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Expansin gene family in association with the genome differentiation of Salix matsudana
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Abstract: [Objective] Expansin, an important gene family in plants, plays a critical role in plant growth
and development and resistance to various biotic and abiotic stresses. The purpose of this study was to
investigate the variation of expansin genes in Salix matsudana so as to provide theoretical basis for
understanding the AA and BB genome differentiation in Salix matsudana, and to contribute greatly for
molecular design and breeding of Salix. [Method] According to the expansin gene sequences of Populus
trichocarpa, the expansin family genes in Salix matsudana were individually identified. The characteristics
and variations of the expansin genes in AA and BB genome were analyzed and evaluated by the
bioinformatics softwares. [Result] A total of 65 expansin genes were identified in allotetraploid Salix
matsudana based on the conservation of sequence and structure of the expansin genes. Both genomes shared
28 genes with 3 genes duplicated. Moreover, 3 expansin genes were missed and 2 genes were with a domain

deficient in AA genome, while 3 expansin genes were missed and 1 gene was with a domain deficient in BB

s B EA: 2020-07-13 f&E HH#i: 2020-08-28

ESWH: HEXAARFHEET EIH (31870648).

E—EH: BlE. FEFT A MAREFAE 5957 HF . Email: 2413536685@qq.com  Hihik: 100083 Jb 5 i v X i 4K % 35 S bt
ALK 2 AR S SRR 2

BEEE: R L, Bd%. FET TN MORERAE 7> T E M. Email: jexu282@sina.com  Hidik: [[] F.

5T RI4IE: http://j.bjfu.edu.cn; http:/journal.bjfu.edu.cn


http://dx.doi.org/10.12171/j.1000-1522.20200216
http://dx.doi.org/10.12171/j.1000-1522.20200216

38 b mw # kK % R

43 %

genome, respectively. Gene structure analysis showed the considerable changes in the number and cutting

sites of intron between the relative gene pairs of both genomes. Besides, AA and BB expansin genes both

had 5 high-frequency codons, and separately had 5 and 10 optimal codons. Some codons had significant

usage bias such as AGG and UAG. Evaluation of the protein physicochemical properties showed that the

AA and BB expansins changed a lot, especially in terms of hydrophilicity and structural stability. Ka/Ks

calculation displayed that EXPA23 gene had experienced positive selection during AA and BB genome

differentiation, while the other genes underwent purification selection with Ka/Ks value changed widely.

[Conclusion] The report here characterized the composition, structure and expression of the expansin genes

in AA and BB genomes, which probably advanced the genome differentiation and further confirmed the

