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Abstract

Panicle enclosure can cause the failure of rice pollination, and then reduce the yield and economic
benefit of rice. It is of great scientific significance and application value to study the regulation
mechanism of rice heading. CRKs (CDPK-related kinases) is a plant-specific calcium-dependent
protein Kinase-related Kinase. In rice CRK5-RNAIi plants, part or all of the panicles are covered by
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apical leaf sheaths at the heading stage. In this study, RNAi plants and the inverted portion of
wild-type rice during heading were used as experimental materials to explore the mechanism of rice
panicle enclosure by RNA-Seq technology. The results showed that 2581 genes were up-regulated
and 2208 genes down-regulated in RNAi plants. GO analysis and KEGG analysis showed that DEGs
were mainly enriched in plant hormone signal transduction, metabolic process and catalytic activ-
ity. qRT-PCR showed that the expression trends of 10 DEGs, including ABA response genes, GA
signaling pathway genes, transcription factors and chloroplast synthesis genes, were consistent
with RNA-Seq, indicating that CRK5 gene mainly plays a role in plant hormone signal transduction
pathway during heading.
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Figure 1. Comparison of phenotypes at heading stage
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AR FEAIE L lumina - & f) i RNA-Seq SRS /KRS fli A% i 48] — 5 8] w3 R A 1% DLt AT 2
W, O A (BOE R ) K RETTAE R KA R . i GO 704 Ml KEGG AU ES /04, RS 5K FE
RS E] A AR DAL R A AR P 5 AR SR SR B, ik — SR UK RS CRKS R D) RESR LS5 14 -

2. 5 HZE
2.1, IKFEMRIAE

S v i 21 6 B A2 AL KRR S RE A “Hejiang19” , CRK5-RNAI %538 R bk A 3844 15 54 /2 Hejiang19.

KFEFTH S%IRARNHE B EHBEE5A MS BN EMEF, 76 28 CE P AEK—R
i, R BPKERR PSR IRL) 20 K, PR EBHEBEYEREREEFAK, FHRRRREE 16 h,
SR 8 h, RN 25°C~32°C.

2.2. FERBMFFAREER

ReKFEM R AE K 2 o (AR 26 RN, BUKFEH 32 E0 RNA, 5% cDNA, X CRK5 JFE[F%&
KB HE4T gRT-PCR ], qRT-PCR 45 HiIE S CRK5-RNAI # J: [K#E #k ' CRKS 3 K 04 8 X A B4 Al b
) 20% (< 2).
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Figure 2. gRT-PCR results
[ 2. qRT-PCR 55

SERF ¢ 96 7€ 5 PCR 43 #T Hejiang19 A1 CRK5-RNAI -} fi CRK5 &K [R5 .
2.3. & RNA 2E

R b BT R YRR BR A WS A S RNA 3REUR & 3E1T RNA $2EL, %Fs RNA (&85
Al FEHEAT FRAEA I . R, B R RNA WRIE > 50 ng/ul, RIN { > 7.0, OD260/280 > 1.8, Total RNA >
1 pg i B BRI PR, B G AT SCE M R e S 2T
2.4. lumina I 3Z BE B 4038 K2 I FF 38038 53 4

FIFH mRNA %74 PolyA R FFE, {4 oligo(dT)RiEkE T Fi%e FI4itk Xt mRNA BHTHE T i3k
KR EI mRNA 217 Bk 6 5 cDNA,  [FIFFEH F148 N\ dUTP Solution. i#id PCR A B
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KN 300 bp + 50 bp FISCE .. FEAT AR . FHLE SRR N fastg, 347402 5753 CleanData,
SR 0o FE R Bl AR BEAT I, & 9F. Z AR SRR B SR AT FPKM €. SRR Z (Al HE4T 5 3% 2
SEOT B 2 4% FoldChange > 2 % H. P-value < 0.01 f3E R 5E XN ZE F3E ], IE X Hidk T GO Al KEGG
EEST.

25. ERFIXEFAR qRT-PCR WiE

HRRI I 9% Hejiang19 J2 CRK5-RNAI % [RIAE AR R (5] — 75067, I EGE R, 1 H TRIzol 177 #2 B
RNA, &1 cDNA. fK#EF7 7t K CDS ¥4 it qRT-PCR HIRERESIY), Fra 514035 b nt 4 F}
VR E R A T T A . £/ 2 x SYBR Green gPCR Master Mix X 10 A6 %L K 1247 gRT-PCR
53HT, BL Actin fE A NS LR . PCR MR FREAEFA DY 10 pL, Hrh 2 x SYBR Green gPCR Master Mix fif
&R 5L, E TSI 0.25 uL, cDNA Bt 2 uL, FCHK 2.5 uL, SFMEERBEAT 3 AR EE ML
Y2t EE . PCRRNAEFFN: 95CHIZME 5 min, 25 95C 15s, 60°C 30s, #H 40 MEK, HEH5
s JFE 0.5°C (M 65°C 2 95°C) il iR M2k, AKX FRiE & AACq TH5 .

