lee et al 2005)
NiTkEld tms9 2 ¥k 1S 107.2 kb — (Sheng et al 2013)
MiTkEd tms9-1 9 i -1 162 kb — (Qi et al 2014)
T TGMS 9 SA2 11.5cM — (Reddy et al 2000)
TR Ugpl 9 Ugpl L4 LOC_0s09g38030 UDP i & b B IR 1k (Chen et al 2007b)
IR tms6(t) 10 G20S 1455 kb — (Liu et al 2010b)
IR rtms|1 10 12078 7.6 cM — (Jia et al 2001)
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1.2.3. 3 KFEERBIHEMEZA B EERE LA E

R T M CHUREPE A & BRI RUE A — . 4 43 0 2 H Ak BRS8SHE & M R 1L,
REHEEAEMEBONEE, AERFRETZ, AT R RREEEEANE
AL A TE RSO (RITESE 1996). REEANE R RSSSHIRBA E R1H64S
ANE T A — AN R ], A 58S 224k S-1 R AT AT AE R A AAFELE AL A
BREF(FFHSE 2002). PR o 20 1 I B0 EAS B A A0 2 TR U & L
SAEZ SR GtAR b (GRD . BAEHT TR B 22 R S- VRN R S-1 1A & AR 2 B — %t
BRI (B8 =55 2001), H H 22K S-1 5HATANARE R 2 HHA S0 SRR

BRER(FPAZE 2002). XKL, 2R S- 1B LT LR BSSSE B, JFH.
FIHHERER T — KA E R, EAEF RN Z, B 228 S-1H i g
VA FE DR 8 A0 R st BEAH DG At i 22 o e R TE KT A IR 58 — Ji 4 B R 4 2
DRI 2K 2 47 2 o ol R R T8 45 T3 2 T AT TR 22 AR S-1AS 1 8 DR 32 0 I il 11 g s
e, B HEN Ttk B, A% mmsS, JE KA ZARS- 1A A LTIYRIL Fy
TN tms 58 7 BIFRILC365-1F1G221-7 2 7], 1845 PE 2543 71 9 1.04 812.08cM(Wang et
al 2003). Bl J5 R LK H T = AR — PR R RS R 48 /N 2 181 kb, XA
SENL ARG Z ATg A& it e AL A B AR AT, (A H B (Jiang et al 2006).

JERBEA AL EIE T EAE, AR T msSHITERE. MATRIA TR R
B AN HIARRISHMZARS-1RTA R 71258) DR REUN & R R E MR T 525t
& BRI —AMLE . (FIEFEFLOC 0s02g12290f88 K B iR N 22 4R S-1FIFR 1S
B, VRS TMSSHEK (Zhou et al 2014). TMSS9wfS—/MESFFIIRNAREZ, i 4
NRNase Z°'. FANIRIETEASE K T A S-1RIFR 1S RNase Z° 4 fith 2 [ OB 1R 32
AI# ik, {AJERNase Z°' A4 G FAZIRE N, HmRNARE (K FER. KR
TN . 5HARNase ZDIREALL, RNase 7%t B A M A VIBHE L, AEXHRNA
(K333 BEAT AN L, ARSI AR R SO & AORRIIE 3 S b 2 (B3 X, f s il
RNA-seq ] 751533 7 RNase Z° Il TR K UbLyy GZ R HEIRL40E H ). RNase Z°'
B N34S Ub g PImRNAMN LR EA 1 B, EIRBAE & B TRNase Z°' gk
Ky ANEEIEF N LUbLy, IR RGIE T HEMEAT 105 B UbLg
mRNAREW RNase Z° 1IE# F&ME, AR R, B IEH (Zhou et al 2014).

s
|
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Z R N K T 638 H s AL 1R AN B AL A prems2-1 5 52
LOC 0s02g122901F Jfgide B8, BRI 1 [FEIAE BB EE R A, Ui B prgms2- 155 B
ERitmsSs, BIRAE A AT B A GG IE(Xu et al 2011). TRNase Z°' %[
W IE A7 T tms X1 5E 621X 18] P (Peng et al 2010), - HLBL AR tms 915 56 55 R X Bt (Sheng
etal 2013), Pt LLAT s P REAS e [ — AN R . A R B2 T8 AL tms SR
A E RZARS-1/2 15 H40B/H285//6209-3 FsHE AR H R B B #R(CBLEREE 1999),
PRISIEAEDLD 5L//4342/02428 KIF REAA T R BRI (I 4155 2000), [ 1563872 A i
NAR BS8SITSEMMEA T &NA22S 5T (H63 8 R FIE B MR IR £ 2002), #il
SAETERITE 5 o R B SR RAEFR (Peng et al 2010), £ HIX A E RN B 4L H—
SRt R R AR, AR SERR AR B BRI RIR 6 AN, E R AEA [F R A
ML R E AR AR B R 5 63SH I RNase 7% 5 K 5751 5 H MU R 15872 Al 1
RIE T RE TR AR IE A, IEAFAE2ANSNP(Xu et al 2011). ARROFTIXLEAE R
RNase Z*' SR HAAT B ALK P FIAE 5, 0] AT BT IR ems STE FAATLEE () B

v BT 2 i) A 27 P 7 9 o B /KRS UDP 81 7 47 A Tl TR e g [ 50 22 [
Ugpl WIZIE 451 ALK 4R & 172 B & p DA AR R AR T4, S B0
. Ugpl 1) RNAI MR IR E RIHEEANE 1 H LA R (4 & 1 5205 B s
B NAE, IR T A & (Chen et al 2007b). W5t %] Ugpl ) mRNA EF1%: 87452
W RE TR RIS HI R T B T A BT R B R E AR IR AETE K
BN ST RIBIVIN mRNA, fEARIR T Ugpl FLIMHIERE A LI HS AR 12 155 1,
BTENET, St T, XN E TR mRNA e — BB 2
W IERRBI IR s A, BB R UGPase SR, WHIRBIAARIER, BMHAX
40 (Chen et al 2007b). &KL B 40T sl T Ugpl SLHIHIAE VR R R IR BUEEA &
% TGMS-Co27 JkH 2t A AR BRI I 3RIE, RIS i, s —tl
1ok K B A L LK (Pan et al 2014).

RIS T ORIR U A & S IR PP 5 (1 56 |, 41X LDMAR 1 RNase 7' (13 fi¢
VERRAE AL Bt CAPS bRic 734 1 90 A IREUE I AN & 2 o Bl iy R ax AN ZE R
T, RILLAAR B 58S AME— AN F ERE DGR E R B4 3457 RNase 2
WHBIREGIXPANFEERN; 2R S-1 itk 1S fiTERARE RIS A RNase 2°'; I
AR E R 5 R R 58S 224k S-1 FIbk 1S BRI RA T Rt otz —4
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JEIR, EHR S-1 FREIAE X AL IR T EL5 Y RNase Z° (MR E R AE HETH &
RASTGA = G S S S HUAL(FRAETESE 2015). 145 RNV T RAE R
Z 5GIRBMEYEA B R R B A, A 1k H BT e J LA R i A E M
AR DLE RS TOCBA B RS B 5 Z [ EAR, (B CHRIE R LG IR U
AE R AV AR, AT Z 8 77 P AR R A7 AR S SR B AR AT
T —ATT A

1.3 Long non—coding RNA ffis3iHtfE

1.3.1 Long non—coding RNA BUEN, XK INEE

FHARF RN RIS I RNA RAHE 11 2 ARG s B 13 AR S 3R iR R
F5, BEE R sl &N P S AR R, RIWKEHERAIFEA ORF
(Open Reading Frame) B # FH PR 46 %05 1 7 41, Pk 2 3RS RNA (non-coding
RNA, ncRNA). ncRNA fEFERKIH 24448, LLNZAE], Hd 70% 03k K240 Fr
HIRETSH sk, {BANA 2% % 5 (A i (Bertone et al 2004; Birney et al 2007; ENCODE
Project Consortium 2012). ARIEAZ E R /7 51K FE FI45 HH4 IX 2 ncRNA 7028 (K] 3),
f35%E & ncRNA F1i#% ncRNA. X ncRNA HFEZHEA RNA. #is RNA. %1
/N RNA (small nucleolar RNA, snoRNA). /MZ RNA (small nuclear RNA, snRNA)
Akl RNA (telomere RNA)D, &% ncRNA fEANH R A RIL, MHIE ncRNA
HRAE AT ELEGIR NI A2 piRNA (piwi-interacting RNA)D. siRNA (short interfering RNA)
A miRNA (microRNA) X =ZKKEE/NT 50 nt FIFEHE ncRNA, EAER EHE
TR, BRI AN EEL 36 RNA T, RNA FaethE. B St 455
K- b xof 3 DR R 3 PR 2H 3R 4T I 4% (Eddy 2001; Klattenhoff and Theurkauf 2008; Chen
2009). K% ncRNA (long non-coding RNA, IncRNA) #&—25K % KT 200 nt [3E%w
i RNA, e 2E7E 2002 SEXF/NR AT K cDNA BT RHUEIN 7B R I T 1% R EEA
JwALEE F BT RNA, HEFAN TR S5 RmiLE AN RNA AR, KEragid
53 HNMEF-FH 373 poly(A)E ELIN L, L& exon F intron(Okazaki et al 2002). {H
IncRNA TEHEL I ORSF AR FEARAR, JF B30 F B AN w5, AE7E R 5 1 2 2 0Re S 1k
—EERYCA R FE TN “METE 7, ELE] 2006 44T IncRNA 23 M2 B B AT TH 2 A ThEE
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(Pang et al 2006). BfiJ5FEERTE S MR ORI T 2425 & Bl AP 5 16 45 P11
IncRNA, XJIXLE IncRNA DyREH R 5 BAR B A 2 W B BAE - BB 1 AE &
B LR E I, I i K& BEE S — e H A A\ 28955 (Wapinski and Chang 2011; Tano
and Akimitsu 2012; Batista and Chang 2013), H § ©.& A 24 70— 301450
15

Housekeeping ncRNAs

Abbreviation Full name Function

rRNA Ribosomal RNA Translational machinery
tRNA Transfer RNA Amino acid carriers

snRMNA Small nuclear RNA RNA processing

snoRMNA Small nucleolar RNA RNA modifications

TR Telomere RNA Chromosome end synthesis

Regulatory ncRNAs

Abbreviation Full name Function

mMiRNA MicroRNAs RNA stability and translation control

endo-siRNA Endogenous siRNA RMNA degradation

rasiRMNA Repeat-derived RNA Transcriptional control

PIRMNA Piwi-associated RNA Silencing transposon and mRNA decay

eRNA Enhancer-derived RNA Regulation of gene expression

PATs Promoter-associated RNA Transcription initiation and pause release

IncRNA Long non-coding RNA Imprinting, epigenetics, nuclear structure
'd-'—'-._...-—'('&]“

’—. mMRNA ’—.
_.p"“‘\___-"-_-"““-.__‘_ ___‘-‘—-""‘--.___‘
Il II 195} I

hALS / miR or snoRNA
Q O rRNA, tRNA, or snRNA
5'-3' bong 2'-5' bond
circRNA
W Coding
Noncoeding ™ (An
IncRNA or MacroRNA
P T M miR  or piRNA
eRNA 4’44

B3 JEGRIBRNAKI 2> KA Bi(Fu 2014).
Figure 3 The production of distinct families of non-coding RNAs(Fu 2014).

LncRNA H4f F 5 AR5 2 H o1 g i s D] 22 8] AR B AT DA a7 54 23 Dy 5 2R (K]
4A):  sense, HHIE XHEHESRIMIOR, SHMMERZEFAN —PEZA exon HE;
antisense, M SCEER IR, 59D E KSR A — B2 4> exon [ [0 H &
bidirectional, A fAL TG IE K i, 5 <RI g i JE D5 0 A SR dn A AR
B AR, BEES; intronic, KHE TIMIGEEER intron; intergenic, {7 M4
G L 3 TA] ) PRI T X, S — IR B S BTG o AR IR B SR KRS L 5 2 0 D) BE DNA
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element Z [A] KX FR . SEEHILZ AINIR R S HRENRE . OISR OR T
VA 25 K A AE ) 7 D g AT gk — 2 L4053 (St. Laurent et al 2015).

A

B Longnon-cokng RXA A Sense
Bl Proscin coding e —il
B Antisense
—— -

C Biodirectional

D In|rn:m‘\—m
—'|] l'_
E  Imergenic r'
= -

B 1. Transcriptional
Interference
] —_—-—-—- T L ¥
\_} re— e —
2. Induce chromatin Fybridization of sense T \
remodeling and and antisenye RNA specific pratein [ ]
histone modifications 8.5mall RNA
. Precursor
- ’ o or
o
Black récognition of exon Dicer Cleavage
by thee spliceasome 5. Modulate: 7. Alter protein
. protein activity localization
' B
3. Modulate alternative 4. Generate 6. Structural or
splicing patterns endo-siRNAs organizational role

Bl 4 KEIEmIT RNA F5RFER T K.

A, KBEIESWAYS RNA 11173 2%(Zhang et al 2014a); B, KHEIEZMAS RNA [1EH J5 3 (Wilusz et al 2009).
Figure 4 The catogories and function styles of IncRNAs.

A, The catogories of IncRNAs; B, The regulatory paradigms for how IncRNAs function.

LncRNA @i Je it Sz Jo ¥ s )5 mRNA J1 LA T5 iz R R s 5
- Fh 4 O 27 ) BE (Mercer et al 2009; Wilusz et al 2009; Fatica and Bozzoni 2014;
Angrand et al 2015). HAEH 77 0] BL2r R 8 F5(Wilusz et al 2009) (& 4B): 1,
T, @I HH RNA REH 1 2SR5 Ski M b kR Rk 2, %%
Rk, WA F S YO E R MA R QBT TR R R 3, HIEa s e,
KBTS SCBE R IncRNA 5 15 SCBE B AR exon FAAEE S, XMRAZTINT
SRR ST exon BRI, 193] AR RIERIERTR Y 4, PENTE siRNA,
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J7 3 3 IR Ah A H I 22 S5 4E 31 Dicer HA18, BEBTUITLRLAUR siRNA; IncRNA fig
e 25 & e R B 1 DO B ATE M (O X 5D, s 1E R — MM LT/ 5 RNA-
EAREGEIIER Or 6), BB EARMTAMEN (5 7 8, 1fEX
AT FEH 0 77245/ RNA, 1 miRNA. piRNA %%,

HAR IncRNA WEF 7 N2 P2 A, HHEAERNIBAg R AT LAy 4 Fl(Wang
and Chang 2011)( & 5): {55 (signal) i51H (decoy ) [M] 5 (guide ) A HIF-4E (scaffold)
LncRNA RIEET MEA—MES, REGE T HEZF EExRFEF (B 5 &
REMEE) sdHMAE S AR R A2 (8] B3R RIS, BT IncRNA RIEH
o 2R S, I REAE I 23 AR & B IS ShRid: EAEHE, IncRNA Al 5%
PSR T RHEAMEARL G, HENm e g s X, i
IncRNA fEf% 5348 miRNA HIHEREE R 36 4 M 455 miRNA, AT +E miRNA ) Zh g
IncRNA 1B Ay i) 3 B FH 55 4% (4 5 A& 1 g LA 538 G 0 0 PR 85y, DASE DA O =
i EE S Uy A R B i H AR R ik, X phifds 7 N4 2 il DNA
MFRMEM 5 IncRNAs IERER— M HIT-28 —FERER 24N 8 1 o SR BRI KW %
EAR A, AT YREREMAE B, 5—J7H, IncRNA T4 /EREE
BT SRR E A A M B S 5 B A

I, id
I. Signal Guide

B 5 KE%E4 S RNA KI/EFIHLEE (Wang and Chang 2011).

Figure 5 Schematic diagram of IncRNA mechanism(Wang and Chang 2011).

1.3.2 ¥4 IncRNA FRIFH R

T ZPF % IneRNA FANEE R SO AR B B S5V E FIVLB IR AN 7T, 1A
A D HU LA IneRNA FIZHREA BTN, RIS B AE 2R I IncRNA 1)
KA Lo FIF RNA-seq M7 ARTE7KFE(Zhang et al 2014b; Wang et al 2015a). - K(Li

20



IKAE BB EARZ AN B HE D pms ] 150 FE 5 DR AT

et al 2014b; Fan et al 2015; Wang et al 2015a; Lv et al 2016). #AF 7+ (Liu et al 2012; Di
et al 2014; Wang et al 2014a; Wang et al 2016; Yuan et al 2016). /N (Xin et al 2011).
H31E(Wang et al 2015b). % li(Zhu et al 2015a). MHE (Xie and Fan 2016). 7% (Wang et
al 2015c¢)- [7] H #%(Flérez-Zapata et al 2016)~ 21 /A (Hao et al 2015)+ ##(Chen et al 2016)
FEATINE] T IncRNA [IFEAE, WRBIZAHL, SRR ZVIRFIER G &, K1)
7 IncRNA 1£7E [¥)34 3 P4 F1 # Z M (Zhang and Chen 2013; Liu et al 2015). 3 HAF X
e @S TAEY) IncRNA %038 % (Jin et al 2013; Paytuvi Gallart et al 2015;
Szczesniak et al 2015; Yi et al 2015).

R E— DN EIIFRERAT AN IncRNA K AU I o 5305 S IFEAH %
f¥] COOLAIR (cold induced long antisense intragenic RNA) (Swiezewski et al 2009).
COOLAIR #:5% BBAFFAEIE K] FLOWERING LOCUS C (FLC) 4=+ 7 kb % U8k,
I AAAEA R P B R, FLC /& H Fi84 (autonomous pathway) FNE 1k 5 il HF
TERRBEREDR, B I FLC MRIERARFEIT L. FERFEARIR T COOLAIR 5
SxRE, BLEMEALZEGUN FHORRBHIER FLC MRIE, RiETFH
(Swiezewski et al 2009). 7£ H R4 COOLAIR & ik S 8T X S 8HE A
A B R A B AR, S FLC KI5 & (Liu et al 2010a; Li et al 2015). 1fj H7E
COOLAIR A 3§MZE—"> exon FAFfE R-loop 4if4, 1€ | ANNDX HHY5
COOLAIR W44, il COOLAIR Wi, #EMif+E FLC #3K1A(Sun et al 2013).
COOLAIR M FLC Z [AJJEAFAE S 5 15 AL, CDKC;2 (cyclin-dependent kinase C)
RESZM RNA REHF I BHRIRE, KEIBEE &M COOLAIR ¥, T
COOLAIR ¥ FLC HI#M#I/ER, T3 Ll FLC Rk E; WX M T4 St ke it
COOLAIR [1)3ik(Wang et al 2014b). E FLC 1E X BERIEE— intron BB R I 7 —A
T IncRNA COLDAIR (cold assisted intronic noncoding RNA), K 1.1kb, R —4
exon. HIAHZ RNA RK&H MK, 55 COOLAIR AR, COLDAIR Rf 5
e 454, Y& poly(A)Z E\(Heo and Sung 2011). COLDAIR &% 5 PRC2 (Polycomb
Repression Complex 2) H# HAE, fEHEMIIFEF ¥ PRC2 #%2] FLC L, PRC2 il
WA FAHE A H3K27me3 HIEALINH] FLC HIFRIE, (EFEFFIE. XA RELHIE LT
5 I EITLER, YT IncRNA WL R R IAEE TR, RUZHLH]
TE E AL _E (75T (Ietswaart et al 2012; Kim and Sung 2012; Chekanova 2015).
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HXPIA IncRNA DJRe2EL, KA 5eFEAR 228 — > IncRNA JEK LDMAR
(long-day specific male-fertility associated RNA ) & i i 2 WA i & #% 4 H (Ding et

al 2012a). LDMAR 4=+ 1,236 bp, ¥ intron, P24 TR EX, #EHDEHHEMEA
B, AR LDMAR [f— ARG RNA ZREH L, I
LDMAR J3 35 [X DNA ALK T, 0] 1 5E IR H RS gl b pg ki,
PRMEVEARE XSS S )T X — /) RNA /3£ RADM(Ding et
al 2012b). 1M H LDMAR A 5L REMSF2E 21 nt (97N RNA osa-smR5864w, 15477 T
HEE 11 AL ERIRRIE AT AT REMERR T/ RNA X R R R s e, e &
(Zhou et al 2012). &G HHAMEHRSYE | LDMAR WRWAEUIE R AT H, 72
FEIR NI FC % 3

fEY) IncRNA HEE1E RN EIHS miRNA se4+PE4s &, 1% miRNA FIZhRE. $LR
74 ) IncRNA [PS] %:[K (Induced by Phosphate Starvation 1) &7 — B 23 nt K5
H, AT LA 5 miR-399 H ALK, fH7E miRNA 25 10 )25 11 A2 ETERL T 3 nt [ loop,
15 miR-399 ANGEXS IPST B1Y), RXMFEFIEL &S T miR-399 HHLILK PHO2
] mRNA RREWEIEH MR, REEFm, 8T EPRN&E. Bl ZRHT
miRNA TjRefft 7L i target mimicry AR 2 3 T I B (Franco-Zorrilla et al 2007).
UL 7 e AR AR A7 AE K EIX A A eTM (endogenous target mimic) HE /7
IncRNA(Wu et al 2013; Ye et al 2014).

1.4 184 phasiRNA Ff5RiH R

FEREY) HIEAEAE— 5K 57 1) IncRNA——PHAS (phased siRNA producing loci)
R, BATE N/ RNA BT, G877 45 21 nt 57, 24 nt K ¥ phased small interfering RNA
(phasiRNA). i /8 X, phasiRNA #i/e—#%/» RNA LA 21 nt 803 24 nt NS,
TEFERH PAR YRR AR BE SRS Xl RNA 4% B8R UCHES K SR AE B P
A1 piRNA B H#IE, {H phasiRNA fl piRNA [ G FEFE R 7 RZRIR K,
FEALHES R & — PR 5 AN B DR] b 4 B bRt 799 & 5 1 # Z (Han et al 2015; Mohn

et al 2015).
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1.4.1 tasiRNA B IRANFZ AR T F2

phasiRNA M2 52 5] #1 H tasiRNA (trans-acting small interfering RNAs), #
FAEUF ST P 2552 B tasiRNA I, KIS Z ATIRIERI N IR siRNA A[E], Hp= A 2=
miRNA G R 1 — RFIE A, 1M H tasiRNA 2] R ER AN LRILE,
I Hod i e SUE 7 2R #s H bRk R ) 2214 (Peragine et al 2004; Vazquez et al 2004),
Ja SR FE R BN tasiRNA T iS22 H miRNA /S B9 Y172 2E f(Allen et al 2005;
Yoshikawa et al 2005). tasiRNA >k H J TAS (trans-acting siRNA producing loci) £/ f.,
TAS A7 SRR ARG RS A, B5E B miRNA FIRAIAL A, MH A
—~ miRNA /SR BTN 5 IF 4575 RDR6 (RNA-dependent RNA polymerase 6) [
YEF TAZ R dsRNA, 4 DCL B BT d) s — s AHZE R LA 21 nt JyAH AL HRF
siRNA(Allen et al 2005; Gasciolli et al 2005; Xie et al 2005; Yoshikawa et al 2005; Chen
et al 2007a; Howell et al 2007), iX£PL 2% siRNA EH 1 tasiRNA — 75 [HIRE 615 HL
fit sSIRNA —FEAEH T NAEEE A, IR Redt — D ai G B M A b, JBal N —5
tasiRNA fTE R, 1ERK siRNA 2 KB A 205 42 (Chen et al 2007a).
B H ATy IETEI RS IF p 3L S e B 8 A TAS H:[H, JBT 4 MKk (T4S1, TAS2,
TAS3 # TAS4) . miR173 S5 TASIa/Ib/Ic FI TAS2 7=/t tasiRNA, 1XLE tasiRNA (4L
FER gt PPR R M M — R AT RE & H (Allen et al 2005; Yoshikawa et al
2005), miR390 M5 T4S3a/3b/3c F=E K tasiRNA HHFRZ A tasiARF, KA'EATH
HEFER R B T ARF(ausin reaponse factor) 5 %, 4% ARF3/ETTIN 1 ARF4 %5 (Williams
et al 2005), EEZHPEMH RS, WA BEEERE. KER B RETRE, FH
tasiARF 7EAEYI B304+ HE 5 £R 5F (Allen et al 2005; Axtell et al 2006; Talmor-Neiman
et al 2006; Montgomery et al 2008; Wang et al 2010a; Rajeswaran et al 2012). TAS4 /=4
1) tasiRNA 72 FH miR828 /1%, #5E #| 3 > MYB ¥4 3% A _F(Rajagopalan et al 2006).
tasiRNA [T R 73 AP 251845, TASI. TAS2 Fl TAS4 55 TAS3 7y )& T Wik (K
6). miR828 Al miR173 #F/2 22 nt ] miRNA, 7E T4SI. TAS2 #l T4S4 F#HRAG—
ANEEAL A, AT 573, #% AGO1 (argonaute 1) #H%), 7F SGS3  (suppressor of gene
silencing 3) il RDR6 fI{EH T4 dsRNA, Figf DCL4 (DICER-like 4) F1 DRB4
(DICER RNA binding factor 4) 1% 21 nt [#] tasiRNA(Allen et al 2005; Yoshikawa et
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al 2013). TAE7R —% A LR TAS3 # A LAMA 21 nt Y miR390 HIEEAL AT,
AGO7 # R R AMIX PIAL A, H IR 373 R EEAL i BE 8 B RISC (RNA-induced silencing
complex) Z5&IF8IY), MIMHZE SGS3 Al RDR6 4% dsRNA(Axtell et al 2006;
Rajeswaran et al 2012; Axtell 2013; Fei et al 2013). S # W 7T E B AGO1 (KBTI IE 14 %F
T tasiRNA JEH{ phase siRNA FEH EE, UM T AGOL K% 7 HVIEME)E, B
AL T4S H7 5 L= E K H T RDR6/SGS3 [ K& siRNA, {HIiXLE tasiRNA JEAN 2
T @A HESI ) RDR6(Arribas-Hernandez et al 2016).

)

7

Pathway A: TAS1,2,4 Pathway B: TAS3

!

m'G

RISCM'RNA@ 1

Kl 6 TRk tasiRNA I %1842 (Allen and Howell 2010).
Figure 6 TAS pathway in plants(Allen and Howell 2010).

H RIS A B IX 8 TAS ST S B IE, BEATHRZIETT tasiRNA HI4E
FERKRIEER . R THEIT, 7E/KFE(Abe et al 2010). K K(Petsch et al 2015). K&
(Hu et al 2013). A% (Tang et al 2012). Ef&(Zhou et al 2013). Fi%j(Rock 2013)., 3¢
R(Xiaetal 2012). #k(Zhu et al 2012). & #¥(Talmor-Neiman et al 2006). z 4#2(Kéllman
et al 2013) P A IE, {HIX tasiARF H WA TIRE, 1 HIREIR ST, H AR tasiRNA
(LR DY REATIL AR o BEXTIR R SR E AN tasiRNA HESZ 7 &1 Mk,
BT M A% E tasiRNA AHIC) miRNA S AEEER (Li et al 2012),
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1. 4.2 phasiRNA FAFE RS R RIE

d

TEWF TR — 2 siRNA IS AR RN E miRNA /37728 1) 44 siRNA A
B REAE SLIR TG UE FIREAL AL, WASBERAE /& DAL 2 S 20 77 A F T HAR B A,
X siRNA FRZ N phasiRNA, MIXAN FEINA phasiRNA 95 1 PLR 07 E A
[f) tasiRNA A1 LUT 5 316 ) casiRNA (B 7A), R phasiRNA #5418 H miRNA
I3 NS AR B YL ST UR 7= AR (R 3 I8 — e ARALHE S 1) — % siRNA BA T2 1=
X (Zhai et al 2011; Axtell 2013; Fei et al 2013).phasiRNA )T i L7 one-hit A1 two-hit
W2k 4% (B 7B-C): one-hit & $5 PHAS JEH FAVEL A 14> miRNA iR B A1 BT 147
A, % miRNA % /2 22 nt, BAKA 21 nt miRNA 2 51Z@FHIIIE; two-hit /& F
PHAS B:08 EALE miRNA 9 2 N EIAL A, 1% miRNA — 2 21 nt 8% 22 nt, 1X
PSR AIAL S A P BE#E 2 5 phasiRNA FIBTUITE R, B A H 2 —BY1J)(Zhai et al
2011; Fei et al 2013; Xia et al 2013). 7EEfE FHERIA miRNA 2538 BOH R 1)
phasiRNA ik & 142 =i (Fei et al 2015).

TE B IHAEY) KRB AN FOK I 2R % 1 phasiRNA 32 2452 H 22 nt ff) miR2118
miR2275 /1 F T A1, 43 2 [1] phasiRNA FH 4371 24 21 nt #1 24 nt(Johnson et al 2009;
Arikit et al 2013; Zhai et al 2015).IX 54/ fH4F 7 K14 1) phasiRNA TE id 25 tasiRNA
AL, (BIRZ 25 Hrh R PLE R SEEIESE (& 7D). /KAEH miR2118 Al
miR2275 H& 7 £ OsDCL1, M EA1- 2R 21 nt F1 24 nt (1) phasiRNA 1| 7371
i OsDCL4 i1 OsDCL3b %157l L.(Song et al 2012a). fEiZid M) _Eit——# 8705
FE AR EL N dsSRNA I 2 H [FIAE 75 22 OsRDR6 IMEH o 7E osrdr6-1 5838k, T
B2 tasiARF I8 42 21 nt F124 nt (1) phasiRNA F & AR T 55 A 78 bk 38 FRA% K gD,
B OsRDR6 X phasiRNA JE i 1) # Z P (Song et al 2012b). 7EHLEG I+ H' 24 nt siRNA
85 A S #4745 ) RADM(Chapman and Carrington 2007; Law and Jacobsen 2010), {H
XP/KAEIX L PHAS 7 siE1T DNA H AL 533 B, 24 nt phasiRNA 5 RdDM i 7%
ToR, ARESZMA N IEFLEL R ) DNA H 2£4L(Song et al 2012b) (& 7D).
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A phasiRNA D phasiRNAs
D'mon:lmad pattern of phasing, but
for which function in cis or trans is
unknown; derived from a PHAS gene.

[" 3 ) \?r//  tasiRNAs panicle-specific

tasiRNA casiRNA —
phatiRNAs for which function in Mlm for whi:h lnnnim
trams Is experimentally indsis e

o
&
demonstrated; derived from demonstraty derivcd frovn a uﬂ ———— L\__m e
a TAS gene. \PHAS or TAS gene? w — \r;:
-

B One target site Two target sites o i i

m'a H :

2;,  same or different m-mj o, ¥ M

Mo phasiRNA produced mMiRNA triggers;

£ Cleaving miRNAs o ’ e T -
k- not a 5°U miRNA; 1
£ i "‘W miR211 AMAn  miR227S
E MIRNA triggers ;
= .
Fragment upstresm of i ]
cleavage converted to . No cleavage A
None phasiRNAS. 43,:’
1 2 o f % «f o @‘s'mn Y
£+ 22 . Same mIRNA trigger;
_ miRNA trigger is mIRNA trigger is :
§ a5'U miRNA; & 5°U miRNA; i
| Typically AGO1-bound AGO binding unknown
£ mIRNA triggers (AGO1?) T m—m - el
~ Patential bi-directional . :
™~ Fragment downstream of processing of the middie ¢ -
cleavage converted to pertion of MRNA into v v
st I e T 0 -
c - phas T Oy g T = ;
One target site Two target sites @& wp -, . w"m‘
- ~ 7 ~\ i H 2int 2 240t 2
2y v e e R J
TAS3 by miR390 (in 21t o 21mt 2ot R ® Ry ®
a [ s AGO7); Arabidopsis and e The e Tie Hnt 2t
g other species PN ;
= i 21 il i
= APZ by miR172 & miR156 o ra '
(in AGO1?); Medicago, 4 w ,IAW" AAAR
not soybean mrg LAAAR m'G .E-T)
\. AR J
7 Y & ' { H
123 22? \ GI v
TAS1/2/4 in Ar T e \ f
§ in Medicago e - i
£ |  »100lociin Medicago =a
o >40 loci in soybean
mRANA cleavage and decay of target transcripts DNA methylation of
\ I Y, target loei

P 7 phasiRNA 143 BRI HIEFE CRE T Zhai et al 2011; Arikit et al 2013)

A, phasiRNA [J5€ X; B, phasiRNA {5338 M: C, 5 B & FPZEA! phasiRNA AHXTRZSEH]; D, phasiRNA
TE R R A 77 20R

Figure 7 Definition of phasiRNA classes and the schematic overview of their biogenesis (from
Zhai et al 2011; Arikit et al 2013).

A, Definition of phased small RNA classes in plants. B, Rules and observations of phasiRNAs in plants. C, Examples of
phasiRNAs matching the observations described in B. D, A schematic overview of phasiRNA biogenesis pathways and
their modes of action.

W R IUARASEHEY) T K ARG phasiRNA 3Rk B A AU R, EEAE
FEFAE 2 31K (Johnson et al 2009; Song et al 2012a; Song et al 2012b; Zhai et al
2015), JF HAE UG 48 b ARG I 2] phasiRNA {38 1A (The International
Brachypodium Initiative 2010), 3] phasiRNA fEFEYI{E K B A2+ 1 nl g B A B2
PIER, FFHAFEDIRE LR FYE. A BB RIKFG osrdre FRAZNRR I ALK B 6l

26



IKAE BB EARZ AN B HE D pms ] 150 FE 5 DR AT

B, I HAX PR 5 IR A OC, A H s %R 2, % HARIE N K 5 (Song
et al 2012b). 1] OsDCL4 R Ja/KF/MEE SR E 7w, IRMEREIFF(Liu et al
2007). X225 phasiRNA JE ) R ERF WA S K FMG, #E— kst [ixE
SIRNA f 5 2, fh 4k, Ftitf 22 nt ) miR4376 BENL 45 & B Ca® -ATPase X ACA10
F, A7 21 nt 1 phasiRNA, HZRIE miR4376 J5 2 S EUAL LA 1 248 fl s & 1
[ (Wang et al 2011). B2 FEr 4 52 B 22 nt miRFBX7 RENT 6 4> F-box FE[H 7=
4 phasiRNA, IX£E phasiRNA fEAEFI RS )R IE R LS, Rt — D e HAh
(K] F-box #£ X (Xia et al 2015).

