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Abstract; In order to explore the physiological and molecular mechanisms of self-incompatibility of Stevia
rebaudiana Bertoni, taking self-incompatible clone ‘B4’ and self-compatible clone ‘78-42° of S.
rebaudiana as research objects, fluorescence microscopy and transcriptome analysis were conducted for
self-pollinated stigmas of the two clones. The fluorescence microscopy result shows that there are no
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pollens attached to the self-pollinated stigmas of ‘B4’ | while there are pollens attached to the self-
pollinated stigmas of ‘Z8-42’. The overall transcriptome sequencing quality of self-pollinated stigmas of
the two clones is relatively good, and a total of 43.84 Gb clean data are obtained. There are 49 214
expressed unigenes among 51 819 assembled unigenes; the expressed unigenes annotated in NR database
are the most (29 523); and in NR database, the unigenes annotated to homologous sequences of
Helianthus annuus Linn. are the most (20 117). A total of 7 560 differentially expressed unigenes are
screened out from the two clones; when taking ‘ B4’ as the control, there are 3 122 differentially
expressed unigenes with up-regulated expression and 4 438 differentially expressed unigenes with down-
regulated expression in self-pollinated stigmas of ‘Z8-42. The GO functional annotation and enrichment
analysis results show that the functions of differentially expressed unigenes of S. rebaudiana contain three
categories of biological process, cellular component and molecular function and 47 subcategories, in
which, differentially expressed unigenes enriched into signal transduction in biological process category
are the most (225), a large number of differentially expressed unigenes are enriched into membrane
part, intrinsic component of membrane, and integral component of membrane (1 700, 1 665, and
1 664, respectively) in cellular component category, and differentially expressed unigenes enriched into
ion binding in molecular function category are the most (1 650). A total of 1 605 differentially expressed
unigenes are annotated into six categories of KEGG metabolic pathways, in which, differentially
expressed unigenes annotated into metabolism category are the most (882), accounting for 55.0%, and
are distributed in 91 metabolic pathways of 10 secondary classifications. In single metabolic pathway,
differentially expressed unigenes in plant-pathogen interaction pathway are the most (81 ). Taken
together, it can be preliminarily concluded that self-incompatiblility of S. rebaudiana may occur at the
initial stage of stigma-pollen interaction, such as recognition and adhesion processes; functional and
structural variations including stigma cell signal transduction, membrane part, ion binding, etc. caused
by differentially expressed unigenes may be the reason of different self-compatibilities of the two test
clones, and plant-pathogen interaction pathway may be involved in stigma-pollen recognition process,
which is closely associated with self-incompatibility.

Key words: Stevia rebaudiana Bertoni; self-incompatibility; stigma; differentially expressed unigene;
fluorescence microscopy ; transcriptome analysis
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Fig. 1  Fluorescence microscopy of self-pollinated stigmas of self-
incompatible clone ‘B4’ (A) and self-compatible clone ‘ Z8-42’ (B)
of Stevia rebaudiana Bertoni

2.2 HRANFESH
221 HFaAmMFREAAELSRE>N EEAS



28 N7/ I AR SRS A

932 %

AZEMICIER B4 K ASEMIGE R  78-42° A 4L
OB Sk (0 e S AL e o3 M 45 R SR B R0 e 4R A
43.84 Gb clean data, 5 FE i [ clean data 4 6.61 ~
8.15 Gb,Q30 N 94.7% ~95.3% ,GC K 44.9% ~
46.4% , 32 W 55 2 1) R 1A e Joi e A g, AR A
Fras Rl 1T a2 A s s i o