3. BZREHh
3.1 MFREDH
BT RNA JREUS TS, ML 17.41 G Raw data, Zeid il ¢ i &), Feid e
733 16.76 G Clean Data, %5 Q30 Hili3E 1 2 LA /N T 95.45% (£ 1), Ui WM i &R 4, mI LLAE
— B MR T .

Table 1. Statistical table of transcriptome sequencing data

=1 ERENFBIREGRITER

Samples Cleanreads  Clean bases/G Effective rate/% Error rate/% Q30/% GC content/%
Hejiang19 28452995 7.95 90.81 0.02 95.78 50.22
CRK5-RNAI 28114392 7.61 87.97 0.02 95.45 48.47

3.2. ERFTAERMER ST

1E £ R FRIEFL NN FE T, B2 75 5(Fold Change) > 2 H4#1% & 3l % (False Discovery Rate, FDR)
< 0.01 fE M ffdbrHE. Lt git(& 3), ikt 4789 N EFRIAFK, H Ay 2581 ANEERRIAK
“F-{E CRK5-RNAI H#kH I F A BT Hejiangl9, 2208 MR FIE FiH. Hrh|log,FC| < 10 (%7 FKik
FEH 5 99.62%; [logFCl > 10 I ZERKIEIEK A 18 4, Hor 134~ L, 54N, W& 2 ifLEH,
Fis FRREERN FESEYMERE S HFHET(MIER ABA. AKR). FABGEMHIC; Rk TR EK
H5BREA. CEN. ARG REHEK.

Table 2. |log,FC| > 10 DEGs
R 2. |log;FC| > 10 ) .3 2= R RIXH K

ID log,FC R
0s0890535200 12.5484213149714 Sugar transporter, Host disease-susceptibility gene for bacterial blight
0s0990491100 12.2493247704105 Similar to Beta-glucosidase isozyme 2
0s10g0137300 11.8419833999939 Similar to BLN1-1
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Continued
050690681200 11.5897254873681 early nodulin 20 precursor, OSELA3
050190580500 11.4324068050073 1R FEIR N Se-1- R B A AL BE 3£ R ACC oxidase, Ethylene biosynthesis
0s03g0115800 11.3386355954438 -
PN . . .
0s03g0300400 10.88034105106 JHAEA IS8 (A 2 [F] Jasmonate inducible pathogenesis-related class 10
protein, JIOsPR10
050190124200 10.639920085894 BOWman-Birk B4 il (I lgH | KT APIP4
050290106100 10.613986769966 TR AL B[R] Vacuolar amd_ invertase, Sugar metabolism, Regulation of
grain size, OSINV3
051090191300 10.4468555931413 SCP-like extracellular protein
0s12g0601400 10.156530344379 JKFE Aux/IAA K Similar to Auxin-responsive protein (Aux/1AA),
OslAA3
A imi _ P i i .
051190454300 10.0975442483434 ABA . [R-F Similar to Water-stress inducible protein RAB21, RAB21;
Rab16A
051090546100 10.0630409290115 POEI31-Pollen Ole e I allergen and extensin family protein precursor
051200569500 -10.7806876475854 1A% A Thaumatin, pathogenesis-related family protein
050490532400 -11.2585245196531 short-chain dehydrogenase/reductase
050590375400 -11.6921468333587 glycosyl hydrolases family 1_7_, Re_sponse to wounding, methyl jasmonate,
abscisicacid and ethephon
051090525000 -12.0425299780662 cytochrome P450
051290169600 -12.1127022590648 Similar to Fructose-bisphosphate aldolase
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Figure 3. Volcano map of differentially expressed genes
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3.3. ERRIEER GO 574