5 —J71H, phasiRNA &2 5 T HMPIRIERE. EHEE. KEMDRES,
phasiRNA £ EL AR b Rk &, SARARHEM AR, RZ phasiRNA kH
Tt , Hrh 41%%E8)& T NB-LRR £ [X|(Zhai et al 2011; Arikit et al 2014). 1H%)
NB-LRR FEHT N NN TR 2 7 AE R it A Hh B0E LA (1 0 S M (Eitas and
Dangl 2010), FEY)IEKZH A AFLE K& NB-LRR FE DR 20 1 VR 51995 J50 B 47 4% e 12
ZYi(Meyers et al 2005). XEEREDS /S NB-LRR FE R EIY) I 22 nt miRNA 1K H
T NB-LRR Z:[X[f] phasiRNA #B A GEHI ] NB-LRR JE K (1133, M IR il 98 B i\
MR I R BT [ B2, T H. NB-LRR 2[R 7= A= i b K 2 1¥) phasiRNA, 5 T4k FFAE
YK BRPTP RO B A AL B 2 5 Y (Shivaprasad et al 2012; Fei et al 2013).
B b B B E A IR JeiE & S BUORE T NB-LRR ) phasiRNA R i& & T %
(Shivaprasad et al 2012).

B HAT A 1E &I phasiRNA T 238 K B PURAMAE A G iE, (Hixee
phasiRNA /& 75 GEXF FiF$ESEREATEI U, 0% PARE ¥ s A SR 46 E 5K
i, REEL AR T K& phasiRNA, A E{T—4 phasiRNA (140 5 PR %
A, T HX T PHAS FERA S D REAH Fit— B AL T 5« PHAS B2 AR
FEAE A=/ phasiRNA [ RIGEAY, 38 tH AR A IncRNA B 1R g il B A iR
FEEF ? phasiRNA 2 A2 AT tasiRNA —FEREWS il R N UiFZ Bk siRNA =422 DA
M S AE ) casiRNA 42 SAERYI IR A ELSEAAE? X T phasiRNA B 78 Sl A7 42
K2 R 7 SR IRA TR R
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1.5 MRHERFIEX

M 1985 458 — R KT IBEIEZ A BB AR IETT 10, 245 0% 30 £
T, JRIEE M SA TR AR T PR AR STHRE IR 3 S H S5 e B 380 0K T AR M ) 1
KPR, ORI E R 224 T ERHI TRk . P9 3R 28 SSAE AR 28 S8 A i AR o
I ELBRSRBOR, KA = RS . (AL EMERES, A ER
Z A, G RN T AR B S PR R 3O G IR U E AN B R B PRI RE IS AN e
FERAPEm] o BRI, By T K B P DGR SO AN 7 R R LA T IR
wroe, HATHRTEERE. B RFOGRBHENEA T 2 R TR/

TERW T EZ BT, HARA R T HIRBEEAN & EEF R e b . pms] 21
MR AN E B — A FRAL AL AR S B2 BB AL AT 7 VR0 70 b A 4
SENL, AWTFUH H KRR A B B e pmsl JEN, XS H I RESEAT 204, 1 B
JCRBUREEIEAE BVE FIALEL . FERT FEHEAT IR R Hh S JE A OGOV E A B 2R pms3
AR EHEVEA B HE K] tms5 RIE, pms] 275 51X LS FE DR [AIAFAESL IR R 43 -1 AL 2
AV pms1 5 pms3 FALL, HGS— M KBEARSAYS RNA, Jf HLREWS 4 siRNA,
1B pms 1 EAFAEHRF TS, XL 5 T JATOGIRBUENEA 7 F R E LR
AR pms] VENREY) P B RIRIE . BAT A EZR RN A II681 PHAS 3
B 3T 7 JATLMAEXS PHAS KR 5011, KB T phasiRNA RUEENE, bt
FRAYIHENEAS T SR At 1 i B AN T 17 o

2 MRIFNTIE

2.1 IKFEM LR B ME

A5 3 B FH B KR B A B 58S i S HEH R NIL(MH). < B 58S &
HRABHEEAT R, JB TR AR E 58 MRRILE, BA AR 1973 FF7EH]
TGP —ZE kAR B 58 K H A R ILCA MARA 1985). IE58 R & NIL(MH)
KT LIRS R AR 63 NsEAS, Ak B 58S ke [l BE AL 22 IR A1 58 A4y T hric i ik
IRIFI) BCsF, JEAX, LA pmst AL &4 5k 63 MHFEI2ES R, HARHE RS
A B 58S —F(. NIL(MH)5 &R E 58S (PR AUFNAE & HAAEAL, (HE AR A Kk
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Mok ae, HERE 588 AP, 4 H T RBAIEBHRIES . MMEFTELER E
PEQIE 8 Ffra o IXPIASSRASERT FUp AR AL 1 3248, [ Hopth oy £ 70 #r o

58S NIL(MH) 58S NIL(MH)
Long-day Short-day

‘| s8s

A
. | NIL(MH)

NIL(MH) 585 NIL(MH) 58 Long-day Short-day

Long-day Short-day

B8 WAEAEK. HHARTHRRE.

A B 58S A NIL(MH){ERK T H I T Btk RA (A, MEFE (B) AHER &M% (C.

Figure 8 The performance of Nongken58S and NIL(MH) under long-day and short-day
conditions.

The whole plant (A), spikelet fertility (B) and pollen fertility (C) of Nongken 58S and NIL(MH) under long-day and
short-day conditions.

MRAE A SCRRIRIE (T RIS 1990) kA E ZEMIAL S, B CBURHEIEA T
MBI RRARI (], 23 Jymadte, 20 A v H BRI H IS AEsQ BARSRAE T,
F—fT 4 ANARE 5 A A&, 7 A T RIHmBEAK BRI LB, 8 A A)
JH63 9 H 3 Harahds, ORIEGRUBHETE A & AR 6K BRI T LA KRB LRI 4E
B HEA#RAL T HIBK KT 14 h 5 tF. 6 A FRIHTEE /M, 8 A TS
FE AL, I QR X H RIS AR EIS T 13.5 h, T ORBEVEAS & /KRS 1w S5
HHA 13.75h, 9 H 20 HATFaaieE. B3 9 A 20 HBRRAeh, AR R RiR.,
SO AR B VEA N E MG 2 iR, AN T B RS AR S AT .

WRYETHE, FRHT 12 7 EAfEdEr R IE R OS5, 3 H o M AU fhide,
TEURMEYEAR B MEERILH AT E o UM R EMSOSOR B AR 2 28 R AR
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AT RBZE SRR 7T o /DB DR To AAEPRER Dy th i et () iR R 1, A d AN Ak
TOKREE IR AR, BN TR, MRS B e A KH.

2.2 FEfEHARE

KT P 2 58 LRI R AR SR A A B 58S MK 63, JETEA = 4R 1)
TARSERY E(REE 2006), #t—2RT 2R EAZHRG, BEMEREERZILE 9.
FERTHI AR, A EA R FARieH BCIF, 37 75k, 8 75—
IERZANE HED pms3 FORKE P RBEAR T Jo ) SR fIAL st S5 sem, JFHERE 58S
523845 T BCoF 1. FATK BCoF; o3 ARt B pmsl XBONYK 63 4l & PR A
Bk 5 R B 58S HEATIELERIZE, 193 BCSF) Hbk A G313 T BCsF, KA,
FIT pms1 BIRSANENL. [FIEE, #5 BCsF, k4L [1%, H AR BCF, MR, AR
#| BCgFy, #EAT S TARICHOHT, 1L pms] X BBV 63 4l & 3L R kbR, B
fir 449 NIL(MH), F T J5 835 H D R 7 1 46

A 58S x BIY%63
!
42 58S x Fl
ketisas x pop, | TipmsI KBOIAIEE, 1RV ISSS
- | e FEREMEKR (S EBpms3, SISO
e 58S x BC,F, BCF, ZABMREGHES: 10BAENES
~8 S BRI A 00
BC,F,
S PEBCF, H1pms 1 (X B A9 63 S8 bR, I AT
Gl 35 TR R B R T 52 ACEE58S x BCaFs bk AT HE 4l 2 7

A E£58S x BCsF,

| ™8
12588 x BC,F, BCJF, FEEM, HEwiREA
l
#2588 x BCF, —B , BCsF,  MIEEAREK, MHTREAIEL, HEHEl

B9 et rnEl,

Figure 9 A diagram of mapping population construction.
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2.3 FIRIERHA %

AT BT B 63 15 A« B 58S MR 4 7 41 22 R HEAT 4 F bR i I R RO R
o —J7 A Gramene 34 % (http://www.gramene.org/) HALH) SSR Fricfs B ik
HEI TR . B 5T, B R R 58S IR pmsl FIEIX BOEATIE, 3
BHIF 5 5B 63 BAC 2109 (GenBank: DQ989628.1) F 41347 L X, HRHEF51%
FIFRAYTHRid. RSB ERIAZLE 10 bp LLESKRIIXEL, #it514, PR
InDel Fric. AT EBRIEZE R, Kook B TPk 5 4 b L4 Bt S /e 4 %
30 bp £ 4 17 57E dCAPS Finder 2.0 Chttp:/helix.wustl.edu/dcaps/dcaps.html) _F it
1To0HT, RGBT HZ SNP AL BE ST K CAPS Bi# dCAPS #rid, [FHf
PRAL IR S WS B

2. 4 BALEKR KR

AR TG G (VR A 3 B KRR A 5 A 4 o 38y el R 43 FH PR R B A
P R AR N E.coli DH10B, @AHH LA HI R ACHT 18 9 EHAL05 Bitk. H e
FH 2 B R A B AR AT T8 (0 2 S AR R & TR S AR = KRB AR 5B 48 7 )

T WM, RATFRE) BT, A F BRI AT B RS A AR
TIE R 2R EEVHEARA R A 7 A GG & 4L Trans1-T1 Phage Resistant
Chemically Competent Cell.

F T KR8 45 A R AT B AR A 458 DU U F R A 8 A Dy LG 2 A
pCAMBIA1301, >KH# AF|E. CAMBIA (Center for the Application of Molecular
Biology to International Agriculture) =245 = ; # & K& # & pCAMBIA1301S
(pC1301S) Al pU1301, #BZEE#IA pCAMBIA1301 LAY - HGEA 2], 4375 H
CaMV 35S Fl£ K Ubiquitin & )1 IKZhFRIE, H pC1301S 22 JH % X0 1M i (Zhou et
al 2009), pU1301 H GBIz it 3875 (Qiu et al 2007); RNAi #Ii|#14 pDS1301, 4
ARS8 = o g S F(Yuan et al 2007), FEAEZLILE pCAMBIAL301, HiEHA
AEFIA dsRNA HIFIHR BT pMCG161 #4A&(McGinnis et al 2005).
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2.5 IBRRFERLEIRE R

2.5.1 B EiAE

AW FE AT A B AN R A . 58S-C, MH-C, 58S-C-dP6, 58S-ORFI1+G,
58S-ORF2+G F1 58S-ORF3+G. 58S-C fll MH-C [H4MJE F B2 ik T4 B 58S Al
BV 63 FENHAME X B, 43 Psd M Sacl BV J5% %] pCAMBIA1301 b, {HP
BRI IFISE AR, 507 B A B 58S LK 41#k4T PCR ¥ AEGUIBHK 63
BAC % 2109 ( 10).

Bk 63 BAC FubE 2109 WA LR I 63 BAC STkt 5 2 (Peng et al
1998), M4 HASHE A 93-11 Fe K4 Fp 21 etk 51 Pk 47 0l 5 (1l 286 2000, 2 <4
2006), FHLIRBKEEN 107,663 bp H1/7%1 (GenBank: DQ989628.1). BAC 2109 &t
Pstl F1 Sacl 58 &BY) G 45d 1.0% TAE ERAEFEEER UK, KK EAN 5,682 bp B
BEATIZ [0S (DNA Gel Extraction Kit, Cat. No. k0513, Fermentas) (L) A Bk
FES WK 10, SEBREEIF I E LK 1), 5 kEEEFH pCAMBIA1301 %42

(T4 DNA Ligase, Cat. No. M0202T, NEB). #hiEBEUIIIUE LR (K 10D,
2538 519 pucF Al pucR BHAT KU FIAIESS, A%y MH-C, T4k

P E AN AR 58S-C B, HITFBAARE 58S 1 BAC U, HAEMRMEAKRE 589
(L R 20 7 513047 BEI PCR 73 . PCR BB R 1R : DL B 58S [ KFF DNA
JNRSRR 2 ul, 10 x LA PCR buffer II (Mg** Free) 2 ul, 10 mM dNTPs 3.2 ul, 25 mM
MgClL 2 ul, 10 mM 1% (F/R) % 0.8 ul, TaKaRa LA Taq (5U/ul) 0.8 pl, HIKEH
ddH,0 % 20 pl. BI¥%t N 58S-C-F Al 58S-C-R, VLIN=% 1. RFAIW 918, A
94 CTIAEM: 1 min; 30 4™ cycles; B cycle 94 CAZ 4 20 sec, 68°C & LEMH 6 min;
feJa 72°CHEMH 7 min, FEZEFIE. B8 PCR FYIHL 8 ul KGN, HFRSH AN
45,954 bp. R NFEMIEEMTHIRSE, MINTA 1 2 F5RFR 95% LEEIIE G T K
ddH,O, FEH Psid Al Sacl FgYI, FWCORBON 5,695 bp (B 11D, FEHER
pCAMBIA1301 #fkrr. 153 RH I o b Wl Fr 5 A R 58S FRAltER BRAR ),
FT 5 8rg 54k
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(1805) [(3141) (1886)

(2798) ((429) (5682) (2040)

(102) | ((1006) (1065) (1185) (463)

(3035) (244) [[(648) (632) (3605) (166) (132)

(234) (240)[(215) [(4014) || (1085) (1655) (3260) | 1(305) (86) [5045) | [r121)

(1871) [(694) (627)|| | [(1074) [(3563) |(1932) (801) (858) [(1817) (46) (1087)k(162)

1 1 I [
(266) l{lmz) (1233) (4023)| [[78) (189) 1(658)| | [1(52) ’{6212) (1474)  (15057) (1895) | 1(102) (1541) [((139) ’{2176)
| A e ot
2109 BAC l Pstl & Sacl
Fragment size 5682 bp st ac
digested by Pstl & Sacl MH-C  Sacl Pstl
5695 bp
58S-C  Sacl Pstl
|
CalW 35S promoter
Lac Zapha
Hndll Qsfisteon
. 5695 bp Pt (  Catdaseiriren
Sacl Pstl Sacl’ 'S Ty __Qussecondeon
I Pstl & Sacl CalW35S promoter Histidretag
5954 bp hygomcin® W‘MWM .
1301 \ T-Borckr (right)
A e 11837
58S-C-F I PCR T-w(h”ﬂd't) T— bp

mnnnn mannnn
585 ic DNA 585-CR A piisa
genomic -C- in®

PBR3Z2bom PVST rep
B 10 #4k 58S-C 1 MH-C B REE.

Figure 10 A procedure chart of 58S-C and MH-C vector constructions.

Mark 1
Mark 2
2109

15,057

7743
11,712
6223 6212
50 5,682
5,045

(bp) (bp)

B 11 Bk 63 BAC 2109 23t Pstd F Sacl BEY) 5 A .

Mark 1 A A-EcoT14 1 digest DNA Marker; Mark 2 SA DL15,000 DNA Marker; 2L tariE N H AR B .

Figure 11 Gel result of Minghui 63 BAC 2109 digested with PstI and Sacl.

Mark lis the A-EcoT14 I digest DNA Marker, and Mark 2 is DL15,000 DNA Marker, the band used for extraction is

marked in red.
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58S-C-dP6 #& 4t 58S-C A MH-C Huid 1 >k, A4 @ i fE B an & 12: S5 F Spel M Sacl
564 M) MH-C 1 58S-C #i4k, 735l B /NJg 2,064 bp F1IKZ) 15 kb B, 1
R IX W BOERGEK, 1531 58S-C-dP6 #iik 5 58S-C HHEL, VX B> 1 P6 ALK 65 bp
FrBUfiN

Psid S2S1 Spel P6 Sacl  Psfl S2Sl1 Spel Sacl
el —
Spel&Sacl Spel&Sacl
B, g b, [
Psd S2S1 Spel Sacl Spel Sacl
i
T —
y
Psid S2S1 Spel Sacl

58S-C-dP6

K 12 #i/k 58S-C-dP6 i ~=E.

Figure 12 A procedure chart of 58S-C-dP6 construction.

58S-ORF1+G, 58S-ORF2+G fll 58S-ORF3+G /& DL 58S-C N ZEHE4T A i
15 58S-C AL, X =ANEAR 5 HIZETRI =1~ ORF: ORF1, ORF2 Al ORF3 [fiftdh
FRF ATG FIETH A —A “G7, @ TE 59 5] NRAEHRE .

58S-ORF1+G: R4 R 58S MFE M /FH], Wit nly 1 ORF1 MIER 514
ORF1G-muF (5’-CAAAATCACAATAAAGATATATGGATCAAAACCTTAATAAT-3)

CRRIARA R T RENRIEE L T “ATG”, JE BN —A “G” ARMATRER),

Je5514%) ORFIG-R G4 E 58S KA T, 153 501 bp KA B [HE A
ORF1G-muR 5 ORF1G-F § #4353 685 bp KM 7B . ORFIG-muF 5 ORF1G-muR
FEE A R HAMOWI T8, RIEATEL 501 bp A1 685 bp [f] PCR P24 R, 5]
#J ORF1G-F 55 ORF1G-R #HTEELE(H PCR, S ESILE 13 % A K. PCR =
W32 R AR 1,144 bp, %33 T-vector L (pGEM®-T Vector System, Cat. No.
A3600, Promega), EILEEVIIGUE, FHEvCFEFH Apal A1 Spel XUEEY], [H4 775 bp
WIEEY) B, SRFEZ T Apal Rl Spel XUEGYII 58S-C #MAEAT HH:, A idEgLIA
T FIGAE, B T TR 67 4 58S-ORF1+G. MIFIGIERISE R WK 14 A E, 78
ATG JEHEfSEIEAN T — i “G7.
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58S-ORF2+G: 5 58S-ORFI1+G # M ikms A AR R, Spel BEDIAL IR
UL T ORF2 () ATG JaThi, AHEEAN 48 bp, [HILELEEIT U Spel MDA S f1Z —
A “G” BIK 5% ORF2G-muR (5°-AACTAGTATATAGTATATAGAGAAGCCCAA-
-GTACCGAACTTTTTCTGTTCGCCAT-3’), 5 ORF2G-F #47 PCR ¥ 1 1,571 bp K
HIR B S FIREL I TA SofE, BHYERURIZ Apal F1 Spel XU J5 5 58S-C #ifk
BEATIERE, BAVESERE S8S-ORF2+G Wl Fp S ik 25 S w1l 14 (¥ . 51904 8 K D)
AR L 13B.

58S-ORF3+G: M@ i%k5 58S-ORFI+G #H kM@ kb, Wit THT =
S JEA PCR MIELE 4 AT “ G” 1Y 1E 7] 51 %) ORF3G-muF (5°- CCCATTGCCATCTC
CGCCTAATGGAACGCCTTGCATGTTGG -3°), PAK5Z %52 KA AN A 5]
#) ORF3G-muR. 5[4 ORF3G-muF Fl ORF3G-R ¥ ##4¢ B2 58S {1 K 4 5 5115 2]
1) 1,954 bp B, 55|19 ORF3G-muR 5 ORF3G-F ¥ #3545 1) 349 bp H Bt T &
S LM PCR, P42k 0k 2,261 bp FrBL. %A BUES] pGEM-T Vector 5,
Spel F Sacl BEATXWEEY), BEVIF3RIH 2,064 bp A B 5450 [FIFEXUEE V) 58S-C %
TRz, BED). A 56EAS 2 (0 BH P 7O B 58S-ORF3+G [l FF 36 45 Rt 14 4
K. S0 E REFVIA 2 W 13 C .

A ORFI1G-F IgRFlG-muF
|—)
Pstl Apal Sﬁel Sacl
585 gDNA  =eroemoeeenes LI OrRFI | ORF2 —— ORF3 -t
ORF1G-muR ORF1G-R
B ORF2G-F
Pstll_) Apal SpIeI Sacl
58S gDNA ~l--oreoreeve- L7 ORFI || ORF2 }—— ORE3 J------t---
ORF2G-muR
C l(_))RF3G-F ORF3G-muF
Psa1 Apal S"Tel Sacl
588 gDNA  ~d--eeormenes LI OrRFI | ORF2 }—— ORF3 [----- b
ORF3G-muR ORF3G-R

B 13 #fk 58S-ORF1+G, 58S-ORF2+G Fll 58S-ORF3+G W2 F K5I Mr A,
Figure 13 The location of primers for 5S8S-ORF1+G, 58S-ORF2+G and 58S-ORF3+G vector

construction.
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El chr omatog rams from Contig[...

] chr on’atogram frcm Conng = El 23 o || &
at '21. Base £21 RE3-02-T ace 8351 Base 357 of 1,188 | .
= T A T Cv A C ¢ C|—
'1"' T ﬂ J T 5 5 T‘ w T I: H T G ? AHRACGTCT
| |
og ) A ag mw N f\M\_
G OO YN s ) b
[=] Contigl0001) =& | | [ contigiooos) = [E @S] | | [Econtgioooz) |[E=% B ==
_J Dverwswl Su mmlyl Cut Map Find | Show _] Dvemewl '.iummay' Cut Mapl Find | Shaw | ﬂ Overview ‘ Sunnla[yl CuMapI Find | Show
4B inm 20z [TATATGEATCARAACCTTAAT ~ B TGTCCATGECGRACAGARARAGT ~ \B)rs-0z-17_ro JeccTARTGHAACECCTTGCATE]4 ]
{:‘is rLe TATATGQATCARRACCTTAAI <ss; ne TGTCCATGRCGAACAGARARAGT P GCCTAAIG:AACSGCCTTGCATE]
Mz fraz v ] Teso [ D # Tsio b it I720 1730 n
et wt [FaTazcBATcanaaceitian baer  [T3TCCATORECAACASAAAAAGT base #362 [GCCTARIGEARCECCTTECATE]
¢¢¢¢¢¢¢¢¢ lected .
positiom 621 + 1 cted
lect Hext J sssssssss J iase 382 of J
Ambiguous Base | 4 [ | ,| . position ‘| | ,| r'_lJ 169 (] [ ,‘
388-ORF1+G 388-ORF2+G 388-CORF3+G

B 14 4k 58S-ORF1+G, 58S-ORF2+G #l1 58S-ORF3+G FH 4 2 &l FE s 5.,

Figure 14 The sequence results of 58S-ORF1+G, 58S-ORF2+G and 58S-ORF3+G positive clones.

2.5.2 fiHIE ik

AT 5 B B0 ) R A RGP FD R A XUEE RNA #0] LA AN T microRNA
(artificial microRNA, amiRNA) 4, 7373 i 44 09 dsi Ml amio P97 28 70 5 1Ak F g 2t
UL
1, dsi BRI EE . g dsi i, SextZHHRIANILE PMSIT #EAT P 51508, R
WA, B T Sy e, HAEWIK 63 MK B 58S R 541 o2 71 321
bp X B it514), %X AT SNP S2 #1 SNP S1 2 [i]. 5[4 dsi-F Fl dsi-R 43 55
A Kpnl F1 Spel, BamHI Fl Sacl PiMEEVIAL sio LAACRE 58S Thbn BE4H R B 40 7
RNA S5 1) cDNA NHEHR, A 51347 PCR 738, [ PCR =454
i Kpnl 5 BamHI1 WD), P52 [FAE XU D) A XUEE RNA %5 44& pDS1301 i
Bz, FHE v BE &t 36 R TC R 5 15 21 3 — B 4K dsi-sense. SAJEXT dsi-sense 1 A
Spel Fl Sacl HATXEFY), FH5FEFEZE T Spel 1 Sacl WEFTIH dsi-F 5 dsi-R 474
PCR FE¥ AT VERE, SERGH &R, MFWIEE, BEINLBAME N dsi. H
MRS 0L 15,
2, ami KM M E . £ WMD2 M3 £ ( Web MicroRNA designer ,
http://wmd2.weigelworld.org/cgi-bin/mirnatools.pD %} 7] Gl PMS1T L AEM) amiRNA
BEATRI, EH T HA R AE MBS amiRNA 518 T 4 4519, 35 WMD2
st B AR A (0 TE LA AR AL 2 T 1%, DA TE] A pNWSS SRR, FI s H 514 G-4368
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I G-4369 LA 4 2651, 4T =B PCR =) H & 4 PCR, 1521 B Ax v BOE
F3) pGEM-T Vector J5, ZitEGUIAMNIFFIRUES, R EZ L Kpnl H1 BamHI
XG5 ¥ BoZ e B 2 A R g VI s #fk pu1301 b, AR A HAR S5
T 4479 amil, ami2. amil, ami2 KJ¥EFEHI50 00T PMSIT () 3> 55, A% 2 i)
TR B0 T WL B s 1o

dsi-F  Spel Kpnl —

PMS1T
€«—BamH| Sacl dsi-R
PCR |
Spel Kpnl I BamH| Sacl
Kpnl&BamH| Spel&Sacl
MY, e Rt e
EcoRI Kpnl BamHI Sacl Spel Hindlll
I CaMV 35S adh1 intron rice waxy-a intron OCsS ¥ I
CalW 35S promoter
Lmzapm
Gsﬁrstem
HndII Cddaseirtron
Gis secordeon
CaW358 proma! Histidreteg
hygomyin (R Nos poly-A
T-Bordkr (right)
GBS g pDS1301

T-Burckr (lef) ~T"

leramain (R')A f pee
e

pBR32ban pVStrep

B 15 8tk dsi HERER.

Figure 15 A procedure chart of dsi vector construction.

2.5.3 BFRIAFIFME

AW BT BB R IA AR B35 35S:S, 35S:S-CS, 35S:M-CS, Ubi:S, Ubi:M,
Ubi:CS+P6, Ubi:P6 Al Ubi:P6+polyA. 35S:S, Ubi:S Al Ubi:M HI&MNE A B & 8 it
5149 OX-1F 5 OX-1R 73 AlF H9 4k B 58S FHIK 63 ZE[K 41 DNA, 18 FI64& PMSIT
4K cDNA HIFE5), SRIG43E Kpnl 1 BamHI Y], 2355 200 B RERG U] AL B
pC1301S 1 pU1301 F#MAHATIER:, AWM ESSEY). WTPRIEE,
THAE A KA F R @ 7%, 7l 519 OX-1F 5 OX-3R, OX-3F 5§ OX-3R,
OX-3F 5 OX-1R ¥ #&k & 58S 5K DNA, 23t Kpnl Al BamHI W) %3
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pU1301 284k L, 153 Ubi:CS+P6, Ubi:P6 1 Ubi:P6+polyA . 35S:S-CS Fl 35S:M-CS
HIANIE B 1 517 OX-2F 5 OX-2R 73 734 15 4% B 58S MYk 63 %=X 2H DNA 1321,
FE Sacl A1 Psdl WEEYIEHER] pU1301S Hfk o X S8 8k 8 R e & (1 4R
B PMSIT (WAL B W 16 iR,

S2 S1 P6
58S PMS1T =~ 5w 4 3
MH63 PMSTT =~ 5w b 3
58STiMIORFs [orF1] [orF2]  [oRF3]
35S:S ! }
Ubi:S ! }
Ubi:M I :
35S5:S-CS %'ﬁ: }
35S:M-CS %'ﬁ: !
Ubi:S CS+P6 : }
Ubi:S P6 e
Ubi:S P6+polyA }

B 16 BREBAEINEFBRERE.

=AM AREK 63 1E P6 ALBRIEM 65 bp: ALK SNP S2 M1 S1, 4. SBHGESHIAHE “T”. “G”
ACA” RS TR RN miR2118 BI I E .

Figure 16 The location of foreigner fragments in overexpression constructs.

Triangle marks the 65-bp deletion at P6 marker in MH63. Short vertical lines represent the SNP: red, T; black, G; green.

Arrow with asterisk indicates the cleavage site of miR2118.

2.5.4 Target mimicry E{&taiE

97 FEAIK miR2118d F1 miR21180 HIFKIE, MJE T target mimicry & MIM2118d
A MIM21180. HEZJj &l &L PCR M7 E¥R B TR I+ 10 gm i
RNA [PSI H:PH ¥ microRNA HEHEEAT 25 73 7] # e i miR2118d AT miR21180 A
PLEEAL 5 (Franco-Zorrilla et al 2007), 12BN fZ7E miR2118d Hl miR21180 [1%E
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FEPRIHEE 10 A0 11 A2msd 2 18] 73 3038 A\ T &40 3 bp, £ 5 miRNA ARE5E RS,
TERK 3 bp 1 loop 2544 . B 35 (1)) 51| Fd i Kpnl A1 BamHI WY, %422 pU1301
R AR BAR b, 2 B )R R S, A5 30 0 BH % v BE dr 44 MIM2118d
MIM21180.

2.5.5 RIFFENTFHRIEEENL

AT G H K] R (R IEA T A AAAR  J E AR AT BR3P0 A B A T VR B K R
PRSI EOAL. HBI KRR R ER A TR R 58S M1 NIL(MH), #& T8
Fa, Bk vk B MR FREEC )7 £ B2 IR Hiei 55(1994)FIA = Lin and Zhang(2005)
HEST AR R

K BTSRRI KRS T 2250 5, B O, B 0.15%MFK
R EE 30 min J5, AR MRZKREMSE, EREENAR, & TiESERE
F, T 26°CHEEEIE 30-40 d LIS @AGHZ . AIPkia A BB W A
GUEARARIE IR LY RIE9R— IR, 26°CHE RSP G, PN A HARE AR T
WPk EHA105 B RR Gz 4. 25 19°CHEEFE 2-3 d DME 5E BUR AT I 112
Qe 2, SRJE F KA B 20K 2 IR B A AL SR T AR B R AP R T, PR T
BN TEERAR T E S RIS G418 LRt L, 22 XmkREIEE
3. PUVERATE /IR0 | 26°CHalBRE 77 40 d ZE A Ak i, SR AT IR — B

AL AT Pk — R AR AR R 3 FAEAR, fRRHBRIEIIRZE S, AR EIH
] B R B A K X DRI R A ST 1) 2 A Bk FH T F 4 B DR R s e 3R 2
L.

2.6 KIEEMHEE

AHEF EE R TR B IR, 8 % 5 b NEE TN R B PR sk
BRREYE. B T B S RN AR T ISR AR DU P AR KA SE IR H (2
JLHISC “HIEIME "D, = B R MR A T E S 5.

BRRMEEVEB I KRR B PRI 3 A, 5 R SR L

TR, PREESE R AVNEE MO IR SR S e B M b, FERE
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INFK AR AR EE SR, AT ERW. BEM, FE R Weissgerber et al (2015)3#2
PR AR B

BRI B IR EE: FEKREFFRE I T Bk i) 3-5 A48 B lik i 3-5 B
TR GRS CRIA BTN =2 —4b) , HETE 70%MWERE T, T 4°CHRl
MARAERE ] . EAEk B VERT, MRHkiE 5-6 e@ife, FEEFIUHEA e B T8
B TN 1-2 3 1% BL-BUALERIE, TR A AL 25 TR RE, o5 b5 T, 7E Leica DM4000B
BB I, JHRIdR.

2.7 7KF5E DNA $hig

MRAE SE58 H A E, ASBEFCR PR T E &KL DNA: KFEERV/ MR .
P AR AR [R], R K CTAB 74432 DNA (Murray and Thompson 1980). 1H
KBRS IR, AL R E S DNA, — &R 3E1T Southern blot B{ 1 K
Fir B DNA § 38 (A /IMERVE IR /KRGS DNA FT 87 (8, BRI 21 DNA 5%
FEAAAEE, (HA R 2 B bR A I . /N B DNA 97 355 5000 Bk

AHE A B RRRVE IR KRG . DNA 78 DMESEI ik F 4t ), HfED
HKFE R BARDBINR: ¥ 2-3 g AKFELIOE i F FH R S Bk A S5 N
1.5 ml B0 H, I 500 wl TR BN 1.5 < CTAB, k¥4 LIRS, 65°CK
7 30 min, R 10 min MUV ST LIS, IONSFAARR 24:1 (G077 K0, Z18%
R 20 min f5, 12,000 r/min B0 10 min. "RHEX 3 500 pl, A 1/10 #RFRH) 56°C i
AT 10% CTAB LA SCGEAATRR 24:1 CROT: KB, 21842 8% 15 min J5, 12,000
r/min B0 15 min. WHL 3% 400 pl, FHCUBY HAIFESL NN 2 548K 1% CTAB,
R ELE, nEF DNA ZUREE . 10,000 r/min .0 5 min, #3 LE, K5
OEEIFIFEN K LR, Wi DNA JidE. I 5 pl RNase #1300 pl 1 M NaCl, 56°C
KBS DNA. I 1 ml BRI 95% 41, BRI 0E, 192] DNA
ZURVTIE S 12,000 t/min 250 3 min, B3 B3, H 75%OBGETTE, @iFE BT
VOE B S, NN 20 ul TE AR, 545 T-20C.
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2. 8 IKFEMRIEE SN 55 EEHE#K Southern blot ¥ D1 434

FKABATRESE R B (A I 32 R A PCR (17578, — GBI MR RN 15 ul,
f035: DNA #H 2 ul, 10 x buffer (Mg** plus) 1.5 pl, 10 mM dNTPs 0.3 ul, 10 pM
5% (F/R) % 02 ul, Taq B&EE (5U0/uD 02 pl, MKE ddH,0 #8515 ul. PCR
YR N =205 94 CTiAEYE 3 min; 30-40 4 cycles, B cycle 94°CAE 14 30 sec,
55-60°C M 30 sec, 72°CIEfH GEAR [ PCR ¥ K/, —MH 1 min/kb);
I Ja 72°CIEM 7 min, FFRER, T 4CHRAFE PCR 4. PCR I 10 x loading
buffer &, HFATE IR (1.0%-3.0%) FIBEIEFEEER Uk, B0 6% PAGE
JR HLVK 6

SSR FRiC 7 M /5122 WL Man W 1 o8 V2 SO (MRS 2011). CAPS AT dCAPS #nidts

D FE P BT S AR R — M 10 ul, E45: PCR =47 5 ul, 10 x ) buffer 1 pul,
FR#IPE AN VIEE 3 Unit, INKE ddH,O #8310 pl, 37 CHEEFRFAHEEY) 2 /N et 77
BV 10 x loading buffer Z&1b MG, T 2.0% B3R HE &ER B vkl .
SN S R ALK AT S LA I S, — FRORR I 0 P BN B R R 52 A e 3 PR e S i
BEAT % 0E,  HAME A Rk A B bk 25 € B i FH IR 2 InDel 43 T-HR10 P6: AR T
A B 58S [ PMSIT, WK 63 HhBkIEC T 65 bp: UIRPIELE P6 MANFAZESR, st
B EAR E RS R GUS R 4 23 Y% 2 (Jefferson et al 1987) 8% # H 51 W) Xt
GUS1.6F/GUS1.6F #£4T PCR 4§ 1) 7 ik kar il e B DRI B /R % - dsi A1 ami %% 5 DR L bk
435 F 51 #1% PMCGE/PMCGR , G-11491/G-11494 347 PCR FA P48 . Target mimicry
Bk MIM2118d FT MIM21180 %6 T AR HPE K H MIM-F/MIM-R 1T PCR FH
PERIIN: Ty ACEBR I TR 20 PCR =047 M Fr, ARIEBSME A 3 bp 54U 7
2 R W 2 B TR P P ER AR I B R R R AL B L R I

Southern blot FH KA JE R R AR 1) 4% L%, DNA 32 2 T i 2 R K
FRESERG, DNA BEY). Bk, 8 SR I S BOR PERI A, RARICEREE . 288 M o 46
HARSZIRAE S A & A SR EE 2006)3E/T . AHF AT X5 DNA #E4T
VI 26N : & DNA4 ug, 10 x M buffer 2 ul, PRI VIEE HindIIl  (Takara,
15U/ul) 1.2pl, spermidine (40 mmol/L) 1 ul, Ml ddH,O #h4 20 pl, 37°CEGYIL 7
T U R AL Z AR L R B R B T GUS £ED8, SR GUSI.6F/GUSIL.6F 41

41



e Al R 2016 Ji 0T A4 22 1850

pCAMBIAI1301 FURIAF R 1.57 kb KR B, 2 fZE B, IR L Ja PR A7 T7-20°C
HH. AREHIIRAE YIRS, & T8 5 (Fujifilm, BSA Cassette2 2025) 1, &
—RJG, THEFAR (Fujifilm, FLA-5100) 347 B AR .

