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Abstract; Based on genome sequencing result of Coriandrum sativum Linn., NBS-LRR family genes in
genome of C. sativum were identified by using BLAST and HMMER softwares, chromosome distribution
status and replication type of these genes in C. sativum were analyzed, phylogenetic analysis was
conducted for NBS-LRR family genes in genomes of C. sativum, Apium graveolens Linn., and Daucus
carota Linn., and expression abundance of the identified NBS-LRR family genes in root, stem, leaf, and
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flower of C. sativum were compared. The results show that 191 NBS-LRR family genes are identified from
genome of C. sativum, belonging to 3 subclasses of CNL, TNL, and RNL, and containing 122, 62, and
7 genes, respectively. There are 155 NBS-LRR family genes located on 11 chromosomes of C. sativum , in
which, NBS-LRR family genes are the most (33) on No. 7 chromosome, but the fewest (2) on No. 6
chromosome ; these genes can be divided into 98 loci, containing 72 single-gene loci and 26 multi-gene
loci, with 1.6 genes per locus equally, in which, multi-gene loci distribute on No. 1, No. 2, No. 3,
No. 4, No. 7, No. 9, and No. 10 chromosomes, and contain 83 NBS-LRR family genes in total , with 3.2
genes per multi-gene locus equally. Among the NBS-LRR family genes located on chromosomes,
dispersed duplication genes are the most (91), tandem duplication and proximal duplication genes are
relatively abundant ( which are 34 and 26, respectively), while segmental duplication genes are the
fewest (4). The phylogenetic analysis result shows that NBS-LRR family genes in genomes of C. sativum ,
A. graveolens, and D. carota are clustered into 3 branches corresponding to CNL, TNL, and RNL
subclasses, and most NBS-LRR family genes of C. sativum, A. graveolens, and D. carota cluster
separately , indicating that species-specific expansion of these genes occur after the differentiation of 3 test
species. The expression analysis result of NBS-LRR family genes in different organs of C. sativum shows
that most NBS-LRR family genes can express in different organs of C. sativum, but the expression
abundance is very low. Taken together, there are few NBS-LRR family genes in genome of C. sativum
which are unevenly distributed among chromosomes, and the expression levels of most NBS-LRR family
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genes in organs are very low.
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Table 1 Classification and domain combination types of NBS-LRR
family genes in Coriandrum sativum Linn. and their comparison with
the same family species

ENGIE SRS i
e AR R b} Number of genes in different species
Domain combination degy g T N
type Coriandrum Apium Daucus
sativum graveolens carota
CNL ;2% CNL subclass 122 47 139
CNL 10 6 16
CN 25 10 57
NL 14 6 8
N 71 24 54
NN 2 1 1
CNCN 0 1
CNN 0 0 1
CNNN 0 0 1
TNL V2% TNL subclass 62 9 5
TNL 26 4 3
TN 16 2 1
NL 5 4 0
N 11 2 1
TNLTN 1 0 0
TNLTNL 2 0 0
TNT 1 0 0
RNL . 2% RNL subclass 7 8 5
RNL 5 4 1
RRN 1 0 0
RNRR 1 0 0
RN 0 3 1
N 0 1 1
NL 0 0 1
ST Total 191 64 149
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Fig. 1 Distribution of NBS-LRR family genes on chromosomes of Coriandrum sativum Linn.
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Table 2 Duplication types of NBS-LRR family genes in Coriandrum
sativum Linn.

S5 D NER %225

Duplication Gene number of different subclasses
type"’ CNL TNL RNL 43 Total
DSD 66 22 3 91

PD 16 10 0 26

TD 17 15 2 34

SD 2 0 2 4
1t Total 101 47 7 155

DDSD: 4 # % & Dispersed duplication; PD; ¥7 % % 4 Proximal
duplication; TD; H Ht B & Tandem duplication; SD. F Bt 8 &

Segmental duplication.
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Fig. 2 Phylogenetic tree of NBS-LRR family genes in Coriandrum sativum Linn., Apium graveolens Linn., and Daucus carota Linn.
constructed by maximum likelihood method
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Table 3 Expression pattern of NBS-LRR family genes in different organs of Coriandrum sativum Linn.