important status of expansins in species classification.
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Tab. 1 Information of expansin genes in Salix matsudana
ERERIS - N EREZIIN - 4
Eman kex DL e O I T T e e
Gene name Chromosome pelstriﬁe Length of I_ﬁngth of o fl,l :(:nr Gene name Chromosome pelgt??ie Length of Length of o ;1 :“;r
length/bp exon/bp intron/bp length /bp exon /bp intron /bp
SmA_EXPA1 1A 75 789 1136 3 SmB_EXPA1 1B 75 789 1087 3
SmA_EXPA2 ~ Contig01890 69 753 237 3 SmB_EXPA2 13B 69 753 562 3
SmA_EXPA3 10A 60 750 712 3 SmB_EXPA3 10B 60 750 715 3
SmA_EXPA4 8A 66 750 277 3 SmB_EXPA4 8B Jr LR Fragment deletion
SmA_EXPA5 9A 78 792 733 3 SmB_EXPA5 9B 78 792 668 3
SmA_EXPA6 17A 60 726 218 3 SmB_EXPA6 17B Fr Bt 2k Fragment deletion
SmA_EXPAT 8A 63 777 796 3 SmB_EXPAT ~ Contig01117 63 777 821 3
SmA_EXPA8 ~ Contig02775 93 789 1070 2 SmB_EXPAS 4B 93 819 1045 2
SmA_EXPA9 17A 60 726 205 3 SmB_EXPA9 17B 60 528 397 4
SmA_EXPA10 16A 60 744 225 3 SmB_EXPA10 16B 60 816 936 4
SmA_EXPA11 13A 60 729 469 3 SmB_EXPA11 13B SE M B % Domain deletion
SmA_EXPA12 19A 69 753 437 3 SmB_EXPA12  Contig02348 69 753 285 3
SmA_EXPA13 4A 45 741 321 4 SmB_EXPA13 4B 7 756 286 3
SmA_EXPA15 10A 63 777 497 3 SmB_EXPA15 10B 63 777 578 3
SmA_EXPA16a 6A 69 783 751 3 SmB_EXPA16a 6B 69 783 730 3
SmA_EXPA16b 19A Jr BLH R Fragment deletion SmB_EXPA16b 19B 69 750 758 4
SmA_EXPA17a 2A 7 771 185 3 SmB_EXPA17a 2B 66 771 181 3
SmA_EXPA17b 2A Jr Lk Fragment deletion SmB_EXPA17b 2B 66 726 223 4
SmA_EXPA18a 5A 7 771 181 3 SmB_EXPA18a 5B 7 771 191 3
SmA_EXPA18b 18A 72 771 191 3 SmB_EXPA18b 18B Jr Btk Fragment deletion
SmA_EXPA19 2A SEFY I 2% Domain deletion SmB_EXPA19 2B 81 765 5796 4
SmA_EXPA20 1A 84 765 394 3 SmB_EXPA20 1B 84 765 386 3
SmA_EXPA21 9A Jr LK Fragment deletion SmB_EXPA21 9B 63 753 228 3
SmA_EXPA22 4A 63 753 208 3 SmB_EXPA22 4B 63 753 233 3
SmA_EXPA23 17A 111 843 1067 2 SmB_EXPA23 17B 102 834 1072 2
SmA_EXPA24 16A 87 807 366 3 SmB_EXPA24 16B 87 807 436 3
SmA_EXPA25  Contig01569 7 783 458 4 SmB_EXPA25  Contig01569 7 861 427 3
SmA_EXPA27 17A 66 774 146 2 SmB_EXPA27 17B 75 783 228 2
SmA_EXPA28 3A 63 747 224 3 SmB_EXPA28 3B 63 747 220 3
SmA_EXPB1 6A 78 828 540 4 SmB_EXPB1 14B 78 825 569 4
SmA_EXPB2 19A 60 789 1260 4 SmB_EXPB2  Contig01569 75 789 1171 4
SmA_EXPB3 13A 66 798 1507 4 SmB_EXPB3 13B 60 789 1107 4
SmA_EXLA1  Contig00810 SEF I 2% Domain deletion SmB_EXLA1 4B 51 852 546 4
SmA_EXLA2 9A 96 825 729 5 SmB_EXLA2 9B 51 780 925 5
SmA_EXLB1 3A 7 750 533 4 SmB_EXLB1 3B 7 750 581 4
SmA_EXLB3  Contig01873 69 774 981 5 SmB_EXLB3 16B 69 774 672 5
SmA_EXLB4 3A 7 771 673 5 SmB_EXLB4 3B 7 741 803 6
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Tab. 2 Sequence identity of amino acid and nucleotides (in brackets) among the expansin genes in S. matsudana %
AA BB
EXPA EXPB EXLA EXLB EXPA EXPB EXLA EXLB
41.1~994
EXPA
(48.3~97.5)
28.0 ~ 38.7 51.2~91.7
EXPB
(38.5~453)  (49.2~86.3)
AA
21.4~32.1 33.9~35.1 —
EXLA
(33.6~42.6) (40.5~44.2) —
20.8 ~32.7 31.0~39.3 41.7~46.4 49.4 ~81.5
EXLB
(36.1~42.3) (39.8~44.0) (43.0~453) (45.5~85.1)
43.6 ~100.0 293~414 21.4~329 23.6 ~35.0 42.5~99.3
EXPA
(52.0~99.7) (37.5~47.1) (36.0~40.8) (343~423) (51.5~97.0)
329~429 543 ~97.1 35.7~38.6 35.7~443 30.1 ~41.2 54.9~90.2
EXPB
(38.0~46.9) (552~97.5) (41.6~463) (40.1~443) (39.2~47.5) (55.9~88.7)
BB
21.4~329 32.1~35.0 89.3~95.7 41.4~493 22.2~32.7 32.7~36.6 87.6
EXLA
(353~41.8) (40.8~46.1) (87.9~96.7) (524~552) (362~42.1) (43.1~46.3) (86.2)
243 ~35.0 35.7~443 43.6~49.3 51.4~96.8 23.5~34.0 359~44.4 41.2~484 52.9~86.9
EXLB
(34.8~41.6) (39.0~44.8) (51.6~54.4) (544~975) (342~429) (414~45.6) (51.0~53.4) (48.0~89.4)
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Tab.3 Codon base composition of expansin

