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Transcriptome analysis of the effect of bio-organic fertilizer on rice leaves
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Abstract; Reclamation and restoration of saline-alkali land is of great significance for ensuring food security and protecting
the red line of arable land. Planting rice and applying bio-organic fertilizer is an effective measure to remediate and improve
saline-alkali land. Based on fertilizer effect of the bio-organic fertilizer, this research is conducted with measuring agronomic
traits of rice at the filling stage and analyzing leaf transcriptome sequencing and the biological functions and metabolic

pathways of differential genes through Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG)
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databases in order to reveal the potential growth-promoting mechanism of the bio-organic fertilizer on rice grown in saline-
alkaline soil. A total of four treatments were set up in the experiment, bio-organic fertilizer+chemical fertilizer (T1) , bio-
organic fertilizer inactivation +chemical fertilizer (T2), chemical fertilizer (T3), and blank control (T4). The results
showed that the application of the bio-organic fertilizer could significantly improve rice leaf area and content of chlorophyll,
number of tillers, and dry matter quantity( P<0.05) ; The number of differential genes of T2vsT1, T3vsT1, T4vsT1, and
T4vsT3 was 6593, 4796, 6976 and 1866, respectively, and the quantity of differential gene expression was the largest for
bio-organic fertilizer combined with chemical fertilizer, then for inactivated bio-organic fertilizer, the least for treatment of
chemical fertilizer; GO analysis showed that the application of bio-organic fertilizer mainly influenced the biosynthesis and
metabolism of rice leaf peptides and amides, translation processes, organelles and organelle membranes, etc., the
differential genes were not significantly enriched (P>0.05) for biological processes of rice leaves affected by chemical
fertilizers ; KEGG analysis showed that the significantly different genes in the application of bio-organic fertilizer were mainly
enriched in the ribosome and energy metabolism-related pathways, and ribosome-related genes expressed more
differentially, perhaps there were important regulatory genes for rice to respond to the bio-organic fertilizer, the energy
metabolism pathway involved photosynthesis and photosynthesis-antenna protein, the photosynthesis-antenna protein
metabolism pathway-related genes were significantly up-regulated, and the number of photosynthesis and photosynthesis-
antenna protein up-regulated genes in T4vsT1 greater than T3vsT1, T3vsT1 greater than T4vsT3, indicating that the
application of bio-organic fertilizer could improve the light-harvesting ability of leaves and enhance photosynthesis, and the
effect of bio-organic fertilizer combined with chemical fertilizer was better than that of single application of biological organic
fertilizer or chemical fertilizer, T2vsT1, T3vsT1, and T4vsT1 treatment comparisons revealed that in plant hormone signal
transduction the carotenoid synthesis genes were up-regulated and rice stress resistance enhanced, the number of up-
regulated genes for plant-pathogen interaction metabolic pathway in T3vsT1 and T4vsT1 was more than down-regulated,
indicating that the bio-organic fertilizer and bio-organic fertilizer combined with chemical fertilizer has a certain promotion
effect on improving rice disease resistance. The analysis of salt-tolerant gene transcription factors showed that there were 111
transcription factors that caused rice leaves to respond to salt stress by microorganisms, 93 by bio-organic fertilizers, 97 by
bio-organic fertilizers combined with chemical fertilizers, and 40 by chemical fertilizers, indicating that bio-organic fertilizer
could effectively promote the expression of genes in response to salt stress in plants and enhance the salt tolerance of rice.
Therefore, the application of bio-organic fertilizer in saline-alkali soil can significantly affect the up-regulation of rice
ribosomal and photosynthetic genes, and the trend of up-regulation of stress resistance genes is obvious, it has a certain

theoretical value for revealing the potential mechanism of rice growth promotion by bio-organic fertilizer in saline-alkali soil.

Key Words: bio-organic fertilizer; saline-alkaline soil; rice; transcriptome; differential gene expression; transcriptional
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Table 1 Agronomic characters of rice at grain filling stage

-4 22 AR 0 R S Eg N 5
e f%?*ﬁ Qs ﬁxﬁlﬁ*@l- - B T TY R E R
Treat . Relative content Number of effective Plant heieht/c Root 1 e Leaf area/em? Dry matter
reatmen of chlorophy]l tillers/( /I\/HQ) ani Clg cm 00 engi cm .eal are cm W’eighl/g
T1 43.95+3.61Aa 2.67+£0.72Aa 98.89+4.99Aa 18.14+2.45Aa 22.23+5.95Aa 15.65+4.08Aa
T2 41.33+3.37ABa 2.07+0.70ABb 98.33+7.76Aa 16.50+2.34ABab 25.50+5.41Aa 14.08+4.06ABab
T3 38.19+3.54BCb 1.67+0.62Bbc 91.90+8.52Bb 15.80+3.22ABb 13.82+4.8Bb 11.71+£2.83BChc
T4 36.63+4.37Ch 1.53+0.64Bc 81.33+8.12Cc 14.73+2.12Bb 12.21+4.53Bb 10.51+£2.37Cc

