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Abstract: [Objective]Flowering is an important way for plants to propagate progeny, and the normal
development of flower organs plays an important role in floral formation. NAC transcription factors are
involved in many processes of plant growth and development, and also regulate the development of
flower organs. The regulation of floral organ development by NAC has been identified in other plants,
but the regulation in the flowering process of walnut is still unclear. Exploring NAC gene family in wal-
nut can provide reference for further study on the mechanism of walnut flower formation. [Methods]
Walnut variety Wen 185 was collected in Southern Xinjiang. The female and male flower buds were col-
lected at the undifferentiated stage of the female flower bud morphology (FB-1), the initial stage of mor-
phological differentiation (FB-2) and the pistil primordium differentiation stage (FB-3), and the tran-
scriptome sequencings were performed. The candidate NAC members in walnut were obtained using
HMMER software, NAC domains of candidate members were identified by Pfam and SMART, and-
NAC transcription factor members in walnut were finally obtained. The physicochemical properties and
subcellular localization of JINAC members were analyzed by online software. Phylogenetic analysis
was performed using MEGAG6, Bootstrap was set to 1000, based on the neighbor-joining (NJ) method,

and the default values. The phylogenetic tree, gene structure and conserved motif of walnut NAC genes
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were analyzed by TBtools. Chromosome mapping, gene replication and collinearity analysis were also
performed on TBtools. The NAC proteins of walnut and Arabidopsis thaliana were compared using
BLASTP. Then, NAC proteins of Arabidopsis thaliana with high homology were selected, and then the
online software String was used to analyze the NAC proteins regulatory network of walnut. Finally,
heat maps of JrNAC gene expression patterns in the male and female flower buds of walnut at different
stages were drawn and analyzed. [Results]Among the 121 JrNAC members identified on 16 chromo-
somes in walnut, most of them were hydrophilic proteins with an average molecular weight of41.138 kDa.
The subcellular localization showed that the NAC transcription factors in walnut were localized in the
nucleus, chloroplast, cytoplasm, peroxisome, Golgi body and mitochondria, respectively. Among them,
86 JrNAC proteins were localized in the nucleus. The NAC members of walnut were divided into 15
sub-families, the largest one was OSNAC?7 subfamily, and only one JrNAC member in the ATAF sub-
family, but no member of ANACO001 subfamily was identified. The number of introns and exons of the
JrNAC gene ranged from 1 to 7 and from 1 to 8, respectively. Most JrNAC members contained three ex-
ons. Ten conserved motifs were identified in walnut. Most JrNAC members contained seven conserved
motifs, and some subgroups contained unique motifs . As the motif 10 exist only in the subgroup IV, the
motif 8 existed in the subgroup X VI and belonged to the subfamily ONACO003, but this subgroup did
not contain motif 4 and 1. Synteny analysis showed that four JsrNAC genes in walnut were collinear
with the other three plants, and the number of homologous genes between walnut and other two woody
plants was higher than that between walnut and Arabidopsis thaliana. Gene duplication showed that a
total of 26 JrNAC gene duplication events were identified in walnut genome. Notably, both the Jr-
NAC44 and JrNAC108 were identified in both analyses. The gene expression pattern showed that the 7
JrNAC genes (JrNAC2, JrNAC38, JrNAC42, JrNAC66, JrNAC25, JrNACS and JrNAC115) were highly
expressed in both the female and male flower buds, the gene expression level of 6 genes was higher in
the initial stage of morphological differentiation of female flower buds than in the other two stages,
while only 3 genes (JrNAC2, JrNAC38 and JrNAC42) showed similar gene expression characteristics in
the male flower buds. The JrNAC2 belonged to the OSNAC7 subfamily, and its expression was obvious-
ly up-regulated in the initial stage of morphological differentiation of female flower buds, which was
speculated to be related to flower bud differentiation. The high expressions of the JrNACS and Jr-
NACI115 at MB-1 stage were speculated to be related to the development of anther or anther sac. In addi-
tion, the JsINAC97 was highly expressed in pistil primordium formation stage, and it was also highly ex-
pressed in the male flower bud at MB-1 and MB-2 stages, suggesting that the JrNAC97 may played a
role in pistil or stamen formation and development process. In the study of the protein interaction net-
work, a total of 9 JINAC proteins (JINAC47, JINAC111, JINAC91, IINAC120, JINAC59, JINAC16, Jr-
NACG68, JINAC2 and JrNACS53) were obtained, which played a key role in the network. Meanwhile,
there were interaction relationships between NAC and other transcription factors. [Conclusion]In our
study, the NAC family members of walnut were identified, and the NAC genes of walnut were relatively
conservative, but it still exerted the function of diversity. The JrNAC2, JrNACS, JrNACI115 and Jr-
NAC97 might be the key genes in the development of walnut flower organs. This study would provide a
reference for further study on walnut NAC gene family.
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Table 1 NAC family members and physicochemical properties of walnut
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Gene name  Gene symbol Related protein N(?. of amino Mo.lecular Iso'electrlc %EEAZTEI @'Z Protein N Subc'ellu.lar
acids weight/Da  point Aliphatic index hydrophobicity  localization

