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Effects of different hormone ratios and varied light qualities
on rooting of apple rootstock woody stem cuttings

SU Zebin, ZHOU Bingchao, XU Xuefeng, HAN Zhenhai, QIU Changpeng”

(College of Horticulture/Key Laboratory of Stress Physiology and Molecular Biology for Fruit Trees in Beijing Municipality,
China Agricultural University, Beijing 100193, China)

Abstract To investigate the effects of different hormone ratios and treatment with red and blue light on the
rooting of woody stem cuttings and the rooting mechanism, apple rootstock woody stems were used as the
materials, and the cuttings were treated with different ratios of hormones and treatment with red and blue
light to determine the physiological indexes such as the content of soluble sugar, soluble starch and soluble
protein. Transcriptome sequencing was carried out on the 4th day after the cuttings were taken. Go
enrichment analysis and KEGG pathway analysis were performed on differentially expressed genes. gRT-
PCR was used to quantitatively analyze and verify gene expression levels. The results showed that: 1)
Among all treatments, 3 000 mg/L naphthalene acetic acid (NAA) significantly increased the rooting rate of
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apple woody stem cuttings (P<<0.05). Compared with the red light treatment, the red and blue light
treatment and blue light treatment significantly increased the rooting rate of apple rootstock woody stem
cuttings (P<<0.05). The number of root tips and total root length of cuttings were significantly higher in the
blue light treatment than in the other treatments. 2) The soluble sugar content of cuttings increased
significantly on the 8th day after NAA treatment(P<C0.05). The soluble starch content declined on the 4th
day, but was significantly higher than CK on the 16th day(P<C0.05). The soluble protein content was lower
than CK on the 4th day, and increased significantly on the 16th day (P<<0.05). 3) Transcriptome
sequencing obtained 9 KEGG pathways and 1 543 differentially expressed genes related to rooting, and
further screened 5 genes from 2 gene families, SAURs and BAMs closely related to the rooting process.
Among them, MdSAUR51, MdSAUR50 and MdSAUR12 were associated with growth hormone signalling
response; MdBAMZ2 and MdBAM1 may regulate starch accumulation in cuttings by inhibiting starch

hydrolysis, thereby affecting adventitious root formation. This study provides a scientific basis for improving

the efficiency of factory nursery and subsequent rooting mechanism research.
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Table 1

Hormone ratios of different treatments

%5 Labeling H AR AL B Specific treatment

45 Labeling

HL K 4L B Specific treatment

CK 0 mg/L IBA+0 mg/L NAA

T1 1 500 mg/L. IBA+0 mg/I. NAA
T2 3000 mg/L IBA+0 mg/L. NAA
T3 0 mg/L IBA+1 500 mg/L. NAA
T4 0 mg/L IBA+3 000 mg/L NAA

T5 1500 mg/L IBA+1 500 mg/L NAA
T6 1 500 mg/L. IBA+3 000 mg/L. NAA
T7 3000 mg/L IBA+1 500 mg/L. NAA
T8 3 000 mg/L IBA+3 000 mg/I. NAA
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Different letters indicate significant difference between different treatments (P<Z0. 05), and the same letters indicate non-significant differences

T,

(P>>0.05). The meaning represented by the treatment in the figure is shown in Table 1. The same below.