2.9 JKFEE RNA 3hiE

FRPEAS R SL58 H 1, A5 709K H TransZol (4b34xX4, Cat. No. ET101)
Al TRIzol X7 & (Invitrogen, Cat. No. 15596-026) l#/KFEH LR RNA, H&
IRFEAAHE, (HRH Invitrogen 2 71871 & 45 21K RNA BT & m— 2,

L SIGRT L RNA 1] OD260/230 HUAEA 2K, WAUKT 2.0, Al#EN EE —K
FATHIFRAN 75% L5 22 B UTUE I 7V B AR AL "2 BT T G, 3R s e i O 212

2.10 RACE 55’ RLM-RACE

RACE (Rapid Amplification of cDNA Ends) =& % F KA e FE R FE 5 1) 5° A1 372K
o ASHFFTEEAEH SMART™ RACE ¢DNA Amplification Kit (Clontech, Cat. No.
634914) 438 PMSIT 34K cDNA. 43 HILL 1 ug & RNA B, KARA &
LY 5°-CDS primer A, SMART II A oligo #1 3°-CDS primer A, 4k 15 B 424t
] 75 7% #t 17 first-strand c¢DNA synthesis , 13 #] 5-RACE-Ready cDNA Al
3’-RACE-Ready c¢cDNA. PLiX4& cDNA AR 3T e i X PCR, Bl Rapid
Amplification of cDNA Ends. 5’-RACE PCR # 3’-RACE PCR f#i f#L[H ] UPM
(Universal Primer) 1 NUP (Nested Universal Primer A) 5|%J, GSP (gene specific
primer) A NGSP (nested gene specific primer) 5| ¥R IEIE KK 7 F 5%t 5F—5
PCR [HRMARZA 50ul, AU F: 5-RACE-Ready ¢cDNA # 3’-RACE-Ready
cDNA2.5ul, 10xUPM S ul, 10 uM GSP 1 pl, 10 mM dNTPs 1 ul, 10 x LA buffer 5
ul, LA Taq (TaKaRa 5 U/ul) 0.5 ul, ddH,0 35 pl. PCR KON RN : 94°C A 3 min;
32 cycles, B cycle 94°C 30 sec, 55°C 30sec, 72°C 1 min; 72°C 7 min, P& 25°C,
T 4°CIRAF PCR 724, PCR F=#IHikE 50 £5J5/E N3 — % PCR Bk . 26 —% PCR
RNAARIIR: A&H 2 pl, 10 x NUP 1 ul, 10 uyM NGSP 1 pul, 10 mM dNTPs 1 pl,
10 x LA buffer 5 ul, LA Taq (TaKaRa 5 U/ul) 0.5 pl, ddH,O #pE 4K % 50 ul. PCR
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KNP 55— MIA . PCR F=YIHL 5 ul A 2.0%35 IEEEE I Bk, AR¥E F ik 4 3,
WA R BAR, AT EHK PCR P& B AL 5 BEAT IR s 22 25T /R B R L 1R 2%
W2 B, 3R] T-vector b5 Pk A1 v MY . PCR YRGBT
PCR =¥ 5 ul, 10 x PCR buffer 0.3 pl, Exol (NEB 20 U/ul) 0.25 pl, SAP (TaKaRa 1 U/pl)
0.26 pl, ddH,O %% 8 pl. iEFEA: 37°CHEF | hr J5, 80°C W 20 min £ 1k,

AWFFEAHEN 5 RLM-RACE (RNA Ligase Mediated Rapid Amplification of
cDNA Ends) &£ 1E5U5 ) 5° RLM-RACE. R#5 Llave et al (2002)fRi& ()51, #%
B8 FirstChoice® RLM RACE Kit (Ambion, Cat. No. AMI1700) %t B 4T 5
RLM-RACE B, AB& 8 — RVIEG) AL BE LLE mRNA 5°HEF ¥ N adapter (1
REFE, TR EHEAE mRNA 272 RN SRR VRN adapter, FRHEAT L
MHZITE3R13 1) cDNA 5> K 57 41 ] RS AE microRNA 45 H FEEE PR 14T 5
PIMIAL 5. 5° RACE Adapter ligation ¥ gt A EHHB TR, 5
RLM-RACE PCR #/2 P4 S PCR. 55 —#%& PCR MR BAKRRUTT : SR 4) 1
ul, 10 x HiFi buffer 5 ul, 10 mM dNTPs 5 ul, 5° RACE Outer primer 2 pl, 10 uM 5’
RACE gene-specific outer primer 2 pl, HiFi Taq (234, 1.25U/ul) 0.3 ul, ddH,O #h
% 50 plo PCR X MA2JF K Touchdown B 5%, HAKN: 94 CHIALNE 3 ming 5—
WAEIA N 20 cycles, #2Uf cycle 94°C 30 sec, 60°C 30 sec, 72°C 30 sec, ZJa%tE
A3 —MEIR, HBRKGR L TR 0.5°C; 28 BB A 15 cycles, #4h cycle 94°C 30 sec,
50°C 30sec, 72°C 30sec, ZJafand —ME, AR E TR 0.5°C; 72°C 7 min,
f#2 25°C, 4°CRAE PCR ¥, PCR “H)EL 1 pl FENEE — 4% PCR AR . 55 — %
PCR S MNAKZRUNTR: R 1 ul, 10 x HiFi buffer 5 ul, 10 mM dNTPs 5 ul, 5’ RACE
Inner primer 1 ul, 10 uM 5> RACE gene-specific inner primer 1 ul, HiFi Taq (2=:\4&,
1.25 U/ul) 0.3 ul, ddH,0 %% 50 pl. PCR R MNAZF HEH—5HHF . /527 PCR 74
[F R 20 42 i SR 5 J5 5 2 8 A BT, 0 A A5 AE T AT s R AR BT )
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2. 11 EERIEEDHES smal | RNA RIZESTH

2.11.1 RT-PCR 5 gPCR

AHFFLH R RT-PCR g 5 qPCR X 5@ &7 VA X HE R AT R IE & o i
JKAE R RNA £33 Nanodrop 2000 Il 52 OD260/280 HUAH , #iil TR a, T k.
PG FEDIRINE
1, Z:BRFIER 20 DNA 544, 7F 1.5 ml RNase-free 2.0 I & RNA 5 nug, 10 x DNase
I Reaction Buffer 1 pl, DNase I (Invitrogen, Cat. No. 18068-015, 1 U/ul)1 pl, FIIA
DEPC-treated ddH,O £Z4K RN 10 pl. EIEHFF 15 min, A 25 mM EDTA 1 pl,
65°C7Kift 10 min, K EJHE 5 min UL L
2, First-strand ¢cDNA synthesis. 7£ FIARMNY)HFIIA 1 ul Oligo(dT)is (500 ng/ul,
Promega), 1 ul 10 mM dNTP, E2JJ5 65°C %S 5 min, HIEE K EE /D 2 mine FN
ANLLR41%5: 5 x First Strand Buffer 4 pl, 0.1 M DTT 2 ul, SuperScript™ III Reverse
Transcriptase (Invitrogen, Cat. No. 18080-044, 200 U/ul) 1 pl. J821J5 50°C M. 60-90
min, 70°C/K¥ 15 min Kif. /5 FHINA 80 pl ddH,O, HX 1yl fift PCR A6l S % s 1)
MR, AR T-20CHRE

fEH — X7 ¥ intron [P BEE KA actin 1 (LOC_0s03g50885) 1] 5] 4%t
actin-inF/actin-inR £ RNA Ff &5 (1 [ % SRR o actin-inF/actin-inR § 34 3& X[ 2H DNA
Al cDNA K23 & 459 bp F1 210 bp, 7 2.0%37 gkt b A% T i s X 25
i o P SR SAF 2IH cDNA, Sefli FZ 51X i 1 5, #3150 R K244 DNA V54,
Ft HAEWE 15 2IWISE 210 bp 4675, WM MREhE, HHT T2 RT-PCR 2
# qPCR.

RT-PCR Fl qPCR ] N Z 3K 35 A /K R ubiquitin 2£ K (UBQ, LOC_0s03g13170),
i 51 %1%} UBQ-F/UBQ-R " #4. %1% PMSIT BN it 7 £ % 5143317 qPCR, #x
AR SV bR A Hh L RE AR 2k, € T B IR 51 Y% RT-F/RT-R.
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UBQ-F/UBQ-R Frifihzk

40

35 |

30 | \

25 f
250 | y=-2.651x +36.329
| RESS0,590
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5 -

0 1 L L 1 1

0 1 2 3 4 5 6
offi e
RT-F/RT-R Frifffihi 2k

40

35 |

30 | \\\
w25 f y=-2.5271x +37.55
520 ¢ R2=0.9972

15 f

10
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Figure 17 Standard curve of gPCR primer.
The upper image is the standard curve of primer UBQ-F/UBQ-R, and the lower image is that of RT-F/RT-R.

FEREAT qPCR Z |, MBI M54, BRI € & RIARHE 2,
CLTHSLH SIPI 339 50R . BAE B SIVIRI9 R 100%, (A SEPR E4E 90%-110%
Z R T AR, RIS R AR 221 R*>0.980. AWFST, BT PMSIT F:
RILEBUR, FATREIR cDNA BEAT 6 15 IR LR EEMRE, BN FBERE i B =K
Hrh UBQ-F/UBQ-R Al RT-F/RT-R HIAR#E i 2 I 17, tHHEAGRH 5109 R

PN 97%H 103%, FIAEFE R® 4353124 0.999 Fil 0.9972.

qPCR ] % K i Roche FIAHZSIRAF (Cat. No. 04913850001) 58k, A RUIF:
cDNA 1-2 pl, FastStart Universal SYBR Green Master (ROX) 5 ul, 30 uM forward
primer 0.3 ul, 30 pM reverse primer 0.3 pl, fll ddH,O 244K RN 10 ul, 7 Applied
Biosystems ViiA 7 & & PCR AX 58l M, FEF4: 95°C 10 min; 45 4> cycles,
A cycle 95C 15 sec, 60°C 30 sec; A EEMEIMERET . RNYFER)E, WEFA
FEM ) CtAE, MRYESCHRIRIE (IAH X € & /772 (Livak and Schmittgen 2001) 155 5 (K] 1)
FHXS R IL &
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2.11.2 Stem—loop RT-PCR 5 page—northern blot

AT small RNA fJRIE =R, FZRA stem-loop RT-PCR F page-northern blot
BEAT AHN 58 A E MRS HT

Page-northern blot 5 northern blot JEHAHML, HOPEE R, &H T/ NMrTE
RNA 17458, & HAfEAR AL small RNA 8 ROF B AT 45 1 18 AHE 5T A8 F 1Y)
page-northern blot protocol = E 2 M i 42 S 4G %, QA N> 18 RNA 170 & A4l
oy BIR. el TR 5 RAELIR, (BHh5F TGN R R A TS, SOl
EVFARCHIIRE BT 2AS, IF BATR SCERIR () 7775 (Huang et al 2014)#847 12
#t. JEIHE R KA Chemiluminescent Nucleic Acid Detection Module Kit (Thermo
Scientific, Cat. No. 89880) 5E/%, blot FJEEIEHIEUE REELE Bio-Rad th5 K A &
4t ChemiDOC XRS+HHEAT, A7 52 [ MM 2 B Tmage Lab #7347

SRNA 5 m21-nt 2 —w SLgP-R primer (i )
— 7 6-nt
SLgP-RT primer = -1 +6-nt

g 3’
5 or 6-nt + TN = SLqP-F primer
15-nt

%2 NGC, 5[4 Tm~62

] 18 Stem-loop RT-PCR 3|##1t75% (LA 21-nt small RNA 551D
Figure 18 Design method for stem-loop RT-PCR primers (take 21-nt small RNA as an example).
Stem-loop RT-PCR W[ &ALl small RNA fRIERE, RS AT
page-northern blot, {HE A B4 A4 PCR § A FE, 715 EEASAN page-northern
blot. Stem-loop RT-PCR W5 ¥itA ml 1518 PCR, FEJFHILE 18. Ll 21-nt
ff) small RNA A, Hrh SLqP-RT primer I T e #5%, ~N—BOBAZERFS] (5-
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGAC-3’) H- il I 6-nt
L5 small RNA 3° K BAMNE T4, SAKEH 50 bp. SLqP-F #1 SLqP-R primer F T
qPCR /M, SLqP-F 5112 /1 small RNA R 15 AN FEAE 573 0 E 5-6 4> G/C,
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2% 51 DB & 1 Tm {BLAE 62 JE /47 . SLqP-R primer 2 M43 FH 2536 5 51 B i1
—BUFS, Brfi small RNA ¥R LB, 53108 5°-CCAGTGCAGGGTCCGAGGT-3,
Stem-loop RT-PCR AT i FH () N 2 F: K /& U6, FIfE qPCR J B (514 U6-R [t
RAT S5k o AHFFE R () — 257 Stem-loop RT-PCR = E &8 LU SRk {RIE
(Chen et al 2005; Varkonyi-Gasic et al 2007; Shen et al 2010)#3£4T, 35 1 qPCR
PRSI TSR 5318 RT-PCR [R5, {H/2FH small RNA %f
SIS Oligo(dT) s, AHRLIKEE—%5E cDNA & sk kAT 17 Ak

2.11.3 RPA (Ribonuclease Protection Assay)

RPA, MHEZIREEAY 525, 5 Northern blot M, #B/& FSRAHAN mRNA i#
ATRE AN E & . T Northern blot, FH/r#F 5 &, A TR MK 1) mRNA,
It L% RNA (158 8 B BoRON R o H R B R0 N . i [F 47 2 B AR R & 17 i
&5 HAR RNA TAMO—BF 5, X BbRc i IR EH S50 RNA TEIE B4 4F
BEAT A, R EHIR GV AR AL B, A B R A A8 EIMREE . IR, 78
PP IR B A FE T, PONIRET 5 H bR RNA BIF ST AN, 3% B H AN 51 24 17
I, A RERE LR AL R B P, ERLUtL, 76 SR AR IBE G A2 1 I H i i PAGE (polyacrylamide
gel electrophoresis, & LIRS 1K), REBSK: H AR RNA 4K 75 58— 7 1
FEHIX 53T o ASHIEFE ) RPA 9256 % % RPA TII™ Kit (Ambion, Cat. No. AM1415) 2
AP 5E B, LR IRER R A AE M R hsid, I MAXIscript® SP6/T7
Transcription Kit (Ambion, Cat. No. AM1320) 1 10 mM Bio-16-UTP (Invitrogen,
Cat. No. AM8452) JFAT /A1 s Sl

2.12 Small RNA-seq &z PARE N FE#iE

Small RNA-seq I ETEA R 52/, HRAE illumina Y TruSeq® Small RNA Sample
Preparation Guide 568, AHRIRNAIHAT T . T HifR RNA 5880, BT
F Nanodrop 2000 il ;& OD260/280 ttAE AL, &K A Bio-Rad ] The Experion 4= H 3]
HLIK RGRM RNA (IS, T small RNA-seq £2% ) RNA ZERH RQI EAME T
8.0, [FIR, A T FAIE T 2 R (0 50 RNA B — B0, #9 3 pg, i3t — 25 {# ] Qubit™
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2.0 761t (Invitrogen) X RNA #EATHGHEE & . @FEEN)G, MAAZNFF 6K
Hi-seq 2000 (Tllumina) =8 & I3 ACEEA T W 3 AN A s B W4

PARE (Parallel Analysis of RNA Ends, RNA K FAT0 k) &3 T A
(degradome) HEAT M o SCHE M R AN HCHE 70 A 2246 36 [ g i B K Blake S50
FEMRHE CR R SRR (Zhai et al 2014)5E %

2.13 DNA FHEAL R

AHFF K EpiTect Bisulfite Kit (QIAGEN, Cat. No. 59104) #£4T DNA 1) Fi &
WABHi M, EEFEESE: EZAEYH DNA B OOR A EEmEnE, DNA 451k
JE AT E AR RREAAL R, 22K R AR R A %) B e i S B R e, TR AE T
AL ) s e AN 2 oA, T P b HE S AR AR Y] DNA P4, shRER kR
T IR A SRR D IR S B & 42 ) EpiTect” Bisulfite handbook 7. /)
FEZHHETY) DNA BhAei B sLIe TR, HHEEFESL AN, MHSEM 241 (K
iR HiFe— U5, B 2 AR 95% L EAN 1/10 4R NaAc JTiE DNA.

2 R ANAL S5 1) DNA, 3675 221 PCR 971, % H#Fr DNA X BU#47
W . PCR ¥ M P A M S W A MethPrimer fE £ & it

(http://www.urogene.org/cgi-bin/methprimer/methprimer.cgi), — MK H 2 X 5| ¥ 8H S
B B HARIX B BIF 5 VE LB 5% T PCR RS MNAK 280 F : DNA AR 1 ul,
10 x buffer (Mg” plus) 2 ul, 10 mM dNTPs 0.4 pl, 10 uM 514 (F/R) % 0.4 ul,
1Taq( Takara, 5 U/ul)0.2 pl, iK T ddH,0 M4 20 ul. PCR N A2 K H Touchdown,
BARA: 94 CHUENE 3 min; 25— PIEHM A 20 cycles, L4 cycle 94°C 30sec, 60°C
40 sec, 72°C 2min, ZJEREIT—AMEH, BKEE TR 0.5°C; H _PaH 2
20 cycles, #Z4fi cycle 94°C 30sec, 50C 40sec, 72°C 2min, 2GR4T —/ME
N, WK R 0.5C; 72°C 7 min, 25°C 10 min 455 XN . PCR A9l it ¥2 E
[Ei, I Hi#EH 3] pGEM-T Vector &, A MI13F/MI3R 5141%f %t v B 47 B 7% PCR
AP BV b . —Medkise 30 AN AT BHPE S, ek, AR UKL ] T7 83 SP6
SI AT, R4S 0P 55 546 7 51 — e TR Eh Kismeth F3EAT 204

(http://katahdin.mssm.edu/kismeth), V15741 AR Mg & 4= LA
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3 ZREDH
3.1 BIAENLERHIISIE

AR KRG BRI VE AT ZE N pms] IS0 E RS Ff F LT 2001 4E(Liu
et al 2001b), XIF(2000)F PRI A F 44 32001S/BAKk 63 4 pmsl BT A>T
#3510 Fssr A1 Rssr 2 [A] 85 kb G P o 1LI7H&(2000) M1 2= .55 (2002) 44 i 1 7 76 12 X[ )
6 NHAMNRAR, HoR LBk B 58S . RS (2006)% 5 T X L ik L R AE ik A S
JEARIIRAL, BT T ILO BRI, S5 RRBLX 6 ML TR BUESASREIR K H IR R
KRES8S HHEM., T2, HEHITHRSHARE 58S/HIK 63 HEXT pms] AT EAL, %
2 pmsl EALLT 2 Fhrid Rssr 5 N6BS 2 [A] 21 kb yE I, FF HAHE T 7 535 X [A]
IR H T VK 63 FEPRIA AN A Be i) 5 AN EAMEAR: y10. ulpl. y12. y8 F1 J033,
[F] B £ ulpl A B B A% ] ulpl protease-like protein A j033 b %% S A K 1
T RNAQ AR ul, w2 Aj1, 20 AR IX R ki os = E B 19 fros.

A

a 88 &
= § = 5 @ 2 Q S g el e §
Marker i CE- 22 88 8 53
| | | | | ] || | | ]
B Marker | | | | |
Recombinants 1 1 2 3
Meespi ) pms1
apping region
pping reg 85 kb
C Marker | | | | | | ] | |
Recombinants 4 4 4 1 11 44 9 13
i . ms1,
apping region
21 kb
D L 1
1 5250 10265 12724 16725 1863719227 26500 (bp)
Genomic DNA | I
I I L | 1 1
y10
ulp1
y12
y8

j033 —_—

B 19 BINENL pmst G5 5R

A, S THREOLE; B, XIEF(2000)%F pms] BEATREMENM IR C, AE&EQ006)%F pms] BTSN ENLHIZE R
D, JAEEQ006)H £ 1197 5 21 kb & AL X AN 5 AN EAME AR =

Figure 19 Previous results of pms! map-based cloning.

A, Position of molecular markers; B, Map-based cloning of pms/ from Liu (2000); C, Map-based cloning of pms]

fromYu (2000); D, Five overlapping complementary constructs constructed by Yu (2000) covering the 21 kb region.
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AT G AL IR TAE A S0 0T NI 58 A 45 REAT IR, BT TN pms ] 3845 45 R 11
WIR, MR E 58S H1f) pms] NEEVERZAE R, KK 5 A EAMIE S A
Bl B 58S BARH L, A BIAR B LR To AR y10 150 #&. ulpl 181 #k. y12
98 Fk. y8 187 ¥EF1j033 146 #k. RNAi #fi|FAELAK R 58S/BHK 63 214 BC,Fy
YK 63 4l SE N AR R R T (G414, 8RR To A Mk: ul 46 £k, u2 85
PRI J1 30 Bk, j2 61 #fo R Uil BLRIAE MR T iRPOR A H IR R FidE, XX 46 s ik
BEAT T A5, IF HA I T BAME AR AR 3% DU (81200, 4558 I RNAI
T i FE I BA PR SRR 1) B IR N R, T BANE AR B A IR, B
JEB To AEESE AR & PETT BE 2 2 BILLES (520, N 7 /A X R, M To 4
AR R AR E T AT L/ B Al . y10. ulpl. yl12. y8 1 j033 FhiH
1 T AREREH 7308 29+ 60+ 24, 44 135, FER R 30 tk. ERNKHET, A
AR LR R A R b, A A y10 B3 A4 T AU ER X R P HEI T H
PERE ISR . XX 3 ANR R T AR AREATHE VBRI & M % 52

- " = - -

-
- -

[}
ioLee 1
WoEw 0

]

i

i

|

i
i ]
)

B 20 B A To AREHRSE NERI -
I LA FLY A-EcoT14 1 digest DNA Marker
Figure 20 Southern blot of transgenic T, plants.

The left line is A-EcoT14 I digest DNA Marker
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v10-6 T1 (01-20) ¥10-10 T1 (01-13)
W e =2 . e o o —— -
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FHUER ETER
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B 21 y10 FEE T, AKX R NEAR TR F 547

A, y10-6 F1y10-10 P> T AR AR AR IHE UGN, N HER) “+7 A1 “-7 3 RIRos bk EN W B A B,
FEIED T AR AR y10-13 BRSPS DB I AN S5 S5 58, B HEONPE UIEUR DN, R HEOAXS R AR 25 S . #5 D11
BRI 25 B i 22 1 B 26 N A-EcoT14 1 digest DNA Marker.

Figure 21 Southern blot and fertility analysis of y10 transgenic T; family.

A, Southern blot of T; family y10-6 and y10-10, the “+” and “-” at the bottom indicates “fertile” and “sterile”,
respectively; B, Southern blot and spikelet fertility of y10-13 transgenic T1 family plants, the upper image is the

southern blot result, and the spikelet fertility of individual plants is showed below. The left line in each blot is

A-EcoT14 I digest DNA Marker.

HARA MR E IS, EERE KR y10-10 1, IS FHEAILSE;
FIRERT, TER R y10-6 1 ToAR#EHR, 3 NMEILEATHE, EREEEM AN
NEEMILSE (B21A). 7Ey10-13 T ARE R, BT 28 M2 ME IS, I
FERRI AR 7 #5 D1Ek 0 4% DL, 1M L2 28 WRIf 24 B 2 5 H A sp oA — FE (B
21B), ULHE— D E Ak, ATREH SR, AT AN TR AR
29 Bk, KIFIBEEMILSE, RI: 0 IR KNAE, 7 H LBk E T
PRI FEREE WS i HARXS T HARSRRK, 1, 14, 16, 22, 23 X 5 DMEAKHIFK
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oW e, 5 FE AT southern blot [RIFE S 1) DNA &&— UK, 45t
PRR IR R4S, HRMEMONEERRS, o, RERRmEEHER
Fait bk, REROMTPIAL 8 Hig b, EEAELT, R B
19 pmsl WEEIEN, Siaatki B YR ZE T2 & bk, 1 AR y10 3K
TiRE R THMERRM E I A RE, FRREEREN 2 M ERNERNEE
P AL B, y10-13 (08 PEIK S P RE 2 F G R DRI i — ME R 4, 5
T-DNA i N AHG, Bl 2 9% DU e L4 i 45

ZRE UL X 2B pms] BN S R EIUE, FFA A VIRUERIUE L3 2] T pms 1]
(B3R X B, R 06 2 A 37 2% 18 O ) S

3.2 pms? TR X RBVHAE

A& 2000) B K HIB T, KB 58S/HI1K 63 44 BCoF, Al BCoFs 4 &
R AN E HHRECS T E R E B R BCoFs i 1:3 28 T 301, 52 AiRiE 1
HWHUBIZ AT HEH pmsl ZarEIE R (Zhang et al 1994), F, G AT RKB S E
FRRE o B LA A 103 R R R B LU S5 AR & . 50— 0T,
Z A pms] BEATHEGH AL AT A Fy BEARSCE AR B B & BCoFs, 15
Aali, X EhL g R ECR IR . BRI, AHF 5T LA R 58S/BK 63 4H& BCHF;
A, kSR AR 58S HHATELERIAE, LIRS mt AR A A, R EHERR T 5
[Pz, BTN pms 1 TR E AL

SRWER )G, 2006 £H KRG BCF, Bk, KHBTFAE T 24 A% &L
575 AN Hbk o Fl 4> FARic Fssr R i S s (1) SR R B, 45 31 BT 63 44 B R AL (VD
AR B S8S/HTR 63 A+ AR AIAY (HD Ak B 58S 4l BRI AL (S) HARE /I 145,
280 Ml 140, 754 FfE/REAILR B 1:2:1, WX SRR H IR T 45 e R 3T 0
fr (B22), KIS FEE T BPR S5 SER AR T 10%, M PR Y BOPR IR 45 S22
T 40%, M H 285k D5 bk iR 25 SR AR T 40%.0 R LSS SR 40%1E AN E Fil
E WAL, A4, BEABATRE SRS T E BB ISy 3:1, 5
A4 1(2006) (AT A . I0SAR B 58S H pms] FaVEIER, BC,F, #EfA+ H
Fe Ay FE D AL R 1) 25 SR RPN 1% 5 MR BBk AL, (HEE AR S S ZE AL
PREE BRI, Ui R 58S W pmsl ATRESE B, A FETE.
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Figure 22 The spikelet fertility of BC4F, population under long-day condition.

MH63 58S 58S allele  Heterozygotes MHG63 allele
Homozygotes Homozygotes

B 400 1

350 F Homozygotes for 58S allele

I Heterozygotes
300 Il Homozygotes for MH63 allele

250
200

-
[&)]
o

Number of plants

-
o o
o o

0
0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Spikelet fertility %

B 23 KHET BCsF, BAE %,

A, FEAR SRR RS RR IR N B, B SRR R B bR B A A

Figure 23 The spikelet fertility of BCsF, population under long-day condition.

A, The spikelet fertility of plants in the BCsF, population; B, The frequency distribution of the spikelet fertility of

plants.
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NT B RAE %A, AT HEER T BCsF, BEARLEK H BN (15 R B 5 45 51
(B 23). H 28G5 B bk i B PERFERAR, 45 SeR M0 A0 X (R SE i) T~ S 4%
DAY bk o 5 SR BB AR A5 (PSR A Bk 63 FIAR B 58S, J& T RIKEACHE ¢, Ik
A Y SR B VR ORI T e 2 BRI B 52m, O 7 HEBRIX PP AT R, 16T B
40 H IR BRI R . RILFRATH 5 T BCsF, BEARYER HER T 287 A HtkfnzE H
HBR 295 BRI EL R B S 2553 (K] 24).

80 Homozygotes for 58S allele
70 | Il Heterozygotes

Il Homozygotes for MH63 allele
60 |

50 |
40 |
30 |

Number of plants

20 |

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Spikelet fertility %

50 ¢ Homozygotes for 58S allele
45 L Bl Heterozygotes

40 | I Homozygotes for MH63 allele
35
30 |
25
20
15 }
10 }

Number of plants

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
Spikelet fertility %

& 24 BGsF, BEATEK HIRAE AR T E A E .

FE, KHE, FE, EHE.

Figure 24 The frequency distribution of the spikelet fertility of BCgF, population under long-day
and short-day conditions.

Upper, long-day conditions; lower, short-day conditions.

BCsF, AR F R R K H T E 104 5 BC4F, M1 BCsF, BEARAHLL
MHBETN, BARRKEHESR T ARREMIRE, JoHE H 2863 A Bk
BRI E T 50%. HEBR T H IR T A A 50 L bk & M2 2R A & 52
me ()R RedE, BUONKIEEAN B 342 H BB FER2m, mAF A H 2% & 2 R AL R AE
RHBE TR E M,
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XS LA E1 52 F2 BRI 73 Ar, JUHR it A BCsF, #EAAIZRIL, FE M ESE T
KB 58S Y pmsI AFERENE, TR RN, JF HIXMOCBIEEA B RERIUN A E
oS TAL

3.3 pms! WIFEHEL

TERIE T pms] SFEVEREEAD b, HUBCR 2 B AT N B BAL e A ot 24 B A B T
HIRRAY, (LF#E(2000), 253775 (2002) 1A 4 42(2006) #2211 pms1 ZE R FE AL )
PG Rk pms] (AR B 58S Hh, DRI IE i 3 ok 21 5k DR 360 B0 o £ 45 SR R HE R
R Fo BRI B MERIL, BATEFIFUEXS pms] AT REA0E AL

3.3.1 S FHRICHIIRTS

EXT pms] BATFEHEN I FE S, Liu et al (2001b)F1A4:42(2006)JF & 1 —18
SR, (X BRI B AN, T HORH/#82 RFLP brid, AJ5EHT
REMMI RS E . RE T AR EMEI ARG (B 19), BiEE s TR Fssr
M pj23 Z (A1 FHRE 2 HAGE I TARic H TR E AL . Fssr Fl pj23 7RI 63 £
H ERYEEEE N 138 kb, XL H AHEJEPK 2H 300 kb(Yu et al 2007).
7 Fssr fl pj23 2 [8] &2 7] A SSR bxic Rssr (FEAr &N “P5”) Al 108ssr (A4 N

“PI1™), JEHAMELBINA], AT AR — D mER e, EERA LR U572
TERFIFRIC: 1, MY 63 A1 H AIEIE K 47 FI7E Gramene M3l F 485 Fssr Al
pi23 Z [B P BEAFTE SSR ARic, FFTH5IMH G oK 63 FIA B 58S R 4H /7 H it
ATFRICZ S ERAIE; 2, KB 63 Al H ASHE ZE 417 F3EAT LUt Bt 551 22 57
Kirids 3, MWK 63 BAC 2109 FIA B 58 BAC 18P4 7Ei% X [H] ] 7 41 2 7 T K
ids 4, AEA(2006)%F 4 B 58S 7E Rssr F N6BS Z A [ /F43E4T T 07, XL
W25 R 5K 63 FHILLXT, BEil CAPS/ACAPS Frid; 5, @i LR LSS T —
SESF TARC AL b, IR CA RN, ER MR LK X B S % Bk 63
HNMAFH, Bit—RFI5I0 LR 58S BT, #— B RIRIC. BATLE Fssr
M pj23 Z AR 2] 11 My Fhrid, BARBHIE 2, SIS IS bRidi
S BRSNS o L B 25
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R2 ATHRILER.

Table 2 Information of molecular markers.

Name Type Detection
pj23 SSR PCR
P1 CAPS PCR, Munl
P2 CAPS PCR, Cfr101
P3 CAPS PCR, Eco521
P4 dCAPS PCR, Alul
P5 SSR PCR
P6 InDel PCR
P7 InDel PCR
P8 CAPS PCR, Dral
P9 CAPS PCR, EcoRV
P10 SSR PCR
P11 SSR PCR
Fssr SSR PCR

pi23

P1
P2

P3
P4

P5
P6
P7

P8

P9

P10
P11

Fssr

& 25 o FARiclE.

Figure 25 The detection of molecular markers.
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3.3.2 BEL=E pmst

2007 4 B2 RAE SN H IR N K H A iE A B 58S/M11k 63 A& BCsF, BHAH T
fr v b pmsl. EL MR R RE, I 7 RN REIECRE, N T iEN
], 8 R i m B A, ORI T R B IR B e R B 1 Bk B, %EsE
2 HikK(Zhang et al 1994; Liu et al 2001b; Lu et al 2005; Xue et al 2008). {EEXT pms
AT B SRR, Z BTSSR pms] RIUNAE AT, WE 23A af LB 3],
REHF AR RS S A5 R AR RES, RIS G HERT
BARRIE DR RN T B2 H 8 So KX BCsF, BERH 6841 AN HLkk 4 31 I S bric pj23
A Fssr #4770 47, L1935 88 N HE 4 Hidk.