JrNACI LOC109013175 XP 018850709.2 398 4452626  6.03 70.13 -0.466 1
JrNAC2 LOC109001315 XP_018834095.1 271 31332.74 944 72.62 -0.662 2
JrNAC3 LOC109001271 XP 018834017.1 385 43 683.69 6.76 55.71 -0.803 1
JrNAC4 LOC109020336 XP 018858323.1 349 39476.13  6.28 54.76 -0.746 1
JrNACS LOC108982494 XP 018809434.1 398 44 607.01  5.95 67.61 -0.741 1
JrNAC6 LOC108987952 XP 035544159.1 682 77 855.19  5.58 64.24 -0.677 1
JrNAC7 LOC108987378 XP 018815825.1 363 42150.07 6.25 67.66 -0.801 3
JrNACS8 LOC108996217 XP 018827532.1 289 33193.54  6.02 61.80 -0.704 1
JrNAC9Y LOC108996203 XP _018827519.1 199 22936.85 4.99 72.46 -0.398 4
JrNAC10 LOC108996223 XP_035547388.1 333 3743149 6.10 76.16 -0.406 2
JrNACI11 LOC109006002 XP 018840682.2 369 41711.56  5.10 66.61 -0.669 1
JrNACI12 LOC108996692 XP 018828262.1 289 32749.95  9.09 63.04 -0.815 1
JrNAC13 LOC109021728 XP 018859986.2 311 36 074.54 835 61.77 -0.757 1
JrNAC14 LOC109010158 XP 018846428.1 466 5247226  6.61 54.64 -0.974 1
JrNAC15 LOC108995907 XP 018827123.1 295 3395631 5.87 57.56 -0.654 2
JrNACI16 LOC108991768 XP 018821795.1 254 28439.11 845 67.52 -0.450 1
JrNAC17 LOC108981845 XP_018808641.1 357 4037255 6.56 63.89 -0.619 1
JrNACI1S8 LOC108982671 XP 018809654.1 219 2554282 6.19 70.32 -0.498 4
JrNAC19 LOC108987166 XP 018815581.2 327 37359.46 6.97 58.17 -0.862 3
JrNAC20 LOC108979910 XP _018806244.2 351 3997573  5.13 62.51 -0.591 1
JrNAC21 LOC108992453 XP 0188225512 719 80 115.94 4.85 62.35 -0.739 1
JrNAC22 LOC109021042 XP 018859121.1 421 47900.18  5.81 60.67 -0.770 1
JrNAC23 LOC109011364 XP 018848075.1 343 40077.83  6.28 55.95 -0.847 3
JrNAC24 LOC109012878 XP_018850298.1 366 40213.09  7.60 61.61 -0.502 1
JrNAC25 LOC109013708 XP 018851445.1 366 38460.08  7.68 65.54 -0.711 1
JrNAC26 LOC109013713 XP 018851456.1 365 40404.62 8.44 68.47 -0.596 1
JrNAC27 LOC109000404 XP _035544067.1 392 43963.72  6.47 69.62 -0.542 1
JrNAC28 LOC109016036 XP _018854048.1 264 30255.69  6.61 55.38 -0.892 1
JrNAC29 LOC108980516 XP_018807000.1 347 38 142.62 841 67.52 -0.650 1
