VLM 224 ( Jiangsu J.of Agr.Sci.) ,2022,38(5) :1315-1329
http: //jsnyxb.jaas.ac.cn 1315

FRIC W, e, A5, FIA e NAC RN G e AR T[] AT 9540 2440, 2022,38(5) +1315-1329.
doi :10.3969/j.issn. 1000-4440.2022.05.019

HEBXZHENMCERAFRKEERRIESH

2

i/ﬁ\il’z, 7@?5’ 1,2’ EZ»H,%H 1,2, %9 %],2’ f{l?}:i l,2, X'Jﬁﬁ%z, ;_5 2@2’
BRI, BF, FEA
(LA KA 2R, HoR 220 730070; 2.4 F @ T R ASAEY R K E L=, Hl 24 730070)

TEE . NAC(NAM ATAF1/2 CUC2) ZAEYIFFA 0 — G s A FRA Kk, KE R A A S S AGE T8
FAeEY A R A EEEER, AU T ARSI 7 5 3L F AL P45 5 e B 119 4~ NAC K
BT, RGEEE R BRI NAC 75 R T IR RICN 8 AN, 78 10 F& Gk B A5 5340 ; BraNAC &
FIPE SN A0 IRJBT | S AA 2R R SR A o8 th 38 340 5 JR 3 TR TR 0 BT 45 R 7R BraNAC TG )12
Z: SRR 2 7 | 5 A 57 LA 30 1N VR I 2B R P R B R S AR X BraVAC JE RS IR E T
F ST A M1 3 AR K A PP B0 SRR TR &5 L 2 B, K843 BraNAC K2 DR 58 1k 1 8 26 541 A 358 T80 4 3l 332 08 o7 AR R BR 88
TEMGIRA T 28 F 28 114 BraNAC FEFTE 2 At FEEAS [] 19 1 52 A0 & 30 28 5 Al B 40 i P db A5 3Rk 4047, &
I BraNAC KGR Z AR R R a7 5 JTET%IEJLIEETIQ SHEYARAR PR B R, RFRY R
THEY) NAC ZERFE R B B, e Mtk it SRRt 5%

KEF. FRBIAINE; NAC HERTF; G, ﬂkiflﬁ%ﬂd}iﬁ; KB

FESES: S565.4 XEAARIZAD. A XEHRS:  1000-4440(2022)05-1315-15

Identification and expression analysis of NAC gene family in Brassica rapa L.
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Abstract: NAC (NAM, ATAF1/2, CUC2) is a plant-specific transcription factor gene family, and its family members
play an important role in response to abiotic stresses such as low temperature and drought. In this study, a total of 119 NAC fami-
ly genes were identified based on the whole genome sequencing results of Brassica rapa L. Longyou 7. Phylogenetic analysis
showed that all NAC transcription factor genes were clustered into eight subfamilies and were unevenly distributed on ten chromo-
somes. The BraNAC proteins were located in the nucleus, cytoplasm, chloroplast, mitochondrion and other organelles. The analy-
sis of promoter elements showed that BralNAC family members were widely involved in low temperature stress response, drought
stress response, mechanical damage response, embryonic development and endogenous hormone regulation. The expression pre-
diction of BralNAC genes in the growth cones of Brassica rapa L. under low temperature stress showed that most BraNAC genes a-
dapted to low temperature environment by up-regulating expression. Under low temperature and drought stress, 11 BraNAC genes

were selected for expression analysis in the seedlings of two Brassica rapa L. varieties with different cold tolerance, and it was

RS B 57 £ 2022-03-06 found that the BralNAC family genes were induced by different
ESTE A 2 T 5k B2 T 500028 3 4T 5 4091 stresses and had tissue and time expression specificity. In this
(GSCS-2020-Z1) 3 EZ IALL M7\ 1 A 4K 2 5 B ( CARS- study, the information of plant NAC gene family members is
12) s IS ARl 415 F (31860388 31960435 ) expanded, which provides reference for identification and
EHEB N TA30(1998-) , B Hl i E A Wi+ 0778 4k, #1158 5 [A) screening of stress resistance genes.
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PR IR ; 2K MR B -6.060 ~ —0.280, 3K M 2K
FA 5 R 231 B oA 16 529.18~ 71 967.59; W1 41 fifd 5
PSS R BraNAC S35 1 IR 7E 4 rh 4
)2, KA A AE A AR SR SR | Bra-
NACO06 ., BraNACO1S5, BraNACO21. BraNACO067. Bra-

