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Identification of metabolic pathways related to cytoplasmic male
sterility of Medicago sativa L. by transcriptome sequencing
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(1 College of Animal Science and Technology ,Jilin Agricultural University ,Changchun, Jilin 130118,China;
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Abstract: [Objective] The cytoplasmic male sterility (CMS) mechanism was studied to enhance the
use of sterile lines of alfalfa in breeding. [Method] RNA-sequencing was performed to identify genes invol-
ving in CMS line MSGNI1A and maintainer line MSGN1B. The genes function annotation analysis was con-
ducted and the differences in gene expression and correlated metabolism pathways were investigated. [Re-
sult] A total of 95 679 unigenes were obtained by Illumina sequencing and 187 differentially expressed
genes (DEGs) were identified with 18 up-regulated genes and 169 down-regulated genes. Based on GO,
KEGG,and COG database,these DEGs were related to catalytic activity. metabolic process,signal transduc-
tion mechanisms, binding, membrance function, carbohydrate transport and metabolism,as well as energy
metabolism. [Conclusion] The CMS related metabolism pathways were identified and the molecular mecha-
nism of sterile lines of alfalfa was preliminarily revealed.
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Vet 248 CMS MY AS RE 77 A 1R W 1B 24 (48
Ly e S < 11 Ui G A NS M o Sl
T HAEEME.BTACEEERTFZIEY
st f ) 200 i 5 B 1 AN &R L AR AE (Gossy pium hir-
sutum L.) K5 (Glycine max L.) 8% N (Daucus
carota L..) . E K (Zea mays L.) JEZ (Allium cepa
L) H % B EE (Brassica napus L.) KK (Oryza
sativa L.) [0 H¥% (Helianthus annuus L.) fll/NE
(Triticum aestivum L., B E 5 (Medicago
sative L. DR A FiREEW TR Z —, [HH
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AHFR NJCMSIA WHEMEA T Al G5 — 48 50 25 57
&30 DR ) 8 ZR AL A A S R R OG L ok Ak
SR AR T BB LK E VG ER (ROS)
THBRARZR Al A5 5 5 3 R0 40 M 72 ) M S8 12 (PCD)
S ORI B H R R & B AR A A0 S5 R
ENEL T SRR P
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SEACH 18 A0 M BT BE PR R B R MSGNIA (P2
-3 5 PR EEA, {37 & MSGNIB fE 2 §& [1] 3%
A%, [l 32 AR T ) B AR F5 R MSGNIB., ¥ i 5 bk
AN B PR gE, 2016 4F 4 H o MSGNIA Fl

MSGNI1B Fi A T 3 g K & 5 Rl K2 Fll
Pl ML e IO 9 24 h(Br B 1) .48 h(I Bk
1) A1 60 h(By BN AL, 25 BRAC I S AT IR B8
TE25 0 - B0 45 BORE i 50 mg . & IR A PR AT
FHRARE D H. KR E 3 NMEYFER,

1.2 RWHE

1.2.1 MSGNIA 4= MSGNIB # 25 % RNA #532
RERFEH S Garg ZVY By J7 B L MS-
GNIA F1 MSGNI1B 7624 & RNA, F %4 6ot
B4 9 AE 230, 260 1 280 nm 4 I & W 6 {H
(ODys0 \ODygo Fl ODygo) » B3R ODage /ODygo Fl ODsg /
ODys ¥9=1. 8, iz H] Agilent 2100 4= 9 43 #7434 )
B RNA (528, i RNA 528 7E 8. 0~10. 0
A ST BT JE 22

