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Abstract: Date palm is hermaphroditic and highly heterogeneous in genetics, resulting in severe phenotypic variation.
Propagation of seedlings depends on asexual reproduction, and tissue culture technology is the main means of commer-
cializing date seedling production at present. However, the difficulty in inducing embryogenesis and the long induction
cycle lead to difficulties in system construction and high tissue culture costs. Therefore, it is urgent to study the effects
of hormone regulation on the endogenous metabolic substances of date embryos and optimize the embryogenesis system.
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This study is based on the selection of date explants, induction of callus and embryogenic callus in the previous studies,
and uses orthogonal experimental design to screen and match the plant growth regulators and concentrations in the MS
culture medium to induce embryogenesis from callus. The study statistically recorded the embryogenesis rate, induction
cycle, and survival rate; date embryos with different levels of hormone were sampled; the morphological changes of
date embryos in a regular manner were observed; and the changes in the content of total protein (Cpr), soluble sugar
(WSS), catalase (CAT), glutathione reductase (GR), amino acids (AA), auxin, cytokinin (CTK), abscisic acid (ABA),
and gibberellin (GA) were measured. The results showed that the embryogenic rate of Cy was higher than that of Cs, C,,
Cs, and the time for embryogenesis was the shortest in the Cs treatment. In the Cy treatment, the highest content of cata-
lase and amino acids was found in the embryos, and the highest protein content was found in the Cs treatment. The co-
efficient of variation was the largest for glutathione reductase content, and the maximum difference was found in amino
acid content. The correlation analysis showed that thiocyanate and gibberellin had the strongest correlation with glu-
tathione reductase, and soluble sugar had the strongest correlation with protein and amino acid. Principal component
analysis showed that the first four principal components accounted for 88.714% of the total variance, with an eigenvalue
of 3.877 for the first principal component, a contribution rate of 43.076%, and the first principal component was mainly
influenced by thiocyanate content, soluble sugar content, protein content, and gibberellin content, with the highest ei-
genvalue of 0.921 for thiocyanate content, reflecting the impact of thiocyanate on embryogenesis. The study would pro-
vide theoretical support for optimizing the embryogenesis system and laying a technical foundation for achieving effi-

cient and rapid propagation of date palm.
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A: The callus induction; B: The somatic embryogenesis; C: The buds induction; D: The virus-free seedling.
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Fig. 1 Induction system of tissue culture seedling of date palm
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Tab. 1 Factors and levels of somatic embryogenesis test
[X % Factor
K
Level  NAA 6-BA 2,4-D 2-ip
(mg-L™") [(mg-L™") (mg-L™") (mg-L™")

1 0 0 0 0
2 2 2 5 2
3 5 5 10 5

R2 (IEEEIEZIAIAME

Tab.2 Somatic embryogenesis was treated by orthogonal test

AbFR # Factor
Treatment NAA 6- 24D 2-ip

>

C 1
G, 1
C; 1
Cs 2
Cs 2
Ce 3
C; 3
Cs 3
Co 3

WO o, W NN WY o~

2
3
2
3
3
3
1
2
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1R, 28 CRRE NS, 4640 3~5 E Gtk ie
KRR TR . PRI K A =R IR K A 1 A
P B8 A 41 2850 < 100%
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Tab. 3 Effects of different types of media on somatic em-
bryogenesis of date palm

g RIETPHRER  EIERER  RIER AN
Treatment Somatic embryo- Sqmqtic embryo Somatic} embryo—
genesis number incidence/% genesis time/d
C 0.00 0.00
C 18.00+0.82° 18.00+0.82" 56.33£0.47°
Cs 21.00+0.82° 21.00+0.82° 49.33+0.47¢
Cy 37.33+0.47° 37.33+0.47° 49.00+0.82¢
Cs 45.67£0.47° 45.67+0.47° 35.33+0.47°
Cs 34.33+0.47° 34.33£0.47° 35.000.82°
C; 0.00 0.00
Cs 13.00+0.82¢ 13.00+0.82¢ 63.00+0.82%
Co 67.33+0.47" 67.33+0.47° 41.33+0.47¢

E: ARG FRFERZEREE (P<0.05),
Note: Different lowercase letters indicate significant differ-
ence (P<0.05).
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Fig. 2 The morphological structure of somatic embryonic
cells with different treatment
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Tab. 4 Changes of endogenous metabolites content in body embryo of date palm under different treatments

FEH% Index C, Co Cs Cs

GR i :/(nmol-min™-g ") 17.58+1.10° 6.62+0.98° 1.05+0.06° 0.65+0.46°
CAT {ifiPE/(unmol-min"-g ") 218.43+15.25 241.25+12.84° 58.74+1.21° 26.25+6.13°
WSS Fit/(mg-g ™) 26.12+3.15° 28.89+0.59* 1.54+1.28° 28.79+1.08°
Cpr & i/(mg-g") 14.36+2.25° 16.72£1.21° 5.19+0.52° 33.22+0.71°
AA i /(unmol-g ") 871.67+62.13" 948.20+196.46" 578.84+67.16" 900.74+62.17*
HERE G E/(ngmL™) 4.35+0.22° 4.12+0.23° 3.88+0.00° 4.75+0.11°
CTK % /(ng'mL™") 35.21+1.90° 36.35+4.10° 34.39+1.10° 38.97+1.27°
ABA % it/(ng-mL™) 65.09+3.81° 58.78+1.77° 58.78+1.77° 66.70x1.18"

GA &1 /(ng-mL™) 110.08+3.46° 109.40+2.73* 106.42+0.36° 112.64+1.32°

*: ARNEFERFRZEREE (P<0.05),

Note: Different lowercase letters indicate significant difference (P<0.05).