SERT% S E E RT-qPCR 3| #1F 51

Table 1 Sequences of primers used for RT-qPCR analysis

NACO83 FENAEL AR, BraNACO50  BraNAC108 5 {if
FEFTRR L, BraNAC119 7E i 7E s R 7EW o
SRR E AP I T BraNAC ZRE A, #
HH ISR 443 3 NAC 7 53 R R A 53 7T BE AR AN [+
WANRZEF P A AR TIRE.,

e FHETIH(5'—3") T UG (5 —3")
BraNAC097 GCCTTGAAGACCAGAGCACGAAC TTCCCGTTGAGAATTGTCCTGAGC
BraNAC082 GAGGTGAGACAGGAGACTGAGGTTC GAGCAGCCGGAGGAGTAGATGG
BraNAC072 CGGCGTTGGAGACTGTTCTGAC CGGTTAAATGGTACGAGGTCCTGTC
BraNAC068 AGACTGGGTCCTGTGTAGAGTGTTC TGGAGGAAGAGAAGCGGAGACTG
BraNAC066 GTGTCCTCCTCCTCCTCCGTTAC CTGGTGGCAGCAGCAGATGATG
BraNAC035 CCCGACGTTGCAAGAGGATGAC CCCATTTAGGCTCGCTCTGAACC
BraNAC034 AAACCGCTGGAGGCAAGAAGATAC GTTGGAGAAGCAGGGCACGTAAG
BraNAC027 CTTCTTCTTCTGCTGCTGCTCCTG CTGCCACTGCTACCATCACAACC
BraNACOI5 TGACGAAGACGACAACAAGAGTGC GAAGACGCTGAAGCAGAACAACAAC
BraNAC117 AGTCCGAGCTTATCACCGAGTCTAG AGGGCATTAGGGTTTTGTGGATGTG
BraNACO12 CTTCTTCTTCTGCTGCTGCTCCTG CTGCCACTGCTACCATCACAACC