Horb HAS Z A AZ e B RR BN 43, H AT M Z [R5 e SRR BN 45, 5 e
KT H M S I B BRI R H A4S 2 R B B I WARMS, 5 S
A G HE Y AR EE SRR AL, TOVE AR 12 3 2 Bk (10 45 SI A A ) o Ak o B R
FITERI 75 1], AR H A M 2 R 2R SRk A 1) 7 14 22 30 LSO, T8 ) A W LR R A A
B 7. Bk, AR 45 ANE H M 2 (8] R AR A8 He i) = 20 BRR SE BORS Al B A . 2
FH pj23 Al Fssr Z AR (1 11 AN Fhric i — 5 5 ix 45 S spki 2R 5, fod@
B AH R I S5 SR HIWT pms T FTAERI XA I HORG X 26 8 20 B bR iRl , TIRER R %
Pt 30 MRFEAT 7R AR S e MR AN EE . S5 pms] FRIELES THRiC P4 F1 P6 2
] 4.0 kb FIFEEIN, i 1 DEARKR, 5 7hrd P55 pmsl 35578 (E 26).
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Markers pj23 P1 P2 P3 P4 P5P6 P7 P8 P9 P10 P11 Fssr
PR | | L ] | Ll |
Physical distance (kb) 149 28.7 | 129 ’ 7.7|3/5E|§|4.3| 16 | 87 |5.o| 6.2 | 335
Recombinants 18 14 13 9 1 019 14 14 23 23 27
| [
[ | )
Plant No. Spikelet
P3 P4 P5S2S1P6 P7 iy
fertility
M M MM MM H
29-20 } } H—H - 67.96%
M M MM MM H
3248 } } H—H - 89.66%
M M MM MM H
40-15 } } H—H F 76.01%
M M MM MM -
81-03 } } H—H - 83.10%
M M MM MM H
92-32 } } H—H 89.16%
H H HH HH M
7501 } } H—H } 5.13%
H H HH HH M
9544 } } H—H  18.45%
H H HH HH M
12217 } } H—H - 3155%
M M MM H H H
71-25* } } H—H - 88.64%
M M HH HH H
56-16* } } H—H + 29.87%
M H HH HH H
16-28 } } H—H +  10.98%
M H HH HH H
33-29 } } H—H - 34.97%
M H HH HH H
71-10 } } H—H + 2341%
M H HH HH H
75-50 } } H—H } 2.42%
M H HH HH H
78-10 } } H—H } 0.00%
M H HH HH H
127-14 } } H—H - 15.38%
M H HH HH H
141-19 } } H—H - 3249%
H M MM MM M
90-07 } } H—H I 76.85%

B 26 4> FHid pj23 M Fssr Z A ELH KRS HT

B rh BB B & A TARCAE A R A LA bR S, BB B T K 63 LRI R I EoRtRid P3 A1 PT
ZIAJf 18 N ALK IE R R AN S . M, RoRWIk 63 JE A& H, FIRUIK 63/ B 58S Je A JE 5 AL

RAZ BN G LT oR . Plant No.s2 EALHARAE Fy BEAH 10505, H ARG SLREREAN, WE T
e B MRS 5 A P4 R P6 Kb HE 4Lk

Figure 26 The analysis of recombinants between molecular marker pj23 and Fssr.

The upper part presentated the numbers of recombinants, the physical distance was the situation on Minghui 63 genome;
and the genotypes and fertility of the recombinants between markers P3 and P7 was showing below. M, homozygous
for MH63 genotype; H, heterozygote; red color indicates the recombination sites. Plant No., the identification number
for recombinants in the population, and their spikelet fertility is shown on the right. *, the most interesting

recombinants.
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A Markers pj23 P1 P2 P3 P4 P5P6 P7 P8 P9 P10 P11 Fssr
Chioricssiie 7 | | | L= | Ll | |
[ | | | 5 | I | |
Recombinants 18 14 13 9 1019 14 14 23 28 27
| |
Markers P4 P5 P6 P7 P8
Chromosome 7 I I ! !
Physical distance (kb) T | 3.5 | 0.5 4.7 | 11.6 8.7
Recombinants 9 1 0 1 9 14 14
Gene annotation 0s07912010 PMS1T AK242308 0s07g12020
[ |
B Markers P4 P5 P& P7
Minghui 63 T v IG é 1
1 T TA
Nongken 58S C T G
SNP S2 s1
C  Gene annotation pvs1T D < EEEE-H—W /K242308

Genomic fragment
58S-C construct

B 27 pms1 5 AL IX 5] P 2 PR R PP 51 EL B e AT
A, TERLIXE] BT R R VERE o o B ) B T HEAUER exon, RREANSE intron, ik RmFEHWIT. B, K E 58S
K 63 7E73 THRiC P4 1 PT Z (A fFP S LA, B LFOR B2 50, BOZMERZHELA. C, H
AR 58S-C 7 75 R IX ]
Figure 27 Gene annotation at the pmsI mapping region and the comparative sequence analysis.
A, Gene annotation at the pms/ mapping region. The black blocks in the middle represent exons, and the lines between
them represent introns, arrows indicate the directions of genes. B, The sequence comparision between Nongken 58S and
Minghui 63 at the region flanking by molecular marker P4 and P7. vertical lines represent the single nucleotide
polymorphisms, and triangles for insertions. C, The fragment amplified from 58S for preparing the construct 58S-C.
SPZIX A A A R 58S M f5, 58K 63 P4 LB AT K I, BR T P4, P5 Fll P6
WS ESSN, W AT A AN SR R 22 57, ARG T P5S A1 P6 ZIA, K
IXPAS SNP fir442y S2 Al S1 (& 27B). 7E SNP S2 fi ', ¥k 63 ik G
(CTACTAGTGT) RANAKEE 588 A T (CTACTATTGT), S5 & /45>
B B RARNT 5 IR G AE BRI E N UIBE Spel TRAALRE, RAJFAR R 58S
WERT Spel HIRAALAL. FIHILZER T LI AR CAPS fric: f£H 5% (F:
5’-GACTACATGGGCACCCCTTGAA -3°, R: 5’-ACCTGGCATAGACCGATAGTTAC
-37) FIGK RN 390 bp, & Spel 5EAFGVIEE K 63 HHIEIRN 266 bp F1 124 bp
KANHIWI AT, (R 58S HONFLILHT, W 28 Fw. (HIMHTE KB S1 ALH) SNP
TETF R E I T ARiC.
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K 28 WR#E S2 FF R CAPS FRic.

Figure 28 The CAPS marker developping from S2 SNP.

FTE56-16_pk27 E+pE29r2-PF2TF_HO\ [>7#56-16_pf22£2+pE22r-FF22H_FOG |
T A C A& I K C T A
T ACAATRA T TH T4 AT T T4
56-16 H A H
o nof
\/\ \
PTETLI-25_pE27 E+pE23x2-PF2TF_GO ?7{11*2}5_.&2&#5&2:*!!22”06
A _C I A G C
T ACARCITMH G T T AT dd 3T 14
71-25 M \ A H
AW MY
VAV, TARIATA YRIAY
Plant No. S2 genotype S1 genotype

B 29 EH B S2 1 S1 LKMPER.,
Figure 29 The sequencing result of recombinants at SNP S2 and S1.
HI T SNP A7 SAHERAGUT , 6o 2 20 Bk 4l 3 6 3 7 A6 st A ) e P 22
(B 29, KM S2 5 pmsl L35, S1A0IA 1 ANEHEK (K 26). Wi R,
Al — BN ALK A, K pms] AT P4 5 S1 208 3.8 kb N, AA& 1 ANEH
Hpk (B 26 fIE 27A).

3.4 pms! {FEEFER 5 EFLEIE

£ 3.8 kb MEALIX B A, A RKIAAER TR EER (B 27B). 7 A Pl
B BT AN TN LR LOC 07g12010 F1 LOC 07g12020 & P5 {EBAK 63 FEH 4 L
Gyl 9 7.7kb A1 15.0 kb, WAL ARG EERIZ, WEEBS . XA RN
putative unclassified retrotransposon protein . M 4, 7E KOME #{ #% FE
(http://cdna01.dna.affrc.go.jp/cDNA/)HFHRE] 1 2% ) S )41 cDNA AK242308, 17
T P6 [N, F 3 uiEEES P65 1,139 bpo ETCAT AR vl {15 328 1 0 JEE DR (R4 00 S
Tk 8 5 TR 1) 7 VR R U 7 67 45 AR IR AT SR, I 40 B BX AN R ERE Y pms ] 53E

B
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3.4.1 BEAMELER

WIECHBEITEE R, 05T pms] RATEARYE, T HAE LR, ke
TALE MR X B A B 58S Ak 63 KK 2H 7 411 Bk i 58S-C 1 MH-C, H.78
X IRILE 27C, .5 7 M P4 F| P6 [z AK242308 #¢Ji— > exon Fl# 5 —) intron
3853 P51, 53518 5,695 bp Al 5,682 bp. K 58S-C Al MH-C 437546 NIL(MH) !
R E 58S, 133 79 F1 47 MR H N To RMSTFAL BLbk . T 2H 285 57 1 AR i R A
AR B IR, — AR To AR SRR EAT L 20 BRI o A3 56 Fle et 25k DR B 44
SEE, XFBAVERRRYCR, MR Ty AREEAT IS BRI . SR A BE R A RS> TARE P6
HSr 2% JEE DR R R /B 1, BRI HR 3 AR T oB SRR 4 S

£ 58S-C A NIL(MH)#) T, RS R R bk, BRI S R A S8 2300y B,
BARRIy: KART, A TR, VAR, BAHSAA ] 5
AL, RS SEER MU R RR I PR TR H RN, 2 R DR B A A O e Bk 2 (1]
MEHEIFEAHENX A, HWRICATE (B 30A F1B). £ 1 AHBHAD THRK
RAEK HBEANRE H BT R/MEEHESTHE R, & test fuldy, K H T LSRR
VEBAPR 2 TE] (R 45 e 22 s B T R KSF, (BAER IR R . [ 3RAT TSR
BIFE — KR PR SE L R BIR TR, PSRRI 40% LA H, HEDMRKE
VERRARMFE B AR, SELL s (B 300, SZRifS31m F, #4+ H
B BE TR B bR 1 4 SE R R DUAH L. T3 b, Gl B R 1 77 iU T-DNA $i A4k
WA BUG, I EZAREER A EA AR B, SRR AR, DL RE
H 58S-C # A ISR T BB % 2 25 BRI 52 46 NIL(ME) I B 1, I HaxFosus J
FEKHB T REEN, USRI Bea & A B CBUBREEEA & 1 pms] HEH,
AU A S — A il AN & (LA

73 MH-C B AR B 58S ) TV IEX RIUE M (B130C). KHIET, FHIEH
VESRRR SIAVE SRR 2 R B HEA 20, #ONAE, 4R B A R E V2 R
RHIRR, Prafehk Sk nml g, BIBA TS bk 2 ) 45 S R i B V%

(% 3). YWHIREA T 63 A EH pmsl A5 HIHEFHFFIAREWR E K H BT &
B 58S WEME. KW SRATMTTIARST, RUIWIK 63 1) pmst HEalE, WA 58S
B S pms] NSRRI
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M 58S-C I MH-C [ B AN Ak 45 ] DL e #5401 5.7 kb A& pmsl
[P e FE [A]

- + - + - + + +
Long-day Short-day Long-day Short-day
C 100, Long-day
xX sk
:; 80 ok e Sl
= 60
= e
3 401 N N
2 20 e
o
n 0 8—v—0—v—‘—v—°—‘
I
100 Short-day
Ks{ N N N e g
= o .8. <
fo § % ¢ T 7
B 40 - o (e]
£ 201
Q.
® 0
+ = + - I + = + = l
family1 family2 family1 family2
e — | e — |
Vector 58S-C MH-C
Recipient NIL(MH) 58S

[ 30 58S-C Al MH-C % &K T, REREK. HHERTHE®E.

A, 58S-C BT, MK RPRAER . HHE T IEBRERS. B, 58S-C FAEERARI/DE,  +, FHPESRFR;
- BITERRR.  C, 58S-C Al MH-C $62E T, K RPMAK. FHIETR/MEFYE. b f R R LR
TR EESEAR T A F t-test AN R3S IR A P B SR 5 B A2k Bk 2 B 1 S 25 4, v RS A2 2% (P<0.001),
N fAERAEE (P>0.05).

Figure 30 Fertility of 58S-C and MH-C T, transgenic plants under long-day and short-day
conditions.

A, Whole plants of transgenic segregants from the T, family of 58S-C under long days and short days. B, Panicles of
transgenic plants of 58S-C. +, positive plants; -, negative plants. C, Spikelet fertility of T; transgenic plants from 58S-C
and MH-C under long-day and short-day conditions. The bars indicate the means. *** indicates statistically significant
(P<0.001) difference by #-test between the positive and negative plants in each family, N indicates non-significant

difference (P>0.05).
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R 3 HAMI dsi MH AR E T 2 A Ty BARK T RRERKEH B T H/MEF I,

Table 3 Spikelet fertility of T, families from two representative T, transgenic plants under long-day (LD) and short-day (SD) conditions.

LD Spikelet fertility (%)

SD Spikelet fertility (%)

Construct Recipient Genotype

Family 1 Family 2 Family 1 Family 2
58S-C NIL(MH) Positive 37.61+4.19 (23) 46.0843.27 (19) 55.49+1.64 (24) 58.87£1.91 (20)
Negative 77.22+1.08 (7) 73.73£1.78 (9) 59.69+2.94 (4) 61.47+1.61 (10)

P value 0.0000 0.0000 0.3309 0.3855
MH-C 58S Positive 2.16£0.56 (25) 1.04+0.24 (24) 63.26+2.70 (14) 59.73£3.98 (11)
Negative 0.81£0.25 (5) 0.83+0.15 (6) 66.52+3.63 (10) 67.58+2.55 (2)

P value 0.2992 0.6634 0.4691 0.4360
58S-dsi 58S Positive 72.18+4.36 (13) 68.46+1.98 (18) 73.64£2.11 (9) 77.52+1.31 (16)
Negative 24.3540.57 (5) 30.31£2.08 (2) 71.37£3.90 (4) 73.91£1.16 (6)

P value 0.0000 0.0000 0.5884 0.1272
MH-dsi NIL(MH) Positive 90.57+0.74 (19) 89.30+0.60 (15) 77.42+0.94 (18) 73.80+2.17 (16)
Negative 91.68+1.17 (6) 90.32+0.79 (5) 76.17+1.66 (8) 73.11+4.48 (5)

P value 0.4603 0.3775 0.4929 0.8829

P 8 s i fti+s.eme. 355 W IOELCT ST SR AL, P EIET r-test LLAQPHE R S BITE SR Z 1R/ 1EAS 21

All data presented are mean+s.e.m. Numbers in parentheses are numbers of plants analyzed. P value is obtained from the #-test of positive and negative plants.

63



R K 2016 Jii - BF FU2E £ AT ST

3.4.2 RACE ff§3E pms15&R K

58S-C 1 MH-C #4055 /MR Berh BAREL S 1 AK242308 85— exon
FlJg—A intron fIERS 741, {H/2E AK242308 1) 3° 30 58 5 FArid P6 54 1,139
bp, P6 ALILAEAE | ANEA KR, Fh, FEA LFTLIHERR AK242308 1EN pmsl 5k
BN RetE. F N RX S TR AIX, R pmsl RIEREF R —NARAH . N
R R DL HER] o

TESEIX A, K H prime walking 17774, MK E 58S A NIL(MH)1)%1#E cDNA
R IIRTS pms] iR K1) EST J¥51 (Expressed Sequence Tag). fEUEAL F, i
— R 94T 5 RACE 1 3° RACE, i 5 3 AS IR Sl s o7 A A&k
7 5. RACE &5 R4 31 o, K B & kbmiR 1 26 BIOEE R T-vector b5
ATIFE, IRAFHIF S 24583k 7 81 5 5 A B 58S FIBAMK 63 DK 45 41 k4T L X,
32 pms1 114K cDNA,

5’RACE 3’RACE
& 31 pmsI 1#i%EF K RACE ¥4,
55, /23219 DL2,000 marker, (465457 Sk -0 75 0 4
Figure 31 Rapid Amplification of cDNA Ends (RACE) of pms1.
The left line in each image was the DL2,000 marker, white arrows indicated the samples used for sequencing.

RACE 7@ RE W, e XAIN, pmsl WEIEIERA HAUHE 1 & FA,
¥ intron, {LEE 14 exon, WX A MmN PMSIT (B 27C). PMSIT 24
B 58S FNAAK 63 A K& 43514 1,453 bp F1 1,388 bp, B&HHIZE 65 bp, X 65 bp
TE 2 AT B se B DT &8 InDel 43 F#Ric P6, 7T PMSIT W35 #1~ SNP
AR ST A S2 #RAL T PMSIT )5 %o
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3. 4.3 HNH AHSTT FRIEHIEEIL LR

N T #E—BIAE PMSIT ()66, HE T XUEE RNA #8044k dsi PLK artificial
microRNA #Iil| 4 amil Al ami2 (ZWHTSC “PPRHG 757 B3 3 ANEUER S 5l i
A B 58S 5 NIL(MH), 5335 5Lk Ay 44 v 58S-dsi, MH-dsi, SAIl, NAII,
SAI2 1 NAI2. HRIEHEARIBAL AT S pms] HANELEE R, HEMK HIR N AR R 58S
HAE T 2 pms ] BEEFER PMSIT HIFRIE G, S BF(RA B 58S 1 & M 7 NIL(MH)
dr, Kotk PMSIT MRS EHEIECE, A athiEssym: MHRT, TRERE
58S it At NIL(MH)H ] PMSIT MR X ESRINTTE .

AR dsi B &1 321 bp A BUE U7 T SNP S2 A1 SNP S1 28], £k 63
HAKE 588 FREAFAAIF IR, AT T 58S-dsi Al MH-dsi To AU 3 K HE PR
21 f1 42 ¥k, KHENFE, F5140% PMCGF/PMCGR &% L K /PR, FFxd
FARRIEAT PMSIT ik 8kl (B 32). EHL PMSIT Rk & TR To ARRMRAEK H
HE IR H R R 20 BRI T ARK R T I 0 BRI

1.6
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i 12
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DA DXL A PO O N DN oA D O
b"a\g b‘b\Q b%\g b‘.v\Q b%\g bq@ 6(9\0 (go@ G"'\'\ b‘b{\ bé\ (8’9(\ b‘a(\ b‘o{\ gf.i(\ b%{\ ,b“’"\\ '69\\
FEFFFFFFFFFFSSFFFS &

1.6
14
e 12 ]
K1
K 0.8 4
& 06 -
E 04 4
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0 4

N DO 0 0 DN D P D D ) o N
RS NIRRT S A S ) S ) N - N L ol
X 9 @ ¢ 5 B 97 80 8 9T ¢ g_.\y

%

T
B 32 58S-dsi F1 MH-dsi 2R T) Rtk PMSIT MR RIZERN .

Figure 32 The relative expression level of PMSIT in T, transgenic plants of 58S-dsi and MH-dsi.
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Bl 33 58S-dsi A1 MH-dsi # 2K T, KX R BEHREK. HHETHREME,
A, 58S-dsi #EIEDR T, MERBMAK, HHB FRBEERKE. B, 58S-dsi ¥ FMRA/NE,  +, PSR,
- BIVESHR.  C, 58S-dsi A MH-dsi # R R T, R HR PR FHIENR/MEF M. i R LAk
B SERIPIE. H rtest BT R FHVE RSB Atk B R E 1, Hares RN EE
(P<0.001), N fAERAEZE (P>0.05).

Figure 33 Fertility of 58S-dsi and MH-dsi T; transgenic plants under long-day and short-day
conditions.
A, Whole plants of transgenic segregants from the T, family of 58S-dsi under long days and short days. B, Panicles of
transgenic plants of 58S-dsi. +, positive plants; -, negative plants. C, Spikelet fertility of T; transgenic plants from
58S-dsi and MH-dsi under long-day and short-day conditions. The bars indicate the means. *** indicates statistically
significant (P<0.001) difference by r-test between the positive and negative plants in each family, N indicates
non-significant difference (P>0.05).

fEIXUE 58S-dsi T\ UK AH, KHIET, Bk EEHRM., thim. 2 BEEEER
AURZER, HERAY], FELBRE/NEESL, JEAZK (K 33A), FEHERY
SER)G, RIAEA H IR I B SRR 5. B LD B St N B TEIR A,
KRy asse, FIL I APERPREMEE RS RIS (B 33B ZED; i/t
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WHIET, WEr/ M MEEEEAEHEES, HATE. B 33CiHt—PRERTH 2
AR R ARRAER HIRANAE H N g 923, K H RN A T I bk, BH ik
25 SR A A RIREE ) BT it MRt R W H BT 1 22 ik 3] 1A 2 32 K (R
3). f£ MH-dsi T\ fREEREIZK R, ik, K HM, BT SOR FE 1 Bk 18]
BHIFEAZEMN, #HATE (F3). U ESRSROVG TR SR, KW PMSIT
FAR U EAZ A G BN pms], WHiE—DUESE T 58S () PMSIT &1k,

51, ERIEUEE RNA $IEIERAE dsi RIS, 7 PR WL, FRATIEM 2
T artificial microRNA #lIf|Z /A amil A1 ami2, #8551 5> BIAL T PMSIT ) 3°H1 573
AR BHEIL N To K : SATL 19 Bk, NAIIL 19 #k, SAI2 18 #RF1 NAI2 9 #k. [A]
PR IX S5 BRI T PMSIT (FRIEE (B 34), IEIRIA R N B ke
K H HEANAE H BN 20 B R i T, A€

16 3
:-‘; 25
i H o
9 1 B
® 08 15
% 06 [
Z o4 k=S
b 05
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> & H $» P O O N OO > e e A B0 N » P P & O N QO ™LA R P
oSS v},\sz“v}\sa AT IR RS ECRCICCCTOIOI FOIOII  a
FFFFFFFFFFFFFFF F FF F I JFFFIFIFIFIFIIIIININYNYYY
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12 25
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o8 X
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=06 %
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q}b\ (IPIL ,I/SDD‘ ,1’96 'Vé, q}s\ {V@ ‘L& ,-V"D 'V\\ q;@ ,V\fh rv\‘, 'V\o, 'V\@ q;(\ ’V\Q, NAI2-01 NAI2-02 NAI2-03 NAI2-04 NAI2-05 NAI2-06 NAI2-07 NAI2-08
F X F F FF F F F F F F F F F o F

B 34 SAI1, SAI2, NAI1 I NAI2 $#5H Ty REMk PMSIT AN FRIEERM .
Figure 34 The relative expression level of PMSIT in T, transgenic plants of SAI1, SAI2, NAIl
and NAI2.

L MH-dsi 018k, NAI1 F1 NAI2 F %% 8 B M S pk A B PE AR . W H IR
BN E, SRz MEaREER (R4, ERFEZIHKRE 58S H PMSIT If)
FiE, SAIL I SAL (%% 5E DR Bk A ME AN A MR 2E K H IR R B0 28 —HE, PR bk i)
BHEIFAR 58S-dsi MFELIK B EIATH K. BHIFERT PMSIT HHI &R+,
artificial microRNA #/AR ¥ AT XUHE RNA BARIRCR G, AT RES PN EUR R IEIE FH T
FTAA—FEA K. dsi BARRIE TR —B 321 bp KB, ZABATTREESH
PMSIT R¥EAE B B2 5o4%, 1 artificial microRNA FJ#EF #1121 bp, amil A1 ami2
RIS 21 bp $E7 51 AT Ge#N PMSIT (D Re i A B4 BH 2L
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K 4 Artificial microRNA #3440 T, RR7AEK. EHR TR/ EE .
Table 4 Spikelet fertility of SAI1, SAI2, NAI1 and NAI2 T; families under long-day (LD) and

short-day (SD) conditions.

Number of Spikelet
Condition Transgene Genotype .
Plants fertility (%)
Long day SAIl Positive 18 12.48+4.03
Negative 9 8.8442.50
P value 0.5508
NAIl Positive 19 57.68+2.07
Negative 6 57.25+¢3.71
P value 0.9209
SAI2 Positive 20 26.53+3.83
Negative 5 27.25+7.23
P value 0.5508
NAI2 Positive 25 72.30+1.70
Negative 3 68.77+5.09
P value 0.5034
Short day SAIl Positive 13 64.24+2.20
Negative 7 67.98+1.72
P value 0.2680
NAIl Positive 16 34,9442 .85
Negative 9 27.63+£5.81
P value 0.2163
SAI2 Positive 12 52.39+2.20
Negative 1 56.12
P value 0.6473
NAI2 Positive 28 69.99+1.29
Negative 2 73.98+0.61
P value 0.4229

3.4.4 BERIE PUSTTHIEELER

ZHIXT PMSIT W AN AN A0 25 R 5 FRATT I FIOUAR 7°F , 848 FE R0k
PMSIT SEFR X 2Rt AR R L5 B MRYE O 45 BN, 76 NIL(MH) 1 # 8 3R 08 51
R B 58S PMSIT, NiZBEARZARIME N, JF HRRCHREE AT e m T HAME AL
IgEH . BERIAFA Ubi:S a5 KR 58S 4K cDNA, 7E %K ubiquitin {155
TR FRATH R EIE . Ubi:S H ik NIL(MH)TE B To 1053 R bk 78 K I
Rl fE (B 35), WHERIA PMSIT SRR SR T A, H TS B #
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LR BRI EE R BRI N3 FAnic P6 %, K HIR T & kRN
GELER, RIHF TSR BRI BRI B AR, RN B R AR R
R, [F - 5ER PR R SRR B P R IR 5 S A N AR U R A 2R (B
36A). Z4RKRUIME NILMH)FEERIEKE 58S 1) PMSIT H:[XREMs & 2 £ 1K
NILMH)E M, FFEZRITEE. a2 ags R, 76 NIL(MH) Gt & BAMNE
R R A T AR 58S () PMSIT SEAREWBRARE T, (B L iR FE 1L
g5 (|8 30C R 36A), KIEBFRIEMMNEKRT B & & 37 IKENRIL I B AN
o FEEANEAG T, 5L TR BH PR SRR ¥ 45 S0 30 R N R R BE (M BRAIR s FERR A e fb
St 5 DR O e R 1) 85 I 26 00 373 AR
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Figure 35 The relative expression level of PMSIT in T, transgenic plants of Ubi:S and Ubi:M.
The images in upper and bottom were the result of Ubi:S and Ubi:M transgenic plants, respectively.

EAR 2 AT AN B 63 H ) PMSIT #5% & M EA W, HRERHERIA
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LI B M 45 R b W B BN [F) R R Y ) AR S St R AR P E AR B B IR X, K H
R Ubi:M e R R SRR B RS 2 T AR IR R, BRI R 53R A5 .
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BT, AME Ubi:S Hri & 204 B1E IS A W1 —— PRt Bk ) &5 S 3 K 70
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Ubi:M AL S R AT i A SR B 1, (HEIIEILIF T4 iiiza R
R IEAR A DL AN AL I B AL 25 AN . — 7T, R ARIA R At
s, oA 7R EAT N S RGAE i, XA LS R TS PMSIT
WIEFIBLEARSS, RAFER Y] T PMSIT AR 77 sCHITE L 4 RE19 3 & BRAREE .
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B 36 @ERE PMSIT %ER T 3 M KXRAKBERTHRIELT.
A, Ubi:S #JH:H T) K %: B, Ubi:M #E:MH T, X &
Figure 36 The co-segregation analysis of PMSIT over-expressionin transgenic plants in three T,

families under long-day conditions.

A, T, families of Ubi:S; B, T, families of Ubi:M.

3.5 PUSITFIRES T

PMSIT L THEHE X, AR SRR R, 78 Affymetrix &7 PAEES Z
FHRIERES, R TEE R F AR 35 KR8 4 A2 BIERIATE &5 7 £ (Wang et al 2010b).
FERDOK HHC H BRI H B R 20 A b A B 58S A NIL(MH), X %~ JH i AN [R] 42
GUAF, FF PMSIT [FZRIETE 5347
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B 37 PMSIT ZEHFAEK . FHETRE 588 M NILMH)Z4 T AN AARFKREESHT
AR A EHEN PMSIT 1458, PCR B SN 35; FHENWNSIEE Ubiquitin  (LOC_O0s03g13170) 1%
25 MEAKILER . Hi'5 1-16 2 HRFKFEAF K BN HRARAN: 1, 280H ) 2, MERESSTE RN s
3, WERESSTE BB — 4510 4, BEMESTE BV R 5, S 6, NETRE MIIE T 7, S,
8, UKL (<0.5 cm, P1)s 9, MEREESIERUNIZIRE (0.5-1.0 cm, P2); 10, FEky BEANHLRS HITE
W08 (1.0-2.0 cm, P3); 11, /DMETREZNME (3.0-4.0 mm, P4); 12, ek RHAAARIRE > 240U 5> f iy
WI/ME (4.0-45mm, P5); 13, METRBMNME (4.5-5.0mm, P6); 14, /ANETIEHINE (5.0-6.0 mm, P7);
15, “AHRAER I UT/NE (6.0-7.0 mm, P8): 16, {6k MAIIAEZ (P9).

Figure 37 Expression profiles of PMSIT in different tissues from 58S and NIL(MH) under
long-day and short-day conditions.

In each panel, the upper row is the result from PMSIT, with 35 cycles of PCR amplification, and the lower row is the
reference gene Ubiquitin (LOC_0s03g13170) with 25 cycles. Tissues: 1, leaf at tillering stage; 2, leaf at young panicle
stage (0.5-1.0 cm); 3, penultimate internode at young panicle stage (0.5-1.0 cm); 4, leaf sheath at young panicle stage
(0.5-1.0 cm); 5, flag leaf; 6, penultimate internode at P7 stage (see below description); 7, sheath of flag leaf; 8, young
panicle at secondary branch primordium differentiation stage (less than 0.5 cm, P1); 9, young panicle at pistil/stamen
primordium differentiation stage (0.5-1.0 cm, P2); 10, young panicle at pollen mother cell formation stage (1.0-2.0 cm,
P3); 11, floret at microsporocyte meiosis stage (3.0-4.0 mm in length, P4); 12, floret at tetrad stage of pollen mother
cell meiosis (4.0-4.5 mm, P5); 13, floret at microspore stage (4.5-5.0 mm, P6); 14, floret at late microspore stage

(5.0-6.0 mm, P7); 15, floret at bicellular pollen stage (6.0-7.0 mm, P8); 16, stamen at mature pollen stage (P9).
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ME 37 FAT LB E], TEFTE R 16 NG, PMSIT A EHIEFIK,
WS IR Ubiquitin 1& RT-PCR 32 25 N 8GR REE BI0I7E. TEMTRIARAT
{BJ& PMSIT W4 B E R 52 i 21 35 ANMEIE, 3981 Vr 2 48U R i L BE B 2
ST . EMEOLT, B PMSIT fEAR B 58S Al NIL(MH) ) #RiA#EZ R, K
I B R ) R IA AR A A ). AR B FRARORINA SR (b, w8, TAD
FIERARFML, S5AEMCIHAL R (G, e, B RiEEHNRE; P,
FEZIRECRE -G (P D 2, MEMESSTE RN (P2 1) ZhAEFIALE Ky BEAH MO TE Rl
B (P3 D 4hAH (37 S A8, 9, 10) REAHATRILRER . F407
Wrim RIS P1, P2 M1 P3 ], BEF PMSITEKHIE T AR 58S iRk BK
F NIL(MH), K% H IR 4 B 58S Al NIL(MH). A T IFSRX — £, #E i % qPCR
X 4R B AR LA H S AT VRS R 2k & LL UM T .

25 - B LD -58S
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210 1
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¥ 5
0 4
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& 38 PMSIT ZEFEEK. 55 H R TR E 588 i NILMH)4IFE R F R HART AN e BERER
.
P1 JE| P4 AR Z WE R ], AR R IE B HE A P £ SEM (n=3). ttests il LD-58S Al
LD-NIL(MH)Z [AI ) R E W Z R, *Fl 53 5)483% P<0.05 F1 P<0.01.
Figure 38 Relative abundance of PMSIT in 58S and NIL(MH) under long-day and short-day
conditions at the early stages of panicle development.
The descriptions about different stages are as in the legend of Figure*. Data are means=SEM (n=3). *, ** indicate
statistically significant difference between LD-58S and LD-NIL(MH) by r-tests at P<0.05 and P<0.01.
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A1 P3 #(Yuan et al 1988). 58 37 RT-PCR 455 —3, PMSIT ()R iEEHEX =
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Figure 39 The diurnal expression analysis of PMSIT in leaves of 58S and NIL(MH) under
long-day and short-day conditions.

The y-axis indicated the time points for sample collecting. The photoperiod of long-day and short-day conditions
showed at bottom, and the white and black rectangle represented the light and dark period, respectively. Data are means
+SEM (n=3).