T1L: A A HUE+LAE Bio-organic fertilizer+chemical fertilizer; T2 ; 4 4545 HUIE X 3 +4LAE Bio-organic fertilizer inactivation+chemical fertilizer; T3 ;
ALAE Chemical fertilizer; T4 ; %5 [ % i Blank control ; 38 H A A F- ¥ bR 2% , NI A R K /NG FRE:43 I 3 7R AN [R) b #6] 22 5734 0.01,0.05
K- 5 Q20 ; I 7 iR 4 =20 BT AT 5 AU T 43 Percentage of bases with a sequencing quality value greater than or equal to 20; Q30 il /¥ i {8 =
30 E@ME%&E@E‘%% Percentage of bases with a sequencing quality value greater than or equal to 30;

GC: G 1 C PERhIRIL A |5 AR IE A 43 L Percentage of G and C bases in total bases

2.2 B AT

R T PR UEES R o3 B i BT, 7E 0 B 6 B Ak AR HE AT AR B Fe s Sk S o e iR AR B IR
(Qphred <20 A% IEE 5 A read K1Y 50% LA 1) 1Y reads, Geit W3 2., K I, BEASRE S 445 3
4000—7000 J7 4¢ Clean reads, Q20 & 96.86%—98.33%, Q30 N 91.87%—95.09% , GC & & & 50.04%—
55.22% , B BRI PSR FEN 0.03% ,/NT 1% , R F o K47, 8508 o] T Ia g2 E (5 824 b

*2 BREANFHESIT

Table 2 Statistics of transcriptome sequencing data

FE £ JR 1 read i U85 read/% WP FS IR/ % Q20 Hepil Q30 Ll GC 1l
Sample Total raw reads Total clean reads error rate 020% Q30% GC%
T1-1 64088278 63393898(98.92% ) 0.03 96.92 91.91 51.23
T1-2 50907448 50243748(98.7%) 0.03 97.29 92.64 51.56
T1-3 56069862 55243950(98.53% ) 0.03 97.45 92.97 51.32
T2-1 57616424 56456528(97.99% ) 0.03 97.29 92.68 52.08
T2-2 53123648 52425186(98.69% ) 0.03 97.54 93.18 50.04
T2-3 42212280 40813840(96.69% ) 0.02 98.33 95.09 50.81
T3-1 42482600 41989962 98.84% ) 0.03 96.95 91.89 52.86
T3-2 47412764 46801644(98.71%) 0.03 97.12 92.28 51.14
T3-3 50198746 49472502 (98.55% ) 0.03 97.30 92.60 50.51
T4-1 45064262 44278554(98.26% ) 0.03 97.29 92.6 50.9
T4-2 46393136 45339886(97.73% ) 0.03 96.86 91.87 51.91
T4-3 58827290 57934848(98.48% ) 0.03 96.94 92.01 51.28

T1-1.T1-2.T1-3 . T2-1.T2-2 . T2-3 T3-1.T3-2 T3-3 . T4-1 T4-2 T4-3 53 AR AL HR 4 3 A EYEEE .

http ; //www.ecologica.cn



2346

3

Eire
2.3 AN[EAb P 2= SR R R B R Ay

42 %
FIH] DESeq 2 3 b A= A HUIEA R 2L B R K Feg i 9 5, A P<0.05 H. [log2FoldChange | >0.0 /£

TR REME , P 1 D 22 SR IR SRR I AT, T2 D T 22 [l e ) 381 25 S B I 6593 2%, LI ZE M1 A LA Hh B9 U 9
TES GV PRRRE I T R R Fb i 45 T B BEHT; T4 1 T3 Z (1Y 1866 4% 25 5 AL 2 th it FHALAE 5 & Y, T3
R