genes in S. matsudana

x4 BT EEATBFREM
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Tab.4 Second and third base combination proportions

of expansin gene codons in S. matsudana

%

Z: ¥ Parameter AA BB
T3 0.38 0.38
C3 0.31 0.30
A3 0.29 0.30
G3 0.23 0.23
ENC 53.92 54.12
CAI 0.21 0.21
GC3 0.44 0.43
GC 0.49 0.48
CT/AG 1.33 1.29
AT/GC 1.25 1.28

Tz . AR, ZEAH I T 80 T BRI TE 2 AR S

FERNE AT 851 5 HT iR, AALBB %
AT ZH 5% I F 35 AT ) 3 A i 34— 8, W1 SmA_EXPA20/
SmB_EXPA20. B4y %5 IR W) A7 £8 W] 2 () 22 1),
SmA_EXPA3/SmB_EXPA3. SmA_EXPA9/SmB_EXPA9
BRI B AR H8H, (AR E PRI

WS ARE (B 1) SmAEXPA10/SmB_EXPA10 153 5]

EH 3N 4 NINE T
24 FHEFRITFHESH

WY T AR GE it e A o e S R

# T4 Codon combination AA BB
*TT 7.81 7.87
*TC 7.52 7.36
*TA 2.73 3.06
*TG 6.86 6.99
*CT 9.59 9.38
*CC 5.68 5.35
*CA 7.15 7.21
*CG 1.88 2.08
*AT 8.69 8.82
*AC 6.77 6.51
*AA 4.71 5.20
*AG 4.84 4.83
*GT 6.47 6.44
*GC 6.59 6.45
*GA 6.14 5.90
*GG 6.58 6.55

B R FE R 1 [R) SR 1 1] e P A7 A6 A 671 - Gl
AA FEK A A 4TS Leu 1) UUA A1 UUG X FH

F# (relative frequency of synonymous codon, RFSC)
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Tab. 5 RFSC values of expansin genes in S. matsudana %
2R Amino acid ~ Zfi%T Codon  RFSC(AA)  RFSC (BB) 2% Amino acid ~ %f3T Codon  RFSC (AA)  RFSC (BB)
uuu 42.99 43.25 UAU 50.16 52.99
Phe Tyr
uucC 57.01 56.75 UAC 49.84 47.01
UUA 9.96 11.21 UAA 34.38 42.42
TER
uuG 21.22 22.24 UAG 46.88 36.36
CUU 18.45 18.79 CAU 54.97 53.74
Leu His
CcucC 21.77 21.03 CAC 45.03 46.26
CUA 9.23 8.45 CAA 51.78 52.51
Gln
CUG 19.37 18.28 CAG 48.22 47.49
AUU 49.18 48.88 AAU 54.76 56.34
Asn
Ile AUC 34.70 3441 AAC 45.24 43.66
AUA 16.12 16.71 AAA 45.79 49.52
Lys
Met AUG 100.00 100.00 AAG 54.21 50.48
GUU 33.14 32.46 GAU 65.77 66.23
Asp
GUC 23.43 21.83 GAC 3423 33.77
Val
GUA 11.81 14.74 GAA 51.33 54.60
Glu
GUG 31.62 30.97 GAG 48.67 45.40
UCU 23.20 21.45 UGU 47.14 46.64
Cys
ucc 15.84 15.48 uGC 52.86 53.36
Ser
UCA 18.10 19.46 TER UGA 18.75 21.21
UCG 5.37 5.40 Trp UGG 100.00 100.00
CCU 42.93 44.53 CGU 11.56 9.92
CCC 18.48 17.07 CGC 9.41 10.70
Pro Arg
CCA 29.89 29.60 CGA 7.26 7.31
CCG 8.70 8.80 CGG 5.11 5.22
ACU 34.79 36.38 AGU 14.85 15.77
Ser
ACC 28.83 26.07 AGC 22.63 22.44
Thr
ACA 29.22 27.24 AGA 37.37 51.59
Arg
ACG 7.16 10.31 AGG 29.30 38.87
GCU 42.53 40.78 GGU 26.11 27.09
GCC 20.75 20.53 GGC 20.64 19.87
Ala Gly
GCA 29.61 31.28 GGA 34.47 33.47
GCG 7.11 7.40 GGG 18.78 19.56

VE: HLAR 3RS oA SR TS T . Note: codons in bold mean high frequency codons.