K H AR H G2 PRI AS [ A0 A 1A, AEIX PRI 506 BT AR 5%
R By BRI AR A BT O TR PMSTT R 2 A
AICFAATENE, DLE BRSO H 23—t 7 ARy A 5] ) 18] s 2R Ukt
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NIKFEE FR AT R A K A R E IR K v, St DL O BUs i
VEARE BURET A P2 X R =it o R qPCR 40 ATik S8 5t o PMSIT [1)
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5277 THI P] BE R AT — L5000 o Rt FRATT 5 ] i 8 R S i AT T 48 /N ER
FELUSIN PMSIT WZIAE, J7iReRZ B i te o drAe [l 1B 40 a5 R Bos, 5
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Figure 40 The diurnal expression analysis of PMSIT in leaf sheath of 58S and NIL(MH) under
long-day and short-day conditions.
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3.6 PHSTTE—" long non—coding RNA

. NCBI ORF Finder X} 4 B 58S F1BAKk 63 ] PMSIT i#47T ORF 4347, KB AT
BEAE=FE10 ORF, H 54 Kt NAL E LK 41.
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GAAACCACGCAAGCTTGGCTCTTTGTTCCATACTCATCTGAAATTTCTTGTGAACTGGAGCATGATATATAGGCTTAGGA
hhkkkhkkkhkkkhkkkhkkhhhhkhhkkhhkkhhkkhhhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkkkkk k&

4
TGCATCAGGAAAGAAGCTTCTACTAGTGTACATGCCCAACAAGCTCTTATTTGTTAAGGCGCTAGAAGATTAGAACTTAC

TGCATCAGGAAAGAAGCTTCTACTATTGTACATGCCCAACAAGCTCTTATTTGTTAAGGCGCTAGAAGATTAGAACTTAC
LR R R e R e e

TCGGTCTAGTTTCAAATTAACAGATTGGATGATCTAAGGATAGTGTAGAAGCTTTTTGTTCAAARATCACAATARAGATAT

TCGGTCTAGTTTCAARATTAACAGATTGGATGATCTAAGGATAGTGTAGAAGCTTTTTGTTCAAAATCACAATAAAGATAT
R

ATGATCAAAACCTTAATAATTTGTCTTTGTTATTACAAATACTGGAACACAGTCATCAGTTATAGCCAACACTCATCACT
ATGATCAARAACCTTAATAATTTGTCTTTGTTATTACAAATACTGGAACACAGTCATCAGTTATAGCCAACACTCATCACT
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GTCGGTTCGGCGGATAGTTATTGAGTATAGTAACTATCGGTCTATGCCAGGTTAAITCGGGCAGTCCGGCAATTTTGCCT

GTCGGTTCGGCGGATAGTTATTGAGTATAGTAACTATCGGTCTATGCCAGGTTAAITCGGGCAGTCCGGCAATTTTGCCT
R R e T T s

GGTATCACCAATTGTCOATGCGAACAGAAAAAGTTCAGTACTTGGGCTTCTCTATATACTATATACTAGTTAGCGTGCAC
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THRIKFK KK I I IIRIEI LI A I h*H * &
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AACGCCTTIGCATGTTGGCCCCAAGCCACACTCTTTTTTAGGCAGAGACAATTCAGTIGTITTAT T TAGIATTTATAATTA

AACGCCTTGCATGTTGGCCCCAAGCCACACTCTTTTTTAGGCAGAGAGAATTCAGTTGTTTTATTTAGTATTTATAATTA
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TCCAAAATGGTGCTACTGTTTGTTAATGGTGGTGCAAACAATTGCTTTGCTGGTCCAGTTTAARA . . . . ... |. .. .. TC

TCCAAAATGGTGCTACTGTTTGTTAATGCGTGEGTGCAAACAATTGCTTTGCTGCGTCCAGTTTAARA . . . . ... .|. . ... TC
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhhhkkhhkkhhkkhhhkkhhhkhhhkhhhhkkkhkkkkkkkkhhkkkkkkk

E 41 PMSIT % B 58S FEAK 63 i) 751 b K il ORFs K=K .
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Figure 41 Comparison of the genomic sequences of MH63 and 58S that encode PMSIT.

SNP S2 is in red and SNP S1 in blue. Vertical arrow indicates the cleavage site of miR2118. Predicted ORFs are boxed

with colored lines: ORF1 is in red box, ORF2 in MH63 is in pink box, ORF2 in 58S is in yellow box, and ORF3 is in

blue box overlapping with ORF2 in MH63. Sequences after 800 bp in MH63 are omitted.
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ORF1 1 ORF3 7EA & 58S MWK 63 H 55 58 2 —HE, 707 4hd 44 A1 51 4>
ZETR . ORF2 7ZEW]K 63 H' ORF2M gz F IR N 101, (HAER B 58S H1H
T 65 bp JFA NG I HER RS FI SR AT 24 1E, At 54 DMEIERR, KB Hm4 A
ORF2S. % 63 H[f] ORF2M 5 ORF3 H i/ E .

XX JLAS ORF 4l )5 (4 53 7 51347 BLASTP #ZR M, Bk KIAE FIE
MR EE . Ah, 2REASHX LA ORF #HAT R AZRIE RSN, (B8R
RN, YKL ORF AIREFEANE HIELAFAE, PMSIT Wl ReANgmiGEE A . N T
AR HELD , FRATHE 58S-C Bk AT i , 73 AAE TN ) =/ ORF——ORF1, ORF2S
A1 ORF3 HIHEIA%IG T “ATG” Ja MBI “G”, LATEL ORF HIILASHE, 584
ORI B TR A, AR mRNA 17 51 20 FE

W K 2 U 1) = A3k 58S-ORF1+G, 58S-ORF2+G fll 58S-ORF3+G 1k
NIL(MH), 43713 2] To RMSLFEAAEIE 60, 53 F 54 Pk {5 FHric P6 HE4TFH
PERTIN, B H BER IX SE BRI AR IR Y, R I = AN AL IR B R R T PR
FARARGT T BAVE SRR, A AEM LS4, AR b (B 42). gk
T ARFAT LA B0, X EFEA MR R H R BRI B 5 R AR I A 3L 40 5,
BE P BARR /N P B I AR (] 42), FEFEN R RIGE SR 52t v WK
43, FWER], A R R PR AR A5 SR T AR MR AR, X
FERGHBUEN 58S-C HARMEAL KA, B, AIEHE50: SUiXs ORF
HA R B 58S 1) PMSIT DhReM IEHAT(E . B PMSIT /2 LA RNA A2 &
R 77 ORIEER, PMSIT 2 — KBRS RNA. Ff HARYE -5 F R AE T
fiE, NJ&T long intergenic non-coding RNA (lincRNA).
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58S-ORF1+G
K| 42 58S-ORF1+G, 58S-ORF2+G 71 58S-ORF3+G ¥ kR AL,
(A), (B) Ml (C) HEEEIA To HMRRITER BGLEE RE RN, ANy T ARK R PR VI E, Hop
N ACREIEFI P, P ACRE I KB
Figure 42 The performance of 58S-ORF1+G, 58S-ORF2+G and 58S-ORF3+G transgenic plants.

The left images of (A), (B) and (C) were the results from pollen staining of transgenic T, plants, and the panicles of T}

transgenic plants were showing in the right. N, negative; P, positive.

;\0\ L 3PS *
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& 43 58S-ORF1+G, 58S-ORF2+G F 58S-ORF3+G & =EAEEE T, R RIELSE 44T,

Figure 43 The co-segregation analysis of 58S-ORF1+G, 58S-ORF2+G and 58S-ORF3+G

transgenic plants of three T, families.
Seit, e SR E 2 BT 2 PMSIT Rk & 7 Hr a2, KIW PMSIT B8
bt 5 K24 IncRNA —#f: RIEEK, JFHAFHLR R,
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3.7 HARE pms1 HIINREMEFFHIER

3.7.1 ELLBSMERE SNP S2 ETheE MR ER

TEWARE T PMSIT 5/ pmsl WAl T, FTES— DML B 58S FEAYK 63 1
PMSIT 75 7 5 i (96— A~ S B0 A KD S BUS R PEAS & R A2 1, 385 X & FpAs ]
AL S KRR AR AT LU 5, AR 1 91 25 S 55 3R 28 2 (] PR DRk R HE T HE e
TR 2 5 - B 27B Al C W& B B 58S AR 63 7E PMSIT J il X Bt
NAFFENUAL 75 22 5. SSR FRid PS T PMSIT JE )T IX; SNP S2. SNP S1 %
P6 HRALT PMSIT 1 5% . BFRIXLE AN Z 5, HLT 15 A A sEAT ELE
hfFE 8 ANHAR R 58S B H M RIDEBUEEAE &, SR NE S, HA HAEBERT
Hl WA IR T 8452, WK 63 758 A1 BAC 2109 MIF45 R, H
A AR FIME BB PCR M P 3k

A BRI AL 20 M CL LR E 5 0] 422 F1 1514 78 pms] A7 53 w] & 3K 7
(Mei et al 1999b); A B 58 1E pms] A7 sl LKA 5 & & 58S MHFEI(E XSS 1997).
fEsE B A, 7T PMSIT B3 T IX ) SSR #Ric PS 5 pmsl 3L 31, ME S
hEF], IX 15 NEFRTE PS AL AT EEEEAHEE . Bk 63 HINEEHmE, &
1540 AN 1514 MIH AR HE S 8 MEE, KRE 58 FAN 9 MEBURNE &I AT
HE R TI%E1R] 422 A1 9311 MR ACWAHIE, $U] AT (15 2 B RIRE 2 (7]
B 220 LLBHET pms] W] B ALY S AT 63 218 422 K1 1514 () AT R AL,
RINFAEXS THAH pms] AE LI F AT EGEAEZH /D, R AT WESH
5 pmsl SR BERATRA MM RE P5 2 M t0BEmsid, JFHAERIT
X b, BEENAC—AFIZER, AKATGES PMSIT DhReH KIFM <. SNP S2.
SNP S1 J% P6 AbI 7 512 S AR AE O B RAARCHBAN & CRE 58 BRAh) 2 [AH]
RS NS, (H SNP S2 Fl S1 [l A A8 #e (1) — A~ 20 S bk HERR T SNP S1 1 P6
TENThREEZE R IR RerE. Rk, MBI F LR, e mantkotr, e T
SNP S2 4 PMSIT ) TifetEZRAL s, 1€ pmsl ABAL SN “T7, WTHEMATHN

“G”.
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R 515 NERFTE pms] XA ELBEI P45 R -

Table 5 Comparative sequencing results of 15 rice lines in the pmsI region.

Variety” P5 S2 S1 P6" Sub species
Nongken 58S (AT)14 T G 65 bp Jjaponica
Nongken 58 (AT)14 T G 65 bp Jjaponica
1514 (AT)8 G A - Jjaponica
Nipponbare (AT)8 G A - Jjaponica
Lunhui 422 (AT)9 G A - Jjaponica
Minghui 63 (AT)40 G A - indica
9311 (AT)9 G A — indica
Peiai 64S (AT)14 T G 65 bp indica
320018 (AT)14 T G 65 bp indica
HNSS (AT)14 T G 65 bp indica
95076S (AT)14 T G 65 bp Jjaponica
N5088S (AT)14 T G 65 bp Jjaponica
7001S (AT)14 T G 65 bp Jjaponica
29130S (AT)14 T G 65 bp Jjaponica
31301S (AT)14 T G 65 bp Jjaponica

O WFZRREHER RS “S” RFNRBBUEEAE R Y FIBLFEIRIE P6 AR T 65 bp.

9 Suffix letter “S” indicates PSMS line; ® Dash represents the deletion of 65 bp at P6.

3.7.2 65 bp FHAFI SEBURLEMEA RIS

R I E AH B R EOE COHERR P6 AR 65 bp Tl AAESN PMSIT BT RePE 22 70 £t
HiZAE 225 B, IBe 2 ORI P S Bk B FT 4k ? BARARERSE PMSIT 1L
BAE M, (BTN PMSIT DIREE—E MR ? Rk, 020X By 51

TR T -
Organism Blast Mame Score Number of Hits Description
Oryza m ts 101
. Onyza saliva 1
. .Onza sativa l 1568 16
p 1546 a1
152 a3
150 1

& 44 58S PMSIT [¥] discontiguous MEGABLAST 1 BLASTN # &4 R AR E .
Figure 44 The lineage report of S8S PMSIT hits according discontiguous MEGABLAST or

BLASTN.
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B 45 PMSIT Z A X B 7 FIHFE -
A, PMSIT IENAUFHILLE SR . K OBLARRZIX W H AN UGtk 5 PMSIT M IX B e A oA A b
55 P B ARR T T 047 ) H RIS PP S 4 AN AR A7 it BT E I G (AR B 5 1791 22 53 F BL R AR IC 0 «
R, PRERZES: M, DB, W EARRRL, RSP RO, HARE
Wt s Ao s, HARE-CROARRAITI; a6, KE 58S MUk 63 ILFKFA IS 4
, R B 58S K54 Hy (i, WK 63 K5 A . B, 65 bp FPAIAEREAN TR T VT ARC 2 A A R BB, 1% EIRYE Gramene
Wil 4 A HSP 23 A BB A 5
Figure 45 The sequence features of the PMS1T genomic region.
A, Genomic sequence alignment of PMSIT. The nonhomologous sequences outside this region were marked in grey
lines. The start and end points of Nipponbare (Nip) genomic fragment from PMSIT to the P7 marker are indicated in
the parentheses. The sequence differences are indicated in various colors and signs: vertical short line, single nucleotide
difference; triangle, large segment insertion; vertical short line with triangle, single or double nucleotide insertion;
black, specific for Nipponbare chromosome 4; blue, specific for Nipponbare chromosome 7; red, specific for 58S and
MH63; green, specific for 58S; pink, specific for MH63. B, Genome-wide distribution of matches from the BLASTN
results of the 65 bp insertion sequence found in 58S, using a cut-off of 10 in E-value. The diagram was modified from
the HSP distribution image output generated from the search result of the Gramene website (http://www.gramene.org/).
F|FH NCBI f#) discontiguous MEGABLAST I BLASTN 4> #74% B 58S ) PMSIT
SKFH, FEMERER, (ERE (Oryza) HRedk 35 HABI T (& 44),
O. rufipogon FULHEC |1 JLAARUT FIIE GF AL T P6 AL HIFR AT A IX BEo [FIRF, 3R
K B T/ H A SR 58 DU Gt B i) — B 81 5 PMSIT Al f 2 S AR
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58S FHHITK 63 K HAHE PMSIT HEKZH X BU#AT 1 ELBU . HASIE S DY etk |
12,032,452 % 12,035,919 Z I8 (1) 7 511 5 55t ge i fhk b PMSIT 3% [ F Ui 7 1 2 ]
I AFAE SNP AL EIIESR N /B E R (B 45A), 1 65 bp FHITEREAFE R A -
REAR B LA N BEARLIX B, IF HIYSI AR AE & sk et fk b (B 45B) . Ko T
BRI A X RS 37, A Eh TR b, s — A T R A e T B )
LOC_0s12g06040, & PMSIT 55 53 7 /™ 525 DRt RV R A I e e 12 1« AT
FRATTHEN A< B2 58S "4 N 1T 65 bp 7T Bt 4% i B % AR T4 N3 il

Color Key for Alignnent Scores

<do 40-50 50-g0  [TE0=200 I INS=EG0NNN

lelll
0 250 500 750 1000 1250

&l 46 B 58S PMSIT #£ CSRDB [f] BLAST %R
Figure 46 The result of BLAST at CSRDB database using 58S PMSIT as query.

5t 57— AU AN E LR pms3 IR FE R, %I E 2 —4 IncRNA, fi#
72/ small RNA(Ding et al 2012b; Zhou et al 2012). N T 7041 PMSIT 544
small RNA , £ /K # £ K small RNA #{ # /& CSRDB
(http://sundarlab.ucdavis.edu/smrnas/) % 4 B 58S ) PMSIT i#47 BLAST 4-#r. A
% 5% small RNA BB ULECE) PMSIT £, Forb EOfE S ) )L 5% small RNA & 447
T 65 bp W (46D, [FIRTEAZ CH K 58S MEMESS FIE T 4 f# small RNA %
i E R AR B £ 4% small RNA VUL ENZIX (], 468:/E CSRDB %k -4 Hr LE AT
BLAST 73 2|1 )L % small RNA {48 5E K, R 3L & AT 40 A 3L [R50 2k
LOC 0503214590, #:NVEFEA calcium-binding EF hand family protein. FJH A% K
a4 B BAFRA T 5 e B R A W2 B R (R0, R S TE % B T v AR v 28
B E R . R R KR B IO G IR ERAL, B4, LOC_Os03g14590
FEM: i BRI 2 15 HA ORI 9 2 gPCR 4553 (514% Ny CB-F/CB-R)
BRTEA R 58S K K H IR 48 /NI BRAEIS H1, LOC 0s03g14590 )R IEE
RULEOE AWM 87K Ao, K HB T REF BT H I (B 47A);
RLEM| iy P UG A AR S . T H, 8 T & A e U A (45 — i it ey
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FIEICEIHE BRI, EEEH R A &I S RIS BB, SRR T
(RIS EIZE ETF, BIREWE KA TSI T IE (B 47B) . 534b, 408 LOC_0s03g14590
TEARE 58S SR & FIIRMESS H ) RIA R, EXEHL I, KHBNWRIEAFE
WHALTHHET (B 47C). BREAIEHREEY] LOC_0s03g14590 52 65 bp NI

REP“ A2 K small RNA BUEERE, (H A BT SRR, 1t 65 bp /2 5K B 58S |
JEEEAAHOE? IR L BZBT A, SR R 58S MK HI FINE M2 G aRm? K,
AV RZIX B G T — I B AR BT B AL AL BT
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vy}
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Bl 47 LOC _0s03g14590 ZERTERER 58S K. BHR THIREEDHT.
A, TEE TR F 48 /NBE N IIZRIE BT B, (M 48 N IRIE RN C, R E &R

N A O
o o o

o

SRR BT
Figure 47 The expression level of LOC Os03g14590 at 58S under long-day and short-day
conditions.

A, leaf at tillering stage; B, leaf at young panicle stage (P2 stage); C, young panicle development stages.

Y6, X EAMNEAR 58S-C BEATHOE, S 65 bp X 8] & # Bk 63
SR B, BARBIRS W, “MRIAIITE”, 13348k 588-C-dP6. 58S-C-dP6 &
58S-C A& MAME T BeAHLL, (BT Pe 401 65 bp (B 12). Fizdiihitik
NIL(MH), 733450 To bk 33 bk, T8 %E T R K RINAE e . 7RI
KHET, & Ty AL EE A0S 5 rhBA PR SR 10 45 S LG B IR i A [ R EE I R
B, RRZEZH TFEAIEESGIAR (K 48), XRILr B4 R 58k 58S-C )
AL AR (B 30A F1 C), ULHIARE 58S PMSIT A4 7 65 bp J5, fEKHMET
PVIREAT IR R DhRe, FEAK NILIMHE)E . [FI A 7 5HIE 65 bp X6 & AR 3,
S BT 58S-C-dP6 TE4L H M T IR, T REE/DIREEN & YR, IEBIEiGmM
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e A H RN AT 5 R, DUE S Qs iR H BB 45 AT R [ 48 4R B,
TEMF R i A H 26T, Ty R BRI R R/ b, BARBI M B bk i 45 SR A 2 Ml s, (H
EARBAPEAN A Bk 2 (M ) G SE R A B B 257, 5 58S-C fEM H IR T AR L4,
B, RUEHT 65bp 5t ARMIRKE 58S PMSIT /EFE HR TN IIThAE. ML R4 R
HEW, WK E 58S PMSIT H 65 bp HI4d N Fr Bt S5 OGBUBEEIEAN B /K FE Ak B 58S 11
Ot JE B BURAE T RETE R,

100 -

g
= 80 4 . 4 ¢ @
2 ® * 0 Qo oo “" s *
T o60,* O My '
k3 . ®00o ¢ o ¢ lo * +Positive
5 & p @ .

s 404 o, ° o3 $e o ® .23 e Zg@ A@ﬁ% +Negative
2 ¢ *e * s . Wy 0 oot 3
3 20- . R A SR AR
() % o3,

0 4s-atom . mf:g@w” 1 1o % a0y *® : AP

Family1 Family2 Family3 Family4 Family5 Family6
Long-day Wuhan Short-day Hainan

] 48 58S-C-dP6 #H: K T, K RARIK A AR E H B T RS EE,
Figure 48 The spikelet fertility analysis of 58S-C-dP6 transgenic plants in T, families under
long-day conditions at Wuhan and short-day conditions at Hainan.

AN, N TIRAE 65 bp AR EEFZ4E 1 small RNA £ G % F AW, #xHZX
[ 7 = AR IA A Ubi:S CS+P6, Ubi:S P6 Al Ubi:S P6+polyA. Ubi:S P6 [¥]
AR B dE A B 58S PMSIT 1) 65 bp J 3 Ji [y 4113k 288 bp; Ubi:S CS+P6 H1 Ubi:S
P6+polyA FL 5 1 B2 1% 288 bp 77l [) b3 AEAR 42 PMSTT ()% s ae o7 s [
NUFEAR A PMSIT HIHRA AL (B 16). FFEEIX =M BRIEE KD A5
NIL(MH), 5% Ubi:S CS+P6, Ubi:S P6 1 Ubi:S P6+polyA HFE K T, Btk EHN 80,
50 F1 40 tko XX LR IEST PMSIT (MZRIEBARMAIER B 0L, RMKHET
Ubi:S CS+P6 HE B[R FHVE bk e & 1AL T B TE S0k, 1 Ubi:S P6 1 Ubi:S
P6+polyA 4 K BH M SRR R4 A & VEERBIVE SRR I —FF, @ E (B 49),
Rl 28 sk b SN BN RIS B, R RIS bk (8] 50) gk T, 4K
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] 49 Ubi:S CS+P6, Ubi:S P6 F Ubi:S P6+polyA 33 H T, HbkK H B T IEkm ALY,
Ubi:S CS+P6 (A), Ubi:S P6 (B) il Ubi:S P6+polyA (C) Hft N AR SEDH B Bk, P AT 5L D6 PH 4 bk .
Figure 49 The pollen fertility of Ubi:S CS+P6, Ubi:S P6 and Ubi:S P6+polyA transgenic T,

plants under long-day conditions.

N, negative transgenic T, plants of Ubi:S CS+P6 (A), Ubi:S P6 (B) and Ubi:S P6+polyA (C); P, positive ones.
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1600 I lm‘auo
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I N I Do N P B | 1|
2 ol MIF 111 ol 00 100N Y . 1
I« WNOOY T 00 H0MD L AHN THaNRNiiNal. 11
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& 50 Ubi:S CS+P6, Ubi:S P6 F1 Ubi:S P6+polyA ¥R T, X EBRA N Tk EA I .
A, Ubi:S CS+P6; B, Ubi:SP6; C, Ubi:S P6+polyA.
Figure 50 The relative expression level of PMSIT in T, transgenic plants of Ubi:S CS+P6, Ubi:S
P6 and Ubi:S P6+polyA.

UK K HIE AT, A ERIE 65 bp LT FFI ) Ubi:S P6 H T AKX F
H, RRIEIRI VR SRR SRR SRR S SR EA L, W A IR X, BRI
NEE (E51); [FFE, Ubi:S P6+polyA T, 5 & AR AR R B4 E 1. 1%
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Figure 51 The co-segregation analysis of Ubi:S CS+P6, Ubi:S P6 and Ubi:S P6+polyA transgenic

plants of three T, families under long-day conditions.

3.8 PMSTT 2 PHAS E[H

3.8.1 PUSTT & miR2118 RY#LE X

3.8.1.1 SCISIEE PHSTTH#E miR2118 BIJ]

W 5T R EAVE 2 IncRNA 223% microRNA R7, WEMHEAER, fEiEiLRERIE
R IEE B DIHE(Yoon et al., 2012; Leucci et al., 2013; Liu et al., 2013; Yoon et al.,
2013). MAEKAE 1, 3 K EEAE 0 K IR 2 42 % & /M LA RIS 1 IncRNA
#& microRNA2118 (miR2118)E¢ 34 miR2275 & 7L (1 #E 3L [ (Johnson et al., 2009; Song
et al., 2012). M, FAHMEY small RNA target 47 #7 20 #% & psRNATarget

(http://plantgrn.noble.org/psRNATarget/) XA B 58S FIBAMK 63 1) PMSIT 4K )75
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AT M, RBUE PMSIT 1) 57 SiA7AE 3L R A miR2118 AL, 7] fEE miR2118d
5% miR21180 [RIHEEEA (18 52).

miRNA Ace. Target Acc. E (E) Target Accessibility (UPE Alignment Target Description Inhibition Multiplicity

miENA 22 AWCCGUACCCUCCGUAGUCCUY 1
Your Sequence 30 2041 330 £ B3EREEARE Translation 1

Target TO VAGGCUVAGGAUGCAUCAGGAA 91

mifWA 22 AUCCGAACCCUCCGUAGUCCUC 1
miR2118 Your Sequence 30 2041 aiaar ey Translation 1
Target TO UAGGCUUAGGRUGCAUCAGGAR 91

B 52 psRNATarget 38 FE T ) PMSIT FIREH) miRNA 456407 5.
RN R ABRINS L, Expectation 4 3.0, UPE ¥ 25.0,
Figure 52 The predicted small RNA target sites of PMS1T analyzed by psRNATarget server.
All the parameter was the default with the Expectation 3.0 and UPE 25.0.

N T RAIE PMSIT 525 BEE miR2118 R7JF HAr 3800, 2Rl HE MR R
58S 1 NIL(MH) P3 H])%8# RNA R #47 modified 5° RLM-RACE . MR 45 il 45
R, Wit T EREER 59 RACES-3 fil RACES-4 5EFife #:0 PCR, 451k 53
Fion. K2R 4% PCR FEWZERES] T-vector L5, BT, 5 PMSIT 45347 H
B M BION R AE AL s O F T RS AL R BT AR

A

(bp)

500 —
250 —
100 —

& 53 PMSIT 5 RLM-RACE PCR ¥ 45 5 .
/2314 Trans2K Plus DNA marker; [ 87 Skfm H T 264, BT F 9 S BERR 40 0 K H R R R B 58S
P3 #A%hRE (A) F1 NIL(MH) B N P3 #I4h## (B); PCRI1 A PCR2 43 % 4.3 PCR #4155 —#6 F1%E — 48 PCR
iR,
Figure 53 The nested PCR amplification of PMSIT according modified 5> RLM-RACE.
The left line in each image was the Trans2K Plus DNA marker; white arrows indicated the bands used for sequencing,
the total RNA from young panicles of Nongken58S (A) and NIL(MH) (B) under long days were processed for nested
PCR amplification. PCR1, outer 5> RLM-RACE PCR; PCR2, inner 5> RLM-RACE PCR.

53T 57 RLM-RACE 7 45 SR K Blta i AE TN miR2118 45647 s Al 2]
PMSIT #859Y), 3 HATA FIBT VIR AETE miR2118 45 &A1 A KSR 10 2 11 frfsdt 2
B (P 54), iESE T RE 58S Al NIL(MH)H PMSIT #fSZ2 miR2118 fISEIER . {H
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EASRE TS Z S MREE R 5123 5 7 miRNA A~ S 8T ), AT 1) miR2118
A FE B AR H =, {2 miR2118d A1 miR21180 ] Expectation {E i {%, {5

o

74

[}

miR21180 3 -AUCCGAACCCUCCGUAGUCCUC -5
miR2118d 3’ -AUCCGUACCCUCCGUAGUCCUU-5
FEEEE TEE TEErErrr
PMS1T 70 -UAGGCUUAGGAUGCAUCAGGAARGAAGCUUCUACUATTG - 108
16/16 58S
11/11 MH63

& 54 5 RLM-RACE iFsZ miR2118 /1% PMSIT #3517

kTR B VIR A AL A, NN ECE R I AR B 58S Al NIL(MH) HBIP]#17C: miR21180 5 miR2118d H %
SIS SR N, B S RRE T SNP S2 ({7 H

Figure 54 Validation by 5° RLM-RACE that PMSIT is targeted by miR2118.

The arrowhead indicates the cleavage site and sequence frequencies are shown below. The differences between
miR21180 and miR2118d were marked in grey. Star marks the position of S2 SNP.

[F, FATEFRH PARE (778t PMSIT P A3 85 ) 1550 . PARE 72
FET PR AT, AHXTT 57 RLM-RACE {3 Hr HEANRE AL A5 7] 68 & AR 1 8Y
Vl, PARE RAERERNAKF EathFAIREY. oalbic. R HE KRR 58S #
NIL(MH)] P3 #i%hf#c RNA B & PARE S, PARE (S BTENE 6.
B BT A ) signature 541 () reads R TP3OM BHAT-F i {b 5 5 ZE R 415 51 b X, 43
PriX e signature 7E PMSIT [XIA]f) reads. &5 5K PE S8 &= AL Sk 2 PMSIT
TR miR2118 AT I B YIAL A%, H BAE A s B H AR 58S {5 S{E A
THRHEBEK, MHBE TR NIL(MH) (K 55).

# 6 PARE XL EE R
Table 6 The information of PARE libraries.

Distinct t/r/sn/sno
Genome Norm. Max. Min.
Total Genome RNA
Condition Material Matched Base Len. of Len. of
Sequences Matched Matched
Reads Value Reads Reads
Reads Reads
Long-day NIL(MH) 34,120,199 30,548,637 5,850,129 397,756 30M 21 18
58S 42,420,515 38,673,590 6,853,163 410,218 30M 21 18
Short-day NIL(MH) 35,826,997 32,282,105 5,640,352 664,820 30M 21 18
58S 35,575,232 32,607,464 6,417,295 344,834 30M 21 18
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PMS1T 1

B 55 . S HET/RE 58S M NIL(MH) P3 #14)## PARE SCEE+H PMSIT HBIVIER .
kR T miR2118 NSRBI YIAL & BT B reads £05°R A TP3OM  HEAT P4 fk o
Figure 55 PARE results of PMSIT in 58S and NIL(MH) at P3 stage under long-day and

short-day conditions.

Arrow indicates the cleavage sites directed by miR2118. The values of reads in each library are normalized to
transcripts per 30 million (TP30M). LD, long-day conditions; SD, short-day conditions.
DA E P 5 T SE SR B R SE T PMSIT 52 miR2118 HU$ESEIN, I HAsfs 4k

miR2118 /- FE Y],
3.8.1.2 miR2118 RIEFRIEENHT

miRBase Chttp://www.mirbase.org/) ##% FEFEHEHI{E B B/R/KFEM) miR2118 /&
—ANKRFKE, HH 18 RA, 45 M miR2118a F miR2118r, KIEBHES 4 Yetifk
I, AN K cluster; miR2118p q Al r WAL T2 11 Jetafk B (B 56A). Ft
A miR2118 T HIHCEESS g 22 nt, Hrb e miR2118 J 51 (1) 24T 51 58 4 Al
7] (& 56B) (Johnson et al 2009; Song et al 2012a). miR2118 ¥ i i) ik B A 41 44
Fe A, AFE AR AR A AR A R U B4 3= & (135 (Johnson et al 2009; Song et al 2012b),
If PMSIT W2 AE4NAR R & I AT AR m I R IE 2
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A AKDGB521 AK0E8580 AK104121
(LOC_OsD4g35540.1) Chro4 (LOC_0s04935560.1)
| 3
L]
i h t | k % o n
" ﬁ ﬁ ?-'l-l' >
Y B e S S -
,’ % 1 . i
# ~ \ miR2118m Al
’ S A ey
’ T -~
d miR2118] &
¢ T o
B i g T g g
AK120687 Chri1 AKB3483
(LOC_0Os11g14060.1) : (LOC_0Os11g14070.1)
u T

-

miRNA Sequence Length  Loci
osa-miR211 8o CTCCTGATGCCTCCCAAGCCTA 22 1
osa-miR2118d TTCCTCATGCCTCCCATGCCTA 22 1
osa-miR211 &fjm TTCCTCGATGCCTCCCATTCCTA 22 3
osa-miR2118hk TTCCTGATGCCTCTCATTCCTA 22 2
osa-miR2118p TTCCCGATGCCTCCCATGCCTA 22 1
osa-miR2118g TTCCTAATGCCTCCCATTCCTA 22 1
osa-miR2118| TTCCTAATGCTTCCCATTCCTA 22 1
osa-miR2118i TTCCTAGTGCCTCCCATTCCTA 22 1
osamiR2118er TTCCCAATGCCTCCCATGCCTA 22 2
osa-miR2118cq TTCCCGATGCCTCCTATTCCTA 22 2
osa-miR2118bn TTCCCGATGCCTCCCATTCCTA 22 2
osa-miR2118a TTCTCCATGCCTCCCATTCCTA 22 1

Kl 56 miR2118 KT 5| R HAZEREAH EHAE.

A, miR2118 KIEMIATE 93-11 ZEFH FRIAIE, KIET Songetal 2012a; B, miR2118 KIEM A FHIER, K

JE-F Johnson et al 2009,

Figure 56 The sequences and locations of miR2118 family members.

A, The locations of miR2118 in the 93-11 genome, from Song et al 2012a; B, The sequences of miR2118, from

Johnson et al 2009.
NT MR B WA small RNA FIEEE M, FATMET K. EH
FE R A< B 58S A NIL(MH)%h 8 &% & 511 P2 1. P3 #A1 P4 WA 4h A Ek/NE) small
RNA SCFE, SR i IR EE S, SR PSS 1E LR 7, 53119 small RNA
reads HUE A TPIOM AT PG 4 3. b4k, R “Genome Matched Reads”
A Distinct Genome Matched Reads ”HIHUE Hf AL E “t/r/sn/snoRNA Matched Reads”
HRBUE o FEIX = AN SRR it bk P 21 45 MK B2 1Y small RNA [0k, 3 o

A1) miRNA R IA R &I,
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Figure 57 Abundance of miR2118 in panicles at three stages of young panicle development.
Values are means of two biological replicates, and error bars represent the s.e.m. LD, long-day conditions; SD,

short-day conditions.
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Figure 58 The relative expression level of miR2118d and miR21180 in panicles of 58S and
NIL(MH) at long-day and short-day conditions.
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RNA-seq 25 AL Z Y], AlGEZ 4% miR2118 3X 5k ik i3 BT 4 2 [AV A 1-2
AL Z TN, stem-loop RT-PCR [ R AL 5, ANHERERHL X 40 5% 2%
microRNA fJHHXf FKis & .
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% 7 Small RNA XCEER.

Table 7 The information of small RNA libraries.