BT B FE AR clean data M Sk 4 2%, 15 3]
51 819 4~ unigene, iX $£ unigene ¥ N50 F ¥ {H N
1772 bp, FFH A FE G X R KT 80%, %
A G AAS 1Y unigene I 7 F1ZH 26 o 1 57, 7] 36 A2
JR BT
2.2.2 unigene FELEBF LM TEETHB unigene 1, R
ik unigene H 49 214 1, B4R unigene 3 ik
unigene 73 H7E NR | Swiss—Prot , Pfam , eggNOG . GO F/1
KEGG ¥4 e rb #EAT Lexh . 45 R os . Jb 7 R 5
30 722 /l\unigene, 5 unigene BB 59.3% , FHorp i
BRI NR P8 % #) unigene fx 2, 7 30 163 />, 5
unigene &L 5L Y 58. 2% ; 1 B ] KEGG % ¥ FE 1)
unigene fix/V>, A 12 449 4>, i unigene SEAY 24.0%
FERER 30 055 ~FRIA unigene, (5 IA unigene &AL
1 61.19% , o FERE ] NR B8 2 A9 22 3% unigene [7]
FeleZ A7 29 523 /4>, 15335 unigene SV 60.0% ;
TR KEGG 4 % 19 235 unigene [A] A IR, £
12 219 /4, 523K unigene SELY 24.8%

TESPATIERER] NR B0 ZE Y unigene [R5 751 B
KB, E ENAR (0<E<1x107) [#) unigene A 24 093
A, 5 B unigene BB 79.9% , 6 B B EI Y
unigene 5 NR 0405 2 (1 [R5 77 41 B A e B2 AR I
TE NR $odf 128 Fo_ B unigene 5 HABARIHI S 5 40 1
FEI) unigene FEAT [FURFFIVCHAL , 45 R W os . 510 H 28
( Helianthus annuus Linn.) [7] 5 B9 unigene fx £, A5
20 117 4>, 5 B unigene B 66.7% , KR4 5
] H %% unigene 4751 [F) J5 M 5w s 5 8881 ( Cynara
cardunculus var. scolymus Linn.) | W ( Lactuca sativa
Linn.) F1 #% £ & ( Artemisiac annua Linn.) [F) I B9
unigene W2 434 3 373 .2 800 Fl 1 661 4>, 4% 15
B unigene BB 11.2% .9.3%F15.5%,
2.2.3  ZJF KA unigene 57
2231 RKikwEHN TEBEE A 1 log, FC1>1 H
P-adjust<0.05 I, $£3545 7 560 > 2% 53K unigene,,
PLAZREAFEMINE R B4’ BB K AE L ' unigene
M2 Ih N IR A SR MTCE R  28-42° HAER K

sk vh ik B IHAY unigene A 3 122 4>, Kk g T
JAY unigene A 4 438 1>, 73] 5 22 5 %35 unigene
B 41.2%F0 58.7%
2.2.3.2 GO WIfgiEBEME LT 225555 unigene
GO Tifigik Bas R L B8 4 171 R KRB
unigene , X 46 2% [ 3R 3K unigene 1Y) e L5 2B W) i
T2 AN ZH 50 F5> T IhBE 3 AN KRS, FEAT 404y 47 4
NS R A Y R 25 S SRR unigene I
3 514 A4~ b R 4 Mo AR AN AC T R Y 25 e SR
ik unigene 2, 43 0A 1 224 1 958 4~ B A 4 i
) 22 7338 unigene A5 4 532 4 Hi BB
FEE 43 R4 L8 3 1) 25 57 3638 unigene 2, 434
1700 1 1 150 4~ BN F I RE I 22 = R ik
unigene FL45 5 027 4>, Horp iR B 25 A AR TG P )
Z2 523K unigene 3£, 4334 2 303 FI2 138 1>,
M2 T IX unigene GO & /T4 R E 4T
EMEKEHEA BT 20 (P-adjust<0.5) FI G453 (%
D E AR RE D, gEIES R 2E TR
ik unigene fx £ (225) , & £ 5| DNA A2 7 £k
unigene 32 (212) , 5 L4350 5.4% F1 5.1% ; 7£ 4
WLZH 53 KIS ot 4 S BB 43 RS 11 A 1k o3 R R4
RS2 574235 unigene EH 2, 7315145 1 7001 665
FI1 664 4>, B 2 T & AL 2 HAL 20 ffl 20 53 1 25 = 3R
ik unigene, 15 L2514 40.8% (39.9% F1 39.9% ; 1E4)
FOIReRIE T, H LR F45 G 122 5 R IX unigene
B2 (1650), fi - 39.6% , & 46 B Bt A% T 1R
A IR AT R ZE A 10 22 5 33K unigene 2 (3
887 A, i LY R 21.3%) , & A B HAh /> T I RERY
2R FEIR unigene IHE 100 LA E
2.2.3.3  KEGG fRifim & fr s 40 B4 B A
FEMTHER B4 LA FEMIONER < 7Z8-42° AL
A HE kiR S AT 1 605 22573235 unigene #%1E
Fe3) KEGG RHM §& b . KEGG 1R85 B8 40 7 45 SR
FEU X BE 9% B 43K unigene TERSEIFCI 8L 15 BAb
ARG AR IR (S B AL A 2
6 MR, BN R 22 F K 3K unigene 7304
882258 137 118 117 #1 93 4>, FERRNMCBI AN
ZE 533K unigene I %, di LK 55.0% , 43 5 EF BRI
IR ZEAY 10 > 952 o1 ARl i, (E78
TR, 25 5 323K unigene 5% 22 19 B0 41030 2K 2
AW R GRS R IR EEIE N G 43S b AR - R
R AR %t 81 22 73K IK unigene