Xof i e 15 2 1) 22 S R IEFE R AT GO /i [5], £l K Gt B 4). GO r#raR i,  7EHhFEHIA] A
CRK5-RNAI 1k 5 Hejiang19 i #k ik 15 31 1) 22 e Rk B b, 2 54 Wid 72 (BP) 1) 22 ¢ B JE [A] o
31.60%, 4HHZH4r(CC) & 34.50%, 7> T-LhHe(MF) 5 33.90%. B £ ¥ Rk ik R 5 A 2 Thas &
FM. BP 3 EER A FE(G0:0008150, 581 4N). Rt FE(G0:0008152, 411 4N). HHLY
R I F2(GO:0071704, 316 ). &AL A WAL F2(GO:0006807, 241 AN). 4 Ko TR L2
(GO:0044260, 183 ). i FARMHTFE(G0:0043170, 226 4N). AHLEAL S YHIAREHTFE(G0:1901564,
148 M5 7 ANJ7I; £ CC R EE EAEM MM L & A #5(G0:0043231, 464 M), JEL[E A %45
(G0:0031224, 322 ™). 411 /5i(GO:0005737, 163 )55 3 NI IHI; 7E MF H1 32 2 5 44145 5/(GO:0005488,
430 M)~ MEALTETE(GO:0003824, 404 /M4 2 ANJ5THI. X RIATEHMAINE, CRKS5-RNAI -5 B £ TUAY
PRIGA T FE 22 R, FERATEMM NI & AR an i S AR IS, W REH SR
TEVESE A ) Dy Re U7 T R RO R
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Figure 4. GO annotation classification statistical map of DEGs
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3.4. ERFIEER KEGG KRR

IR ZHFEIAN] CRK5-RNAI M5 Hejiangl9 FEARAHIER AR, #E— PR 2 R RIAFE N 1 2E
Y2 se, X443 21 DEGs #E1T KEGG AUlfig 1 & 0 Hr[6], Ll % e RiAH K KEGG i
BEMBUSE(E 5). 45K Y] DEGs HLEAED| 94 FARUEE b, TEEEEMYIMERS S H FPlant
hormone signal transduction, ko04075). 7#% 41X i4f (Carbon metabolism, ko01200). KA # KA & WK
(Phenylpropanoid biosynthesis, ko00940). MAPK {5 5 i % (MAPK signaling pathway, ko04016). Jt&1FH
(Photosynthesis, ko00195). & FEERE Y £ ik (Biosynthesis of amino acids, ko01230). Z.EER A1 — R4
(Glyoxylate and dicarboxylate metabolism, ko00630). ¥y F1JiE 4 € i4f (Starch and sucrose metabolism,
ko00500). %414 (Ribosome, ko03010)55 i@ #% I, H A HEYIMER(E 5 B E RN EZ R RIL KRR L .

Statistics of Pathway Enrichment

Starch and sucrose metabolism -

Galactose metabolism

Anthocyanin biosynthesis - gene_number
Glutathione metabolism ® 10
Cyanoamino acid metabolism 4 ® 20
Taurine and hypotaurine metabolism - . 30
Nitrogen metabolism -
Monoterpenoid biosynthesis 4 qvalllfgo
Glycine, serine and threonine metabolism+ - 075
Alanine, aspartate and glutamate metabolism -
Cysteine and methionine metabolism+ M 0.50
carbon metabolism- [l N 0.25
Phenylpropanoid biosynthesis 1 . 0.00
Porphyrin and chlorophyll metabolism - @ Diff
Plant hormone signal transduction{ [Jj e down
MAPK signaling pathway- [l s up
Carbon fixation in photosynthetic organisms 4 | = up&down
Glyoxylate and dicarboxylate metabolism 4 B
Photosynthesis - B ®
2.5 5.0 7.5  10.0 125

Rich factor

Figure 5. Rich hub map of KEGG pathway of DEGs
5. ERRIAERE KEGG B EEHSE

35. ERRIEEER qRT-PCR i

T EAIE IR RNA-Seq SKIGSE R, ZEFBENLEE /A ABA MR GA (55 MBRIER ., %
DR 7 FH I 2R A BRAH DG FE R 5 10 A 22 S aRIAFE R, St HL B ) 4% oK i) Rk BT qRT-PCR AT
I8k