FT1 ZIAIHY 4796 2522 5 HE DA 0 iy A= A AIUIE S RS A, 58 R A A HILAE Xk K A R 56 DR8] 28 £ TR AR AE 5

FREBOR/ % FREBOR/ &
o B 3207 o TREBAL 23920 o B 2398 o JolBEAEK 25958
. T 3386 « Tid 2398
15 L T2 vs Tl ., 15 T3 vs Tl
. . -
10
) )
k) : 9
I I
5
0 1
-20 -10
log,FC log,FC
FEHE % FEHER/ %
o L3769 o LB 23930 o B 1026 o JoREAAL 28890
« T 3207 « TFiH 840
15 T4vs Tl 15 - T4vsT3
10 10 -
% %
) 2
| |
5 5
b . . ——— _%i
0 1 1 1 0 =1
-20 -10 20 -20

B1 EEAXWL
Fig.1 Volcano map of gene

T1 . AP H YL +LAE Bio-organic fertilizer+chemical fertilizer; T2 : £ 948 HLAL K +4LAE Bio-organic fertilizer inactivation+chemical fertilizer; T3 ;
FIRE Y HAE Fold Change

ALHE Chemical fertilizer; T4 ; 25 F4XT B Blank control ; vs ; BAZHAE i o A9 3 R 838 HUAR 0 ve Z BT E LN FGE BN 1;FC FRTAERS (41) |

http ; //www.ecologica.cn



6 XUME 25 . A=A HLAE X ER Bt A R I A S e s SR 4 e 2347

T4 F1 T1 Z [a] Rz 2 2= 5 3 6976 5%, & T T4vsT3 5 T3vsT1 22 5 3L RUECE 2 A, U B A= WA ML -5 AL A X
IKFESE R R A A DR FIE T, 2B HLIE X KRG 5L R e ik B B2 58 S, BRI X it — 20 64T GO Tiifig
S KEGG FHEMT,
24 EFFSRILHEE GO EHESHT

P52 HAR LT GO Thfie & At i 22 S SE N ) E 2 AR Dhhg, BB W 2ead 78 | 40 i 4
I T INRE=ANFE . T2vsT1 45 RyER2E F L 4L 4780 4%, Hirb R Wpop i 72 1643 4%, 44 AR 635 4%, 4%
TFIIfE 2502 2%, 43l 5 b 34.37% 13.28% .52.34% , UL T AR KR 2822 R 2N S50 FOE B, %
3B 200 10 4> Term WLIEL 2, A= 9275 B2 0 T 32 2 R B0 7 Bt K2R 0 B R L ke A= 4 5 AR,
it A PLEA A PRI EY) G L DNA R A SE J7 T TEAN M 4, 82 5 RHA A s
Y R AR AW AR A0 P AR AN RS AR BT Ay AN T AR S T RE T, AR
A TEAZ IR AR (1) 2540 J o0 N5 A8 o T I PS5 T

— —_ —_

(=3 N w

S %3 S
T

FEF %A Gene number/ 4%
3 o

25
. [ () HHHHHHHH
PR Y BRKES L LR H o #
SES N ER R et TR SRR s
B S5 XKEELNRRE SESXNRRESTIREIORN T
€ L2 oYL TDOIERXRZ SRS R EHRT R
E HSESS XY HEHSFES ZOlEs = kg ERN
H T Egd4 S Z2s R gwE ¥
= x2 g Za =2 BZl= ® S >
EF S X " o £ R
S £ =
g g ~
=
&
H:¥i3 8 Biological process 414 Cellular component 4 FIfE Molecular function

B2 T2vsT1 EREEXEHEZES T

Fig.2 T2vsT1 differential gene ontology function enrichment analysis

T3vsT1 deyERe 3 22 F AL H 3829 4%, AR Wi 72 1335 45, 4O 2H A 506 4%, 43 T-LhAE 1988 4%, 23 5l 5 Lt
34.87% 13.21% .51.92% , v LI it A= A AUIE RZ i K ARG e 595> F O 68, 45 4 4 B . 35 1 10 4> Term UL
Kl 3, AWyt B FEERMADCA AN B RAEY G S R B A= 6 B S AR g oy, FES S
R BRIy SCRG BEEAE AW SCE I R SERSE 1 /RS S |5 R SRR A DGR
AP0 SR 0 A% B P S A AR AN L AN A0 P A R VB A T ARy T OIRE D, R AR RS
T R ZE R oY S s R 1E M PR S DNA 256 AZIRES A6 S FIs M55 7w