55 4 1 Mok e, 25 . BHAG A SRR A SSRANTENE 2R A A Sk 92O i O S R % S 41 7 B

29

®1 WHEAXAENRBXFNTERBIEFEYELE RRIZ unigene B GO EELER

Table 1 GO enrichment result of differentially expressed unigenes of self-pollinated stigmas of self-incompatibility and self-compatibility clones of

Stevia rebaudiana Bertoni

IfEsr2¢ Functional classification

unigene Bim %

GO 1D P-adjust”  Number of .
/N Subcategory K& Category unigenes Proportion
G0.0007165 {55 %3 Signal transduction H: )it 2 Biological process 8.43x107* 225 5.4
G0:0009765  HAVEH, L33k Photosynthesis, light harvesting A5t B Biological process  8.43x107* 16 0.4
G0:0015074 DNA #%24 DNA integration A7/ pun A Biological process 8.43x107* 212 5.1
G0:0000943 L SERE E T 1 A< 5 Retrotransposon nucleocapsid ZMAIZH4) Cellular component  8.43x1074 169 4.1
G0:0009523  JEFRGE I Photosystem 11 ZHHfIZH 53 Cellular component  8.43x107* 21 0.5
G0:0046906  PUMEMEZE S Tetrapyrrole binding 43 FIBE Molecular function  §.43x107* 127 3.0
G0:0043531  ADP %54 ADP binding I3 T Molecular function  8.43x107* 211 5.1
G0:0016705 A ALIE JRRERE T, AE I T ROV A, INA SO A 74 23T 208 Molecular function  8.43x107* 104 2.5
Oxidoreductase activity, acting on paired donors, with
incorporation or reduction of molecular oxygen
G0:0020037 141 454 Heme binding 4T I1HE Molecular function 8.43x107* 110 2.6
G0:0016773 W RO B T, BEJE 4 32K Phosphotransferase 4+ FHIHE Molecular function 8.43x107* 506 12.1
activity, alcohol group as acceptor
G0.0004674 H A E IR/ I BRI EYE Protein serine/threonine 43T IIHE Molecular function 8.43x107* 254 6.1
kinase activity
GO:0004672  HHIKEHEPE Protein kinase activity S FUIHE Molecular function  8.43x107* 478 11.5
G0:0016301 MG Kinase activity 5 FIfiE Molecular function  8.43x107* 568 13.6
G0:0044425  JEE4) Membrane part Y14y Cellular component  §.94x 1074 1 700 40.8
G0.0016021 B4 B 43 Integral component of membrane MAEZH ) Cellular component  8.94x 107 1 664 39.9
G0.0031224 JEE [ 45 543 Intrinsic component of membrane ZMHIZH ) Cellular component  8.94x 1074 1 665 39.9
G0.0016772 RS MG, o B8 R L A] Transferase activity, 43 FIIHE Molecular function 8.94x107* 730 17.5
transferring phosphorus-containing groups
G0:0043167 B F454 Ton binding 43 Tt Molecular function  1.01x1073 1 650 39.6
G0:0032559 BRI TREE A Adenyl ribonucleotide binding 43T IIHE Molecular function 1.04x1073 887 21.3
G0:0030554 IR RATRZE A Adenyl nucleotide binding 4> F P11 Molecular function 1.04x1073 887 21.3

D P-adjust; HFIEJFHY P {E P-value corrected.

