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Table 1 Effects of different saline-alkali stress on the growth of C. bungei seedlings
e %ﬁf‘nﬂ%% %ﬁi“gﬂ'}/ﬁé iHAJ:%IZoverground part
TR e Net growth gl;nplant height/ Net growth o;iem diameter/ i 5 B TR
Fresh weight/g Dry weight/g
CK 0 18.68 £ 0.62 1.23 £ 0.09 2460 +1.14 5.70 £ 0.19
50 12.58 + 0.62** 1.50+0.13* 27.06 +1.08 6.75 + 0.25*
. 100 10.00 £ 0.53** 0.98 £ 0.09* 15.94 £ 0.07** 3.31 £ 0.05**
NaClfia
NaCl stress 150 8.14 £ 0.36™ 0.66 + 0.10** 10.13 £ 0.14** 2.14 £ 0.09**
200 5.92 + 0.79** 0.40 £ 0.07** 6.92 £ 0.18** 1.54 + 0.08**
50 17.64 + 0.98* 1.26 £ 0.10 18.87 £ 0.62** 4.68+0.18*
+ *x + + *x + ek
Na,CO it 100 12.68 £ 0.58 1.03 £ 0.09 11.20 £ 0.84 3.14 £ 0.22
Na,CO; stress 150 10.48 + 1.36** 0.57 + 0.09** 6.87 + 0.24** 1.73 £ 0.09**
200 6.58 £ 0.74** 0.37 £ 0.05** 4.80 +0.10* 1.12 £ 0.05**
50 16.74 £ 0.77** 1.18 £ 0.08 35.18 £ 0.42* 9.13 £ 0.20**
A R MNE 100 13.58 + 1.06** 0.84 +0.13 15.56 + 0.42** 3.35 + 0.29**
Mixed sali Ikali
PO reae 150 10.10 + 0.62* 0.59 + 0.08** 13.00+ 047" 2,67 +0.30"
200 9.50 £ 1.22** 0.37 £ 0.08** 6.76 £ 0.33** 1.40 £ 0.05*
1R root
SOBE] — - W e Ee AR E fa
Treatment i I ThiE Biomass/g Root-shoot ratio Growth stress index
Fresh weight/g Dry weight/g
CK 0 8.99+0.15 1.28 £ 0.05 6.97 £ 0.24 0.22 £ 0.01
50 8.00 £ 0.16* 0.90 + 0.03* 7.65+0.27 0.13 £ 0.01** 1.10 £ 0.04
. 100 4.08 + 0.09** 0.48 £ 0.03** 3.97 £ 0.07** 0.15 £ 0.01** 0.54 £ 0.01
NaClfia
NaCl stress 150 3.29 £ 0.08** 0.33 £ 0.03** 2.47 £0.12** 0.15 £ 0.01** 0.35+0.02
200 2.57 £0.07** 0.26 £ 0.04** 1.79£0.11* 0.17 £ 0.02 0.26 £ 0.02
50 490 +0.27* 0.74 + 0.09* 5.42 + 0.20** 0.16 + 0.02* 0.78 £ 0.03
100 2.55 £ 0.43** 0.31 £0.07** 3.44 £ 0.29** 0.10 £ 0.01** 0.49 £ 0.04
NazCO3HJJ‘iE|
Na,CO; stress 150 2.51 £ 0.45* 0.27 £ 0.04** 2.00 £ 0.12** 0.16 £ 0.01* 0.29 £ 0.02
200 1.31+£0.19* 0.13 £ 0.02** 1.25 £ 0.07** 0.12 £ 0.01** 0.18 £ 0.01
50 12.44 + 0.90* 2.02+0.18* 11.15 £ 0.37** 0.22 £ 0.02 1.60 £ 0.05
VA Eh R E 100 6.09 £ 0.92 0.65 £ 0.06™* 4.00 £ 0.34** 0.19 £ 0.02** 0.57 £ 0.05
Mixed saline-alkali - " - -
stress 150 2.62 £ 0.56 0.28 + 0.04 2.95+0.33 0.10 £ 0.01 0.42 £ 0.05
200 1.86 + 0.27** 0.22 £ 0.04** 1.62 £ 0.08** 0.15 £ 0.02* 0.23 £ 0.01
VE: 2 A FE ] 25 5 5235 (P<0.05), “X" 2% Ab FH A 2 AR 5 (P<0.01), (x+SD, n=3), T