JrNAC30 LOC108979818 XP 018806131.1 303 3423545  6.71 69.80 -0.755 1
JrNAC31 LOC109020715 XP 018858781.1 306 35160.53  8.39 58.59 -0.808 1
JrNAC32 LOC118348002 XP_035544612.1 449 50322.26  5.19 65.68 -0.595 2
JrNAC33 LOC108999332 XP _035543904.1 449 50293.26  5.26 65.68 -0.594 2
JrNAC34 LOC109011176 XP 018847815.2 377 43118.31 6.24 58.20 -0.752 1
JrNAC35 LOC109004731 XP 018838923.2 342 38958.17 8.03 74.71 -0.600 4
JrNAC36 LOC108979600 XP _018805847.1 184 2122217  9.50 72.07 -0.498 2
JrNAC37 LOC108983954 XP 018811298.1 307 34688.82 6.92 66.64 -0.806 1
JrNAC38 LOC108989571 XP 018818766.2 269 30720.00 5.93 55.43 -0.880 1
JrNAC39 LOC109010566 XP _018846977.1 388 43 683.07 6.15 63.32 -0.655 1
JrNAC40 LOC108983974 XP_035545936.1 297 3412541  8.07 56.80 -0.710 1
JrNAC41 LOC108997823 XP 018829747.2 399 44 580.44  8.90 74.79 -0.593 5
JrNAC42 LOC108986478 XP 018814651.1 243 2771330 6.46 63.70 -0.571 1
JrNAC43 LOC108993283 XP _018823688.1 432 48 679.22  4.95 66.09 -0.809 4
JrNAC44 LOC109011371 XP 018848079.2 570 64 448.62 4.84 72.04 -0.598 1
JrNAC45 LOC109003055 XP 018836563.1 291 33283.70 6.16 61.07 -0.723 1
JrNAC46 LOC108992263 XP 018822310.1 311 34706.13  6.00 74.28 -0.464 2
JrNAC47 LOC109009076 XP _018844965.1 329 37959.30  6.19 69.97 -0.712 1
JrNAC48 LOC108998325 XP_018830391.1 310 35747.14  6.87 66.74 -0.795 1
JrNAC49 LOC109000546 XP 018833010.1 367 4148248 4.89 68.56 -0.708 1
JrNAC50 LOC108997971 XP 018829907.1 340 38210.82 8.29 69.44 -0.608 1
JrNACS51 LOC108981888 XP_018808680.1 247 28270.66  4.89 60.36 -0.687 1
JrNACS52 LOC108992636 XP 018822780.2 383 4434459 5.88 67.47 -0.789 1
JrNAC53 LOC109014359 XP 018852335.2 251 29 187.62  5.48 67.25 -0.700 2
JrNAC54 LOC109011339 XP _018848042.2 553 61921.98 4.64 71.61 -0.449 4
JrNACS5 LOC109011338 XP_035547565.1 279 3160643  6.77 67.10 -0.629 3
JrNAC56 LOC109019173 XP 018856956.2 372 41278.55 9.25 56.10 -0.762 1
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Table 1 (Continued)
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acids weight/Da  point Aliphatic index hydrophobicity  localization