M 255 223K unigene KEGG & 44045 g 46
5B FEIK - HE 44 T 20 ( P-adjust<0.05) B9 4845
(R 2)FE VARG RN IR N H 5 2K i AE
Y- AR AR [ R Y unigene B¢ 2 (81) , (5 L

1 5.0% ; A 0 HAB A AR A W) 5 1 — )
TR NS AE Y & GE s 4R 1Y unigene IRZ
(49) , 516 3.1% ; HABARHE # & £ 1Y unigene

TE 40 LA,

R2 WHAXFAFRNREBEXFMEERBLEHHELERRIE unigene 1) KEGG EEHR

Table 2 KEGG enrichment result of differentially expressed unigenes of self-pollinated stigmas of self-incompatibility and self-compatibility clones

of Stevia rebaudiana Bertoni

unigene Bm E %

IS i #% 1D I A0 R Peadiust)
—adjust Number of )
Category Pathway ID  Pathway name . Proportion
unigenes
W FRBE Organismal system
I HEIE Y Environmental adaptation map04626 ALY - JFARE AE Plant-pathogen interaction 6.24x1077 81 5.0
114 Metabolism
HA kAR A=) 5 Y Biosynthesis  map00940 RN BER A YA B Phenylpropanoid biosynthesis 7.55%107° 49 3.1
of other secondary metabolites
fEH AR Energy metabolism map00196 Y- REEH Photosynthesis-antenna proteins ~ 7.96x107° 17 1.1
A Carbohydrate metabolism map00040 A 2 B B2 1) AR H 4% 4k Pentose and 1.76x1073 29 1.8
glucuronate interconversions
FIEFRCIH Amino acid metabolism map00400 RPN EMR B 2R M @R A5 5.81x1072 17 1.1

Phenylalanine, tyrosine and tryptophan biosynthesis
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££3R2 Table 2 ( Continued)

43k WD EEARK o, unigene BORE -y 0
P-adjust Number of .

Category Pathway ID  Pathway name . Proportion

unigenes

Ag AL Lipid metabolism map00071 A Wi R % f# Fatty acid degradation 7.30x1072 17 1.1

HAh S FLBLZ 5 Metabolism of other map00460 S A IERR T Cyanoamino acid metabolism 1.03x107! 15 0.9

amino acids

BEZSAI Carbohydrate metabolism map00052 P I Galactose metabolism 1.86x107! 18 1.1

it R Energy metabolism map00910 ZACH Nitrogen metabolism 1.88x107! 12 0.7

8 B I 7 A4 2 24 Metabolism map00740 %I K HT BRI Riboflavin metabolism 1.98x107! 7 0.4

of cofactors and vitamins

Rt it Lipid metabolism map00592 a- R a-linolenic acid metabolism 2.21x107! 16 1.1

E2E AR B2 Metabolism of map00909 FEMEIEA =B A A L Sesquiterpenoid and 2.45x107! 11 0.7

terpenoids and polyketides triterpenoid biosynthesis

HAB R A=A A= A Rk Biosynthesis  map00941 A A= M6 % Flavonoid biosynthesis 2.97x107! 12 0.7

of other secondary metabolites

fiE BRI Energy metabolism map00195 Y45 F Photosynthesis 3.00x107! 22 1.4

HHBCH Amino acid metabolism map00380 L ER{R i} Tryptophan metabolism 3.05x107! 14 0.9

iZAWE) Lipid metabolism map00073 £ A TR 5T A9 42 996 i Cutin, suberine 3.15x107! 9 0.6

and wax biosynthesis

WA Carbohydrate metabolism map00500 TER FNEEREC I Starch and sucrose metabolism 3.68x107! 33 2.1

RBER A R map00603 IR LEY) & - BREE RIS BREE R 3.71x107"! 4 0.2

Glycan biosynthesis and metabolism Glycosphingolipid biosynthesis-globo and isoglobo series

R ILFRICH Amino acid metabolism map00350 i Z R Tyrosine metabolism 3.76x107! 14 0.9

JEACH Lipid metabolism map01040 A FE MR A= 4G B Biosynthesis of unsaturated ~ 4.18x 107! 9 0.6

fatty acids

l>P—£1djust; BFIEJG Y P {H P-value corrected.
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