Ji £ 1R S 2 PR 2L 1 A R A, BN ) S BE R i AE
TERE I . BHEK TN Glu, 75 AA JEF 24 11
R BB KA 11.16% (% 7), HIKA Lys,
BEIRN 10.11%. AA LAY BERAMNZILR S &
& BB 5 [K 2H M8 A =1 11909 His, 183 5.86%. AH X
MaE, 59 REAIREA K Cys 1 Trp & &AL
BN, 15 AA R )& 280 BB 2[RI 2H 49 5l %
ik 3.17% F4E 5 0.04%, NTTA B T3 & & E ke
(AR T

FEEAIR bR TR, AALBB EHAY &
F SRR I — 2, AEAN 1) 3 DR A [R] F A A7 76 B 2 1)
ZER(F 8. 5 BBHERALLE, AA KT & &
73 T B AL IR P CAA FE R 2H 304 /BB 6 P 20 3
P — DAE=10.11% 1 14.57% 2 1), BRLAEH 5 A8
i 7 —14.89% A1 10.57% 2 8], g ¥ & %5 i 25 0@ 76
—12.73% F1 3.40% 2 [i], &7 35 55 7K P 11 42 0 78
—313.89% #1 325.00% 1A, & A A 18 20 1) A2 e
1£-20.12% F1 20.31% 2 [i] . 1R B &, 8 [ BISE B K
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Tab. 6 Optimal codons of expansin
genes in S. matsudana

FERIZH
Genome

AR E T

Optimal codon

AA CUG ACC GCC GCA UGC CGU AGG
BB UUC UUA CUG CCA ACC GCC UAG UGC CGU CGC

®7 By RECEESBEOSEBREAES

Tab. 7 Amino acid composition of expansin

proteins in S. matsudana %
R HER Amino acid AA BB A5 Variation
Gly 11.80 11.30 4.46
Ser 8.61 8.32 3.50
Ala 8.39 8.46 —0.83
Leu 6.60 6.86 —3.69
Val 6.40 6.34 0.94
Asn 6.14 6.06 1.25
Thr 6.13 6.08 0.85
Phe 5.38 5.17 4.24
Arg 4.53 4.53 0.10
Pro 4.48 4.43 1.13
Ile 4.46 4.74 —5.94
Gln 4.12 4.01 2.75
Tyr 391 3.95 —-0.95
Asp 3.63 3.64 -0.29
Cys 3.41 3.52 317
Lys 333 3.70 —10.11
Trp 2.83 2.83 0.04
Met 2.18 2.28 —4.42
His 1.84 1.74 5.86
Glu 1.83 2.06 -11.16

W E = AARERH A IR & B/BBE K H A MR & & — 1. Note:

variation = AA genome amino acid content/BB genome amino acid
content — 1.
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Tab. 8 Physicochemic properties of expansin proteins in S. matsudana
BB K . RPBHKYE .
prgn TR BB WL : jFGi?fﬂgkaﬁﬂgfﬁ prgn TR SRR I %?fﬂgkfﬁﬁgfﬁ
BXpunsin o pomt (D indo (A1) hydroptiy S0 || Bxpansin GO index AD hydropaticy DY
(GRAVY) index (II) (GRAVY) index (II)
SmA_EXPAL1 28.40 9.63 67.44 —0.053 48.87 SmB_EXPA1 28.44 9.82 66.72 —0.068 43.99
SmA_EXPA2 26.59 7.53 64.84 —0.086 37.79 SmB_EXPA2 26.63 8.04 63.28 -0.123 36.91
SmA_EXPA3 26.53 9.36 67.75 -0.108 36.02 SmB_EXPA3 26.53 9.36 66.59 -0.096 35.55
SmA_EXPA4 26.55 9.50 70.08 —0.100 40.95
SmA_EXPAS 28.60 9.62 67.57 —0.041 41.92 SmB_EXPAS 28.64 9.53 66.08 —0.031 41.81
SmA_EXPA6 26.03 8.94 66.76 —0.066 36.98
SmA_EXPA7 27.62 9.45 69.57 -0.033 30.24 SmB _EXPA7 27.74 9.63 72.64 —0.065 31.84
SmA_EXPAS8 28.23 7.57 73.74 —0.042 30.49 SmB_EXPAS 29.54 8.60 74.60 —0.066 31.97
SmA_EXPA9 26.11 9.06 67.97 —0.077 36.63 SmB_EXPA9 22.79 8.63 69.15 0.036 35.82
SmA_EXPA10 26.36 9.34 67.53 —-0.170 26.51 SmB_EXPA10 29.08 9.16 71.38 -0.040 26.68
SmA_EXPAIl 25.71 9.35 68.97 0.013 37.83
SmA_EXPAI12 26.57 6.86 63.28 —0.124 29.47 SmB_EXPA12 26.53 8.06 61.72 —-0.144 31.33
SmA_EXPA13 27.02 9.06 69.76 —0.125 26.92 SmB_EXPA13 27.00 8.94 72.05 —0.092 31.23
SmA_EXPAI1S 28.15 9.33 69.88 —0.049 3532 SmB_EXPA15 28.07 9.30 70.66 -0.080 36.13
SmA_EXPAl6a  28.09 9.50 71.27 —0.047 3141 SmB EXPAl6a  28.22 9.45 71.27 —0.040 31.28
SmB_EXPAl6b  27.18 9.34 73.25 0.002 30.90
SmA_EXPAl7a  27.85 9.19 64.14 —0.055 30.07 SmB_EXPAl17a  27.75 9.07 63.36 —0.048 29.57
SmB_EXPA17b  26.10 8.96 64.07 —-0.031 28.55
SmA EXPA18a  27.65 9.17 63.71 —0.060 33.09 SmB_EXPAl18a  27.68 9.17 64.10 -0.059 33.09
SmA_EXPAI18b  27.68 9.17 64.10 —0.059 33.09
SmB_EXPA19 27.56 9.24 78.78 —-0.019 32.75
SmA_EXPA20 28.16 10.13 67.20 —0.120 42.97 SmB_EXPA20 28.05 10.13 69.88 -0.114 44.59
SmB EXPA21 27.92 8.08 76.84 -0.124 39.07
SmA_EXPA22 27.57 8.37 75.68 —0.133 32.68 SmB_EXPA22 27.68 7.57 74.92 —0.152 31.42
SmA_EXPA23 30.46 9.01 80.46 —0.068 37.22 SmB_EXPA23 30.18 8.90 79.57 —0.095 38.82
SmA_EXPA24 28.97 9.30 60.49 —-0.015 355 SmB_EXPA24 29.23 9.78 64.81 0.028 31.03
SmA_EXPA25 28.54 9.25 68.69 —-0.354 35.64 SmB_EXPA25 31.75 9.33 70.66 -0.390 35.47
SmA_EXPA27 28.24 8.35 71.79 —0.114 27.69 SmB_EXPA27 28.44 8.54 75.08 —0.087 25.98
SmA_EXPA28 26.65 8.88 69.64 —0.103 21.72 SmB_EXPA28 26.64 9.00 68.47 —-0.120 23.03
SmA_EXPBI1 29.04 5.29 71.64 —0.067 42.36 SmB_EXPBI 28.44 5.53 72.96 -0.044 42.72
SmA_EXPB2 28.59 8.55 79.27 -0.139 30.37 SmB_EXPB2 28.70 8.79 80.34 -0.105 28.82
SmA_EXPB3 29.08 8.60 74.34 —0.235 32.10 SmB_EXPB3 28.70 8.35 76.30 —0.225 27.88
SmB_EXLAI1 30.80 8.86 83.07 0.083 34.02
SmA_EXLA2 29.85 8.88 74.42 —0.051 33.37 SmB_EXLA2 28.24 8.73 7197 -0.099 30.84
SmA_EXLBI1 27.49 6.42 74.10 —0.157 31.04 SmB EXLBI1 27.45 6.30 76.83 -0.127 25.80
SmA_EXLB3 27.84 5.00 79.69 —0.168 30.42 SmB_EXLB3 28.01 472 78.17 -0.214 38.08
SmA_EXLB4 28.14 4.70 74.30 —0.172 38.18 SmB_EXLB4 26.99 5.37 78.54 —0.093 36.23
iA,}J\/{eErage value 27.94 8.40 70.36 —0.106 33.78 i}]vijirage value 27.96 8.49 71.36 —0.098 33.49
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Tab. 9 Ka/Ks ratios between the paralogous expansin gene pairs in S. matsudana