E1 FREBEELLLENERMARNRLERBEERERERBANZIN
Fig. 1 Effects of different hormone ratio treatments on the rooting rate of apple rootstocks woody stem cuttings and the rooting status
R2 TEHFGHRIENERBAERRENZID
Table 2 Effects of different hormone ratio on rooting of apple rootstocks roots
fib R % R EAK /em ML AR /em? AR /em? AP ¥ 542 /mm
Treatment Root tips number Total root length Root surface area Root volume Average root diameter
CK 3.17£0.79%¢ 3.86=+1.60c 1.9740.82d 0.0940. 38c 0.16+0.01c
T1 21.00=£3. 61abc 47.34+7. 36abc 31.05+3. 76¢d 2.21%0. 32bc 0.22=40.02bc
T2 45.8348. 16a 77.17+13. 45ab 64.6649. 20a 5.75+0.90a 0.2840.02ab
T3 34.83£7.40ab 79.03+14.57a 62.07410. 42ab 5.2140.77ab 0.26=+0. 0labc
T4 24.5044. 32abc 36.9745. 71labe 33.3746. 73bc 3.17+0.97abc 0.2840.03ab
) 41.3346.95ab 38.58+3. 05ab 34.3041. 42bc 3.054-0. 35abc 0.2940.03ab
T6 37.00£10. 11ab 53.63+14. 08ab 38.424-8. 34abc 3.06£0. 62abc 0.2740.02ab
T7 16.1742. 15bc 42.85+5. 68bc 41.00+4. 47abe 4.39+0. 87ab 0.32£0.03a
T8 21.8345. 46abc 39.5945. 57abe 30.7144.96cd 2.7240.67abc 0.25=+0. 02abc
T8 - [5G0 R AN () 7 B R 22 5 W 35 (P<0. 05) IR 3B 3278 28 5 AN B3 (P>>0. 05) . R AL BB AR A5 IR 1. R3M4[,

Note:

Within the same column, different letters represent significant differences (P<Z0.05) ,

while the same letters represent no significant

differences (P=>0.05). The meaning represented by the treatment in the table is shown in Table 1. The same as Table 3 and Table 4.
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Fig. 2 Effects of different light qualities treatments on the rooting rate of apple rootstocks woody stem cuttings and the rooting status
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Table 3 Effects of different light quality on rooting of apple rootstocks roots

6 it I % MLE /em WEFEH /cm” A/ cm’ P2 A2 /mm
Light quality Root tips number  Total root length Root surface area Root volume  Average root diameter
215G Red light 34.83%6.17b 29.09x4.77b 8.12£2.81b  0.21£0.03b 0.212£0.02a

% J¢ Blue light 100. 83+ 3. 82a

21 #% 5% Red and blue light 28.17+2.52b

56.84+5. 38a

36.81+4.28b

13.26+3. 37a 0.2540.03b 0.0740.01c

15.70£3.89a  0.82+0. 24a 0.14+0.02b

3 000 mg/L NA/

B3 AERBATEEIMBES
Fig. 3 External morphology of cuttings in different periods
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Fig. 4 Effects of NAA on physiological indexes of apple rootstock cuttings at different periods

R4 NAAWERBARERRENM
Table 4 Effect of NAA on rooting of apple rootstock roots

4k B AR/ % MR EL A /em MERWMA/cm®  REB/em®  RFYEE/mm
Treatment Rooting rate  Root tips number Total root length Root surface area Root volume Average root diameter
CK 31.21£2.69b  3.1740.48b 2.05£1.13b 0.67£0.37b 0.0240.01b 0.11£0.01b

3000 mg/L NAA 80.63+1.41a 30.33+5.49a  58.05+7.86a  37.10£6.69a 2.78+1.07a 0.21+0.02a

Xt CK il 3 000 mg/L NAA #4b BE ) 3 B 7 1 4 26 F YY) Re 8 A O R R AR VE D s T AR i
4RI AT TEFH A (B 5. £ GO B HE/ 34 W, 40 M 7% 3 (Cellular process) & % B9 3% R % H
K AWt #2 (Biological process, BP) 8 i B 11 % , ik 7551 o 47 F I i€ (Molecular function,
HEREHREZ, 3 1044 Hh A7 LA G AW MO EERENBERZW2IBRENGS S
2738 B, A0 5 X5 ] 3L e R ( Response to stimulus) | (Binding) 5 f# 1k 1% 3 (Catalytic activity) il # . £
& & 2 (Metabolic process) . & & i 41 it 4H 43 (Cellular component, CC) Hr , 41 ifd 45 #4 2
(Developmental process) . 4l g % 2 (Cellular 4 (Cellular anatomical entity) # 1 B 2] i & K 4 H
process) LA K A= ¥ 2% i #2 (Biological regulation) % , W2 A EHFEEF B H L 10854 (F 5Ca)),
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Fig. 5 Transcriptome analysis results of apple rootstock cuttings
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Fig. 6 Relative expression levels of candidate genes associated with rooting of apple rootstock cuttings
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