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Investigating the impact of silencing an RNA-binding protein
gene SIRBP1 on tomato photosynthesis through
RNA-sequencing analysis

ZHOU Xiwen, MA Liqun, ZHU Hongliang*

College of Food Science and Nutritional Engineering, China Agriculture University, Beijing 100083, China

Abstract: Photosynthesis in plants directly affects the synthesis and accumulation of organic
matter, which directly influences crop yield. RNA-binding proteins (RBPs) are involved in the
regulation of a variety of physiological functions in plants, while the functions of RBPs in
photosynthesis have not been clearly elucidated. To investigate the effect of a glycine-rich
RNA-binding protein (SIRBP1) in tomato on plant photosynthesis, a stably inherited SRBP1
silenced plant in Alisa Craig was obtained by plant tissue culture using artificial small RNA
interference. It turns out that the size of the tomato fruit was reduced and leaves significantly
turned yellow. Chlorophyll(Chl) content measurement, Chl fluorescence imaging and chloroplast
transmission electron microscopy revealed that the chloroplast morphology and structure of the
leaves of tomato amiR-SRBP1 silenced plants were disrupted, and the chlorophyll content was
significantly reduced. Measurement of photosynthesis rate of wild-type and amiR-SRBP1
silenced plants in the same period demonstrated that the photosynthetic rate of these plants was
significantly reduced, and analysis of RNA-seq data indicated that silencing of SRBP1
significantly reduced the expression of photosynthesis-related genes, such as PsaE, Psal, and
PsbY, and affected the yield of tomato fruits through photosynthesis.

Keywords: RNA-binding protein; photosynthesis; tomato; RNA-seq
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1.2 SEWFHE
1.2.1 HELELAER

TP LEE SRR I k, SO &R
M, 2t A S R4S 18 ¥k SRBPL
FEIBRCRRFAR TO AARRR, BEF L UTERECR
B 90% A FE R I FhFFPAE T1 AUS T4 S
A5G . amiR-SRBP1 LBk T1 fCAE AR A T
ST /N IR SR E , SLRE 36 #k.
1.2.2 HERREMNE

PR« FH A RO i e i 2R SR 0 A K
=, BREWAL/NE(cm);

AR R RS - RO A5 3 5 SR S AR T8 Ak 1
EAR(mm), ARSI 3 REBCEA1E ;

RS 25 - (P 0,22 (SO0 SR S IR Ab B e i
TP, ARSI 3 RBCEAME . RS R &
AL EMG I FAIALFAERE , SEI0 0 R R 2 A ok
[ B ST A
123 MHRFRZ=RESENE

gk 3R A S e 2 B E AR NY/T
3082-2017,

WA BB B S A et R K, FRERC 1 g R
A 15 mL g, SREHRE A 10 mL $2H
W, WRE 10 s RS HELLEE T 4 °CukFRE,
HOGE BHLBGT R . 4 °C. 5000xg 5.0 10 min,
fif AR IBORAE 25 IR TR, R 38 oy
S FIETE 470, 645, 663 nm IR GIE .
I 3 A EYEER B EE I 2 K
HHITHAER .

TSR a, MK b LUK SR ESS
o, X,

4R a i (mg/kg)=[(12.72xA1)—(2.59x
A2)]xV/m

H4EK b S (mg/kg)=[(22.88xA2)—(4.67x
ADXV/m

43 25 8 i (mg/kg)=[(8.05xA1)+(20.29x%
A2)]xV/m

KXp, Al EIETE 663 nm AL AW RE(H 5
A2: [IETE 645 nm AWGREEE; Ve IR
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ARG DRSS IR E e s
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SEAJETE, RNFARMERRES 5 AL RS 3 BE 4t
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fii H ImagingWin BEHUITHAHEEME AL & B PSTT
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125 XEERFENE

Ji 2 B Zhang 55 K 42 10 SCEE AR S KU
BB SRR, I LI-6400XT Y&
Y& & 4t (Li-Cor Biosciences, Lincoln), FFHC4
28 5% 63T (Li-Cor Part No.6400-40, 3541 M- ifi
.2 em®) AR S A B 3 Bl 4 0 5E SR IT )
- F B 76 SRS A S R i &,
A AR 25 °C, Mg S EEIRIEE 0.7
1.0 kPa, ZdH i RE M EE A 400 pmol/s 11
T T
1.2.6 RT-qPCR 753%

B 24 7 K amiR-SIRBP1 7T 2R 4l #k 19 it

#1 FT RT-qPCR KI5I¥FF
Table 1 Primer used for RT-qPCR

RNA {i il Omega R6827 RNA # Bz 7] & $L 5,
B EMEEE I HL VKB E RNA 523, DL Actin
WS, FIH] RT-qPCR WL KL £k &,
e RIS U S IS
1.2.7 RNA-seq BB