1.2.2 cDNA X Ewg4 & 5% mn  cDNA 3CFEK
SN mILE EEEEYHEARN AR, &
RNA 23 DNase 1k .mRNA & % . mRNA T
Jei s RSk 8 cDNA 35 —4 . DL cDNA 55 —4E 2k
B, S 5 A G cDNA B8 8 . X HE cDNA i
Frafifh SR )5 PEAT K i 18 & B Ja e 3 A o b A
L, I % B 00 4 Sk (3 4 Sk 8 AGATCG-
GAAGAGCACACGTCTGAACTCCAGTCAC; 5'
w3 3k 4 AGATCGGAAGAGCGTCGTGTAGG-
GAAAGAGTGT) ., & #7 ¥ & i 1nl W J5 2 17
PCR [N B 7= 4 B, cDNA SC PG 3 58 1. 43
f# ] Qubit 2. 0 fil Agilent 2100 %F cDNA 3¢ 47
R A A - PCR 5 35 68 SCJE 19 A48 80k B 30E 47 oE ff
S HE . AR IE SCPE 6

1.2.3 #FAN AN FHIBEAE FEEYF
J 7B E A e M A st i R AR A\ 52
. % A Ulumina Hiseq 2000 - & BE47 55 5 41 30 2
WS 2% 2 4 - PE150 ., X3 FE 1) 150 bp., St &
U6 ¥ 50 3R A7 R0 ok 0 2% o v 4 3k O ) R A I
PO RS = R R ICAR TS . R Trinity %X
PEIEAT T B A1 2% ARAT S A6 B A5 I T g B 1A

1.2.4 e AR ZF A XM AA L ESFS R
Wie HEHEARE & MSGNIA Fi{f £ & MSGN1B
B 2Rk R AT 25 3R 5K 40 B (L FDR<0. 01
M EC>2 {E K 7 MSGN1A fl MSGNI1B 2 [a] 2
S FRAIXFE (DEGs) ) (B K 22 5 238 56 5 1 Ty e
HR. DRIl A YR AR AT,
IRe T B A 2 GO (Gene Ontology s http://
www. geneontology. org/) . KEGG (Kyoto Ency-

clopedia of Genes and Genomes, http://www. ge-
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nome. jp/kegg/). COG (Clusters of Orthologous

Groups of proteins/orthologous groups of genes),
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245 5 RNA [ B AR 0 A 45 R an 3R 1 iR .
MR 1A, AL B AN & MSGNIA FIff#F &
MSGNIB £ 25 4 RNA S2 8 M {H ¥k F 8. 0, H
ODyg / ODyeo ) K F 1.9, 0Dy, /ODyyo [ K F 2. 0,

2.1 ZIHETE MSGNIA 1 MSGNI1B 2 RNA & &L RNA Ji &y BE 4351 158 1 163 ng/pL, UL AL
BEOM ai A RNA P 58 8 E 55 40 B G 4% 38 310 P 225K .
Xt R 28 46 B 48 MSGN1A fl MSGNI1B 7§
R1 ZWHTE MSGNIA #1 MSGN1B & RNA [REWRM LR
Table 1 Result of quality detection of total RNA in alfalfa MSGN1A and MSGN1B
FE i e PEE RNA W JE /(ng + uL71) )
Samu}‘:le RNA irjllt:egrity number RNA coilcontration ODzs0 /ODzso ODzs0/ODzgo
MSGNIA 9.2 158 2.16 2.32
MSGNI1B 8.9 163 2.14 2.29
2.2 HTBEEFZEANERNFHES W 41902, BUiRHE K F AT 30 M BlAE 5 90.99% .,

FIF Tllumina Hiseq 2000 - & % 48 16 1 7% 40 i
FbEE AN E R MSGNIA i H AR+ &% MSGNIB [
L HEAT G S AL 3 A B - S5 SR 3k 2 o, &
2 n[ AL, AR A R 4L LR KU R F S
54.43 G, EF AT RETLEIFHI N 27.43 G,G+C
Frih 41980, B RHE (Q) K T4 F 30 (i fil 5k 5
9L 21 %6 s RFFR BICARIFHI N 27. 00G, G+ C & i