JrNAC57  LOC109022232 XP_018860620.1 386 43462.99 7.14 70.80 -0.443 1
JrNACS58 LOC108999719 XP_035549304.1 341 3924593  5.04 65.48 -0.711 1
JrNACS59 LOC108986358 XP 018814495.1 235 26 678.87  7.71 59.70 -0.709 1
JrNAC60 ~ LOC109004745 XP_018838950.1 304 34320.83  7.02 66.38 -0.532 1
JrNAC61 LOC108982391 XP_018809301.2 356 40233.39  7.65 66.26 -0.553 1
JrNAC62 LOC109007407 XP_018842618.2 344 3905587 537 60.35 -0.601 1
JrNAC63 LOC118349445 XP_035549781.1 417 47551.74 5.49 65.23 -0.749 1
JrNAC64 LOC109008693 XP_018844428.1 386 45148.11 6.44 56.84 -0.898 1
JrNAC65 LOC108992696 XP_018822875.1 359 3940231  7.00 62.31 -0.413 1
JrNAC66 ~ LOC108993094 XP_018823405.1 353 40195.12  6.84 64.98 -0.655 1
JrNAC67  LOC108993104 XP _018823416.1 362 39921.02 8.79 65.22 -0.648 1
JrNAC68 LOC109001834 XP 018834820.2 260 29750.16  9.40 70.77 -0.507 2
JrNAC69 LOC109001907 XP_018834954.1 364 41838.63 6.95 52.75 -0.977 1
JrNAC70 ~ LOC108979664 XP_018805920.1 395 44318.77 5.83 61.27 -0.580 1
JrNAC71 LOC109005630 XP _018840185.1 394 44 052.11  5.68 62.39 -0.730 1
JrNAC72 LOC109010090 XP_018846353.1 646 73 763.54  5.59 67.76 -0.655 2
JrNAC73 LOC109004805 XP_018839040.1 190 22037.63 4.81 68.68 -0.505 4
JrNAC74 LOC108983401 XP_018810556.1 290 33264.74 697 64.93 -0.670 1
JrNAC75 LOC118349542 XP_035550246.1 311 36 130.19  5.88 59.84 -0.865 6
JrNAC76 ~ LOC109008906 XP_018844732.2 311 36088.11  5.88 5891 -0.880 6
JrNAC77 ~ LOC109019685 XP_035550370.1 359 40251.34 4.83 78.22 -0.436 2
JrNAC78 LOC109008913 XP_035550369.1 474 52673.97 458 73.21 -0.427 2
JrNAC79 LOC109003927 XP_035550357.1 469 52970.62 645 52.00 -1.023 1
JrNAC80 ~ LOC108987803 XP_018816362.2 292 33627.82  5.80 65.45 -0.627 2
JrNACS1 LOC108992003 XP_018821982.1 337 39097.79  5.07 62.49 -0.792 1
JrNACS2 LOC109020169 XP 018858137.2 373 41 646.96  5.48 76.68 -0.388 1
JrNAC83 LOC109009537 XP_035538610.1 370 41289.37  9.05 52.76 -0.809 1
JrNAC84 LOC108982133 XP_018808971.1 416 46 914.03  5.76 66.30 -0.707 1
JrNACSS5 LOC109001443 XP_018834271.1 523 60 140.97  6.27 65.95 -0.772 5
JrNACS86  LOC108983074 XP 035539254.1 547 61483.66 4.63 76.64 -0.461 4
JrNACS87 LOC108983076 XP_018810147.1 495 55590.49 5.70 59.58 -0.839 1
JrNACS8 LOC109001588 XP_035539956.1 381 43 588.55  6.61 61.71 -0.794 1
JrNAC89 LOC109006994 XP_018842004.1 192 2197546 521 65.99 -0.736 4
JrNAC90 ~ LOC109012146 XP _018849198.1 287 33317.12  8.71 70.31 -0.632 1
JrNAC91 LOC108984364 XP_018811837.1 255 28 894.63  9.25 62.27 -0.722 1
JrNAC92 LOC109018004 XP_018855735.1 265 30 668.60  6.07 68.79 -0.670 1
JrNAC9Y3 LOC108988771 XP _018817667.1 407 45749.79  6.79 65.21 -0.495 1
JrNAC94 LOC118343682 XP_018840873.1 542 59470.67 4.84 68.76 -0.358 1
JrNAC95 LOC109006141 XP_035540607.1 526 5863745 452 68.12 -0.457 1
JrNAC96 ~ LOC109006143 XP_018840877.1 319 3615492 5.04 69.12 -0.373 1
JrNAC97  LOC109006142 XP_035540446.1 468 5192282 496 71.73 -0.629 1
JrNAC98 LOC108996623 XP_018828163.1 488 54 089.62 520 69.71 -0.551 2
JrNAC99 LOC108996595 XP_035539949.1 562 62425.12 459 64.43 -0.566 1
JrNAC100  LOC108990060 XP_018819454.2 339 38756.66 8.31 61.24 -0.782 1
JrNACI101 ~ LOC109017565 XP _018855341.1 359 40 560.09  4.90 63.87 -0.687 1
JrNAC102  LOC108998959 XP 018831278.2 414 46 885.58  5.11 72.56 -0.562 5
JrNACI103  LOC108998956 XP_035541143.1 266 29468.03  5.61 64.96 -0.530 4
JrNAC104  LOC108994568 XP_035541513.1 171 19946.63  9.61 54.74 -0.857 1
JrNACI105 LOC118344491 XP_035541071.1 171 1977140  9.63 5591 -0.829 1
JrNAC106  LOCI118344435 XP_035540852.1 171 19 870.49  9.56 5591 -0.863 1
JrNAC107  LOC108998684 XP_018830881.1 334 3860424 571 67.40 -0.792 1
JrNACI108  LOC109018485 XP_018856192.1 565 6349482 499 75.91 -0.579 4
JrNACI109  LOC109008888 XP _018844704.1 285 32416.71 8.14 61.96 -0.666 1
JrNAC110  LOC108990382 XP 018819869.1 273 3025093  6.06 71.47 -0.480 1
JrNACI11  LOC108991663 XP_018821534.1 342 39181.77 575 69.88 -0.674 1
JrNACI12  LOC108984349 XP 018811820.1 293 3363591  8.38 58.26 -0.728 1
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Table 1 (Continued)