Condition Material Stage Repeat Total Genome Matched  Distinct Genome t/r/sn/snoRNA Norm. Max. Len. Min. Len.
Sequences Reads Matched Reads Matched Reads Base Value of Reads of Reads
Long-day 58S P2 stage 1 16,799,138 13,828,073 5,283,775 489,006 10M 34 18
2 9,846,199 7,874,822 3,742,835 709,399 10M 34 18
P3 stage 1 7,442,130 6,108,173 2,471,454 260,722 10M 34 18
2 11,472,561 8,925,938 3,615,463 1,156,333 10M 34 18
P4 stage 1 6,299,626 5,102,487 1,622,550 351,615 10M 34 18
2 10,223,883 7,519,179 2,419,641 1,548,539 10M 34 18
Short-day 58S P2 stage 1 8,055,854 6,584,870 2,925,738 320,222 10M 34 18
2 18,566,211 14,567,930 5,584,821 1,800,317 10M 34 18
P3 stage 1 7,744,473 6,437,977 2,579,416 214,773 10M 34 18
2 14,180,440 11,744,920 4,390,679 726,283 10M 34 18
P4 stage 1 9,176,074 7,336,665 2,388,519 562,714 10M 34 18
2 15,378,568 12,179,632 3,726,780 1,466,345 10M 34 18
Long-day NIL(MH) P2 stage 1 12,429,931 10,295,016 4,424,623 349,892 10M 34 18
2 10,256,625 7,447,357 3,206,714 1,251,021 10M 34 18
P3 stage 1 29,509,417 24,349,067 6,541,673 972,279 10M 34 18
2 7,850,158 5,939,909 2,561,898 878,977 10M 34 18
P4 stage 1 8,386,684 6,847,925 2,010,762 270,493 10M 34 18
2 10,022,686 7,598,623 2,598,967 1,205,930 10M 34 18
Short-day NIL(MH) P2 stage 1 8,597,907 6,802,183 3,014,875 508,312 10M 34 18
2 10,704,936 8,578,192 3,931,715 694,281 10M 34 18
P3 stage 1 6,415,895 5,204,476 2,226,559 251,562 10M 34 18
2 11,674,329 9,135,441 3,734,960 937,276 10M 34 18
P4 stage 1 7,818,855 6,479,341 2,098,046 177,344 10M 34 18
2 11,982,739 9,196,113 2,861,791 1,271,148 10M 34 18
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3.8.1.3 miR2118 NEMH I ABREM A ETNEE M

BESR PMSIT % AR REW A miR2118 ), FEHA- S, HAMATZ X
P FH 7 O SRR AN & XA AT 4 52m 2 AT T 35S:S-CS R ILH A,
HAMNE R BONA e B B 58S PMSIT, St/ 7 53, XM miR2118 A3 (BT PI4L
RITHR, PBIHAE A 7281 miR2118 WHIFF4, A& miR2118 W67 M5 11
AL EI5 22 i (B 16). K4 35S:S-CS kAL 35S JA 31 UK T T RIS,
NTE Ubi:S lRIBRE 58S PMSIT A KA EE RAHLLE, 534K Ubi:S HI4ME
FBOEREER) pS1301 itk b, £33 35S:S HARLIMEXT . # 35S:S-CS 1 35S:S 435
AL NIL(MH), 18 215K To AR IE 27 #EFI 55 #ko BAIK 63 54 & 58S 1) PMSIT
AHFEH) miR2118 TRAIAL AL, FRATERE IR 63 5 35S:S-CS AN v BOm R B )
HIFRIREREATY 3, %3 pS1301 135 35S:M-CS #ifk, #AibA B 58S s,
A3 To AR SE R MR 14 Fk. 24T 35S:S-CS. 35S:M-CS #1 35S:S T, 5 5L Kk
AN BURIATE L (B 59), JEEGHE BRI AR TR, #H7ERE R
TIILI B AT
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Figure 59 The relative expression level of PMSIT in T, transgenic plants of 355:S-CS, 35S:M-CS
and 35S:S.

BIREA RIS JA 319X 3l T~ R IAAR A 51, 35S:S 55 Ubi:S ML 1
HIF (B 60, K 36>, KHENERER T K AP HMERAKRKEIEICT Rk, R
IREVEFRCHIRE BEAT Ubi:S B A WIS, [HAREEDR I RS /e — 8. RIS T,
GBI M 35S:S-CS HUHLFERIERTY, T, ZX 5 BH A SRR AN B A B bk 1) 45 S 2 050 AT W
B2, #RAER (& 60), Ui HALKIINE T Bt AR R IE PMSIT HI1EH DIRE,
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Figure 60 The co-segregation analysis of 35S:S, 35S:S-CS and 35S:M-CS transgenic plants of T,

families under long-day conditions.

3.8.1.4 Target mimicry

miR2118 KRB S BIVIXT PMSIT W FOCBURMEYE A E 0% R,
2, miR2118 ARG IENBURMEEAF b XA 2R A G2 200
psRNATarget 45 F N NTE miR2118 K, miR2118d Al miR21180 #& i H ] fE
WA PMSIT 1) (B 52); 3 HXF miR2118 #£47 small RNA-seq 737 & 1% 5 i B 5
AR AT 20 NP2, T miR2118d Al miR21180 1547408 T-#2 (& 57), it
AR target mimicry 75757 I FEARIX A miR2118 (RIA &=, #1453
MIM2118d A1 MIM21180 #44, KX P8R0 Tl e AL A B 58S A1 NIL(MH), 3RS
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Figure 61 The relative expression level of miR2118d and miR2118o0 in transgenic plants of target
mimicry vectors.

A, The relative expression level of miR2118d in transformants of MIMdS and MIMdN; B, The relative expression level
of miR21180 in transformants of MIMoS and MIMoN.

b LI e miR2118 FAB AN Ak N — AR AR K H T,
FEAR B 58S rR ] miR2118d 5 miR21180 Rk MIELFN T) KR, FHIER
PR 0 45 S A T B VE Bk IR I A Thim (B 61A); T AE NIL(MH) H 52 i 417 il
miR2118d B miR21180 HIFRIE WAL FRREIRIAE LR (K 61B). WHIEKE
58S A NIL(MH)H R #i] miR2118d 8 miR21180 MIFRIAFH-A SN & 14 7= L 520
M miR2118d 1 miR21180 #RA F REIR A PMSIT, BV R Hd—4~/N RNA )
FIEREA R LAG B MM, Rk MIM2118d A MIM21180 5 J [KIE bk 1T 4%
AZ LA AT 3L [E X P> miRNA R AL,

Gy BT T ok B AN FIMSLEERE N To AR Z A BEAT =AM G A SR B Fy A8
T 45523, MIMAN A1 MIMoN A2 ffg e B 1Y (B 61C). 44 K7 MIMdS
A MIMoS A4S P2 SERARAR, (AFEREAN2H & TG 84— PR IN & PERS SCE BT B
T+ (B 610), WBAHET &Pk — MK T EMRE WA RREE R Fy A p 4k sk
i Fo, DUERXFEEWE TSRS, KERT, HERERI KA
MIMdS 1 MIMoS A4 & 2 1) 30 N B kI B EA Z5, #HETEAT: M
HE 1 MALE 3 0 P AP BRI 7 70 3, BRI X S B Rk AT 1 JE R Y ) 28 5
MM T TIRRAEHE 1 IEEHE 3 1 Fo 1, 7B H =M A (MIM2118d
aify; MIM2118d Fl MIM21180 %5 MIM21180o 4l ), JUH & A2 & 2 R Y sk 11
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Figure 61 The spikelet fertility of transgenic plants from MIM2118d and MIM21180 under
long-day condition.

A-B, The spikelet fertility of transgenic plants from T1 families target mimicing miR2118d or miR21180 in Nongken
58S (A) and NIL(MH) (B); C, The spikelet fertility of hybrid F; from MIMdS and MIMoS or MIMdN and MIMoN;
D-E, The spikelet fertility of hybrid F, from cross 1 (D) or cross 3 (D) of MIMdS and MIMoS. “D”, MIM2118d

homozygotes; “H”, MIM2118d and MIM2118o heterozygotes; “O”, MIM21180 homozygotes.
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ik, RAEFE miR2118 K, miR2118d Fl miR21180 /& A7 7l GEIR A PMSIT
HASEUIH/N RNA, (HIEAR R 58S A1 NIL(MH) T 18 /& B A A2 [F] e 4 i i e
ANV RNA HIFRIL, X PMSIT & B CRURHENE A & B T . AN T 1%
FIEHF P miRNA [FI7EH, 1X28/N RNA Z (B8 AT REAFLE T RE TUA M, A 3
i/ E LA miRNA FIFRIE,  HABEBH (- 5% F A R 536 PMSIT (iR ATES ],
PRI IE AN BEFERR miR2118 FEGBURKEIEA & i HEAEH .

3.8.2 PMSTT =4 phasiRNA

Johnson(2010)7E X% 7K AF A B 24 B /N H /N RNA #4773 i) R IR E I 21-nt
/INRNA S7E Gt AR b BRATAE , T % 21-mer cluster, - H.i#t— 2 4L B supercluster.
HrP A 80.8%M1 21-mer cluster 7 /N RNA 2T i) phase, BIZEFE K 2H | DL/ RNA
P BN ARALIESEHES . TAE 89%MHIBETE A phase /)y RNA ) 21-mer cluster FTH] 12
nt 407 B AR RE AR B — L [F ) motif, 7/ RNA SCEEH AT 12 2% 22-nt )/ RNA
REBESE 1% motif, 7] BEIE SAEZ motif 55 12 MRS 8TV, JFI K — %741 phase
/N RNA, IX 12 25/ RNA K H T 55 U ZL AR 1) 20 kb FIES - —GL A1) 3.0 kb Y H
W, IZIE NS B HIRIBRRAE, 2o 2 3 3 NP8 DUEKZ) 170 nt B AEE
Fe BRI RE HEZ T 5, X /2 miRNA BT B S RURFAE o BRIHEA X 28 22-nt /]y RNA
ATREZ A T — N miRNA 5k, #7229 miR2118.

ISR, XAEKRE. EHfE. SRE. K. BXP—DRIANESL
7 miR2118 A5 FHEE N8I V)77 4= 21-nt ] phasiRNA (Zhai et al 2011;
Shivaprasad et al 2012; Song et al 2012a; Arikit et al 2014; Zhai et al 2015). [Flith, A1
WX PMSIT X BidtAT /N RNA 4347,

3.8.2.1 PUSTTIXEZF=4 K= //» RNA

IIMTZ BT K  E H IR R B 58S Al NIL(MH) P2. P3 f1 P4 =N HARI4)
8 small RNA Y JE (£ 8), KILE PMSIT X B AFAE K&/ RNA, M 18-nt | 30-nt
ANE, (HAERE I 21-nt siRNA (48 K280 (R 8) , FHAE P3 AT RAFERE

o

=
B 1A] o

T
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2% 8 Small RNA XCEEF PMSIT X B2 K] siRNA.

Table 8 Abundance of small RNAs generated from the PMS1T region.

58S NIL(MH)
Length Stage
Long-day Short-day Long-day Short-day
20 nt P2 0 1 0 1
P3 5 4 3 0
P4 5 6 4 2
21 nt P2 19 162 47 33
P3 364 297 140 153
P4 169 125 68 56
22 nt P2 0 1 0 0
P3 0 3 2 0
P4 6 1 1 1
23 nt P2 0 1 0 0
P3 0 0 1 0
P4 1 0 0 1
24 nt P2 1 2 2 1
P3 2 3 2 1
P4 2 3 1 0

oy Hrix s 21-nt /) RNA, KIBATEREE P AE PMSIT ()55 82 131 459 A7
F 20, M miR2118 BIYINA7 S P46 E] SNP S1 B (B 62A). XLE&/N RNA BEK
TIESCEE, kAT ROUHE: JF B AL 0k B T 255/ RNA 2 [A]RE B AN
Boxt, TERGEEMAS 37 % R 2-nt 1Y duplex (] 62A),

D IX /N RNA HEATTE P 2685 B 4350 dT, R IUBAT1A U & A\ miR2118
I F BT UIAL ST AR, LA 21-nt B[R] BEEAT HES, & RAHE, TR — R 511 phasiRNA.
PAK H B R AR B 58S P3 A /N RNA WP g5 oA, MBIUINT s IT o, 76 I CREAI
R SCEE E #5318 4> phasiRNA (& 62B), JFH W24 LIULEC 2 [H]—f7 & L1
sense-phasiRNA Fll antisense-phasiRNA 2 [B]4 2-nt FIHE7, 1ZFFIER BIX L SIRNA
[P CAE B A2 B DCL4 AT RDR6 2 5 [fJ(Rajeswaran and Pooggin 2012; Song et al
2012a). P& T iX48 phasiRNA Z 4k, PMSIT X [RIEFEAE/DEH) 21-nt siRNA AL
21-nt [RAHGZHES, RN non-phasiRNA (/& 62B). iX 18 %I phasiRNA HEAR#L K H
T PMSIT %54, M1 A RIE F EMATEH 2R

BRI A, 5 CRGER) miR2118 DyREAHR], 7E/KFEH miR2118 )] PMSIT J&
[FIFE2A 3 PMSIT WIBTY), JF HANBIYINL sOT 46T A% 21-nt [ phasiRNA.
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Bl 62 PMSIT XBF=4 M 21-nt /) RNA [T FIHRHE .

A, PMSIT XBG™ER 21-nt /s RNA FIEAL Bl RE T, L HET AR 58S M NIL(MH) P2, P3 il P4 ]
ZRER) /N RNA SCHEDN 45 5% o 7 HE bR Bk B T I SCREAN S SCRERI M 2% 21-nt /)y RNA B BAMIC X AR 2-nt 37
WS duplex. B SAAE miR2118 MBI S . B, PMSIT X BRI 21-nt phasiRNAs ;m &K, LLKH IR
AR B 58S P3 #1/N RNA P 545 F oM o 28 B # Skon s miR2118 A BT UL 1, 315 8 Sk B T HEAC phasiRNA;
T Sk RE 2R A0 non-phasiRNA, J7HER K 7R phasiRNA FIRIEFEE . s, K EH T IE HEM phasiRNA; as,
KB TR B phasiRNA.

Figure 62 The feature of 21-nt small RNA producing from PMSIT.

A, Locations of 21-nt small RNAs produced from PMSIT. The data are generated from small RNA libraries of young
panicles at P2, P3 and P4 stages from 58S and NIL(MH) grown under long-day and short-day conditions. Examples of
duplexes with 2-nt 3° overhang formed between 21-nt sense and antisense phased small RNAs are illustrated in the
boxes. The star indicates the cleavage site of miR2118. B, Schematic diagram of the 21-nt phasiRNAs generated from
the PMSIT transcript in 58S at P3 stage under long-day conditions. The vertical arrow indicates the cleavage site
directed by miR2118. Boxes with arrow show small RNAs in phase while horizontal arrows indicate ones that are not
in phase. Intensity of grey color displays the abundance of 21-nt phasiRNA. s, phasiRNAs from sense strand; as,

phasiRNAs from antisense strand.
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3.8.2.2 LIRS HrR B 58S #1NIL (MH) & PHS7T-phasiRNA BYFRIA

PMSIT # miR2118 BY ) J5 AE i phasiRNA, FB-AIXEE PMSIT-phasiRNA & 15
SCBURMEMEAR G AROC? AT — PR T K FHBTRE 58S Al NIL(MH)H
PMSIT-phasiRNA [JFRIAZ 5 . LW T 2 B, WEEAK | 2K% 21-nt PMSIT-phasiRNA
WMIRIEFEESE P3 WA P4 WIZZ ST P2 HA; P3 MR P4 MM RIAAE AL
sense-phasiRNA [{) %148 % 5 T antisense-phasiRNA, H.4 K #54>f] phasiRNA £
7E 4s. 6s fll 12s IX =2k phasiRNA [ (/& 63).
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K63 K. % HMT&RE 58S M NIL(MH) & P2, P3 fl P4 3 21-nt PMSIT-phasiRNA H]E &
F BT
K/ RNA 1) reads N TP1OM LGRS R, RWIRAEYFEE N 91E. X 58S-LD #! NIL(MH)-LD
BEAT T r-test EMEAGYS, WEMERIRAN: **P<0.01, *P<0.05, [ #P<0.1.
Figure 63 Abundance of 21-nt PMS17-phasiRNAs from young panicles of 58S and NIL(MH) at
P2, P3 and P4 stages under long-day and short-day conditions.
The small RNA reads are normalized to the whole library with transcripts per 10 million (TP10M) and presented as the
mean from two biological replicates. Differences were detected between 58S-LD and NIL(MH)-LD by #-test at
**P<0.01 ,*P<0.05, or #P<0.1.

ARSI K HE AR 58S #l NIL(MH)H' phasiRNA [RIAE, KI P3 HIA!I
P4 H[1)41fEH phasiRNA [RIEFEEK HRRA R 58S F1&T NILIMH)H, Siit
RIRF| T REKF (B 63). BARTE P3 I LRI iHE ) P AE KT 0.05, {HA
NF0.1, JFFENEUE EEZERVE, POSIRAEYZES, WEREINAEYvEE
B, NMiZReRRIEHEARSR. FR, KHBTKRR 58S 1 phasiRNA ) EREE A
T HBE T RE 58S M NIL(MMH) (B 63). % RRBPLELRT MK
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PMSIT-phasiRNA [)=F LRI BB, B PMSTT R G BURHE: A & 7] fE
5 phasiRNA #H5%.,

P2 A P3 HIH R KRB 58S BMEEHCHEN M, H P2 ] 21-nt
PMSIT-phasiRNA FIREF AR, HAKRIHS P3 F P4 HIAHFRI M RLES.
ZHIATAR B 58S AT LU R TUNEL 2 A 45 R BAER: I & e s T P3

(FERn BEARMLTE 30D, AR X S AT (4 B 5 RSB T /2 A P4 HITF4A(Shi et al 2009;
Ding et al 2012a). ¥iPH7E phasiRNA £ 5] PMSIT I e Uk & /2, P2
HIRTRE IR P3 AR P4 HHCHE.

4s phasiRNA m 6s phasiRNA ® PMSI1T
~
200- - r25 &
. m o B
& L
® 150- @ : e s
E ! ©
< . L15 £
% 100- L8
T . r10 3
5 - 8
80 @ t5 2
P ®
1 [0]
0 +0 @

585-LD  58S-SD NIL(MH)-LD NIL(MH)-SD

] 64 P3 # PMS1T-phasiRNAs RIEEF PMSIT X RIEEZ [F HIAE R HT

/N RNA FIEF=FERT PMSIT A 35 B 80 7 ok A T B A E .

Figure 64 Comparison of the relative abundance of PMS1T-phasiRNAs and PMSIT in panicles

at P3 stage under long-day and short-day conditions.

The small RNA reads and the relative abundance of PMSIT are collected from the data in Figure * and Figure *.
ZHIXT PMSIT AT RIS B i R IAE P3 WK PMSIT £ HIE MR E 58S

FHIFRIEEACT NIL(MH), S IR AR R 58S A NIL(MH); 1 BLE 73 #r 5 2

PMSI1T-phasiRNA HIRIEREEK HIBAKE 58S FfwE . 4 PMSIT s AR Rk

&5 PMSIT-phasiRNA WA EFATHEL, KM EH 2 2. £, HH

BN P3 HARAR R 58S Al NIL(MH)H', 4 4s phasiRNA Fl 6s phasiRNA [ iEFFE

i, PMSIT % AR AN R I8 S B (& 64) . FRIATEA N PG 82 22 1) phasiRNA

TR, 4F N PMSIT-phasiRNA i) PHAS J& K ——PMSI T 52 355 56 A A5 51 15 5l

D, RN 2 ) S AN TR A miR2118 /- F BY VI LAY A phasiRNA.
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3.8.2.3 LEEMRIH PUSTT-phasiRNA 73 Hf

N T S HE phasiRNA 5 PMSIT % CHUSHEMEAR G MG, M T35
PRI MR HHE R P3 IR 1) /N RNA SCFEHEAT PMSIT-phasiRNA 7341, 3 2AFE:
A B 58S PMSIT 53R I Ubi:S e 3 P T, ACRA 1t Sk A0 B 4 BAPR CRTFR N OX 7,
J AR B 58S PMSIT knock-down FIA 1) 58S:dsi 55 [K T 4 FH 1 Sk AN H 12 Bk (4
A “Dsi™e B FEHEEMEVE FRCEYSES, BRI R TP20M 3T
fiifk, 29 IR 7 IXE/N RNA SCE AR SAE B
R HERMEN RNA ERFR.

Table 9 The information of small RNA libraries constructed from transgenic plants.

Distinct

Genome Norm Max. Min.
Total Genome t/r/sn/snoRNA
Material  Repeat Matched .Base Len.of Len.of
Sequences o Matched Matched Reads
Reads Value Reads Reads
Reads®
ox? 1 21,112,310 15,937,293 5,900,039 1,755,444 20M 51 16
negative 2 17,722,618 13,697,068 5,158,162 1,306,628 20M 51 16
ox? 1 24,179,355 18,200,240 5,993,498 2,267,349 20M 51 16
positive 2 23,512,057 17,982,634 6,113,594 1,993,204 20M 51 16
Dsi® 1 23,101,075 17,081,599 6,189,342 1,900,938 20M 51 16
negative 2 18,979,485 14,239,463  5,243.912 1,411,383 20M 51 16
Dsi? 1 17,293,190 12,982,001 4,970,789 1,115,132 20M 51 16
positive 2 19,603,763 14,327,817 5,627,864 1,545,708 20M 51 16

OX®, Ubi:S transgenic T, plants; Dsi”, 58S:dsi transgenic T, plants; @, Does not include the data listed in the column
“t/r/sn/snoRNA Matched Reads”.

PO BEVL AL PMSIT 2 M X Bt A N 20-nt 2] 24-nt {7 RNA #4770
Br, 548 58S F1 NIL(MH)H /N RNA WUl 7153 2] 145 AL, 21-nt KRN RNA
HAMRHRIE (GRS MK 100, (HAEFIENATEHERT, Jik2 OX iL2 Dsi, XS
FHRA AN 245 8ok, 22-nt Al 24-nt 7 RNA fIRIEEAEE LA F,
£ 21-nt /> RNA ' non-phased /> RNA Fr 5 B AE R =, P24 Rk n. X
PTG UAE 5 3 DR B R bR TR JDANAEAE, BRIX I BOF A2t TR R I G
R, AIRESFELI T-DNA SIS B e R AR A i T 3R MR R
BT T HABKEE RN RNA 724, BOSEERIEEAE Ubi:S A RIAH AL
58S:dsi AN I B 73 Al #E Ubiquitin F1 35S 5 373Kk 3h N T HERIL.
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# 10 KHBTFH#EFEE P3 B #1418 small RNA SCEF PMSIT X BF=4£ /) RNA.
Table 10 Abundance of small RNAs generated from the PMS1T region in transgenic plants at P3

stage under long-day conditions.

Length OX positive OX negative Dsi positive Dsi negative
20 nt 16 3 280 1
21 nt 9412(678") 222(218%) 6195(189") 287(281%)
22 nt 300 2 7658 8
23 nt 30 0 538 3
24 nt 81 4 2682 13

*, the numbers of 21-nt small RNAs in phase.

A @ Positive sense OPositive antisense  © Negative antisense

450

Negative sense

300 4 sense phasiRNA

200 4
100 4

0
10 4

204
phase 1 2 3 4 5 6 7 8 9

e

Small RNA reads

antisense phasiRNA

10 11 12 13 14 15 16 17 18

B @ Positive sense Negative sense O Positive antisense Negative antisense
150 +
#
4 100 - *
3 sense phasiRNA
< 504 o ° o
4
t— r Y 8.
5 0 ——t T g
® 10 ‘ _
antisense phasiRNA
204 (o)

phase 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

B 65 KHMETHEER T, {0 P3 # 21-nt PMSIT-phasiRNA HIEEFE,
A, KREAT Ubi:S EREHILFEM: B, KA T 58S:dsi M RIE I ML, r-test Al Ak K FH M bk 5
PRtk k2 A A b, Hd*P<0.05 K#P<0.1. K AL L 5 AR, (B TP20M AT Tk
Figure 65 Abundance of 21-nt phasiRNAs from young panicles of transgenic T; plants under
long-day conditions at P3 stage.
The data were collected from transgenic T, plants of Ubi:S (A) and 58S:dsi (B). Differences between transgenic
positive and negative plants were detected by #-test at *P<0.05 or #P<0.1, respectively. The small RNA data collecting
and handing were as in Figure *, but normalizing with TP20M.

34T OX A Dsi H 21-nt PMSI T-phasiRNA [J5RIA &, KILHH sense-phasiRNA
[ A &L antisense-phasiRNA KA & 5, H. 4s phasiRNA #l1 6s phasiRNA 1] 5£
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LT (B 65). £ OX DR AA H [H P BRI PMSIT-phasiRNA Kis & W
Fm TR (B 65A); TAE Dsi B 5 PR PR o IE 47 M B, B 2k 110
PMSIT-phasiRNA 3 ik & 1k T B ¥ 5 & ( 65B) . Z 4 R Ul ¥ 21-nt
PMSIT-phasiRNA [k &8 5K B 58S PMSIT WRIEE A, It H -5 amusE
ANEMK: FEKHET, BERARE 58S PMSIT, ILR MBS 21-nt
PMSIT-phasiRNA KEFFH, PHRRIBMEEAT: M6 R 58S | PMSIT Kk,
FESEIN PR Sk PMSIT-phasiRNA AHRIFEAR, SRR E A RIKE .

FRRNERGK., MHEBFEAN RNA M P55 R, ##&WE: miR2118
WIS PMSIT BB 42 1) 21-nt PMSIT-phasiRNA, 76K H B TR & R 58S
hRR, R E

3.8.2.4 PMSTT-phasiRNA BY5EIE

/N RNA 45 B BoR PMSIT figr=4: 21-nt phasiRNA, 4 iX 4% phasiRNA #&
BAIEM AN T EAAE? HRIAB R ? JATIRBEXN K RIXF R E T 6s
phasiRNA #E4T northern blot 7347, 7ESZIGIEFE R, FRATHFF T A& G810 F U 14 [F)
fER M, SUTAERSHERIZEY R (biotin) FRITAIIRET & PE T 7K /N RNA (1)
RikE,

TETSER A, ATEG M TS5 6s phasiRNA FHIAHA K 21-nt K RNA

(5’-GGAUGAUCUAAGGAUAGUGUA-3") {EN marker 5k H T4 B 58S Flf% KL
PRUREL AR (R RE L RNA — i S 4RET 452, G R DNA BREF P AL 5° sty A AE V) Fbn
it (FFHIN 5°-TACACTATCCTTAGATCATCC-3"). ZERE/RAK R 58S FIfEIE N
PRFE S Z A3 B 617 5 6s phasiRNA K/MHIF, B A& ME—. 7EMREEAE -, Bl
R FE H IR A B 58S AT NIL(MH)H P3 #A%)f 4 65 phasiRNA HIKikE, LA
U6 fE MW Z AT E RN (5 biotin & 1fi 19 U6 & & F¢ 51l A
5’-TGTATCGTTCCAATTTTATCGGATGT-3"), H45R 5/ RNA MI/F45 R —5, 6s
phasiRNA [{JFRiEFEEK HB N AR 58S diem (B 66A); [FEFEHL, 7F Ubi:S #
FEDIPHVEAE PR 65 phasiRNA ()3 1k & s T BA PR B Ak, TI7E 58S-dsi e B PR R ik
5 (K 66B),
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Page-northern %5 5IGIE T 65 phasiRNA 7E44K IS ELSEAEAE, ] 1/
RNA JU 5 (45 B AT FEMT: EARN PMSIT fgr=/E 21-nt phasiRNA. {HiZ4E Bk
(RIRE 2 (B (321K 2 R A R AR 3 B 5, TTRS 54KP9 6s phasiRNA [F15 1% & A% H
Ko L L, FEEOLEEAEFET, 6s phasiRNA #R4EF 2420 5 KT 2 10 min DAL
7R BRI 517 , T 22 1 AR 025 J5 F U6 HR%T 4% 22 I IEETE [T RE (R 2% A AN 1

sec L AE I H 7 17 T FR) 26717

A B
R o | 6s phasiRNA " ¥ s — 6sphasiRNA
Relative Relative
077 083 100 0.83 — accumulation 1.10  1.00 1.00 055 =— accumulation
of 6s phasiRNA of 6s phasiRNA
W — — — — |5 — cmm— — e — U6
P N N P
P S0 - sD Ubi:S 58S-dsi

NIL(MH) 58S

&l 66 6s phasiRNA page-northern blot 7347 .

A, K. HHBRTRE 58S fl NIL(MMH); B, KHBRTHERN T, B8RSV FERDKRET P3 AL, LifE
7910 pg = RNA. R EAREFRIBI G FEH Ue TREF AT 2. LD, KHI; SD, FHM. P, FEIEHM Ak,
N, FEIED B bk

Figure 66 The page-northern blot analysis of 6s phasiRNA.

A, Nongken 58S and NIL(MH) under long-day and short-day conditions; B, Transgenic plants from T, families under
long-day conditions. 10 pg small RNAs per sample from young panicles at P3 stage were loaded on the gel. The blots

were stripped off and rehybridized with U6 probe. LD: long days, SD: short days. P, positive plants; N, negative plants.

3.9 SNP S2 5 PMS7T-phasiRNA

Z AT TR B SNP S2 21 i)k PMSIT DhRetk 2 7 7 41 2 A5 M4, 1 SNP S2
PB 47T 2s phasiRNA )55 4 ML E LA 2as phasiRNA 25 16 MEZHRR b, JFH
7E miR2118 /- F MBIV 25 N E, FHPEAL 24 nt (B 54 FIE 67). SCHkHIE miRNA
WRIAL RUBTIT ) SNP BES 520 miRNA X #EJE A ) 3% 14 4% (Mishra et al 2007; Chen
et al 2011; Li et al 2014a). Kk, 454 SNP S2 5 phasiRNA 2 [A] 47 & o< &, FHEM
SNP S2 A i@t Hi i1t 2 545 PMSIT-phasiRNA SEMDCBURMENEA S &
Je, Iy SNP S2 BEES miR2118 /M BIYIN AR T, FIAe A AL B _E 50
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miR2118 XF PMSIT WE5Y]; H ik, SNP S2 M2 ZSVEAL S v GERZm BT ERT 2s
phasiRNA F1 2as phasiRNA X T 7 #E 2 K (1 1 4%

S2
58S 28 5" CTATTGTACATGCCCAACAAG 3’
MH63 28 57 CTACTGTACATGCCCAACAAG 3’

MH63 2as 3’ ATGATCACATGTACGGGTTGT 5’
58S 2as 3’ ATGATAACATGTACGGGTTGT 5’

S1
58S 17s 57 ATGCGAACAGAAAAAGTTCAG 37
MH63 17s 5" ATGCGAACAGAAAAAGTTCUGITACTTGGGCTTCTCTATATAC 3’ 18s

MH63 17as 3' GGTACGCTTGTCTTTTTCAAG| CATGAACCCGAAGAGATATA 5’ 18as
58S 17as 3' GGTACGCTTGTCTTTTTCAAGTCATGAACCCGAAGAGATATA 5’ 18as

] 67 SNP S2 #1 SNP S1 7£ PMSIT-phasiRNA LKA E .
KA BRI R T SNP S2 £ SNP S1 /751
Figure 67 The location of SNP S2 and SNP S1 at 21-nt phasiRNAs.

Grey characters indicate the SNPs S2 and S1.

3.9.1 SNP S2 %} miR2118 N SRS tIZ A =2M

WATFIH B AE 7 7 AR B 58S FIBAIK 63 PMSIT 1] RNA 2 HLH
(http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi), 45 FEon W # Z [AAFAENR K ) 2 57
([ 68), TMixhzsr E B2 H1 65 bp M AN/BRRIERNIN . TR, KRR

58S PMSIT W] 65 bp i NEHEIHARM PMSIT X & MW, ik
58S-C-dP6 FIT& 4511 PMSIT ¥4/ RNA —Zh45K), S5WK 63 PMSIT #tk, 7
H_EPEANAFAE SNP S2 1 SNP ST XMl ZE 7, {HAE RNA &5k Lo
KA R KA o WX FPAF EZARILE SNP S2 FIT{E (BT X3k, 12 X s fir T %
ANGER BB, miR2118 iR, st R R AR T ORI A8 . A% SR E, SNP S
Kb IR BEA G K6 (1 5 238 43 FE 5 25 1] 1) 22 S T i (11 68D I Y SNP S2
&R IX R G E e, IR RS E FR R miR2118 HEEF AL &,
miR2118 /- FHIBIYI AR DCL4 HH K45 & 53 T RNTTVITE L phasiRNA A0
T, K HRRA R 58S FHEE T £ 11 21-nt phasiRNA .

82 A 1) FH S50 B AR () S ? 8 S RE & R Northern blot L4 P
WETVIE ) PMSIT ¥R & &, DAE PMSIT #BIVI 3% . (B2 miR2118 /¢
FETUIAL AL T PMSIT ¥ AR 15 81 AMEE b, BIVIR I PMSIT 5 56 B ) ¢
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A2 [AMY 81 bp 1 Z 5], Northern blot [1E7 A HEEER HL UK TCIEK P X 70 TF 5K . (Rl
SRR FH DA S TR 0 19 fre 738 1 A S P Uk R it T RPA AT ARSI

1 1388
N/

s2
(©)

,\3%% 58S-dP6
1

S2 ~

()]

& 68 PMSIT RNA — R EEHITRMEE R .
MiR2118 FI¥EAL ST FIAR N, 65-bp XIEAR NiE 4% tA. SNP S2 1 SNP S1 43 Jl LA A IS¢ tahmic . BAK 63
FIA B 58S H1 > SNP BT [X 3811y — R 4K S HOR I 43 3 LA AR e AN St BT 5 0 H (e
Figure 68 Prediction of RNA secondary structure of PMSIT.
The sequence of the miR2118 target is indicated in red, and the 65-bp region in cyan color. The positions and bases of
SNP S2 and S1 are marked in blue and green colors respectively. Magnification of the structures of the regions nearby
the SNPs from MH63 and 58S are presented under the grey and green background, respectively.

FATRT PMSIT ¥ 3684667 5UFAR ) 200 bp JFFUEATY 1Y, 51407 51 WL B % 1,
HAHEAEHATEM RIS EANT Y, A5 54K E 58S M NIL(MH)K. R HET
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P3 WIZREME RNA AT ARAL . KRGS, #EH5 HAx RNA 551 5.
KT IX BB B ORY, SRR AR AL FR G R e, 220 1o 20 VA 4 T g PRk o e i (R 5
J& . PUHREREE B =254 200 bp ARHBIYI %7, miR2118 FJV]J5 1) 81 bp 1 119 bp
P2k . BT B HT A RE S 22 H] 81 bp B 119 bp 471 7E =265 Hh AT o 1 EL A3k
REHEWT miR2118 FIBY U)K (BRI 2, K2R, BT XA, 1EFE
i ARG BUE R4, ATReS PMSIT WA FFERAHDG, A& T %L
MEIRFEE: —J51H, PMSIT $BIVEAEA N 2 — MR HPRE, 24 DCL4 EH
Ak 2B LAE phasiRNA HITERG: 9 — 5T, KRBTV, /5 CLORE I PMSIT 5¢ %%
SRAMEAAN ARG FiL, BIHACY L, BRALRREIEH SNP S2 AIAgsEm
miR2118 A~ FHIXF PMSIT B UIF1 phasiRNA (TR, (HIEEA 547 SL6 T Bt

FFESK.