Actin

AGTCCGAGCTTATCACCGAGTCTAG

AGGGCATTAGGGTTTTGTGGATGTG

*R2 BraNAC EEHBHNEAREBAMER

Table 2 Physical and chemical properties of protein encoded by BraNAC gene

i 1 2R 1B
FER L D
AR MXAFRE FEal JOKPERE IRIIHER VA 5 57
BraNAC001 Brapa05T000333 279 32 226.15 8.18 -0.778 65.59 £ 07N ESEN
BraNAC002 Brapa05T001143 252 29 136.97 9.09 -0.871 60.67 g1k e 1ogp s
BraNAC003 Brapa05T002931 333 38 933.20 7.13 -0.720 63.27 Y%
BraNAC004 Brapa05T003848 343 38 303.14 6.18 -0.523 68.19 YAAfAZ | PR
BraNAC005 Brapa05T003847 301 34 544.90 7.14 -0.733 70.60 YA 20
BraNAC006 Brapa05T003383 456 51 355.42 5.69 -0.780 70.00 =7 NS P AN
BraNAC007 Brapa05T003173 274 31 405.26 8.96 -0.831 62.59 YN A%
BraNAC008 Brapa05T003180 327 37 787.17 6.23 -0.835 61.38 YRR | W
BraNAC009 Brapa05T002929 351 38 609.47 7.12 -0.630 59.74 4Nt
BraNAC010 Brapa05T002038 578 64 816.15 4.99 -0.529 66.82 £} 7N EE SN
BraNACO11 Brapa05T002035 546 61 128.18 4.86 -0.566 64.80 2 | 240 M A%
BraNACOI2 Brapa05T002092 636 71 884.31 5.96 -0.705 63.29 g1 116 Z T
BraNACO13 Brapa05T002762 245 28 034.19 4.89 -0.751 57.71 A%
BraNACO14 Brapa05T002692 307 34 881.15 6.26 -0.716 58.47 A Lk iA
BraNACO15 Brapa04T002582 256 39 262.06 8.29 -0.774 61.29 YA Eki A
BraNACO16 Brapa04T001966 317 35 838.04 8.34 -0.743 60.28 MR A
BraNACO17 Brapa04T003186 277 32 046.00 8.20 -0.793 67.51 S SR 40
BraNACO18 Brapa04T001340 289 33 069.48 6.08 -0.556 69.48 A B A% T
BraNACO19 Brapal0T000683 329 37 615.22 5.58 -0.798 71.95 YA A0 A%
BraNAC020 Brapal0T001095 496 56 839.18 5.50 -0.717 66.79 YA A0 M
BraNACO21 Brapal0T000532 278 31 645.60 5.91 -0.724 55.86 MR ZRfA
BraNAC022 Brapal0T000541 433 47 840.34 4.68 -0.482 73.44 YA A0 M
BraNAC023 Brapal0T000184 554 62 069.80 4.47 -0.605 68.61 L= E NN 311
BraNAC024 Brapal0T000812 276 31 236.33 9.27 -0.634 66.01 SRR RSN LT
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i B ) 2 1 BT
B K 1D
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BraNAC025 Brapal0T001452 340 38 441.02 6.04 -0.335 78.21 YA T 20 A
BraNAC026 Brapal0T001175 336 38 275.38 6.27 -0.632 60.62 g7 ES N
BraNAC027 Brapal0T003048 658 69 438.43 4.90 -0.813 43.68 B AR T
BraNAC028 Brapal0T003049 644 71 967.59 4.94 -0.765 54.86 AR A0 M
BraNAC029 Brapal0T003051 566 64 741.94 6.88 -0.916 57.17 Y0 A%
BraNAC030 Brapal0T003050 456 50 876.70 5.37 -0.651 63.66 it SR AR A
BraNAC031 Brapal0T003114 285 32254.72 6.91 -0.617 61.58 MR Sk iA
BraNAC032 Brapa02T001748 546 61 866.03 6.01 -0.686 66.04 A i
BraNAC033 Brapa02T001475 170 19 835.71 9.39 -6.060 67.71 £ 07N ES I
BraNAC034 Brapa02T000251 314 35 663.27 8.85 -0.693 62.07 MR A
BraNAC035 Brapa02T000293 278 31 593.48 5.46 -0.712 54.82 YA A% Lk