SEIG 2 R 6), 4ERER/rHE R gRT-PCR 45 5 RNA-Seq B {bia#h—3%, H+H 6 4> DEGs 7&
CRK5-RNAI #itkH (R Em TEAER, 2> %4 0s11g0453900 (ABA i FE[K]). 0Os11g0454300 (ABA
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% PR F-E[K) . 0s0290810200 (FAgAHICHE 1, 54 /- R A K &) 0s0490465300 (757 2 ¥
B HEIN) . Os0690341300 (R fifi & 7 W 13- & 25 1) Al Os1290541300 (R fi BRI e — A% Fr IR 1ol R AL (LI
H:H): A 4 1> DEGs 7E CRK5-RNAI i # H1 ik BAR TR BF AR M i ) ik &, 37912 0s0290610500 (7K
FETFAEANHI K 7). 0s0190227100 (M4k 3 b i& J5 L [A]) . 01090419500 (XN 4k & 1) A Os10g0567400
(W& a B L)

BIRZE e RIE R I qRT-PCR 45 45 RNA-Seq 45 I RIEA 2 S HON R A F], (BRI B H—3,
TR T AR G S 200 e SR B0 25 SR B AT Stk o MLV IRER A5 5 T (5B B A O 26 R 7 /KA i A ) ) R0
AR, AR T RE A 12 RS PR MR A 1] R B AR AL I S A

0s11g0453900 0s11g0454300 050290810200 0s0490465300 0s06g0341300
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c 80 l c 804 I = 30+ = 40+ = 60+
0 2 o 2 . o
(] w0 n n n
8 60 g 60/x S 20} [ 8 20) S a0 )
S 44 g 44 s 4 & 41 8 44
x ] x I3 x
w - w i w
-] > 24 o [ ]
2z 24 =] Z 24 2 24 Z 24
B 3 5 5 5
© o [T © [}
€ 0- &€ o ¢ . € o
Gy N
5] A & &7 5 A ) o 5 >
& o & & & a 3) \“ & >
5 & N o G & & & & &
S F ¥ & @ F @ & @
& & < i &£ RS &£ & &
0s12g0541300 050290610500 050190227100 051090419500 051090567400
-5 60 5 2.0 < 157 = 1.5 = 1.59
> > > > >
Q @ @ @ [
| '} - ) )
5§ > § 157 5 § §
= - = 2 1.0 S 1.0 < 1.0
0 13 [":] 13 [
o 50 ) @ @ @ ¢
3 ag 5 107 s a =
Iﬁ 'ﬁ "ﬁ 'ﬁ 0.5 'ﬁ 0.5
0.5+ .5 5
2 2- 2 0.5 $ 2 2
5 g & g 5
[T} [} I [} [
x - & gg- x gg- & gg- & g0
N KN > kY 5] v} > Y 2 N
é@“q bﬂ“\ é\@{\q ﬁﬂ‘"é ,\@*‘Q’ 4:@‘\ e’\o“‘b ﬁﬂ‘s\ z\\'b“‘b ﬁﬁs
G & oF S & oF & F

Figure 6. Verified DEGs expression by gRT-PCR
[& 6. qRT-PCR I&1E DEGs Rik=

4. ¥1ig

BE A i A 7 H AR e B, BN 53 AT DA ORI FIX — 3 B SRR FUA [R5 ) S IR T
HAFEE P Y)Re, @B R RIEE T ZERRESHT. GO R KEGG A8 R 73 55 7] LA
HEWT A FN LRI ) ThRE, BB TS AN SR R e AR A S il T KRB B, ik —BER N L3R4 T 2
YgAs IRt . H RIS TR TS AR A R 1 (CDPK) IR 7T 8 %2, B 6 T4 A P 2R F1 S A e i
filf(CDPK-related kinases, CRKS)[IF Fi A2, £ W 42 31| 5256 % 5T W3R 19 1) CRK5-RNAI 1l k5 B A BUAE
MR EZES, T —IE, BHEXFEFPIREE T A A B PRI T 7 S 4T 747

AHFFEAEFH Mumina “F & Y &l & 5 %) CRKS-RNA HT Hejiang19 78 S A 6] i 43— 4% &6 Ao AT 42
ST b, LB T a2 R RIE R . 45K, TEMABINN, 5 Hejiangl9 #HLL, CRK5-RNAI
MpkFIE L) DEGs 5 2581 4>, LRI DEGs £ 373 4; GO ThAEr K DEGs £ E FHEEAY
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Rl AU AVAEIERE. B a RS R s TR s TARE R A
MLEAE ARSI FESE 7 AN EYE RS R o 8rh E B SRR A 9 IR A S (A 28« T
Beoy AR AR 3 AT RS T IhRe s R b EEE AL S AR ESE 2 U7 KEGG AU
S HTR W] DEGs EEEEAAB L. MAEN. MYHMERGESES. BRI, MAPK (5510, Zh
WREETT T, X RALEHIFEIIE], CRKS5-RNAI FE IS B A BURE AR AR R 22 iR, RERAEEA N
LS G AN B AS WA . SRR R RARSE , WA A SR VRS A D e U T ) B R BORE R,
LR YRGS SRS 5 HEEmEK.