TEAR AR P 2835 FE 18 (FPKM) TEARF S E T A+ (FPKM)
LR T Expression abundance in different organs (FPKM) LR T Expression abundance in different organs (FPKM)
No. of gene Subclass HH 2% i b3 No. of gene Subclass HH 2 i 1

Root Stem Leaf Flower Root Stem Leaf Flower

CNL F.2& CNL subclass Cs07G01082.1 CN 1.32 0.00 0.86 0.11
Cs01G00685.1 N 0.01 0.00 0.02 0.00 Cs07G01083.1 N 2.14 0.00 1.07 0.38
Cs01G00861.1 N 0.00 0.00 0.00 0.00 Cs07G01283.1 CN 0.48 2.83 2.75 2.11
Cs01G01015.1 N 0.00 0.00 0.02 0.13 Cs07G01284.1 CN 6.42 6.57 5.02 2.55
Cs01G01087.1 CNL 1.28 0.44 1.15 0.34 Cs07G01296.1 N 0.01 0.00 0.14 0.13
Cs01G01734.1 N 0.00 0.00 0.00 0.00 Cs07G01299.1 CN 0.06 0.00 0.02 0.00
Cs01G01886.1 CNL 0.00 0.00 0.00 0.00 Cs07G01302.1 CN 0.08 0.01 0.02 0.04
Cs01G02267.1 N 0.33 0.84 0.22 0.35 Cs07G01313.1 N 0.05 0.83 0.61 0.45
Cs01G02429.1 N 1.90 3.47 1.14 0.62 Cs07G01321.1 CN 2.30 3.03 4.11 0.30
Cs01G02430.1 N 4.34 9.34 2.09 1.26 Cs07G01322.1 N 0.46 1.16 0.98 0.00
Cs01G02579.1 N 1.63 1.11 3.40 0.16 Cs07G01338.1 CN 0.84 1.78 3.59 0.19
Cs02G00156.1 CN 1.58 1.23 1.40 1.25 Cs07G01377.1 CN 1.38 2.70 4.64 0.71
Cs02G00174.1 NL 0.53 0.97 4.48 0.03 Cs07G01640.1 N 0.00 0.00 0.00 0.00
Cs02G00735.1 N 1.85 1.47 0.43 0.45 Cs07G01843.1 NL 3.26 1.13 6.09 0.61
Cs02G00806.1 CN 9.62 7.58 2.25 1.68 (s07G02620.1 N 0.42 1.57 4.05 0.93
(Cs02G01246.1 N 2.29 1.61 0.70 0.69 (Cs07G02622.1 CN 2.81 4.51 8.44 4.23
Cs02G01849.1 N 0.04 0.40 1.01 0.70 Cs07G02623.1 N 0.19 1.15 0.61 0.08
Cs02G01851.1 N 0.60 1.50 1.33 1.89 Cs07G02624.1 N 1.14 1.66 1.30 1.24
Cs02G01852.1 N 0.01 0.01 0.11 0.00 Cs07G02625.1 N 0.81 1.01 0.52 1.27
Cs02G01858.1 N 0.14 0.77 0.88 0.50 Cs07G02928.1 N 0.00 0.19 0.00 0.08
Cs02G01859.1 N 0.92 5.27 2.11 1.87 (s07G02929.1 CN 0.00 0.00 0.00 0.00
Cs02G01860.1 N 0.11 0.51 0.69 0.04 Cs07G03197.1 N 0.00 0.00 0.00 0.00
Cs02G01861.1 N 0.00 0.00 0.00 0.00 Cs07G03376.1 N 0.27 0.01 0.00 0.01
Cs02G01862.1 N 0.60 0.01 0.57 0.02 Cs08G00007.1 NN 0.05 0.07 0.27 0.00
(s02G02156.1 NL 0.00 0.02 0.01 0.00 Cs08G00140.1 N 0.00 0.00 0.00 0.00
(s02G02162.1 NL 0.01 0.00 0.01 0.08 Cs08G01458.1 N 0.50 0.00 0.00 0.33
(s02G02304.1 N 1.68 1.28 0.00 0.01 Cs09G00448.1 NL 16.09 12.50 21.33 4.23
Cs02G02354.1 NL 5.36 2.83 0.98 0.19 Cs09G01842.1 CNL 3.98 3.57 3.05 3.45