BraNAC036 Brapa02T000298 142 16 529.18 9.47 -0.613 74.08 g1 oA )0k 3
BraNAC037 Brapa02T000471 247 28 061.57 9.18 -0.741 63.89 YA 20 R
BraNAC038 Brapa02T002483 260 29 621.95 9.11 -0.506 73.88 IR pA A0 5
BraNAC039 Brapa02T000139 551 61 396.23 4.68 -0.519 70.94 A R
BraNACO040 Brapa02T002626 349 40 278.41 6.99 -1.005 55.85 YRR | gk
BraNACO41 Brapa02T000773 336 38 296.33 6.47 -0.650 59.70 MR A AE T
BraNAC042 Brapa02T003698 376 42 862.43 5.97 -0.872 64.10 YA AfAZ sk A
BraNAC043 Brapa02T003428 294 33 814.72 5.53 -0.670 59.97 MR AR T
BraNACO44 Brapa02T004527 364 41 774.82 5.23 -0.944 52.75 MR A Ik
BraNACO045 Brapa02T004593 265 30 331.34 8.15 -0.602 60.38 i A% AT
BraNAC046 Brapa02T004480 325 37 140.06 8.17 -0.637 64.80 MR A
BraNACO047 Brapa03T002266 272 31 445.46 8.43 -0.711 65.88 1R AN E S EN
BraNACO48 Brapa03T000829 336 37 943.85 6.10 -0.595 60.30 N A%
BraNAC049 Brapa03T000382 280 31 859.98 6.46 -0.670 59.64 W2 | 240 M A%
BraNAC050 Brapa03T000385 587 66 249.33 5.65 -0.280 84.04 R A0 HA%
BraNACO051 Brapa03T001012 392 44 224.43 5.25 -0.352 78.80 -RAA R
BraNAC052 Brapa03T004408 281 32 308.11 8.23 -0.584 69.00 YHRAZ | 20 f - 48
BraNAC053 Brapa03T000164 560 62 366.84 4.50 -0.644 67.20 SN S
BraNAC054 Brapa03T004843 286 32 888.06 6.89 -0.644 61.71 g1 AN S EN
BraNAC055 Brapa03T000564 248 28 245.73 9.36 -0.842 64.03 MR A
BraNAC056 Brapa03T000775 490 56 259.68 5.20 -0.740 67.67 A BT £ A
BraNAC057 Brapa03T005522 351 40 254.11 5.85 -0.714 68.63 BT 2 A%
BraNAC058 Brapa03T005428 297 33 395.31 7.73 -0.629 64.38 YA BfAZ A A T
BraNAC059 Brapa03T004486 327 37 181.11 8.15 -0.652 63.52 1R AN E S EN
BraNACO060 Brapa03T003728 308 34 136.59 6.95 -0.386 60.23 MR AR T
BraNACO61 Brapa03T003739 295 33 554.64 8.56 -0.677 63.39 YRR | gk
BraNAC062 Brapa03T003603 293 33 836.33 9.31 -0.782 64.13 MR -pd
BraNAC063 Brapa03T003598 303 34 929.35 8.89 -0.815 63.04 A B A% T
BraNAC064 Brapa03T006051 370 42 892.10 5.76 -0.870 58.73 A% AT
BraNAC065 Brapa03T003867 299 34 033.03 6.25 -0.764 57.73 £t 07N ESEN
BraNAC066 Brapa03T003474 421 47 580.32 5.63 -0.795 68.86 A A% AT
BraNAC067 Brapa03T003473 431 48 451.30 5.84 -0.746 70.42 RSN UNEEY RN
BraNAC068 Brapa08T000019 321 36 004.51 5.35 -0.560 67.73 g1k e 04 e 9
BraNAC069 Brapa08T000818 537 60 045.03 4.78 -0.486 68.25 MR Sk iA
BraNACO070 Brapa08T003167 388 45 189.94 5.91 -0.957 60.62 FUR=RA/L7 N ) 1ob
BraNACO71 Brapa08T000870 286 32 945.86 5.71 -0.640 61.68 1R AN E S EN
BraNACO072 Brapa06T000169 372 41 885.03 8.72 -0.759 60.30 YA A% | Lk A
BraNAC073 Brapa06T000168 315 35 408.36 5.85 -0.582 63.43 MM AN T
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i B ) 2 1 BT
H K 1D