KKK ESEFES NI B S, 280, PO, A g SeISE7], HdoKRg
HEE I B B B, S BRI AE KK E IR, R WERE LSRN ERILFER . e
], AMNEREINGEPE GA AR B — WA, AR ERAL8], BUbfER A = I, H N /R 8 R
J5 AR A8 — 1 AR AR A K T A e /KRS A R 1) 3L, A AR I IR 08AIE T 3 4> ABA 5 5 F1 GA {5 58 1%
F£ [ 051190453900, 0s11g0454300 A1 0s04g0465300 7F CRK5-RNAI i #k H ) ik & v T 7 B AR B v i)
FKikt, RUPXPIFERETEIARIN Z 5 G T2 H TMEREGE SR SAFEERN, R T CRKS X
WAEAE 55 PSR K IEMER - 0s0290610500 5 (K J& 161 7 B-box &5 F 3 (14 i 2 T &Kk, BBX HHTE
HEY KRGS RIEEEERN, WAERCEARE . JHERC IR B A AR e R4
VI R N 25 [9] [10] [11] [12], ©AWF K BL, BBX & Hd1l Al OsCO3 & /KAE i) CO [R5y, S
VHT I ARII[13] [14]. OsBBX14 #ifid—/N A M4~ B-box Hi%H CCT #F /) BBX #s%[K¥, 1N Ehdl
(%) [E] B4 | R - 1T SR Fi AR [15] . qRT-PCR S8 iiE 3R B BBX S £ 1(0s0290610500) £ CRK5-RNAI #i ik
R R RE, 5 RNA-Seq 45 —5L.

5. &g

AW S F AR 2 (K REH R R R AL 22 57, SR A RNA-Seq $i A e s il A B (K /K R 8] — 1350 4
BHATHESR A i, 20t GO M Fl KEGG 408, #iiE T M FE R IY) DEGSs £ 2 & AR 2. ffbig
P MYBERGE S S5, X RPLEEIIE, CRK5-RNAI -5 5 A48 R vk QT FE 2 R e K.
[Fl, KA qRT-PCR Xt 10 4~ DEGs R A /K475 1E, 4R 5 RNA-Seq MR A BHALN—F, W
RNA-Seq 45 RAT5E . AHEFNEE— BRI KRG CRKS ZE R 1 Ih g LA A8 7~ KRG S AR 1) 20 T H L RS2 L 2 18
(/T

B oW

B0 TR B BARAE RO A SR A R b s TR s A By, SRR TR T AR 18 SO A LR
S, BOHHE K E AR 2R 4 (31570288) X AR S BE B . OB A S SedE BEERL BTN B TER
AN A SRR AN B o
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Table Al. The primer sequence for qRT-PCR

Miz% 1. qRT-PCR A3 140F 7%

ElE7EARiN

7% 5°-3

OsActin

0s11g0453900

0s11g0454300

0s0290810200

0Os04g0465300

0s0290610500

0s01g0227100

051290541300

0s0690341300

051090419500

0s1090567400

F: CATCGCCCTGGACTATGACC
R: CGGAAACGCTCAGCACCAAT
F:GAGAGTCTTTTCAAAGCGAAGG
R:GGTACTCCATTCTCGCTATACC
F:CTAAGTGAGCTAGCCACTGATC
R:CTCCATCCTGCTTAAGCTAAAG
F: ACTGGAGAGCAAGCTCAATTC
R: CTGAGCTCACGGATGTAGTTAG
F:GCCTGCCTAGATCTAGCTTAAT
R:CTCTGGAAAGACAGAAACCCAA
F-TTTTCTACCCCGAACACTCCAT
R:CTTCTCCCTGTACCGCATC
F:CACTCACCATTTAAGGTCAAGC
R:CAGCAGATAACATTGTCCATCG
F:ATTCGTCTTCCACAAGGAGAAT
R:CTTAATCATCACTCCCCCTACC
F:ACGTCCGATCATACATACTCTC
R:GGCAAGCTAGCTCGTAGTAGTA
F: CAGGACAATCTTTGGTTTCTGG
R: GAGCTTTTCCGTTTTGGTTTCT
F: CATCACGGGATGCAATTGTAAT
R: ACATGCGATCGACTTTTACATG
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