(s02G02355.1 CN 4.19 0.95 0.79 0.02 Cs09G02255.1 CNL 0.10 0.06 0.24 0.01
(s02G02444.1 N 0.00 0.00 0.07 0.07 Cs09G02275.1 CNL 0.34 0.20 0.57 0.03
(s02G02505.1 N 1.08 2.60 2.81 0.44 (s09G03257.1 NL 0.18 0.00 0.09 0.01
Cs03G00925.1 N 14.72 16.00 10.14 6.06 Cs09G03331.1 CNL 0.25 0.06 1.20 0.03
Cs03G01883.1 NL 1.95 3.07 3.27 0.93 Cs09G03353.1 NL 1.36 1.39 0.51 0.21
(s03G02223.1 N 0.13 2.64 6.76 0.91 (s09G03355.1 N 0.11 0.51 0.05 0.00
(s03G02291.1 N 0.04 0.00 0.00 0.11 Cs09G03564.1 CNL 0.01 0.01 0.01 0.00
(s03G02389.1 CNL 0.00 0.00 0.00 0.00 Cs10G00172.1 NL 1.72 1.44 1.41 0.84
Cs03G02893.1 NL 0.88 3.29 1.05 291 Cs10G00243.1 NL 4.26 0.05 0.01 0.10
Cs03G03085.1 N 0.00 0.00 0.06 0.00 Cs10G01201.1 N 0.00 0.00 0.00 0.00
(s03G03218.1 N 0.00 0.00 0.00 0.00 Cs10G01202.1 N 0.00 0.00 0.00 0.00
(s03G03370.1 N 0.00 0.02 0.31 0.19 Cs10G02463.1 N 0.63 0.00 0.00 0.00
Cs03G03371.1 N 0.58 0.13 0.73 0.09 Cs10G02878.1 CN 0.40 3.39 1.86 1.40
Cs04G01139.1 N 1.39 0.35 1.07 0.64 Cs11G00678.1 N 0.00 0.00 0.00 0.00
Cs04G01514.1 N 0.02 0.01 0.00 0.00 Cs11G00690.1 CNL 0.21 0.54 0.19 0.22
Cs04G01851.1 N 5.88 0.00 0.00 0.00 CsUnG00487.1 N 0.13 0.14 0.07 0.06
Cs04G01882.1 NL 0.00 0.00 0.00 0.00 CsUnG00930.1 N 0.05 0.51 0.56 0.07
Cs04G01883.1 CN 0.00 0.00 0.00 0.00 CsUnG00931.1 NL 0.16 0.84 0.52 0.12
Cs04G01955.1 N 1.96 0.96 3.71 0.78 CsUnGO1173.1 N 0.00 0.03 0.00 0.00
Cs04G01956.1 N 0.48 0.27 0.37 0.20 CsUnG02389.1 N 0.15 0.21 0.64 0.00
Cs04G02003.1 N 0.00 0.00 0.00 0.01 CsUnG02390.1 CN 0.50 0.20 0.84 0.06
Cs04G02438.1 N 1.01 0.06 0.12 0.02 CsUnG02517.1 N 0.94 1.14 1.18 2.07
Cs04G02673.1 CN 1.14 0.51 2.46 0.05 CsUnG02859.1 N 5.50 0.72 3.13 0.13
Cs04G02814.1 CN 0.02 0.02 0.00 0.03 CsUnG02860.1 N 4.84 0.66 4.20 0.10
Cs05G01845.1 N 2.62 0.45 0.26 0.09 CsUnG02861.1 N 0.00 0.09 0.04 0.02
Cs05G02504.1 N 4.16 0.00 0.15 0.00 CsUnG03755.1 CN 0.33 0.00 0.00 0.00
Cs06G00449.1 N 0.00 0.00 0.00 0.08 CsUnG03800.1 CNL 4.13 5.68 8.98 1.11
Cs07G00001.1 CN 0.07 0.11 0.23 0.02 CsUnG03866.1 N 0.00 0.02 0.00 0.01
Cs07G01077.1 CN 0.74 0.77 0.12 0.46 CsUnG03867.1 N 0.25 4.80 0.28 1.72
Cs07G01079.1 N 2.53 3.07 0.26 0.99 CsUnG03869.1 N 0.33 0.45 0.20 1.55
Cs07G01081.1 CN 0.01 0.02 1.54 0.04 CsUnG04636.1 N 1.48 0.07 0.13 0.09
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TEAIA] & B ik 42 2 (FPKM)