FIAEME  MXTRE Shal RKMEREC IRIR A A RE fir
BraNACO74 Brapa06T001731 464 51 345.70 5.71 -0.417 80.06 YA AfAZ | gk A
BraNACO75 Brapa06T000913 393 45 328.19 5.49 -0.873 67.76 g2t} 1l 7N EE SN
BraNAC076 Brapa06T003261 309 34 924.60 5.57 -0.427 76.31 YA AL A
BraNACO77 Brapa06T002813 457 50 782.23 5.51 -0.466 70.98 g oAb )0k 3
BraNAC078 Brapa06T002221 347 39 900.31 5.26 -0.838 54.73 A AR 0T
BraNACO079 Brapa06T003797 290 33 340.05 5.41 -0.723 59.10 MR AR BT
BraNACO080 Brapa06T003594 416 47 193.86 5.85 -0.867 63.80 4Nk
BraNACOS1 Brapa06T002359 250 28 713.50 6.45 -0.627 61.24 B A T
BraNAC082 Brapa06T002387 344 38 640.16 4.81 -0.552 75.32 g2t 17N EE N
BraNAC083 Brapa01T000927 241 27 769.92 9.54 -0.528 65.93 MR LR
BraNAC084 Brapa01T000865 344 39 313.65 5.44 -0.787 62.94 MR  ANRE T
BraNAC085 Brapa01T000241 371 42 877.04 5.87 -0.838 65.42 A B A% 0 T
BraNACO086 Brapa01T004433 480 55 453.65 5.36 -0.711 65.58 A AR
BraNACO87 Brapa01T003893 307 25 591.96 8.63 -0.807 62.83 A Lk iA
BraNAC088 Brapa01T004377 345 38 426.93 6.15 -0.607 60.75 A A% AT
BraNAC089 Brapa01T004376 357 40 824.68 6.39 -0.730 72.41 AR A0 M
BraNAC090 Brapa01T004069 538 60 794.91 4.49 -0.677 64.07 WA AN R
BraNAC091 Brapa01T004070 441 49 920.03 5.70 -0.809 70.79 BT AR A%
BraNAC092 Brapa01T004071 421 47 733.62 5.63 -0.738 71.62 LIS N oA
BraNAC093 Brapa01T004507 293 33 137.39 6.27 -0.551 70.82 MM A T
BraNAC094 Brapa01T003702 351 38 603.46 8.14 -0.612 58.58 YA A% | gk
BraNAC095 Brapa01T003706 363 41 575.45 8.72 -0.825 58.04 YU B
BraNAC096 Brapa01T003484 300 34 165.25 6.01 -0.762 60.43 MR Sk iA
BraNAC097 Brapa01T001779 300 33 776.94 7.66 -0.585 64.07 A MIA% 20 B A
BraNAC098 Brapa01T003731 303 33 965.54 6.97 -0.389 67.29 A MIA% 20 B A
BraNAC099 Brapa09T000547 340 39 550.98 5.97 -0.89%4 60.53 FUR=R A 7/iuN 1)) TR
BraNAC100 Brapa09T003496 564 62 569.59 4.63 -0.459 66.88 EHIRENU R E2EN
BraNAC101 Brapa09T001251 317 35 736.00 8.77 -0.715 61.83 g7 S EN
BraNAC102 Brapa09T000060 224 25 391.19 6.32 -0.797 56.07 YRR B
BraNAC103 Brapa09T005076 402 46 472.23 6.13 -0.964 58.73 Ui fAx o A A
BraNAC104 Brapa09T006237 328 37 328.35 6.02 -0.545 66.89 B AL AN
BraNACI05 Brapa09T005528 279 32 124.74 8.96 -0.677 70.90 AR A0 A
BraNAC106 Brapa09T002733 416 47 322.93 6.25 -0.634 61.18 YN A%
BraNAC107 Brapa09T005876 332 38 448.26 5.15 -1.010 54.88 YA o A A
BraNAC108 Brapa09T005998 449 50 579.08 6.00 -0.540 68.78 YA AR SRR
BraNAC109 Brapa07T000264 361 41 997.96 5.51 -0.818 64.52 i) 17N EE N
BraNACI110 Brapa07T000396 285 32 718.74 9.34 -0.629 74.56 BT AR A%
BraNACI111 Brapa07T001628 509 56 793.95 5.31 -0.663 69.86 MR AR T
BraNAC112 Brapa07T001918 293 33 904.28 5.86 -0.732 68.91 B A T
BraNAC113 Brapa07T002150 288 33 222.45 5.63 -0.643 61.94 YA | AR
BraNAC114 Brapa07T002156 335 38 211.63 7.73 -0.690 59.97 Y%
BraNACI15 Brapa07T003651 270 31 282.61 6.40 -0.672 65.70 BT AN A
BraNAC116 Brapa07T003238 271 31 367.66 6.21 -0.628 67.64 A A% T
BraNAC117 Brapa07T003857 324 37 319.37 5.95 -0.843 57.47 g} 07N ES N
BraNACI118 Brapa07T002504 312 36 238.85 5.72 -0.801 59.10 HERZ o
BraNACI19 Brapa07T001964 343 38 933.52 5.58 -0.657 69.94 AR | o R A
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Fig.1 Phylogenetic tree of BraNAC gene family
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Fig.2 Position of BraNAC family members on chromosomes
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Fig.3 The replication relationship of BraNAC gene family fragments
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Fig.4 The conserved domains, cis-acting elements and gene structure of BraNAC family in Brassica rapa L.
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Table 3 Cis-acting elements of the NAC gene family in Brassica ra-
pa L.
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Fig.5 Expression analysis of BraNAC family members under low temperature stress in growth cones
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Fig.6 Expression of BraNAC gene in roots( A) and leaves(B) of two Brassica rapa L. varieties under cold stress
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Fig.7 Expression of BraNAC gene in roots( A) and leaves ( B) of two Brassica rapa L. varieties under drought stress
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