Note: “*” indicated significant difference among different treatments (P<0.05),

treatments (P<0.01), (xtSD, n=3). The same as below
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indicated extremely significant difference among different
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Table 2 Effects of different saline-alkali stress on physiological and
photosynthetic indicators of C. bungei seedlings
v — it A~ EL
SR  MREEAR  WEmaR SODWE o PEERE e ot
Kb FR . SOD enzymatic Contents of .
Relative soluble sugar/ Contents of Pro/ L Contents of total Photosynthetic
fsuisnt conductivity/% (ug-g™) (Mg'g™") IR A0 chlorophyll  rate/(umol-m2-s™)
(mg-g™) (hg-g™
CK 0 6.35+0.23 14.68 £+ 0.64 0.028 £ 0.002 488 +£0.13 7.23+0.34 37.40 £ 2.03 9.63 £ 0.94
50 18.04 +£1.42** 16.36 £+0.92 0.034 + 0.003 5.27+0.78 8.61+0.54 38.04 £2.22 11.80 + 1.08*
. 100 2227 £1.78** 18.92+1.05* 0.049 + 0.002* 7.42 £ 0.63* 9.11 £ 0.75* 40.20 + 3.27 13.07 £ 0.42*
NaCljifri&
NaCl stress 150 34.59 +2.67** 19.24 £0.75* 0.041+0.001* 6.51 £ 0.52* 943 +0.66* 36.30+2.89 10.40 £ 1.14
200 48.82+3.94** 19.03+0.84* 0.037 £0.002* 4.33+0.35 9.06 £ 0.49* 35.40+0.97 7.40 £ 0.46*
50 25.33+3.65** 15.93+0.56 0.039+0.001* 5.92+0.57 7.82+£0.48 38.50 + 1.27 13.40 + 0.44*
Na,CO,fihin 100  36.25+2.61* 19.87+0.90* 0.052+0.003* 8.64 +0.79* 8.49 + 0.51 41.08 + 3.07* 13.67 £ 1.10
Na,CO.
sat?ess3 150 43.73+4.82* 17.54+0.75 0.044 +0.002* 7.58 +0.63* 9.82+0.75* 37.88+1.58 11.70 £ 0.95
200 5257 +4.21** 17.06+0.79 0.035+0.003 5.58 £ 0.75 9.55 +0.81* 33.70 + 0.44* 9.43 £ 0.49
50 17.68 £ 1.23** 16.03+0.67 0.036 + 0.001 5.23+0.37 8.05 + 0.61 34.28 +1.29 14.67 £ 0.78**
JRA B 100 2454 £2.01**  17.85+0.83 0.047 £0.003*  7.94 +0.51* 8.74 £ 0.56 41.02+2.73 14.37 + 1.99*
Mixed saline-
alkali stress 150 33.78 £3.24**  19.08 +0.91* 0.043£0.002*  7.16 £ 0.69 9.27+0.94* 36.72%1.60 10.03 + 0.57
200 50.36 +4.27** 18.91+0.76* 0.032 + 0.001 5.19 £+ 0.57 9.46 +0.83* 3584 +1.46 8.57 +0.76

e, FH4593] 171 339 4 Transcripts, 55 793 4
Unigenes. Transcript fil Unigene /7 1] - 34 J&
4391k 1 768.34 bp F1 1 275.65 bp, N50 435K
2 597 bp #l1 2 263 bp, GC & /%N 39.59%
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Unigenes # 6 a2 E R, 28 722 /> Unigenes
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52254 L, 15.94% Unigenes A~ 5¢ 4 IC L .
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BERERIZ R ( Sesamum indicum L. ) . 85
i #& ( Erythranthe guttata DC.) . Jii i & &
( Dorcoceras hygrometricum B.) . #j % ( Vitis
vinifera L.) . Wil M ( Coffea canephora PF.) .
KZF ( Hordeum vulgare L.). W] n] ( Theobroma

cacao L.) F1 H fth ¥ F' Unigenes [t i 43 51l
55.95% . 14.67% . 3.35%.2.09%.0.97%.0.91% .
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Physiological and Transcriptomic Analysis of Catalpa bungei
Seedlings in Response to Saline-alkali Stresses