AT R BRI S 152 clean data )
F FASTQC #fiiA clean data Jii Gtk 3| EoK 5,
id WinSCP 4 clean data P& RS #%, I
i AR 55 %5 FH Y bowtie2 B4 ~r F ol B R 40
(SL2.4) I KL R 240 7 B (SL2.4) Z A (&R 5 . 3t
TopHat2 3 {453 544 A [A] 4 5 ) clean data B 2]
FennFE R4 b A Feature Counts F&/7 A4
AN FRIAE, A DESeq2 BIFHAT
AR R EIH AR, 153 csv A& EE R
413, LA P-adjust<0.05 H.[logy(fold change)[>0 &
PR T 25 T D A i, 15 21 B A Y 5 TR
PRFE il Z 128k 25 5 B E W R B 2% . A GO
I KEGG 4l i LU X RAS S R D BT R
1.3 HiEALE

AR s ity 3 WAEYEES, [T
Excel } PowerPoint YF47 5 da 48 110 el il 7 -
ARSI B 25 T i B s gt N 22 o A AR IR
i F GraphPad Prism 8.3.0 2k {4, HAP WL
KIS FEAS t K, 25 BRI R Ty 22
53 HrH B Duncan £ 55

Gene Forward primer (5'—3’)

Reverse primer (5'—3')

153

Actin-Solyc11g005330 CAGCAGATGTGGATCTCAAA
PsaE-Solyc099063130.2 TTTTCTGGCAACTTTCTCCCC
PsbP-Solyc079044860.2 ATGGATTCAAGCTCCAAGTCC
PsbQ-Solyc02g079950.2 GTTGCTAAAGCAGCTTTTGCT
Psal -Solyc069082940.2 GGTGATCCTTAGCATGTGTTTG
PsbY-Solyc10g077120.1 CCTCCCCAAAGGTCTCTTAACT
L1-Solyc02g068740.2 TGCTGTTGAAAGTGTCAAGGC
L2-Solyc11g011380.1 ATTGTTGACGCCCATTACAAG
L3-Solyc06g069730.2 ACTTGAGATGGTTTGTTCAGGC
H1-Solyc10g055800.1 GATAACACTGCACGAAAAAGGG
H2-Solyc00g174340.1 AGCACAAAACTATGCCAACTCA ACCAACACATTGGTTGGTAGC
H3-Solyc02g082920.2 GGTATTGGTGTTGGACAAGAGT GGCGTCCATTGTCCAATGAT
L1-L3: Gene expression decreased groups; H1-H3: Gene expression increased groups.

CTGTGGACAATGGAAGGAC
TTGGGGGTTCTGATCATTCTTT
GTAGTCGGTGATGGACTTCTTG
TCCTTAACTCTCTGGGCTGC
CCACCAGTGAATTTAGCCCAT
CCCTGTTATCTCCTCCTTCAGC
TCAGGGTCCATCAATGCTTTG
CAGCAATCTCTGCAATCCTCTC
TTGACGATGATGCAAAGTAGTCTG
CAAGGCCATTGACTACTTGGT
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1 B 3 A2 EFR X, F1JH ImagingWin 32
BFv/Fm A, HAERE X HE AC Fl amiR-SRBP1
FERRI R S Tl i, L3R 2, e
a, M4 R b AIEHE N RAE amiR-9RBPL 1 it
BEMF AC P& E . HMSRETOEE T,
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¥l o 3 H AC i rpit 543345, Fv/Fm £
TEDRFFLE 0.8-0.9 Z ], 278 O A i AN
RIS, T amiR-SRBPL JiTERAF R H
EIMLE RIS, H Fv/Fm Uk AC iR
f—2KLIT, Z7E 0.3-0.4 2 fa], A W HOEAMERE
L1 R o 0 O R B UL £E (& 2D) & B
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AN EL PSS R (4 B
XA B P& 2B), Yy A
b B s i) s ) A i — 34T, amiR-SRBPL
DUBRAERRI I B S EE R REAR, DB AR
R DL BB R YITE amiR-SRBPL JTERFE L
HRBIE TSI A E R
23 HRBBIESTK GO BEEERER
BESEAA RO B, LL P-adjust<0.05, log2(fold
change)|>0 1E A i EdR i, amiR-SRBP1 Xf Ht. AC
5] 514 A4 FJEZER N 439 N TFRERN ., GO &
LT 3)R M, 22 5 R B 45 10 M
it B L 10 S AHARAL S F 10 S5 FHiRe sk B
oA R, EERZ R GO 4 H IR BIPE.
Z KA A T BRI A= & B T2 di a2
o, BRI Z MR EAE A,
KR . SERGEIEA A b SRR EZ % H .
Sy FUIRET, 25 L N B AR A o T
il DNA 53 1) RNA REBIE X 7E GO
BESHT, B RBCRE R E] 51 A 3 2K
B YA G B A A, IR
WARH] 22 M 5EEE AR & AR
KEGG &= %L, P-adjust<0.05 1F K i 2
PEE M BIE, 75 KEGG % & E1 20 K55
B, 5 2 FOCEERGE ). 5 12 85
Ay B [ E X SOR AR ARG . Hidr, B s
B B 11 i DRI 05 22 (AL H O R G LAH G S 2 2
PRARSCIEA . MRPEI P25 0, BRI LA
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3NS5 EETRMN 3 N5 P T RT-qPCR, 32K (r=0.743 0, P=0.008 8), #H] RNA-Seq
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1 STE SIRBP1EHEMRIEZET/  A: amiR-SRBP1 JTEA R SRBP1 Fik &, ****, P<0.000 5;