TavsT1 B3] 25 5L 5252 45, AL W2k 2 1840 45, 4jU 4 1 731 4%, 22 TNk 2681 4%, 439l 5 1t
35.03% ,13.92% \51.05% , Ui A= 1A HLIE 55 AL LI & FH BB A S50 E i JR IR 22 S 3R 0k 45 41 00 o i 5 1Y)
10 4> Term WL 4, A=Wy ad Bt 2R IUAE B IR D06 1m0 5101 A M ke 2 0 & i S5 AR A LA G D)
A R SEEER R A s S 7 T AR AL, S SRR R E A E AR A N AR

http ; //www.ecologica.cn



i

2

%

2348

LA LD

28k

T Erosed 1O

FAEE T -0

Tk S L

SEVNY R

T M O A
SEVNAOHE S Tt F I35
A2 v EAohE R

R G

4y FIRE Molecular function

Lo s 2 B
WL B sl
B B ol
MG ¥ 9%

Rk

LK

S BEEM
GEK

YvaEe

Wakse

YffI4H 4> Cellular component

B2 AR 7

Yra

P R S ) B
ERAVE a7
[Eans Eg v B Rk

B S
[EandiintRabi
BT

g

2%

HHid R Biological process

100 ~

3¢ /roquinu ouoD) T % [ Fr

T3vsT1 ZRERREHREEE S

Fig.3 T3vsT1 differential gene ontology function enrichment analysis

&3

A Y AR AT AR IR AR 20 P A R A A ST T R T D RE R, RS P RS R oy

TARE MR (RNA 858 BRI 1 RNA 454 rRNA 45555 )51 .

T[] S B L
SHEVNIL

SN W g
LHVNY
Rl EAT N h A
WS

4+ F-IhfE Molecular function

W

W%

3L BE =M

B 7 Tl B B
R B

(7

{7 T W7

IS B H B A A Bl
WO BRI RAMA
WA

M4 4} Cellular component

2

2O

2HY(E

29
BTFENE G  G -O ) B
[eane cBgv BRIk
fEandtiatRIt I iA
BT

[Eans S2v Rl

Hig

H:4y33 2 Biological process

200

1 1
(=4 (=3 (=4
) = vy
— —

3 /1equinu dusD EHZ M F

(=}

Eo

Fig.4 T4vsT1 differential gene ontology function enrichment analysis

=
=]

13
&

B4 TdvsT1 ZRERFARKINE

http ; //www.ecologica.cn



6 XUME 25 . A=A HLAE X ER Bt A R I A S e s SR 4 e 2349

TdvsT3 LR R F] 22 55K 1396 2%, AW 72 523 4%, AN 4 A% 131 4%, 4> F e 742 4%, 43 )5 kb
37.46% \9.38% \53.15% , 2 5 1 3 0 B D S v AR A 28 43 FN 43— D RE , T DA H it FH AR AT 32 22 X7k A i 7 1)
AEYE R RN A Ao B B B 10 A Term WIS, 7E4IME4Lr , 22 RN E 2 S 5104 Y Fid &
FFERBER BRI SCA NS T 6/ FORE T, 28 SR B4R P YE M £T K45 & UL g 255 Ak
I BERG PEAE FF BO A HEAR LIF45 G B0A R o 4R RS A B T I L,

50 | ]
% 40 — -
£ _
E 30 |
g
]
w20 |
B
il
0 h I Mnereea L A
B R oo i &2 RELEERIRRLEL C @y oS o =R
ER R R YRR SR CECE B e GG rE e
CrESErPREOEIERKRLER LY RWESR Ex bREZDIR
Ry g dF= s R = K H R S Eg L ECREH
o = z B X E E |EE% ¥ &R
g 2=\ = R & = & =
e g ¥ 8 B s g
& =4 o EF L 5 =
H id,—*ﬂ-. ®
T img EQQ
g9 BT
Ex HZ
¥ <o EiE
S &R
2
SE
EES
H: 4133 F2 Biological process HMa2 4y Cellular component 4 FIfE Molecular function

Bl 5 T4vsT3 EREEKEKIIEEES T

Fig.5 T4vsT3 differential gene ontology function enrichment analysis
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245 Group AR38 B Metabolic pathway $ Count i Up T8 Down
T2vsT1 AR 142 141 1
b (] 22 19 3
T3vsT1 (23S 81 15 66
JeE e 22 22 0
JeAER-REHENA 10 10 0
AR e H BRAR G 30 23 7
T4vsT1 (S 147 32 115
Jea e 32 31 1
A VER-RLER 12 12 0
LiyiEtmi) 15 4 11
n bk 5 it 2R AR 21 18 3
T4vsT3 g 17 R I fe 12 3 9
A e 12 12 0
RNBEA WG R 21 10 11
BT —RIR I gt 13 6 7
NIRRT R ) A 6 I 8 5 3
o- T JRRR 15 9 2 7
e Wi R AR 11 5 6
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