GAO Xin-giang"*, WANG Xiao-yan', JJIAO Wef?, LI Na®, WANG Jing'?, ZHENG Li-yue',
WANG Dan-ning', WANG Xing-yun', HOU Li-jiang', SHANG Zeng-zhen', LIU Yan-zhen"*

(1. College of Biological and Food Engineering, Anyang Institude of Technology, Anyang 455000, He'nan, China; 2. Hua
County Landscaping Management Office, Anyang 455000, He'nan, China; 3. College of Biological and Pharmaceutical
Sciences, China Three Gorges University, Yichang 443000, Hubei, China; 4. Taihang Mountain, Forest Pests
Observation and Research Station of Henan Province, Linzhou 456550, He'nan, China;

5. Anyang Park Management Station, Anyang 455000, He'nan, China)

Abstract: [Objective] To explore the physiological and molecular mechanism of saline-alkali tolerance in
Catalpa bungei, we studied the influence of different saline-alkali stress on the growth, photosynthetic and
physiological indicators of C. bungei seedlings combing with transcriptome sequencing. [Methods] Pot ex-
periment was used to study the different responses of biomass, photosynthetic and physiological indicat-
ors of C. bungei seedlings to different saline-alkali stress. lllumina high-throughput sequence technology
was used to sequence the transcriptome, and the effect of saline-alkali stress on transcriptional level was
analyzed by bioinformatics. [Results] Under different saline-alkali stress, the damage degree of leaves
was Na,CO3;>mixed saline-alkali>NaCl. Net growth of plant height and stem diameter, fresh weight and dry
weight of overground part and root, biomass, root-shoot ratio were all significantly suppressed with in-
creasing saline-alkali concentration. But the growth stress index decreased with increasing concentration.
Contents of MDA and relative conductivity both rose to varying degrees with increasing concentration.
SOD enzymatic activity, contents of soluble sugar and Pro, contents of total chlorophyll and photosynthet-
ic rate increased firstly and decreased then with increasing concentration. Transcriptome sequencing gen-
erated a total of 60.4 Gb of raw data. Finally, we obtained 55 793 Unigenes after assembling, of which
29 534 (52.93%) Unigeneswere annotated. Through differentially expressed genes (DEGs) analysis, 1 779,
2 835 and 4 059 DEGs were screened from three comparison groups (CK vs NaCl, CK vs Na,CO3 and CK
vs mixed saline-alkali) respectively. GO functional enrichment analysis of these DEGs indicated that they
were significantly enriched in integral component of membrane, intrinsic component of membrane, catalyt-
ic activity, isoprenoid metabolic and biosynthetic process, oxidoreductase activity. KEGG functional enrich-
ment analysis of these DEGs indicated that they were significantly enriched in phenylpropanoid biosyn-
thesis, starch and sucrose metabolism, plant hormone signal transduction, terpenoid backbone biosynthes-
is and arginine biosynthesis. Moreover, the most abundant differentially expressed transcription factors
(TFs) were bHLH, ERF, MYB-related, NAC, C2H2, WRKY, MYB and bZIP families. [Conclusion] C. bungei
mainly resists from saline-alkali stress by accumulating contents of soluble sugars and Pro, improving SOD
enzymatic activity and photosynthesis, but all of them show the phenomenon of "low promotion and high
suppression"”, indicating that it has a certain threshold value. C. bungei common responses to saline-alkali
stress by regulating biological processes and metabolic pathways including component of membrane,
catalytic activity, isoprenoid metabolic and biosynthetic process, phenylpropanoid biosynthesis, starch and
sucrose metabolism, plant hormone signal transduction, and interacting with TFs. This study provides a
scientific theoretical basis for deeply studying the physiological and molecular mechanisms of saline-alkali
tolerance in C. bungei.

Keywords: Catalpa bungei; saline-alkali stress; transcriptome; differentially expressed gene; mechanism
of saline-alkali resistance
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