3.9.2 PWSTT-phasiRNA A] gERYEEE [F

7L R tasiRNA AEBEIE R/ RNA B854 8L, IR SHIE R — 2D I L
%% tasiRNA, ik — R 517N RNA JE R B V. (Chen et al 2007a). E.58 %] H 7T
A AP BT, 3B A I SR 50 G R B phasiRNA tH R84S & T Jir A
Bl IR R RIS, (EAREHRERX A AT REYE . DXt PMSIT-phasiRNA ] fEiE
AT e A R R T P A DG U AN B T ORAEAE A, TR A B ok
f7F 2s phasiRNA Al 2as phasiRNA _E[¢] SNP S2 {154« B 58S K 63 [iX P 2%
phasiRNA 7516 25, X2 514 S ECE AT IR A [F R B R R, He P R v g
S 5EMAE; HIR, BIRHAL PMSIT-phasiRNA 7ER B 58S FIBIK 63 2 [H#%H
FFAl 25, {H SNP S2 S8 T A& B 58S MK 63 ) phasiRNA Kix®m A, FHE
AT 075 RS B AH G ISR TR (R R A% e T AN ] FRATTHE 2 B X b v 1 T
et

7F psRNATarget £ b Tl 43 B A< B 58S FIHAPK 63 1) 2s phasiRNA Fl 2as
phasiRNA [ FiF#E L, %5 Maximum expectation value ¥ 3.0, &5 a0 11 fir
7No SNP S2 SECEAIMA A FHIFEELK, RN AH [ ¥ER 5 phasiRNA 1EHI
expectation EHATZ R (R 11). 13X B8 HE DRI 2 K0 4 # AT 1l v e i 330 AT 3o Th e A
F, HA B IE IR LOC 0s05g44310 F1 LOC Os04g56580 W E FNThREt 5 & 1%
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sEOCAMITE R . KRBT, WA REHRRX LT i REIE K 2 5O BUREE A B

1, B3 HA phasiRNA

aie

JaRE—D 7 siRNA, N iR R IE AT fE

2 11 2s phasiRNA 1 2as phasiRNA Tl 48R

Table 11 The putative targets of 2s phasiRNA and 2as phasiRNA.

phasiRNA Putative target E”  Symbol Annotation

2s-s? LOC _0Os01g70020 2.0 DEK C terminal domain containing protein, expressed

2s-m° LOC_0s05g22600 2.5 expressed protein
LOC_0s01g02010 3.0 expressed protein
LOC_0s06g22060 3.0 pyrophosphate--fructose 6-phosphate 1-phosphotransferase

subunit alpha, putative, expressed

LOC_0s03g63520 3.0 Derl-like family domain containing protein, expressed
LOC_Os11g43760 3.0 lipase class 3 family protein, putative, expressed
LOC 0Os01g60590 3.0 transposon protein, putative, Pong sub-class, expressed

2as-s? LOC_0s04g51040 2.0 OsWAKS50 - OsWAK receptor-like protein kinase, expressed
LOC _0Os03g15430 2.0 Ser/Thr protein phosphatase family protein, putative, expressed
LOC_0s05g44310 2.5 OsSecl8 vesicle-fusing ATPase, putative, expressed
LOC_0s09g30462 2.5 expressed protein
LOC 0s01g06920 3.0 resistance protein SIVel precursor, putative, expressed

2as-m® LOC 0s01g06920 2.0 resistance protein SIVel precursor, putative, expressed
LOC_0s03g04260 2.5 glutathione S-transferase, putative, expressed
LOC_0s05g34600 3.0 no apical meristem protein, putative, expressed
LOC_0Os04g56580 3.0 IPK] inositol 1,3,4,5,6-pentakisphosphate 2-kinase, putative, expressed
LOC _0Os04g51040 3.0 OsWAKS50 - OsWAK receptor-like protein kinase, expressed
LOC _Os11g47180 3.0 receptor-like protein kinase 2 precursor, putative, expressed
LOC_0s07g23710 3.0 cytochrome P450, putative, expressed
LOC_0Os07g44110 3.0 cytochrome P450 72A1, putative, expressed
LOC_0s07g23570 3.0 cytochrome P450 72A1, putative, expressed

9 Expectation value; ® from Nongken 588;© from Minghui 63.

N T SR IX SR ) R R FE AR N & 5 HLIE 254 phasiRNA 45 & 02 81Y),
AT T 2SR 5 H B R B 58S A1 NIL(MH) P3 #H%)##¥) PARE S,
RINAE 2s-s phasiRNA HIEEFER] LOC 0s01g70020 TR F) siRNA iR 51541 _E BEAS I
FRAEMRNESHE (B 69). HEEMNHEZEFTE LOC_0s01g70020 HJHEAH A
EZARAT FHIMR, JfHAS S{HIEE T 2s-s phasiRNA TN BT 167 50 (&
69A); 1 H7E NIL(MH) - A& 58 A AN BIBT DI 55 1 PARE 155 (] 69B).

YEIZ BT AL A A I 2 ) (55 7T

[ =)

AE/E/E PARE SCIEAA i A v o A A LA 22 B

F AR, 578 RNA -SRI 656, #Em2H 5 RLM-RACE $uE1Z 85 YAz 7
RN R B, BTN S A T2 R 3°-UTR |, FR#] T RACE PCR 5|
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M, 22 RSN, AR BRI B A T 094507 . IR Ik TG VA IR SE
LOC 0s01g70020 7&75 72 2s-s phasiRNA [{J#EFE[A

A mamw

E Raw Datg. Normaliston Dereminstor
1

Dais fype Row  Tostal am

PEEL]
Py TY

J“i

IDGILGD) T EeEES

RN T | im

TheEs 75 wmeERges e

t EDEE & REIE

. -
% 1
- ‘i *]'Xf ot SDWILGE) % AL 15
e "
-

K] 69 LOC_Os01g70020 f{] PARE % 5.
A, BEANEEFAR) PARE 4558, 20 (i ks B P ) 2s-s phasiRNA BIUIAL &5, K AL F VI 4 D PARE
SCREE ARG EN 1) read {(H AR, B, 2s-s phasiRNA TN B YIA7 25 (%) PARE %4 .
Figure 69 The PARE data of LOC_Os01g70020.
A, The PARE data of LOC_Os01g70020 transcript. The pink arrow indicated the putative 2s-s phasiRNA cleavage site,
and the grey dots were the sum reads of signature from all four PARE libraries. B, The PARE data of putative cleaveage
site mediated by 2s-s phasiRNA on LOC_Os01g70020.

BEANERATTIE X ) 1 2s phasiRNA F1 2as phasiRNA $[FE K 7F K H 18 N A& B 58S
A NIL(MH) P3 #A%hEE1 RNA H33E(T 5 RLM-RACE 3811F, BT ebdp 5 AR e %
THEERGIY), XLHEEL K RACE PCR #¥A MBI TR . 51015 B2 W%
13 2. Kk, BJHATAILE, 2s phasiRNA Fl 2as phasiRNA [ #83E [K# A §E 15 2 UESE

i, IHTACR: 58S AEIK 63 Z [B]BCH Fr 8 22 A ) PMSIT-phasiRNA 1]
ERELLR, AHE BNk 12 Fron, Hb 3as, 14as F1 15as phasiRNA 7E Expectation 1
N 3.0 [FBUE T B TN EIHEIE R . 12s phasiRNA [ TR0 FI S DR 4 Dy s 3 S B o 1
HH. TSR R KR it AT 1T IhRERTIT, Horp = AN 5 E AR
8as MM THIMNEL IR LOC Os05g14170 Crestoration of fertility complex3, RFC3) 4wh—
AR R E AL S DUF1620 )25 WD40 B8 M, /2 /KR 4154 B 40 o e
ANEEMEKEE SRy —, Wz H R RE S B 5 1R 50%((Qin et
al 2016); 10as FITMIFEIER LOC 050503430 (SUMO E3 Ligase, OsSIZ1) #ihY
SUMO E3 & #:0 , A1 /KFEAE 25 T2, AR /NEE K (Thangasamy et al 2011);
11as FITMEEIE R LOC Os01g11040 (TUTOUI/ early senescencel, TUTI/ES1) %
it cAMP JESZAR R 1) — N 5, R RIEEEIFN, R Sl

IR, /NEIBIL. AR K E 75, B T (Baietal 2015). 34X =AM

WMBT VIG5 1) PARE 5 2, SRR AR A Kl 2] PARE 55 .
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% 12 PMS1T-phasiRNA #13EH Fi .

Table 12 The putative targets of PMS1T-phasiRNA.

phasiRNA Putative target Symbol Annotation
1s LOC_0Os10g09870 HVA22, putative, expressed
LOC _0Os12g19549 telomerase reverse transcriptase, putative, expressed
LOC_Os11g43770 OsTERT Leucine Rich Repeat family protein, expressed
LOC_0s04g49510 OsCDPK7  CAMK _CAMK like.27-CAMK includes calcium/calmodulin
depedent protein kinases, expressed
LOC_0s02g54110 expressed protein
3s LOC Os11g30910 STVl sulfotransferase domain containing protein, expressed
4s LOC_0s09g38790 Z089-19-C2H2 zinc finger protein, expressed
5s LOC_0s01g52851 expressed protein
LOC _Os05g17830 retrotransposon protein, putative, unclassified, expressed
LOC_0Os01g62070 OsMTP2 cation efflux family protein, putative, expressed
LOC_0s02g48740 fimbrin-like protein 2, putative, expressed
LOC_0s02g36770 galactosyltransferase family protein, putative, expressed
6s LOC _0Os03g10540 OsFBX78-F-box domain containing protein, expressed
LOC_0s06g08560 multidrug resistance-associated protein 11, putative, expressed
LOC_0Os10g40830 metalloendoproteinase 1 precursor, putative, expressed
LOC_0s02g40400 expressed protein
LOC_0s03g51900 DEAD-box ATP-dependent RNA helicase, putative, expressed
7s LOC_0s09g20900 hypoxia-responsive family protein, putative, expressed
LOC_0s09g30130 CSLEG6-cellulose synthase-like family E, expressed
LOC _0s07g46300 expressed protein
LOC_0s03g19104 retrotransposon protein, putative, unclassified, expressed
LOC_0Os06g35470 L1P family of ribosomal proteins domain containing protein,
expressed
LOC_0s05g19250 retrotransposon protein, putative, Ty1l-copia subclass, expressed
8s LOC_0s08g25260 transposon protein, putative, unclassified, expressed
9s LOC Os12g01760 F-box/LRR domain containing protein, putative, expressed
LOC_0s05g41820 expressed protein
LOC_0s02g58160 expressed protein
LOC 0s12g22590 retrotransposon protein, putative, Ty3-gypsy subclass, expressed
LOC_0s02g28980 rFKBP75  peptidyl-prolyl isomerase, putative, expressed
10s LOC_0s02g02470 oxidoreductase, short chain dehydrogenase/reductase family
domain containing protein, expressed
LOC_0Os07g12730 DUF567 domain containing protein, putative, expressed
LOC_0Os01g69020 retrotransposon protein, putative, unclassified, expressed
LOC_0Os10g41400 peptide methionine sulfoxide reductase, putative, expressed
11s LOC_0s09g15220 retrotransposon protein, putative, unclassified, expressed

LOC_0s12g29360
LOC_0s12g28900

retrotransposon protein, putative, unclassified, expressed

retrotransposon protein, putative, unclassified
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11s LOC_0s07g17480
LOC_0s10g22380
LOC_0s03g19104
LOC_0s01g72200
LOC_0s01g32250
125 LOC_Os11g12850
LOC_Osl1g12874
LOC_Os11g37430
LOC_Os04g06160
LOC_0s09g30494
LOC_Os10g12630
LOC_0s01g28960
LOC_Os11g27410
LOC_0s05g23110
LOC_0s09g16340
LOC_Os10g24620
LOC_Os10g24460

retrotransposon protein, putative, unclassified

glutamyl-tRNA synthetase, cytoplasmic, putative, expressed
retrotransposon protein, putative, unclassified, expressed
expressed protein

retrotransposon protein, putative, unclassified, expressed
retrotransposon protein, putative, Ty3-gypsy subclass
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
retrotransposon protein, putative, Ty3-gypsy subclass
retrotransposon protein, putative, Ty3-gypsy subclass, expressed

retrotransposon protein, putative, Ty3-gypsy subclass, expressed

13s LOC_0s01g25340 expressed protein
LOC _0s07g41570 expressed protein
LOC_0s08g30340 PAS2, putative, expressed
LOC_0s08g33150 MYB family transcription factor, putative, expressed
LOC_0s08g39070 CSN6 COP?9 signalosome complex subunit 6a, putative, expressed
14s LOC_0s02g46350 GPI transamidase subunit PIG-U domain containing protein,
expressed
LOC_0s03g08270 ataxin-2 C-terminal region family protein, expressed
15s LOC_0s03g53650 cysteine synthase, putative, expressed
16s LOC_0s03g11440 protein transport protein Sec61 subunit alpha, putative, expressed
LOC_Os11g37740 stripe rust resistance protein Yr10, putative, expressed
17s-s LOC _0Os01g19630 expressed protein
17s-m LOC_0Os09g15380 retrotransposon protein, putative, unclassified, expressed
LOC_0Os01g19630 expressed protein
LOC_0Os01g01307 translocon-associated protein beta domain containing protein,
expressed
LOC_0Os01g19630 expressed protein
LOC_0Os01g01307 translocon-associated protein beta domain containing protein,
expressed
LOC_0s03g12230 caleosin related protein, putative, expressed
18s LOC_0Os12g44150 plasma membrane ATPase, putative, expressed

LOC_0Os01g56780
LOC_0s02g37090

LOC_0s01g01200
LOC_0s01g55300

plus-3 domain containing protein, expressed

hydrolase, alpha/beta fold family domain containing protein,
expressed

retrotransposon protein, putative, unclassified, expressed

DNA-directed polymerase, putative, expressed
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las

3as

4as

Sas

6as

7as

8as

9as

10as

LOC_0s06g48770
LOC_0s01g42960
LOC_0s05g44922
LOC_0s02g05630
LOC_0s06g08860
LOC_0s09g16910

LOC_0s05g15180
LOC_0s09¢32250
LOC_0s09g08900
LOC_0s01g72230
LOC_Os12g33740
LOC_0s01g17250

LOC_0s03g31410
LOC_0s07g43380
LOC_0s06g12530
LOC_0s06g28550
LOC_0s01g52540
LOC_0s03g38440
LOC_0s03g30760
LOC_0s04g56850
LOC_0s10g05980

LOC_0s07g28670
LOC_0s08g11970
LOC_0s06g20320

LOC_0s01g07740
LOC_0s07g37950
LOC_0s08g35000

LOC_0s05g14170
LOC_0s03g19600
LOC_Os12g41700
LOC_0s08g03560
LOC_0s03g27054
LOC_0s05g12140
LOC_0s07g17280
LOC_0s05g03430
LOC_0s03g14600
LOC_0s06g10740

OsABCI-8

OsPP18

OsARF11
OsPRP2

OsARID4

RFC3

OsSIZ1

OsSBeL1-Putative Serine Beta-Lactamase homologue, expressed
TTL1, putative, expressed

6-phosphofructokinase, putative, expressed

protein phosphatase 2C, putative, expressed

transporter family protein, putative, expressed

cysteine desulfurase 1, mitochondrial precursor, putative,
expressed

expressed protein

DNA repair ATPase-related, putative, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
stromal membrane-associated protein, putative, expressed
retrotransposon protein, putative, unclassified
BRASSINOSTEROID INSENSITIVE 1-associated receptor
kinase 1 precursor, putative, expressed

expressed protein

zinc finger, C3HC4 type domain containing protein, expressed
CS domain containing protein, putative, expressed

nmrA-like family domain containing protein, expressed

B3 DNA binding domain containing protein, expressed
transposon protein, putative, unclassified, expressed
retrotransposon protein, putative, unclassified, expressed

auxin response factor, putative, expressed

POEI13-Pollen Ole e I allergen and extensin family protein
precursor, expressed

retrotransposon protein, putative, unclassified, expressed
retrotransposon protein, putative, Ty3-gypsy subclass, expressed
peptidyl-prolyl cis-trans isomerase, FKBP-type, putative,
expressed

DEAD-box ATP-dependent RNA helicase 14, putative, expressed
expressed protein

ARID/BRIGHT DNA-binding domain containing protein,
expressed

expressed protein

retrotransposon protein, putative, unclassified, expressed

LSD1 zinc finger domain containing protein, expressed
chloroplast unusual positioning protein, putative, expressed
expressed protein

Leucine Rich Repeat family protein, expressed

Ser/Thr protein phosphatase family protein, putative, expressed
ATSIZ1/SIZ1, putative, expressed

transposon protein, putative, unclassified, expressed

transposon protein, putative, unclassified, expressed
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10as

1las

12as

13as
14as
15as
16as

17as

18as-s

18as-m

LOC_Os10g12140
LOC_0s02g02480

LOC_0s07g22534
LOC_0s05g35530
LOC_Os01g11040
LOC_0s05g37700
LOC_Os11g32010
LOC_0s04g19870
LOC_Os10g41920
LOC_0s01g63930

LOC_0s03g19840

LOC_0Os01g08960
LOC_0s01g59620

LOC_Os11g03700

LOC_0s01g02880
LOC_Os11g15490
LOC_Os01g66250
LOC_0s02g57070
LOC_Os10g18220
LOC_0s03g09970
LOC_0s03g18550
LOC_0s02g36110
LOC_0s03g23080
LOC_0s03g18550
LOC_0s02g36110
LOC_0s03g23080

TUTI/ESI

SDG709

SDG733

MIT
CYP76M7

MIT
CYP76M7

transposon protein, putative, unclassified, expressed

basic helix-loop-helix DND-binding domain containing protein,
expressed

WD domain, G-beta repeat domain containing protein, expressed
expressed protein

SCAR-like protein 2, putative, expressed

periplasmic beta-glucosidase precursor, putative, expressed
expressed protein

expressed protein

expressed protein

cytochrome P450, putative, expressed

cysteine-rich repeat secretory protein 55 precursor, putative,
expressed

phosducin-like protein 3, putative, expressed

histone-lysine N-methyltransferase, H3 lysine-9 specific SUVHI,
putative, expressed

histone-lysine N-methyltransferase, H3 lysine-9 specific SUVHI,
putative, expressed

fructose-bisphospate aldolase isozyme, putative, expressed
expressed protein

S-locus-like receptor protein kinase, putative, expressed

3-5 exoribonuclease CSL4, putative, expressed

GHMP kinases ATP-binding protein, putative, expressed

sulfate transporter, putative, expressed

mitochondrial carrier protein, putative, expressed

cytochrome P450, putative, expressed

retrotransposon protein, putative, unclassified, expressed
mitochondrial carrier protein, putative, expressed

cytochrome P450, putative, expressed

retrotransposon protein, putative, unclassified, expressed

FEUMIEAR 22 B REHE PR b an T f g TR — A FOAE B RE PR 7 9 AR &5 i S A 23
H 5° RLM-RACE fE/R N #EATLIE. % & $] PMSIT-phasiRNA H' sense phasiRNA 1]
FiA F ¥ = T antisense phasiRNA, AJRETH B3, T & X iX L sense
phasiRNA ffI TN 4EFE K347 5° RLM-RACE 0AIF, B3 1 B2 2 oI 7 B RE
THR7 5 RACE PCR 51 W) i TR AL HE PR K2 FL 51 W e 3 o AB R A AT ] — > THLI 4 3
PR3 FIESE

A9

FMWBA VI EAE IR ZH R

55, ik, FATH psRNATarget ) Maximum

expectation value #2521 4.0, L1538 1634 AT REVEEEE, H 10s phasiRNA [
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FMELIE R LOC_0s502g02820 (TAPETUM DEGENERATION RETARDATION, TDR)
BAATF VR - TDR RACTE/KFEGRE ZRIE, XK EL Z A2 R B R LR,
AR JE W S EEME A B (L et al 2006; Frouin et al 2014). 10s phasiRNA Fiil| 45 & 5|
TDR #5155 2,028 bp F 2,048 bp £ 45, f7F 3° UTR L (K 70A, B). Tl
BT UIAL s AR H R NIL(MH) A1 H R B 58S 1) P3 114)i4# PARE SCEEH ek
MENES (E 70B). BEHEIT 5 RLM-RACE 38 FI R BLZBI UIAL s BE B8 TDR 6 53%
ARIAK AL 116 bp, TILHH £ 5> RLM-RACE 5 ¥ i1 EREFES 5°ut 42 /0 150 bp (1)
%, 2% T 519 TDR-R-RACE (5°-TAGCCACATTTCAGTCATCAAGTC-3”)
Al TDR-R-RACE-2 (5’-TCCAACAAAAGTGGAAAAACAC-3") HHTH 4, Tl
Be R/ 53 bp 1101 bp,  #BARAF 2N H bR25H

A, 2 B B 58S Al NIL(MH) small RNA S EHE, KIIE TDR
BN X BA 774 siRNA (] 70C), HERR 1 TDR FE K BEIE X 2 siRNA Jfidt—2
target FLAth I K] (1) AT BR 14

FEKFBHHE R BT, TDR B HARFL R BT — AN A 2 900 2 A 14
% (| 70D), TIP2 (TDR INTERACTING PROTEIN 2) i TDR [ i, FEHP#H
RETE VR AR, 454 3| EATI (ETERNAL TAPETUM 1D WJashFIX, WhifiEE
EATI WFRIE; W EATI HA85 TDR S5ATWHGRIE Rk, WE#REIHE CPI

(CYSTEINE PROTEASE 1) :[H {131k (Lee et al 2004; Li et al 2006; Niu et al 2013;

Fu et al 2014; Ko et al 2014). 4020 7R B B 58S [AER L E /2 R E: 2 1
HEIR P& it i (Shi et al 2009; Ding et al 2012a), Ftr#rK. %6 H B N A& R 58S fI
NIL(MH) P2 #%1| P5 HAf 4 TDR AHCE A FIFRIAIE, UHIBHESH25 7ot
BURHEVEA B e R M. 4R ERY TDR 5H B EER TIP2 )\ P2 %
P5 HAM B R IA B 2R BT, 5 PMSIT Rk a3 IEGH R (38 fIE
70E); 7 P3 #A. P4 ¥AF1 PS5 ], TDR F1 CPI #:HHIFRIE B K HIFA R 58S H1iK
THAL =M EAR, XFEaA S P3 # PMSIT 1 P4 ) TIP2 fZIEAAFAL, i
5 P5 W] EATI MRS FA I A% R KW TDR S HAH K W] §e52 PMSIT Vi¥%,
SR H AR R 58S 9HL R A0 B it 7 5 ) PCD R RR4R AT, G RUEIEAE .

EAR B H AN IEIEBA R TIUEYE R B TDR 5& PMSIT-phasiRNA FHEIE[A, {H
DN =R e SR 3 (SR
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10s phasiRNA 3’ -ACACAAGGUCAUAAACAUUAU-5"
[T tlel I Tell

TDR 2028-AGUUGUCUAGUAUUUGUGAUU- 2048 Expectation value=4.0

B ® 58S-LD 58S - SD ® NIL(MH) - LD ® NIL(MH)-SD
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150+
ks
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o swrppe—sdoitilioncde J :
150+ *
= 1,077,276 bp:
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// 1.0 10 .
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AP37 £ 10 £ 10 3
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P 70 TDR A BE /L 10s phasiRNA HJEEEEE

A, TR 10s phasiRNA I TDR #3542 [A]ff) miRNA:mRNA VLECSE 5, & A s 28 0[5 P 40 AR 2 mai it o 4
FEXIAN G:U Foxf. B,  TDR ¥ AfEd. JEH BT AR 58S Al NIL(MH) P3 M) () PARE 4528, ki
7~ T 10s phasiRNA FJREMIBS U, ARG S, BT AXINE TDR HIERZEME. ¢, K. HHKRTRE 58S
F1'NIL(MH) P2, P3 il P4 #1%)jf#irh TDR %[5 [X Btff) /N RNA P45 R . SEEE AT Y (B) FAf[E. D,
TIP2, TDR Fl EATI JLRIVR=H Z 4/ PCD 42, MEIKHE T Fuetal 2014, E, TDR RHAHREFEK .
Ji H B R R B 58S A1 NIL(MH) HH A FE G A 54T -

Figure 70 TDR could be the potential target of 10s phasiRNA.

A, Putative miRNA:mRNA alignment between 10s phasiRNA and 7DR. Vertical lines and circles represent matched
and G:U base pairs, respectively. B, PARE data of TDR transcript from libraries of Nongken 58S and NIL(MH)

panicles at P3 stage under long-day and short-day conditions. Arrows indicate the cleavage sites of miRNA or siRNA.
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The diagrams of gene model are shown below. C, The small RNA data of TDR region from libraries of Nongken 58S
and NIL(MH) panicles at P2, P3 and P4 stages under long-day and short-day conditions. The diagrams of gene model
and the direction of transcript was as same as in (B). D, The interaction between T/P2, TDR and EATI in promoting
tapetal PCD. The picture was collected from Fu et al 2014. E, The expression pattern of TDR and related genes in

Nonken 58S and NIL(MH) under long-day and short-day conditions.

3.10 PWSTT[X[8) DNA ERE AL

KAG LS TR I ) — M BURHEE A B B pms3 [FIFEGRES— IncRNA
LDMAR, {& & 588 FIf B 58 /741 [|] f) B it 22 5] g K H R & B 58S ' LDMAR
Ja 3T X DNA AW KET &, IEREREE T, FEEMEAE (Ding et al 2012a).
DR S AT ) S0 B R 6 00 7 (4 5 30 AB K PMIST T J5 3 1 R s A X TR ) DNA 34k
BTG BLIEAT T 00T, BIPFHIVE ISR 1, I RS K H B R 1) NIL(MH)
A, H IR A B 58S P3 RIS AE Kz Kk B B AR K s — v R JF

FEM 7, PMSIT JE3)F X 1) DNA A0 AR o 7E PR 59 5% S A2 4R 07 A1 300 bp
#1700 bp &b, %X ELN DNA HEWAEREAER =, UL CG A CHG W&k 3, (HFE
KHEE N NILIMI) A& s HB T RE 58S Itk a Wl EX 5, TE PS5 bRidi
AL ERANTREE EAEFE CG K ZE R T PMSIT $53% AR X A [¥] DNA H
SEAL N SNP ST A7 21 N iE R4, S 7EAR B 58S i A1 65 bp 4k, BRIFIX BLIHA M7
B, A 3 N B4 RHE PMSIT #5378 F[¥) DNA FESE/KF B 380 B 5 22 5 (]
TIA) . L BB VLA ZE I o PMSIT J& 3l F A A% B DNA HEELKEARZ
eI RER I, HAE AR R 58S A NIL(MH)F i A X . fEIbEEAt -, #t—4
Bl LA RUIX AN DNA FEEA BTG 5L, 1538 50 2l g 1 (B
71B). &I PMSIT WAL AFAEH LR, I HS PMSIT RZERDGHUK
HEMEARE K.

(R BAMBE R B EA R BT . Hok, PMSIT ¥ 5°%; DNA
H AL KSPARME, A\ SNP ST [ RIEFF 46 CG HIEAL AR RE SURIFH &1, 1 SNP ST 15 4F
£7F 17s phasiRNA Fl#z 5 —4> phasiRNA——18as phasiRNA £, #El] SNP S1 ) F
JiE[) DNA 1= 5 H AL AT BB A miR2118 /T 1 PMSIT-phasiRNA F=/Ej%¢ 1k, F
FAUE K 18 %f phasiRNA, AR —HEL: FE. HK, KE 58S AN 65 bp J¥
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FIH) DNA HIEALTE LIRS & o AT 70 3R WA ) 3k DR 21 v 2 o 13 0 2 R 2B v P I
DNA FILAL(Zhang et al 2006), Jf HAEMFLANY) b R BLHE P8 38 W AFAE T B
IncRNA 41w, ] £ 5 IncRNA [ HEAL e 20 2085 3¢ 63k A 9% (Kelley and Rinn 2012;
Kapusta et al 2013; Fatica and Bozzoni 2014), Z BifR4fE itk 65 bp 78R4 Hh#% DUEAE
SR IEHEN I 65 bp W RE H1 L PR T B SO AT AR NG R, BUAL S SR b
UL B PP A A RE 5 B M T4l ANAR SR, I H AT BEXT IncRNA PMSIT KA B At )7

e E HEAE .
A - CG == CHG CHH B - CG == CHG CHH
100 - 100
80 LD-NIL(MH) Leaf 80 LD-NIL(MH) Panicle
604 60
404 40
=] *
0 duiy : L 1 . " : . 0l 1 ol
3 100 < 100
g 80 4 ¢ LD-58S Leaf g 80 LD-58S Panicle
T 60 T 60
£ 40 £ 4
E 20 4 ‘ E 20 ¢
3 TR | 3 1 | O N 1109
100 - 100
804 SD-58S Leaf 80 SD-588 Panicle
604 60
40 40 '
20 } ‘ 20 1
0 dubafe e L N | L1 : I ool ll il | L 1 "‘.“.‘ ‘.
1300 -1000 -500 0 500 1000 1400 800 -600 400 -200 O 200 400 700
(bp) (bp)

B 71 . EABTAREARF PMSIT EF X B DNA FELKF.

A, REL 58S FINIL(MH)FFrefr PMSIT 5[5 [X Bt DNA FUEEAL/KSF, B8 1,300 bp JA5)TA1 1,400 bp Fesf A X
. B, A& 58S Ml NIL(MH)ZhAEF PMSIT FEK X B DNA FIEAL/K T, 8 800 bp JH B 7H1 700 bp HatA
XA, #EEHATLIER T SNP S1 FEMALE . LEMRETTHESS HIX IR 63 722> Thrid PS5 b4 A1 52 bp
X [ A1 B 58S #E4> THric P6 Ab3fi A1 65 bp [X [H].

Figure 71 DNA methylation levels of PMSIT region from different tissues under long-day and
short-day conditions.

A, DNA methylation levels of PMSIT region including 1,300 bp putative promoter and 1,400 bp PMSIT transcript
from leaves of Nongken 58S and NIL(MH). B, DNA methylation levels of PMSIT region including 800 bp putative
promoter and 700 bp PMSIT transcript from young panicles of Nongken 58S and NIL(MH). The vertical arrows
pointed the position of SNP S1. Red and grey blank covered the area of 52 bp insertion at Minghui 63 in P5 marker and

65 bp insertion at Nongken 58S in P6 marker, respectively.
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4 1ig
4.1 pms1 HIYERBHIBMR

HF AR LI LS T, AV pms] JHF KR CBUREEE AR F 14 71
(B 72): JCHURIEYERZAE pmsl AL S K EE ARG S RNA PMSIT, 22 nt [#)
miR2118 45 & 5] PMSIT () 5%, I F8IY), Al ATV SOTARTE R 21 nt 1]
phasiRNA, FEESBIVIN A1 24 bp MITRIEETERA K 63 FIK B 58S HAE/EM G 2 T )%

HEHBT miR2118 XA R 58S PMSIT WIBIVIRE KKK, REWTE R E £ 1)
phasiRNA, 1X4% phasiRNA #15 FI) H At $EEE A, e $E IR R 4 s A 14 47 BY D) 8 35 1)
BRI R Rk, SR E . MIER H RN, BEAR SNP f£1E,
HIFAM miR2118 AP BIYIRCE, #AL THRALHIKT, 5+ HIE 1 NIL(MH)
—#E, A& AR PMSIT-phasiRNA (IR R, K E MEARZ 0,

I Long-day I short-day
L0 gy L0t gy L0 g oy L0 g g
g\:‘iRZﬂS &V miR2118 & miR2118 [& miR2118
21 nt 21
AT 21 nt nt
BT mEm™™ oo
o T - T T
21 nt Ly ""mﬂummw"r M 24 nt Ly
21 nt A T «
W W g |||||||||| .“‘““‘“ 21 t mﬂm\ """llll
n
? A
5 W . X
: ? i
. ®
“a [ )
oo’ v male sterilit N $ le fertil
e o y L) male fertility
s 0o,

B 72 pms] 3G BUBMEEAZA B H1EFIPLEL.

BB JT 8RN R E T miR2118 S B V12 1 i

Figure 72 A hypothetic mechanistic model for pmsI-regulated photoperiod-sensitive male
sterility in rice.

The size of the scissors at the cleavage site of miR2118 indicates the cleavage efficience mediated by miR2118.
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FERATIRE AR, KA R 58S 1) PMSIT HAMEL NIL(MH)R, K HIEEF
2B NILO(MH) & M, A SRR 24k SOd SR b AT #4611 MH-C #e5E R R bR 10
PR B (B 300; 51245 R —80 MK B 58S A NIL(MH) PMSIT H)3Ri%,
SRR G (B 33), XERE I —J5 TS T PMSIT w2 pmsl HIfi
LN, 5 — 5 T AR SRR AL 45 AR ENE, KPR R 58S H pmsl & —DAGE
AN A JERAE NIL(MH)H SRR IAAK B 58S 1) PMSIT Wi Refs il Kb 2K
B, EERR 58S Tl ERIEMK 63 1) PMSIT FAABREE M E K HIR NI E M

(K 36), BATH5ZAiMaERGET G RANEEITEANE S EH miR2118 45511
R IE MM 358:S-CS A1 35S:M-CS Hxf B HE#HIEA MR (B 60). 4565
KAFHN pms1 Jid phasiRNA KIELEH 7 T HLEL, 77 DURIFHb AR Ubi:M I #24L
50 AR 58S FIHIYK 63 ) PMSIT 23354+ 454 miR2118, T3 phasiRNA HJ=F /%
AL fE Ubi:M BIL e, BERIEWIIK 63 PMSIT = 5NIEHIAKE 58S
PMSIT 34454 miR2118, {H X AEEA =4 phasiRNA, Kt Ubi:M H
PMSIT-phasiRNA Ao RFR, BHEMARIKE: Mk, 7£ 358:M-CS Hrii Tl ERE
IR B K 63 PMSIT AN &5 52 351 miR2118 4547 A, NAE 5 W 5e B A B 58S
PMSIT 5%4+454 miR2118, Wik AREWK S A R 58S I H 1.

PMSIT #8591 5 NBIVILL S FFas, Hg E—JLEEE R 18 XT phasiRNA, iXik
phasiRNA H AR & — K ATEMR N BRBEATIN B R0k, HF HRIZKFEA—FE, He L
4s phasiRNA Fl 6s phasiRNA HJFRIEFEEfHxm (K 63). #Hfk 585-ORF1+G,
58S-ORF2+G #1 58S-ORF3+G J27E il [¥) PMSIT 1] 3 1~ ORF K216 % 1T ATG )&
TR AL “G” DAFTELIEH &R (A SO HE,  [RRS 2% i mRNA 751 (11527,
BETT T4 phasiRNA I . miR2118 WIBIINAL sz T PMSIT W25 81 Mt I,
1M ORF1 HITRIE AT LG O AL T35 241 Mgt = (B 41, 151742 8s phasiRNA
(K565 13 4z, Kt 58S-ORFI1+G H4f NI “G” £7T 8s phasiRNA 15 16 1.
[ R, 58S-ORF2+G Wl NHIBHEE “G” AT 17s phasiRNA I 4 7, i
58S-ORF3+G Hif AR “G” &A@ H T PMSIT-phasiRNA FIJEATEH . BT
TEIX BO 3R Fh 3 N BRSNS 520 miRNA2118 R %] PMSIT F1/1 5 phasiRNA ]
TR, HE SN 8s phasiRNA A IS AL, TIAERTHA PMSIT-phasiRNA H 5
KZ A 4s phasiRNA 1 6s phasiRNA [F)7= AETEIX = NERAERASH AL . %5858
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WK 5 PMSIT FeBURMENE A B H S sense phasiRNA [T I 45 /N 21 517 T (1) 7
> phasiRNA .