®5 TERLGEBMEFENERGEDRERES N

Tab. 5  Variability analysis of endogenous metabolites of date palm under different treatments

Ei=g) R/ME SON 1 e 22 FHE 2 5 5 R AL

Index Minimum Maximum Range Mean SD CV/%
GR i 1/(nmol-min~"-g™") 0.44 18.85 18.45 6.48 6.88 10.62
CAT % #/(unmol-min"-g™) 12.45 251.43 238.98 136.16 95.93 7.05
WSS & f/(mg-g ) 1.30 32.35 31.05 21.33 11.66 5.47
Cpr 5 /(mg-g™") 4.45 38.17 33.72 17.37 10.65 6.13
AA Fri/(unmol-g™) 524.29 1248.95 742.66 833.88 188.38 2.26
K FE S/ (ng'mL ") 3.74 4.93 1.19 4.27 0.38 0.90
CTK & /(ng-mL™") 32.87 42.1 9.23 36.23 3.00 0.83
ABA FH/(ng-mL™") 57.25 70.29 13.04 62.73 4.02 0.64
GA #H/(ng-mL™") 101.38 117.14 15.76 109.63 3.96 0.36

R 6 AEAERERE AR R IR AT A BB AR AR AR R S A

Tab. 6 Correlation analysis of physiological indexes of endogenous metabolites of date palm under different treatments

b GRIEME  CATIEME  wssaR Cprait AAgR  EREEE o s ABAWR GAWE
Index GR activity CAT activity WSS content  Cpr content AA content é?)gi(;llt CTK content ABtAencton- G/?elcl(tm_

GR & i 1.000

CAT i -0.299 1.000

WSS it 0.490 0.603 1.000

Cpr & i 0.643 0.324 0.844 1.000

AA TR 0.250 0.563 0.788 0.635 1.000

EREAE 0.730 0.190 0.721 0.646 0.386 1.000

CTK & 0.451 0.289 0.488 0.406 0.249 0.577 1.000

ABA & 0.679 —0.202 0.420 0.468 0.177 0.794 0.210 1.000

GA & 0.507 0.326 0.532 0.378 0.192 0.688 0.349 0.340 1.000

AUFENN, FREE =1 80 R oikR>  EHig<1, HimiSE s, REREAR, Hik

85%M oy HoA — @ R E N, gk 7 W,
BT 4 D FE 5 B sik R 53] 88.714%, 4G R
TEOTHkF>85% bR ifE, FRBHX 4 AR5l L
RSt B R TN N £ = SN T 191 e S E SR T

A LAFHET 4 A 32800 X M IR AR S e i A T 25 A
M .

H 7 fIZ 8 ol A, 4 1 FR R IEE A
3.877, TTHRERN 43.076%; 7E55 1 Esh, £
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BASARESE., IEEESE. BRI S
KRR SREIX 4 Mebr, HPARKRZSTENRE
TEE KON 0.921, Hk bl e & & . B AR
SRR ERSR, FHEE 9 0.850, 0.804,
0.677; 55 2 T IIRFIEER 2.325, TTHkFEN
25.835%, 16465 2 Eisrh, FEA T AAEAR
TS A B H BGAR JR B TE 2 2 RPN, RE
HEAES3 94 0.953 5 0.820; 45 3 i AR AE(E
S 1.011, TTERE R 11.235%, 45 3 FWor FE 2
IR & . WETETR & i B4 e H A T il v
3 NMERRFE I, FEAEAE 2 5 -0.502, 0.463 K
0.426; % 4 FRAEHIEEN 0.771, TR A
8.568%, % 4 T RE R HE S B
IR & LR R SRR, HAREE R
0.495. —0.483, 0.437,

R 7 EERMKEEAERERIOREE. TBERRITREKE
Tab. 7 Characteristic value, contribution rate and
cumulative contribution rate of physiological index of
somatic embryo of date palm

WA WHEE i Rk
Composition Eigenvalue Contribution/% Accpmulatlonbu-

tion rate/%
1 3.877 43.076 43.076
2 2.325 25.835 68.910
3 1.011 11.235 80.146
4 0.771 8.568 88.714
5 0.553 6.144 94.858
6 0.242 2.682 97.544
7 0.144 1.602 99.145
8 0.042 0.464 99.609
9 0.035 0.391 100.000

®8 MEMMEEEIEREM D THER

Tab. 8 Principal component load matrix of somatic
embryo physiological index of date palm

Je kR 43 Principal component

Index 1 2 3 4
GR {1 0.130 0.820 0.426 -0.057
CAT it 0.029 0.953 0.051 0.167
WSS & 0.850 0.439  —0.198 -0.017
Cpr ¥ 5 0.804  —0.273  —0.343 —0.175
AA F 0.585 0.521 -0.502 -0.201
EREGE 0.921  -0.227 0.251 -0.005
CTK & 0.623  -0.299 -0.151 0.495
ABA &g 0.672  —0.247 0.463 ~0.483
GA & h 0.677  —0.048 0.344 0.437

3 it
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