TEARIRI 8 B H AL 2% (FPKM)

G WA Expression abundance in different organs (FPKM) HE G WA Expression abundance in different organs ( FPKM)
No. of gene Subclass ! 2% it ® No. of gene Subclass ! 2% i A
Root Stem Leaf Flower Root Stem Leaf Flower
CsUnG04727.1 N 0.42 0.00 0.00 0.00 (s09G02072.1 NL 0.00 0.04 0.00 0.01
CsUnG05085.1 CN 0.00 0.00 0.00 0.03 Cs09G03511.1 TNL 5.87 1.55 3.51 0.91
CsUnG05673.1 CN 0.27 0.26 0.23 0.02 (s09G03521.1 TNL 0.41 0.63 0.10 0.57
CsUnG06269.1 CN 0.03 0.03 0.02 0.02 (s09G03522.1 N 0.47 1.06 0.06 0.54
CsUnG06332.1 NN 0.00 0.01 0.00 0.00 (s09G03523.1 TNL 4.45 2.77 1.15 1.87
RNL V. 2% RNL subclass (s09G03524.1 TNL 0.64 0.56 0.26 0.48
Cs01G01927.1 RNL 3.37 9.37 437 3.20 (s09G03673.1 TN 0.08 1.24 6.57 0.63
(s03G01313.1 RNL 6.72 13.73 6.26 4.25 (s09G04477.1 TNL 3.44 4.12 7.07 1.22
(s03G01323.1 RNL 1.27 3.14 1.64 0.82 Cs10G01902.1 TNL 0.11 0.02 0.01 0.12
Cs04G01331.1 RRN 0.83 8.86 0.14 1.88 Cs10G03075.1 TNL 4.00 0.06 0.17 0.10
Cs04G01332.1 RNRR 4.92 1.82 0.41 0.37 Cs10G03076.1 TNL 0.01 8.98 3.92 8.82
(s08G00288.1 RNL 24.44 43.28 30.13 11.51 Cs10G03077.1 TNL 2.77 1.28 1.70 0.92
Cs10G01933.1 RNL 2.08 1.34 2.38 0.49 Cs10G03111.1 TNLTNL 3.20 3.92 3.30 2.33
TNL ilF 2 TNL subclass Cs10G03112.1 TN 7.66 7.39 8.63 4.35
Cs01G00645.1 TN 0.00 0.00 0.24 0.00 Cs10G03113.1 TNLTN 3.26 291 3.04 1.54
Cs01G01071.1 TN 0.00 0.27 0.40 0.13 Cs10G03114.1 TNL 4.34 3.16 4.23 1.46
Cs01G01075.1 TNL 0.02 0.61 0.69 0.19 Cs10G03119.1 TN 2.03 0.17 0.82 0.01
Cs02G01564.1 N 0.00 0.00 0.00 0.00 Cs10G03120.1 TNT 1.39 0.05 0.36 0.05
(s02G02075.1 N 8.08 3.29 4.24 0.27 Cs10G03122.1 TNLTNL 0.92 0.00 0.01 0.08
Cs04G01150.1 TNL 0.00 0.00 0.00 0.00 Cs10G03123.1 TN 9.79 4.95 27.57 3.70
Cs04G01152.1 TNL 0.34 0.01 0.13 0.01 Cs10G03124.1 TN 0.00 1.24 2.42 1.94
(s04G01209.1 TNL 0.02 0.17 0.12 0.27 Cs11G00764.1 N 0.00 0.00 0.00 0.00