BEIRTATE L T UL phasiRNA NHEA pms] T CHUSEEEA & 11E VL,
A V2 AR . I B0 FRE, PMSIT anfixf., 2 H RamaR? b
— PRI Z SNP2 23500 PMSIT AEAFDGIRCE T ) RNA RS IEE, whe
FAEWRAIT . — R BB RNA I ZREH, CAREZM—il
W2 ECE RNA HT&, HIRA T 6 [ B0 F R RNA 45 M1k
i, HATRATEB ARG ERIE M HE R 534k, FTRE PMSIT (] RNA 1E47 &
I A rp 7 LA B B RNA A B, 6 B G B2 2> F2 i ix 25 22 5 M RNA I D RE
BE M SNP2 Al ES 505 PMSIT 5iX 8 (B, RNA 2 [Alf454

A —J7TH, miRNA2118 /57 PMSIT-phasiRNA [{IFE %, miR2118 &7 58
RHEYEA B AR ? FATH target mimicry BIJ7¥E#H] 7R E 58S Al NIL(MH)H
miR2118d Al miR21180 WIFRIL, WHFEEMEM XA KR . /£ E1E P HEERE
miR2118a/b/c 431 il K phasiRNA Fik&E 1 LT (Fei et al 2015). & 22 nt (1
miR4376 AENLLE A BIESE T ATP BEEIN 4CA10 L, 724 21 nt f phasiRNA. #
miR4376 TG ACAI0 mRNA R ILE T, SUURETEA, RN PR R L
[r=fE. RN ACA10 I miR4376 FIRFINL m LI5S 9 ANFlEE 5% 5 AR 3
ITEEERIL, WRERILE S miR4376 AHFIIZRAL, A RAHR, HE P Reid meE i
RH) ACA10 Fik B 4xit AR LA 2 5 (Wang et al 2011). B4, 1% target mimicry
miR2118d 1 miR21180 J&= Ky miR2118 Xk £ K I REA TU AR - EUICIE R BIR AL
A, HERIAIXLE miR2118 JE1Z B AR PMSIT H)Zeik &, i, fEAKE 58S
F3E4T miR2118 MHE R RIA T BEFEE 58S-dsi AHBIMERS, EIEMRE . [,
A RARA R 58S PMSIT b miR2118 &5G 17wl PRk AT HAMEE B K8 NIL(MH) A /2
BREFEACSZARM B M. ERERNRE, 5RO miRNA 5 LR IR 455 A0
BTUIRIBRIE AT T 55 9 ) 11 f7A5[F(Mallory et al 2004; Liu et al 2014), miRNA K] 3°K
i JLAMRIE ST phasiRNA #7745 56 4 85 5 (Fei et al 2015). K, I JUAMIRFE S M
(RIAL RUFEAT RAS T RESE L 22,

74h, 25 phasiRNA JE G AR o B & F EE HAE PMSIT-phasiRNA il 72 1
WA AR M ? fER R 58S 9848 DCL4. RDR6. SGS3 /& &Rk E K H I
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THEME? B HATNIEX T phasiRNA JE RGOS AR 77 ZEHELERE K 2 5ie AN 2 i i 4e
TRIEM, 4B 58S IREAE N — A FE R GE U H T % e X Be 5L I

{EEAEIRAIFTE R /& PMSIT-phasiRNA FIREIEREAT 4 . BARRATHAL T K&
PR TR RTRS g 25 BOAIE T AR R 75 Bl PMST T-phasiRNA 454, BRI AREA
PRFE S, Horh B AT REAOZ 10s phasiRNA [F#EEE R TDR, A PARE $ 1930 #r(
70B), 3t H TDR W3R iE EAE K H IR T & B 58S HH )3 1A & Lb NIL(MH) 1K (& 70B),
TEBA 5 RLM-RACE 25 IUESE FIEABEWT 5 TDR #i/2 PMSIT-phasiRNA [1)#1 %
K. TDR RAZJG 41t UEYEAE , T LATULAE NIL(MH)H 9838 TDR W BEIRE 1L,
I AAEA B 58S R FRIA TDR, VLAIR*M PMSIT-phasiRNA XF TDR B4l {EH,
REMIKEKHBTIEME? REREEEN, Baae gL EUESE TDR #iSEhr
T pmsl W Rif. Be4h, FIFH RNA-seq 548 PMSIT-phasiRNA F$EIE K Ay —
NI WRIEFRATNE pmst AEFNUERIFTE, NAZESHHTK HBE T P3 H4h
fEAR R 588 T AH X NIL(MH) T B R & 1 2 s 22, X Sl A7 o) Bt 2
PMSIT-phasiRNA [FJ#EEE[R, SR 570t 22 Rk ER BAF(E phasiRNA IR A,
I8 1SRG 50F 1 5 S8 A AT E .

4.2 RFKWRAME

FERI R 2% 2 2 J7 T ), pms] AT BEAS 1L PMSTT-phasiRNA KD §EIX —
FIENE, T RAAAE HARMER T, AT IR TS pms] (PERINLER, Rk
IR BLABAR JUANJ7 T R 7 -

H—JEX PMSIT A5 AT 700 L0 Ehmid PS5 AT PMSIT KRBT IX, B
bz AR B 58S AR 63 (153 T X AT HoAth 7 41 22 5%, DNA HEEALAKSF- A
EHEZES (B 7). P5AMZE R REE S 3 FIRRoe iz R, SEH b 5
K75 PMSIT 256 R AL s J3 oM e 5L R I 23 Rk o 2 BT3RAN T 2210 4
HAC R 58S FIHAIK 63 IR A BT e it B R ik, i B RS B RE B% PMSIT 1)
Rk, JHFHRME RGAIEZER. BT PS5 AR 58S MBI 63 o374 9 4
140 /> AT 5, 7EJET PCR § R 5 BT BUE I A 2 5L, 6
AR RN R R B T B JUHGR IV 63 1o U4 i RO @ 3R 1 7572 2
RT3, AETIRATEBOXULAE, WEEARERIIKE_EHCEL PMSIT (25 ik .
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SRR, R DR AR AL A8 A (0 759570 Bt PMSIT [FI3RGERE . BATHRAE
K7 mE A T, B PMSIT REEARFAR, B mRE R ghl th ok
PRGBS R, 4L BT R BT RS B R Asa RAFE R, 5%
SEH S AR LEEEAN G AR il AU SR AL A S I & AR 25 1, A T BEAS BB 1Y

TR IR B SR Fr s AKFE A 26D 8 BT AR 10 2 R VR 2 B E
HriE 2 IA (Xue et al 2008), 1] PMSIT FEAELRERRIL, EM P REERC, JL
FAKIL, & PMSIT FEMYIRAAELE NI RIS FEZE 5 ? AT Bk — g, 7]
CARIF PMSIT 5 J8 1 0 -5 57 SRl & GFP R 45 HE 0, AR5 e K Rt Ak
SATER . JEHBT PMSIT SN TE &N I BhAS R IE B

WK W] IncRNA TEH SN h#A Rib, Ko ez hRL, 5
Yt [ FH 9<(Zhang et al 2014a; Chekanova 2015). ¥f PMSIT 5 5 & a4,
BAT AN E AL, A B TIRATIR PMSIT RIEDRENIA T -

H X PMSIT BAFE AR M FESPIAH M i %6 IncRNA B EAFEHA —
Se LV A A T, BRI BB T LS IncRNA EEEEAEMEA, FHE2ISLAE
SE(McHugh et al 2015; Yang et al 2015). {HIEAEY) IR ARG IRIE, — 5 HZEF NEY)
AN TIBER IncRNA FERI LA, 53— T4 B 1A 4 e, s B a
Y —FERRAE, IX LTV T0VE FLHE R o 78 IncRNA IAE FIHLER R, IncRNA 1E R 1)
UL IE T AR TR B HoA R A 45 S R FEAE A (8] 5) (Wang and Chang
2011; Yang et al 2015), K7 B B AR & H AT HEA# IncRNA 1 FHLE R A =
5% Y (Goff and Rinn 2015; Chi 2016).

L=JEX} PMSIT-phasiRNA [ 50, E4E#HE 18 X phasiRNA A 2 Ji 2 M J LA
A AT IhEE . M EH S26 45 AHEMN], 4s phasiRNA F1 6s phasiRNA A GEXT
BURMEMEA T BN EE, A LB 58S:C Ml Ubi:S #Ad 15X phasiRNA
(RIRTAA 7 510 3 AR RN L R B 5 B AT A, ISR AL R B, [FR, N7
/> WNIE PMSIT JER 20, 38 7] LI 8 H] CRISPR [ J7A HLARA AR B 58S Hr
PMSIT HHAT R #A 4s phasiRNA 1 6s phasiRNA, X AR7EKfET OB 2
J¥ I (Ma et al 2016). %8 J5 PR AT 1% Se 5 34 KADRLBEAT RNA-seq 3 #7, SEAT 4 1EH H
e SR I UL . £F%T phasiRNA 38 0] LHEIT JRAZ 3458 /0 #r, *F BKAEZY
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Ff R ILM phasiRNA JEALZ A /TR B, miR2118 fEJEZ MR Rk, 1M 21-
PHAS #RTE/NMF 1 3RIK, 21 nt phasiRNA 7ERR R F7 2 40 1 H A A 25 40 g &8 5=
155 /3774 24 nt phasiRNA (1) miR2275 F1 24-PHAS £ [K % 24 nt phasiRNA #1748
HZ AN T B P AL 5 K 0E (Zhai et al 2015). Rk, MZH2E E B R Hr
PMSIT-phasiRNA 724, i H BT R IEFA R R IL B 7 7 2 AT AT

4.3 NHRI=

TEN— DA TEEREEER, AT R RYERRHERS] T pmsl R4 H 1R
H, ABJE X pms3 Al pms] G—MLERATER, EHRRERICAATE, 350 pms!
5 pms3 [AAFTEERFICR, WA T Z R AT MR M. FIREE 648
59311 A 52 LRI YR B AL pms 1 (1)5 2 B A53E FORS 5 AL 80 pms T AL E AR
WAL, ARG BRI RE 64S R R 58S 52 LR ML 2IAR A pms3
FEER G SR, HEW pms ] (o) WHGIE B RIAA T RERR 2 pms, M0 pms1(1)SERRES PMSIT
[RE B REIL T 70 kb, BT XD R R OR RIDIIRANE], CA FTRE S EUE LR E
P ZE . N T IRUEIX— s, PLIYEESHE 64S WXt PMSIT #ATIINIRIL, BHEES
WEHE M. XS RIRATE v b HAd G SO A B 5= 8 I R v A 0 B0 B[R]
2 Rt O R AT TR AT, ARIEARER A R B bR T2 30 SRR g ma K, /]
REIE R F o

FACR 58S 1) PMSIT ¥ %] NIL(IMH) T 253K HIBNAF . 5 H B E 14
kL CARIER ADCBUEIEAR B RIEAE TR AR . 454 phasiRNA 225 1B
AFLRE, WA R 58S i) PMSIT @ ERE, 1935 21 phasiRNA, Aef5 5
Hil FE I REI , 3R MEAS SR B B B s R e SO R 2[RI BE T IncRNA Al
phasiRNA 7EFZ | 8 B PR b s 2

4.4 Small peptide 5 IncRNA

IncRNA 18 Xt 2 KEEIEH IS RNA, (HEHR TR ASHEYI T2 IncRNA
B A 9w hd F5 K ¥ BE 77 (Andrews and Rothnagel 2014; Bazzini et al 2014; Ruiz-Orera
et al 2014) . B 78 ML EFIF ) miRNA R4 pri-miR171b A pri-miR165a 73 774 20 aa
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[k miPEP171b AT 18 aa ff) miPEP165a, X485 ik G2 2E I 4 miRNA 15 4E,
T 5 B EE DR ) R B A%, BRFR N miPEP (miRNA-encoded peptide). FRILAMNE &
LY AN 5 AN BAT BRBAE ThBE R miPEP, I RS BRI 2 A . KHE
f AN LK) miPEP171b,  AH B RE R IR A8 B S 9 AR AT B8, RIS X 400 R e
M miPEP165a <3G EMW MR, F£Y miPEP 78RV EBAG H A M E
(Lauressergues et al 2015). 5 RE RGBT — gt 16 N2 AR K miPEP,
miPEP172¢. fE/KH I miPEP172¢ #EM K S )5 Refe mfRR IS 3, s AR BT i
SUMR, X SRR HRBE AT 2 E &(Couzigou et al 2016). 7E/INRAN AL B BEALE: 7
ik IncRNA H#RE|—BARSF ORF, ZwiY 46 MNEIEMRMIMEAL, 4~ MLN
(myoregulin), MLN i@iZ 3] SERCA (sarcoplasmic reticulum Ca*"-ATPase) i
PSR B LS BT AR 5 - SERCA 2T FLBN W i 15 B SOV R B B S 45k I
RN LR FRAS 5 1 0 5 (Anderson et al 2015). S8 [A A ) 5 LA /N B AR
#HF 55— 1K HE T IncRNA 4hd 34 N ZZEBR I FE K DWORF (dwarf open reading
frame), 5 MLN JJREAH, DWORF REM§5# SERCA [HiEME. X Ees | #HESE |
IncRNA HEEN RNA FlE ik 2 5 2 K 1) 18 4% (de Andres-Pablo et al 2016).

W4 IncRNA PMSIT 72 W HAMGFALKIGE /) ? ZATIRATR KR 58S
PMSIT T 3 Mkl ORF AT IRASHET-H G U Re IE % RIEThRE, KUk
PMSIT AR H 5. B2 PMSIT b 7] GEAF1ERESw AL 5E J I KT IR 1) ORF, ZEIIE
X5, BT AR SR KR (R PMSIT 7T RE4mA5% 10 R KT —— 30 1F 41, I 0T L@
W BB E A P R TR E A AT AT, S TR A Eex . AR Ubi:S
CS+P6 AL &, nT L HAR X Be4i /N2 PMSIT T 696 bp.

4.5 phasiRNA 544 E

P phasiRNA 7E4NFE PR ARIE, HHEMEAEZ VML, K MELI
(MEIOSIS ARRESTED AT LEPTOTENE )% R 4ih Agronaute 2 [, &L F 7+ AGOS
[ RIJR AR 1, e s 4 A 2 WL R 41 Bt 700 4N linecRNA 7421 21 nt phasiRNA L,
XYL lincRNA 5 H — P EZ A miR2118 (IR FI47 55 (Komiya et al 2014). MEL1 &
NI B I R RR G AR B 2 BT b 20, TERG AR RE R RIS, REfES
i R EEME AN F (Nonomura et al 2007), i 21 nt phasiRNA XK FEMEMAE K E I E
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M. X EORIER K B % phasiRNA 73 H7# B 21 nt phasiRNA 7EI8 &5 2413
FIL R, T 24 nt phasiRNA [RIZIK A H ILZE 88053 22 56 B (Zhai et al 2015).
PMSIT-phasiRNA W GEUEERZ A G 1) 13— BUESE T 21 nt phasiRNA 7EHEA)
HEVEASE ORI EE R .

TESVIA L R (17 RNA piRNA JEH R i iR h 08, RAsanifk
AL, piRNA 25 & T AGRONAUTE WA () PIWI & 45 & A4 fe R EE
. RAKEL phasiRNA SIHALEY) piRNA FEERZ LT (B 73), FREAEH
Y5 sh Wy 2 AT 3L (Zhai et al 2015). UTRAF 78 5 2 R B piRNA [FIFEH GE 4% 1R
FILZHES], /& phased /> RNA(Han et al 2015; Mohn et al 2015).

Characteristic Grass (maize) phasiRNA* Mammalian piRNA'

Organ Anther Testis
Developmental stage Premeiotic Meiotic Prepachytene Pachytene
Peak timing 0.4-mm anther 2.0-mm anther 12.5 dpp 17.5 dpp
Size 21 nt 24 nt 26-27 nt 29-30 nt
AGO partner AGO5c* AGO18b* MILI, MIvwI2 MIwWI
Master regulator miR2118 miR2275 Unknown A-myb
Number of loci 463 176 ~900 ~100
Abundance Very high

Distribution Present on all chromosomes; most loci are clustered

Precursor Noncoding, Pol Il transcripts

Single copy? Nearly all

Repeat associated? Few

Impacts on fertility Misregulated in sterile mutants; biogenesis defects can cause sterility
Targeting The majority lack complementarity to TEs or other loci
Function(s) Unknown Mainly unknown; a subset silence TEs

& 73 phasiRNA 5 piRNA Z [d] {7 [F (Zhai et al 2015).

Figure 73 Parallels between grass phasiRNAs and mammalian piRNAs(Zhai et al 2015).

4.6 pms15 pms318]% R BYITiE

pms] Tl pms3 HVRPE K CBURBEIEZ A , X A5 R AEFEAR 2 AH AL H 7y -
#ZmA% IncRNA, 7E4NHR Ry 73205, DhRePERAL H1 SNP i& i, #BHE™ 4= small RNA.
WHRZAFE: pms! BHIKHEEAERA TR, WE pms3 T2k KHR
THRE RN LDMAR ¥ A A GERFFF]H, 1 PMSIT-phasiRNAs 1) R ik
HYERE: pms3 B> THLH] 52 RADM, 1] pmsl i J 5| phasiRNA. 7E4< B 58S
AKX A JE R R AN B LA BER DA T, AR —AMLSATH,
TR R AT E 1, RPN IR AR BRI & BT Re A2 B bRk
R, M ET AR, B0 FIFRERAEL Y.
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AT X AN R Z R OCR, FRATIA LR JUAN 7 T R AR 7 -

e NI K B A AT AN SRR I S 3R IE, R BRI R AS T A, —
JHZ TS IncRNA TELEHR K B I A2 HH I 4 B 390 90 25 J2 4 i v 1) 2k 55 I
7 H TR R P2 A 1/ RNA [ 3R0E . LK H IR IRE 58S A,
ST ERFE X — AR R AR AR S, B S S AN FEAL
[ LGB AN R R E mRNA FllZN RNA 7K & A5 A7 7RG Bl SRk R 15 00«

H AR HTIXPIA IncRNA AR H, AT Befr (R 5N 8 E Re% R 45 4 2l
P IncRNA F.

TR A SE N AT A 0T AR IR SR B 58S 5 1514 Z=58 40 #t
TN s B IR (L et al 2001), IUTEAT 1 PN IR 130 S5 BE TR R B 3 L TR
MR B IXER AT 245, BRI KRR R M PR A T S 3 R s i . R8T 2448
PEHE ATAHZ LEA BL 4T DNA HUEAE 73 8. RNA-seq #1 small RNA-seq Ml - DNA
FR AL 5 SR B0 F R 0 M pms] RS RERZIN pms3 I EALFEE; T small RNA-seq
SERL O3 pms3 AN PMSIT-phasiRNA FEA54IR; Z2 55 MR RNA-seq 45 RH
Bh T 48 pms1 Rl pms3 F=AE /N RNA 36 [E] R TR
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Supplementary Table 1 The information of primers used in this study.

Primer name Sequence (from 5’ to 3°) Purpose
Complementary vector
58S-C-F ATGAAGGACCGAGAAGAAGC ;
construction
58S-C-R GTTCTCAGATGATATGGAACTGTG
ORF1G-F AGGTGTCGGTTCTAATGGTAGAAC
ORF1G-R CATTAGGCGGAGATGGCAAT
CAAAATCACAATAAAGATATATGGATCAAAACCT
ORF1G-muF
TAATAAT
ATTATTAAGGTTTTGATCCATATATCTTTATTGTGA
ORF1G-muR
TTTTG
ORF2G-F CCATTTATAGGCTACTCCTTTCC

AACTAGTATATAGTATATAGAGAAGCCCAAGTAC

ORF2G-muR
CGAACTTTTTCTGTTCGCCAT
ORF3G-F CAATTTTGCCTGGTATCACCAA
ORF3G-R CATTAGGCGGAGATGGCAAT
oRF3Gmp  CCCATTGCCATCTCCGCCTAATGGAACGCCTTGC
ATGTTGG
oRF3Gmg | CCAACATGCAAGGCGTTCCATTAGGCGGAGATG
GCAATGGG
, TCGACTAGTTGGCAGGGTACCTGTACATGCCCA
dsi-F ACAAGCTCT
_ GGCGAGCTCGGATCCTGTTCGCATGGACAATTG
dsi-R p—
, AGTCCGATTTTAAACTGGACGAGCAGGAGATTC
amil-1 AGTTTGA
, TGCTCGTCCAGTTTAAAATCGGACTGCTGCTGCT
amil-2 ACAGCC
_ CTCTCGTGCAGATTAAAATCGGATTCCTGCTGCT
amil-3 AGGCTG
, AATCCGATTTTAATCTGCACGAGAGAGAGGCAA
amil-4 AAGTGAA
, AGTAATTTGAAACTAGACCGAGCCAGGAGATTC
ami2-1 AGTTTGA
NP TGGCTCGGTCTAGTTTCAAATTACTGCTGCTGCT

ACAGCC

RNAI vector

construction

Artificial miRNA

vector construction
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ami2-3

ami2-4

OX-1F

OX-1R
OX-2F
OX-2R
OX-3F
OX-3R

MIM-F
MIM-R

MIMd-F

MIMd-R

MIMo-F

MIMo-R

P6-F2

P6-R2
GUSI1.6F
GUSI1.6R
PMCGF
PMCGR
G-11491
G-11494
RACES5-1
RACES5-2
RACES-3
RACES5-4
RACE3-1
RACE3-2
actin-inF
actin-inR

UBQ-F
UBQ-R
RT-F

CTGCTCGCTCTTGTTTCAAATTATTCCTGCTGCT
AGGCTG
AATAATTTGAAACAAGAGCGAGCAGAGAGGCA
AAAGTGAA

TATGGTACCGACTACATGGGCACCCCTTGAA

TATGGATCCCGTGATTCAGCAGGTGGAGTTAA
TCAGAGCTCGCATCAGGAAAGAAGCTTCTACTA
TGACCTGCAGTACTTCAGTACCATCAGCGTGAC

TATGGTACCAATTGTCCATGCGAACAGAAAA
TATGGATCCCCGTAAACAATTATCGGTGATA

ATTGGTACCTGGCCATCCCCTAGCTAGGT

ATTGGATCCCGGAAGCAAATTTACATGCACT
TTTAGGCATGGGATAACGCATCAGGAAAGCTTC
GGTTCCCCTCGGAATCA
CTTTCCTGATGCGTTATCCCATGCCTAAATTTCTA
GAGGGAGATAAACA
TTTAGGCTTGGGATAACGCATCAGGAGAGCTTC
GGTTCCCCTCGGAATCA
CTCTCCTGATGCGTTATCCCAAGCCTAAATTTCT
AGAGGGAGATAAACA

AATTGTCCATGCGAACAGAAAA

CCGTAAACAATTATCGGTGATA
CCAGGCAGTTTTAACGATCAGTTCGC
GAGTGAAGATCCCTTTCTTGTTACCG

GGCTCACCAAACCTTAAACAA

CTGAGCTACACATGCTCAGGTT

TCGGTACCCAGCAGCAGCCACAGCAAA
TCGGATCCGCTGCTGATGCTGATGCCAT
CTGATGACTGTGTTCCAGTATTTG
ACGCAAGCTTGGCTCTTTGTT
ACCTGGCATAGACCGATAGTTAC
CTGATGACTGTGTTCCAGTATTTG
CAATTTTGCCTGGTATCACCAA
CAACATCATTAGGTTGCTGTGAT
TGCTATGTACGTCGCCATCCAG
AATGAGTAACCACGCTCCGTCA
AACCAGCTGAGGCCCAAGA
ACGATTGATTTAACCAGTCCATGA
AAAGTTCGGTACTTGGGCTTCTCT

Overexpression vector

construction

Target mimicry vector

construction

Transgenic plants

genotyping

5’RACE

5’ RLM-RACE

3’RACE

RT-PCR and gPCR
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RT-R
CB-F
CB-R
U6-F
U6-R

miR2118d-RT

miR21180-RT

miR2118d-qF
miR21180-qF
miR2118-qR
pj23-F
pj23-R
P1-F
P1-R
P2-F
P2-R
P3-F
P3-R
P4-F
P4-R
P5-F
P5-R
P6-F
P6-R
P7-F
P7-R
P8-F
P8-R
P9-F
P9-R
P10-F
P10-R
P11-F
P11-R
Fssr-F
Fssr-R
RPA-F
RPA-R
BSI-1F
BS1-1R

ACTCCCATTCGATATTGTTGCAAGGGC
GGACCTGAGGGACTTTGTTGAC
TTGAGAAGATGGCAGCAGCTT
TACAGATAAGATTAGCATGGCCCC
GGACCATTTCTCGATTTGTACGTG
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACTAGGCA
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA
CTGGATACGACTAGGCT
GCCCTTCCTGATGCCTCCCA
CGCCCTCCTGATGCCTCCCA
CCAGTGCAGGGTCCGAGGT
AGAGAGAACTCTGCCAATATC
AAAGTAACCCCTGCATAGACT
TCCTGTGGTCCAATCAAACG
CAGATCGTCTGATGATGTTGC
GCAATGGCTGTTGTCCGAAT
CTATGACGTTTGCTTTGTGCC
CTCCTTCGCAGACTCTACAC
ATGTCAATCTCTGATATCGGC
GCGAGCACATAAGTCCTCTA
ATAATTGTTTAAAGGTGTCAG
AGGCGCAGTAAAAACACCTG
CTTGCGTGGTTTCAAGGG
CATTAGGCGGAGATGGCAAT
ATAGCCAACACTCATCACTGTCG
AAGGAGATGCAGAGAGGGTTTAC
AGGAAGGATAGGTGTTTGATGAAC
TCAGATGACTTAGCAACACAAGC
CTTGCTTATCCCAAATGTCGT
AGGAAACGATAGGCGAACAAAC
ACAAGGCTTCCAAACTTCCAA
CACGACCTTACTTATGAGCATG
AAAAGAACACAGCAGGGGAG
GTCCCTCATCTTTAGGCTGTG
GCCTAAAGAGGAGGGACGAA
TTAGTGCGTGTGGCATAGATG
GGCCTTTTTGTGAATTGGG
GAAACCACGCAAGCTTGG
TCCTTAGATCATCCAATCTGTTAAT
TTTTGTTTTATTTTTTGGAAAA
AACTRCACCATCAAATTCARAT?

Stem-loop RT-PCR

Molecular marker

RPA

Bisulfite sequencing
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BS1-2F
BSI1-2R
BS1-3F
BSI1-3R
BS1-4F
BS1-4R
BSI1-5F
BS1-5R
BS1-6F
BS1-6R
BS1-7F
BSI1-7R
BS1-8F
BSI1-8R
BS1-9F
BS1-9R
BSI1-10F
BSI1-10R
BSI-11F
BSI1-11R
BS1-12F
BS1-12R
BS1-13F
BS1-13R

TGAGGTATTTTATTTTTYTGAATGG"
ACARCTRTCCAACTRTCATTCAACA?
ATYTGGAAAGTTTTTTTTTATGATG"
ACCAAAAAAAAATAAATAACCCAA
TTTYAGGATATATTTTTATTGGGTT”
TAAAACCCAATAAATATCARTTTC?
GATATTAATGATTTTGATTATTGGTG
CARTTCACAAAAAATTTCARATAAY
ATGATTATATGGGTATTTTTTGAA
TCATCCAATCTRTTAATTTAAAACTAAY
TTTTGTGAAYTGGAGTATGATATA"
AAACAATTAATAATACCARACAAAA?
ATATATGATTAAAATTTTAATAATTTGTTT
TAATATATAAAAAAACCCAAATACC
AATTTTGTYTGGTATTATTAATTGTT”
TAACAAACARTAACACCATTTTAAY
GATAATTGTTTAY GGTTTATTGTT®
AAATTTATCCCTRTCACCACTAAC?
TTAATGGTGGTGTAAATAATTGTTT
TATTAACAACCATCCAATTTAACA
AGTGTTTATGTAAATGGTTATTTTTT
TCAACTRAAAAATAACAAAAATTTACT?
AAGTTGTGAGTTAAAAGGAAGAATAY®
ACTTAACCATTTCAAAATTTTCAT

IRKFAFG: DY HCHT.
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ff 2R 2 PMS1T-phasiRNA TRJIFEE R 5 RLM-RACE FTAGIYER.

Supplementary Table 2 The information of primers used in the 5> RLM-RACE.

phasiRNA

Putative target

Sequence (from 5’ to 3°)

purpose

2s-8

2s-m

2as-s

2as-m

Is

3s

4s

6s

LOC_0s01g70020
LOC_0s06g22060
LOC_0s03g63520
LOC_Os11g43760
LOC_0s04g51040
LOC_0s05g44310
LOC_0s01g06920
LOC_0s01g06920
LOC_0s04g51040
LOC_0s07g23710
LOC_0s07g44110
LOC_0s07g23570
LOC_0s02g54110
LOC_0s10g09870
LOC_Os11g43770
LOC_Os12g19549
LOC_0s04g49510
LOC_Os11g30910
LOC_0s09g38790
LOC_0s02g40400
LOC_0s03g10540
LOC_0s03g51900
LOC_0s06g08560

LOC_0s10g40830

ATTGCCGTTTGGGCTGTG
AGCACAGAGGCTGGGGCA
CGCTTAACGCTGCCTTCA

CAGAGAGATACGGATACCAGGATA

AAATACACGGGAACATTGCTT
AGATGTCAATCGTCGCAAAA
CCCTATTACCTCGGTGTGAAG
GCCTCGGATGTGCCAGAT
CCAACAATACGGTCATCGCT
TCCTAAGACGATGCTCCCAT
GGTTCATTTCCGTTCAGCAG
TGCCTCAACACCATCTATCTTT
AGGGATGACAAATCAGCGA
GGTAAAGATCCAGACAAACCAC
AGGGATGACAAATCAGCGA
GGTAAAGATCCAGACAAACCAC
CCAACAATACGGTCATCGCT
TCCTAAGACGATGCTCCCAT
CTCGGTCCGCTGGAGAAG
GGATCATAGGGAGCCCGTAC
CGAAATTCTGCCCGATGC
GTACAACAAAGCGGTGCTAAA
CCTAAACTCATCCGCATCCT
CGAAGTGGCAAACTCTTATAGAA
GGCATTCAAGCCTGTAGCG
CCTTCCTCCCGTCATTTTC
GCAAACCTGTGTTGAGCG
AACTCAGGTATTAGCAGGCAAA
GGAAGAAAAGATGGACGAGATT
GCAGCAAAGGACGAAAAGG
AACAGTCGCACCTTGAATGA
TGCTACCAGGTATCCTAAAGAAA
GCCACTACAGCGAGCGGA
GCAAGTCCATTTCCAAGCG
CATAGTTGTAGTGTCCGATTTGC
CCCTTCTCCCCTTTACAGAGT
TGACGCACAAACTAAAGGGA
CGCTAATGGGCTCAGAAGAA
GAGTTGCCCCCACATAGC
TGTATCGGTCAAAATGTGCC
CCACGCTCTGGAGGTTGT
GCTTTCTTGGCTTCGGTGA
CGTAAGGGTCAGAATAAAAGGG
AGACTTATTGTCATCCGTTGCT
GCCTTGGCAAATCGTGAGA
AGAGTTTATGTTCCCTACCAGC
CCGAATGAGCACAGGACC

Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
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10s

11s

12s

14s

16s

18s

18s

LOC_0s01g69020
LOC_0s02g02470
LOC_0s07g12730
LOC_0s01g32250
LOC_0s01g72200
LOC_0s10g22380
LOC_0s12¢28900
LOC_0s12g29360
LOC_0s01g28960
LOC_0s09g16340
LOC_0s09g30494
LOC_Os10g12630
LOC_Os10g24460
LOC_0s10g24620
LOC_Os11g12850
LOC_Osl1g12874
LOC_Os11g27410
LOC_Osl11g37430
LOC_0s03g08270
LOC_0s03g11440
LOC_Os11g37740
LOC_0s01g01200
LOC_0s01g56780
LOC_0s02g37090

LOC_0s01g55300

GGTTCTCACCAATCCGCTT
ACCGTCTGATACCACCAACC
GCGCGAACAGGCAGAACA

CAATACGTGTAGGGGTGCCATACGA

CTCTCCTGGGATTGTTCATACA
CTCAAATGAACCGTAAGCACA
AGCAAGTCTGCGATTTCAAG
TGGTCGAAGTTGTAATCTCCG
CAAACATCGTGAGTCGTTACC
TGATGAATGGCTACTCCGAAG
GCCAGACATAGGATTGGTAGTG
ACTGTAATGTCGCTTATGTGTCA
GAGGAAAGGCTATTACAGGTGC
CCACGAGTATGAGCAGGGT
CATGGCGATAATCCACGAT
CAACAGTATCCGAACCCGA
GCCGTTACCTTTGACCTTG
CGCAGGAAGACCCATTAACT
CCACTGGCTGGACCCCTG
AAGACCCTTTAGCTGAGCGT
AGCGACTCCTGGAACCTG
AAGACCCTTTAACTGAGCGTT
TTCGCTGTTGCTGCCCTC
GCGGGCGGAACTAGAGGT
CGACTGACCCAAACAAGCA
GTGTGGACCATCCCAAACA
CCAGGCTGACGCAGGACC
GGTGTAGACCATCCCAAACA
CCAGGCTGACGCAGGACC
GTCGTCCTCTTACGGGGC
CAAGCAACCTGGTCCCTCT
AACAAGCAACCTGGTCCCT
GGCAAGCGTCGGATTCTC
GGAACTTGAGGTGCTGCG
AGACCATCCCAAACAAGCA
GATGCTGGGGCGAAGGAG
CCGCTGCCTGACTGTGAG
GCATAGAACCTGTTGAATTATCCA
ATTATCAGGTCCAGGCATCTC
GCTGATTCTGAGGTCTCCCAT
GCAGGGAGACATAACACCAGAT
ACAACAGTGGCAGGACGG
TCTCCCCCTCTACCATTTGA
CGGGCGATGATGTCGTATG
TCGAGAACGAGAATACCCTTC
GGCACAGGGTTTGTTGGAA
TTTTGAAATGCCCCTCTGT
CATCTCTGAAGACCCTCGCA
AAAAAAGGGTCACGGCGA
ATGGATGGATTCGCCCGC
CTGCTGGGAGTAACTCTGCC

Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
Inner primer
Outer primer
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