#*k, P<0.001; **: P<0.01.B: AC & amiR-SRBP1 JTERFE AR T i 526 Ho (4% . mature green, MG;
it . breaker, Br/B; £L#UY]: red ripe, RR). C: 1 A ¥4 AC & T1f amiR-SIRBP1 JJLERFE Ak M- - Y
K. D: £LZAB ] AC J amiR-SIRBP1 IR MR SEA I L. E: FARSCHAR . Pt . SRIBREU i
Figure 1 Silencing SRBP1 makes fruits smaller. A: The expression of gene SRBP1 in amiR-SRBP1 plants.
*HkE P<0.000 5; ***: P<0.001; **: P<0.01. B: Comparison of tomato fruit from AC and amiR-SRBPL1 silenced
plants (Mature green, MG; Breaker, Br/B; Red ripe, RR). C: Leaf phenotypes of 1-month-old AC and TI

amiR-SRBP1 silenced plants. D: Sectional views of red ripe fruits from AC and amiR-SRBP1 silenced plants. E
Diameter, longitudinal diameter, fruit shape index and quality of fruits from AC and amiR-SRBP1 silenced plants.
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A AC amiR-S/IRBPI

Fv/Fm image

Photographs of leaves

Photosynthesis indexes
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AC J: SRBP1 TUBRAEMRF TRV i — & I i Tt & AR (A) UL R (gsw). C: PR RO
Fv/Fm HR L *%%: P<0.001. D: 575 H B A B K TUBRMEL AR T B SO ZS , ARR=5 um

Figure 2 Silencing SRBP1 reduces chlorophyll level and photosynthesis rate. A: Comparison of chlorophyll
fluorescence imaging Fv/Fm and leaf images. B: Photosynthetic rate (A) and stomatal conductance (gsw)

measured in AC and SRBP1 silenced plants of tomato at certain flow rates. C: Histogram of chlorophyll
fluorescence imaging Fv/Fm. ***: P<0.001. D: Transmission electron microscopy observation of chloroplast

morphology in mature leaves of AC and SRBP1 silenced plants, bar=5 pm.
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*2 A SRBPLMEMM M ERSEMNFI
Table 2  Effect of silencing SRBP1 on chlorophyll content in leaf of Solanum lycopersicum L.

Type Chl a (mg/g) Chl b (mg/g) Chl a+b (mg/g) Chl a/b Carotenoids (mg/g)
AC 2.63+0.01 0.99+0.06 3.62+0.06 2.66+0.18 0.46+0.01
amiR-SRBP1  1.76+0.11%**** 0.65+0.04** 2.1540.09%*** 2.31£0.10* 0.34:+0.34%**

The differences in pigment content between AC and amiR-SRBP1 were analyzed using T-test, Chl is the abbreviation of
chlorophyll, *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 5.
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Description

Butanoate metabolism-Solanum... —

Arginine and proline metabolism... - « 0.75

Circadian rhythm-plant... - 0.50

Pyrimidine metabolism-Solanum... — + 0.25
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1
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3 EFRENFHEIREFRIEERE S H(differentially expressed genes, DEGs)7 4t A: DEGs (k1. B:
ZEFH GO 4325, C: 2R/ GO FHAUAK, K ERE S 1-20 [7] B. D: 2750 KEGG &4<UHA

Figure 3  Analysis of differentially expressed genes (DEGs) with RNA-seq data. A: Volcanic plot of DEGs. B:
The GO terms of the DEGs. C: Bubble chart of DEG GO enrichment. D: Bubble chart of DEGs KEGG pathways.
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Figure 4 Expression level of photosynthesis-related genes by RT-qPCR. Analysis of the expression of the
same gene in AC and in amiR-SRBP1 silenced plants using t-test, ****: P<0.000 5; ***: P<0.001.
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