[A] 5 3£ K] Homologous gene Ka Ks Ka/Ks PR E Selective pressure
SmA_EXPA1 & SmB_EXPA1 0.0105 0.081 4 0.128 5 L% Purify selection
SmA_EXPA2 & SmB_EXPA2 0.005 6 0.190 8 0.029 5 4lifk %% Purify selection
SmA_EXPA3 & SmB_EXPA3 0.0133 0.099 8 0.1330 2li L% $ Purify selection
SmA_EXPAS & SmB_EXPAS 0.010 7 0.1270 0.084 6 4i{k 1k Purify selection
SmA_EXPAT & SmB_EXPAT 0.0162 0.118 6 0.1370 4lifk %% Purify selection
SmA_EXPAS & SmB_EXPAS 0.0197 0.090 9 0.2169 2li L% $ Purify selection
SmA_EXPA9 & SmB_EXPA9 0.965 1 1.098 5 0.878 6 4i{k 1k Purify selection
SmA_EXPA10 & SmB_EXPA10 0.0183 0.116 4 0.1575 4lifk %% Purify selection
SmA_EXPA12 & SmB_EXPA12 0.0106 0.1956 0.054 2 2li L% $ Purify selection
SmA_EXPA13 & SmB_EXPA13 0.023 2 0.129 1 0.180 1 4i{k 1k Purify selection
SmA_EXPA15 & SmB_EXPA15 0.013 0 0.084 1 0.1542 4lifk %% Purify selection
SmA_EXPA16a & SmB_EXPA16a 0.0125 0.1110 0.1123 2li L% $ Purify selection
SmA_EXPA17a & SmB_EXPA17a 0.0179 0.087 9 0.203 7 L% Purify selection
SmA_EXPA18a & SmB_EXPA18a 0.003 8 0.083 1 0.046 2 4lifk %% Purify selection
SmA_EXPA20 & SmB_EXPA20 0.0123 0.077 1 0.160 0 2li L% $ Purify selection
SmA_EXPA22 & SmB_EXPA22 0.0129 0.1202 0.107 2 4i{k 1k Purify selection
SmA_EXPA23 & SmB_EXPA23 0.084 3 0.073 8 1.142 0 1E3E$% Purify selection
SmA_EXPA24 & SmB_EXPA24 0.0513 0.156 5 0.327 8 2li AL % $ Purify selection
SmA_EXPA25 & SmB_EXPA25 0.1518 0.1839 0.8255 4i{k 1k Purify selection
SmA_EXPA27 & SmB_EXPA27 0.0123 0.028 7 0.4279 4lifk %% Purify selection
SmA_EXPA28 & SmB_EXPA28 0.020 6 0.0392 0.523 7 2li AL % $ Purify selection
SmA_EXPB1 & SmB_EXPB1 0.0153 0.157 3 0.097 3 4i{k 1k Purify selection
SmA_EXPB2 & SmB_EXPB2 0.0277 0.065 9 0.420 5 4lifk %% Purify selection
SmA_EXPB3 & SmB_EXPB3 0.0256 0.070 3 0.363 6 2li AL % $ Purify selection
SmA_EXLA2 & SmB_EXLA2 0.017 4 0.106 4 0.163 4 L% Purify selection
SmA_EXLB1 & SmB_EXLB1 0.018 0 0.065 4 0.275 4 4lifk % Purify selection
SmA_EXLB3 & SmB_EXLB3 0.028 0 0.089 9 0.3120 2li AL % $ Purify selection
SmA_EXLB4 & SmB_EXLB4 0.023 1 0.089 7 0.257 4 4lifk 3% ¥ Purify selection

¥E: Ka/Ks > 1. = 1Fl < 143 BRI R EE R 32 I . Hr i B alifh i 3 /& 77 . Notes: Ka/Ks > 1, = 1 and < | indicate that the genes are subject to
positive selection, neutral selection and purify selection pressure, respectively.
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