K HI Trinity 2CPF X525 T04R 5 19 = BT 2 )7 41 i
ATLH 25, 3818 172 483 %5 55 AR (Transcripts) Fll
95 6791 HEFL K (Unigenes) , A [al & B 5 AR (1)
A R 1 2R B I LU 91 DL 3R 3. e S A RN 1 g B T
H B K B 2y H 3B 160 772 822 i 73 481 347 bp;
e SRARSEIS K BE &y 932, 11 bp, N50 1 437 bp; )
RESE PR 25 K 768 bp.N50 24 1 209 bp,

K2 ENEBERFREANFHERTER

Table 2 Results of illumina transcription sequencing for alfalfa

FE i EICRIFHN B/ Gb Mk G+C F /% Q=30 B H 4y /%
Sample Total clean reads G—+C content Q=30 base percentage
MSGNIA 27 434 998 344 41.98 91. 21
MSGNI1B 26 991 049 938 41.90 90. 99
x3 ZUNEERRLAVNYRERKES SN ESIT
Table 3 Number and length range of transcripts and unigenes of alfalfa genome
KB4y 4ii /bp SR Transcripts I REFE A Unigenes
Length range 4% Number i/ % Ratio 2% Number i/ % Ratio
201~300 34 295 19. 88 28 607 29.90
301~500 37 215 21.58 22 792 23.82
501~1 000 47 098 27.31 22 690 23.71
1 001~2 000 35 217 20.42 14 221 14. 86
=>2000 18 658 10. 82 7 369 7.70
BB Total number 172 483 95 679
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60 r 0O % 7R FRIEFE K H Number of DEGs; 214000
0O 52 K138 Number of all genes M
sob I i" 112000
M w
BS 40l 110000 2
Km . oh
b M 18000 §§
X g 30 F s
K2 16000 535
®E 20} £
Wz 14000 2
W DU o,
o Ll [L I:I] [ﬂ m |:|-| o m 1 I]] 0
1 2 3 4 5 6 7 8 9 1011 12 1314 |15 16 17 18 19 20 21 22|23 24 25 26 27 28 29 30
Et/ESuRid 9 Jf3 41 53 SFIEE
Biological process Cellular component Molecular func[ion

If&4r 2% Function class
LAWY s 2. AN S A 5 s 3. A B s 4 R B AR 550 AR 6. s s 7. AR A 5 8. Z AL AE WS A 5 9. 2 A
10, %58 5 11, BHE S 5 12, JUR 5 13, {5 55 14 (55 A Wb A 5 15, 40 5 16, 003 885 17, AN X5 18, m4r FHCE 45
19, A=W I8 5 20, BEAX 9 521, A0 MU 5 5 22. AT B4 50 B9 5 23. HUAALTE P 5 24 5 15 25, RALIG 1 5 26. L T (i 1A 1 1 5
27. 5y F-IIRE VR 12 5 28, LR 15 WL A% 3 TR 16 1 5 29. S5 4 43 71 1 5 30. 5538 16
1. Biological regulation;2. Cellular component organization or biogenesis;3. Cellular process;4. Developmental process;
5. Growth;6. Localization; 7. Metabolic process;8. Multicellular organismal process;9. Multi-organism process;
10. Reproduction; 11. Reproductive process;12. Response to stimulus;13. Signaling; 14. Single-organism process;

15. Cell;16. Cell part;17. Extracellular region;18. Macromolecular complex;19. Membrane; 20. Membrane part;21. Organelle;
22. Organelle part;23. Antioxidant activity;24. Binding; 25. Catalytic activity;26. Electron carrier activity;27. Molecular
function regulator;28. Nucleic acid binding transcription factor activity;29. Structural molecule activity;30. Transporter activity
Bl1 AR E TS A BT REME A B &R MSGNIA 22 R RKFEE B GO TIRE T
Fig.1 Histogram showing GO function annotation of DEGs of alfalfa CMS line MSGN1A

2.3.3 KEGG @& 454 H T35 DEGs 2 5[ 1750 5 R WA 2 pros .
542,38 33 KEGG i B 50 9E % 187 4~ DEGs
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RS
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ODDDD | DI‘IDDDDD I:ll:ll:l oM
I 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 22 23 4