) e N TS TR PSS IRPIEE ARG W0 e
SEAR SRR G R%&%ﬂl. SriiE FIRS EEH Huﬂzb‘ig mEI{; GLAKPEAR 4 P E
Gene name  Gene symbol Related protein No. of amino  Molecular  Isoelectric  JEFRTE %L Protein Subcellular

Y p acids weight/Da  point Aliphatic index hydrophobicity  localization
JrNACI113  LOC108983678 XP_018810940.2 584 66 081.88  6.99 75.60 -0.446 1
JrNACI14  LOC108993115 XP 018823426.1 258 29 860.36  5.67 54.42 -0.826 1
JrNACI15  LOC109007515 XP _018842746.1 713 78 267.41  5.01 73.20 -0.496 1
JrNACI116 ~ LOC109007516 XP 018842747.1 516 5764584  4.54 65.39 -0.581 2
JrNAC117  LOC109007518 XP 018842748.1 500 55429.14  4.57 64.40 -0.653 1
JrNACI18  LOC109009211 XP 018845151.1 409 46 133.11  6.76 63.89 -0.541 4
JrNACI19  LOC109009271 XP _018845257.1 280 3225032 8.22 60.18 -0.747 1
JrNACI20  LOC109004777 XP 018838993.1 257 28901.75  9.50 64.09 -0.643 1
JrNACI21  LOC109006645 XP 018841539.1 312 35963.05 5.96 72.85 -0.521 1

T AN e AT R AR < 1L U 2. A 3L i AL B 4. AUMOJT 5. R BER 6. LRk .

Note: Digital representation of subcellular localization: 1. Nucleus; 2. Chloroplast; 3. Peroxisome; 4. Cytoplasmic; 5. Golgi apparatus; 6. Mitochon-

drial.
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Fig. 2 Phylogenetic relationship, gene structure and conserved protein motif structure of NAC genes in walnut
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FH R0 P P 8 ) 248 0 oA e 2 1 1 R 4 Y
25 ST FUFI AR R0 A 2 IR — Fh 7. AR
FE TN L 7E A% A 2R 1 9 2% 1 9 v R S A R 9
NNACHEH B 7K H OSNAC22.SEUNS . OS-
NAC7 FITIP 4. 94 JrNAC F 5 HAt Ak £
WA AFEE N TETE R R, H OSNACT W IRAE % 5
R P AT oS B . b, 77 7E MYB K iR
FHREAS NACE AR MAHEAEH  IEB NAC EE H
5 MYB & A B AFAE A B3O8 & 1% 45 B 500 AN 0F
3, BAFAEIMI14 5 NAC FE A A % . LA
EEERRY,NACE AR B 2R,
BRAE 35 B T R34 119 255 DR TR R/ Ak i 1 X 45 v )
FERYEE RBIER .

WEIT I NTLS Z 5 e it , it — Dt ik
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NAC66.JrNAC25.JrNACS Fl JrNAC115 1 W I 7E 2
3NN TR B B3 R B 0 o 1 3R A R, 3R I I e O
HTEAE F A R IE R R ER . 3B 5T
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s IR IA S W B, I 5 18 2 A A O s -
NACS8 5 JrNAC115 £ MB-1 i 1] 2 ik &3¢ i, 43
SR BR EH K. FN, 28T EERERE
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A, JrNACY7 1EMESE i T8 RO iRy 3R, T (A e 5
%3k R 7 MB-1 A1 MB-2 i 3 75 B 5 , HE 1%
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FEA AT BETE ME S Bl e S ) B & B ok R R kA
4 & B

SEH A AT % 121 N JrNAC A, I
X HFEAT T FE DRI G5 4 L et A g 47 FE AR ALLPE R 7
K% ME T A 28 v ) R IA A O dr o 150 -
NAC2 51629y A %, JrINACS 5 JrNACI15 51t %4
AL B R B H I, JrNACI7 ] BE1E ME S5 Bl 5 1)
TR B R RAE . AR\ NAC
BEPRI AT RE 2 5%k MERREAE ZF AR 28 B R GRS
AHF TR A I S0 FAZ Ak NAC FE IR (1) Th g
SE T A, NI E MR AL B R F R Rk
e FREE T A MERN S % .
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