Cs04G01854.1 N 2.39 3.56 1.26 1.11 Cs11G01023.1 TN 0.00 0.00 0.00 0.00
Cs04G03061.1 TNL 1.63 1.02 0.18 1.90 CsUnG00374.1 N 0.00 0.00 0.03 0.00
Cs04G03111.1 TN 1.31 0.31 0.09 0.02 CsUnG01178.1 N 0.00 0.19 0.11 1.70
Cs04G03112.1 NL 0.55 1.45 0.72 0.77 CsUnG01946.1 NL 0.94 0.40 0.50 0.06
Cs05G01546.1 TN 0.10 0.03 0.01 0.00 CsUnG01951.1 TNL 0.00 0.00 0.00 0.00
Cs06G01608.1 TNL 1.69 1.09 0.91 0.74 CsUnG02024.1 TNL 8.77 0.02 0.00 0.00
Cs07G01509.1 NL 3.39 3.78 1.97 1.81 CsUnG02025.1 TNL 0.15 0.09 0.06 0.21
Cs07G01510.1 TN 2.72 3.19 1.91 1.77 CsUnG02026.1 TNL 0.49 0.06 0.00 0.04
Cs07G01567.1 NL 3.33 1.00 0.75 0.15 CsUnG02820.1 TN 0.05 0.00 0.01 0.00
Cs07G01569.1 TNL 4.00 0.44 0.02 0.03 CsUnG05080.1 N 0.79 0.15 0.20 0.02
Cs07G01570.1 TNL 2.24 0.64 0.40 0.46 CsUnG05084.1 TN 0.04 0.00 0.00 0.00
Cs07G01571.1 TNL 2.30 0.15 0.02 0.00 CsUnG05943.1 N 0.00 0.00 0.00 0.00
Cs08G01379.1 TNL 0.00 0.00 0.00 0.17 CsUnG05945.1 TN 0.00 0.00 0.02 0.00
Cs09G00093.1 TNL 0.59 1.04 3.91 0.08 CsUnG06452.1 TN 0.00 0.00 0.00 0.00
Cs09G00150.1 TN 0.02 0.00 0.00 0.00 CsUnG06453.1 N 0.00 0.00 0.00 0.00
Cs09G00151.1 N 0.00 0.00 0.00 0.03 CsUnG06539.1 TNL 0.98 7.77 7.23 3.73
FH AR B L TR 20 4 D0 e 0 (B AS T R Y
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FEP A (191) , AR T /K A5 (498) 1 K 5 ( Glycine
max (Linn.) Merr.) (465) 25 EW'® . WFoX & M,
NBS—LRR Z2 15 [K] 22 5 R o5 BT 1l 5 6 A1 1 e 1k
S S, FESE SRl B E ALY 155 A4
NBS-LRR ZJEHE K, 3K A ) KR RN 21.9% , B
BART Y. ETE (Medicago sativa Linn.) (45.2%) 3¢ 5.
( Phaseolus vulgaris Linn.) (52.5% ) FI K5 (35.1% ) F&
PRI e e B RS R T 7 He 9> Song %5 R,
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632 PRI R I 3 2 %) Be @S2 NBS-LRR 5
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097 A DR (8RR 2 A e A 470 s i RY 498 3 7 P i 1 235
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