I RE4> 2K Function class
L RS TRA W06 B 2. R TR B9 AR W6 s 3. SRR , 52 IR AN 53 52 AR I AE W) A B 4 12 R A SR R SRAE T 5 5. W L 8 25 M 8 7R 4 465
6. ZBRME A CoA AW 1l 7. AT I 2 00 T 5 8. Y A0 ISR AX IS 5 O A e SR 6 A 5 10, AU IR 58 R A S 5 IR IS A 5 1 1. B RO 35 5
12, 2- 5 HORBR AW 5 13 ZUSEAE FIRZ AF BRAR AR s 14 ALY R EL AR 5 15, EURERR A9 A 905 1l 16, MW IMR A5 5 5% 517 RNA #5128 518, 2L e R
T2 AR A R AT 5 19, AR W& 1 20, BEV0E 5 7 i) SNARE 75 B AH G AR T 5 21, 8508 2810085 5 22, ORIk s 23, S ML iR 1L s 24. (@ LR AC T
1. Flavonoid biosynthesis; 2. Phenylpropanoid biosynthesis;3. Valine,leucine and isoleucine biosynthesis;4. Ubiquitin mediated proteolysis;
5. Pentose and glucuronate interconversions;6. Pantothenate and CoA biosynthesis; 7. Protein processing in endoplasmic reticulum;
8. Starch and sucrose metabolism;9. Glycosaminoglycan degradation;10. Valine,leucine and isoleucine degradation;
11. Regulation of autophagy;12. 2-Oxocarboxylic acid metabolism;13. Amino sugar and nucleotide sugar metabolism;
14. Plant-pathogen interaction;15. Biosynthesis of amino acids;16. Plant hormone signal transduction;17. RNA transport;
18. Cysteine and methionine metabolism;19. Aminoacyl-tRNA biosynthesis;20. SNARE interactions in vesicular transport;
21. Sphingolipid metabolism;22. Ribosome;23. Oxidative phosphorylation;24. Cyan amino acid metabolism
2 EWHTEMERMEIEAR T R MSGN1A 25 5 £k 1 KEGG hHE/r 2%
Fig. 2 Histogram showing KEGG function classification of DEGs of alfalfa CMS line MSGN1A
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2.3.4 COG #h#e o % X 187 4~ DEGs # 17
COG Difig4r25. 374 50 4 DEGs (JF G 45 5 109

A~ DEGs fHIL {135 59 NTEE DEGs, JIRER 5
bRl 50 4~ DEGs) B 5] 16 4~ COG 3 fE 2 51
(K 3) . Hh 34K il DEGs,.47 4~ F % DEGs,
£ COG Tifig s v, — I ge M CF 23 4
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1. Energy production and conversion;2. Cell cycle control, cell division,chromosome partitioning; 3. Amino acid transport

and metabolism;4. Carbohydrate transport and metabolism;5. Coenzyme transport and metabolism;6. Translation, ribosomal

structure and biogenesis; 7. Transcription;8. Replication, recombination and repair;9. Cell wall/membrance/envelope biogenesis;

10. Inorganic ion transport and metabolism;11. Secondary metabolites biosynthesis, transport and catabolism;

12. General function prediction only;13. Function unknown;14. Signal transduction mechanisms;

15. Intracellular trafficking, secretion,and vesicular transport;16. Cytoskeleton
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Histogram showing COG function classification of DEGs of alfalfa CMS line MSGN1A
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Ko J38h N COG 73 Br & 2R al . 8 4~ DEGs 5 fig
KA W3z i ARt AR AR DG . X Dong 45 1E
KEI3 CMS ik oK AL & A0S AR ¢ DEGs T
TFRIBMEE L LKL,

Cao 55" BF 5% & B, 76 9% B )2 41 g o Ca®' -
ATPase 5 % 40 i 23 % W 1E & 40 M 72 )% 1 38
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