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荔枝愈伤组织继代及体胚发生过程中

结构与多胺含量的变化

王 果 1，刘耀婷 2，高兆银 1，李焕苓 1，王树军 1，李 芳 1，王家保 1*

（1中国热带农业科学院环境与植物保护研究所·农业农村部儋州农业环境

科学观测实验站，海南儋州 571737；2海南大学热带作物学院，海口 570228）

摘 要：【目的】探究妃子笑荔枝愈伤组织继代及体胚发生过程中结构与多胺变化，为优化荔枝体胚发生技术体系提

供理论依据与技术基础。【方法】采用石蜡切片技术、苏木精整体染色法、GC-MS法研究了胚性愈伤组织继代及体胚发

生过程中的形态结构及多胺代谢变化。【结果】愈伤组织继代过程中，日增殖量前期增殖缓慢，后期快速增加，达到峰值

后下降，最大日增殖量出现在继代后第15天。愈伤组织快速增殖阶段颗粒明显，细胞形态相对均匀，细胞质浓厚，染

色深。在体胚发生培养基上约10 d时愈伤组织出现明显的厚壁细胞形成生殖隔离，分化原胚，在原胚发生及子叶胚时

期有大量淀粉积累。腐胺（Put）和精胺（Spm）是荔枝愈伤组织中多胺（PAs）的主要组分，亚精胺（Spd）含量较低。Put

在愈伤组织中维持在较高水平，Put与Spd含量在愈伤组织胚性较强（继代第6天及体胚发生第10天）时都达到最高，

体胚发生时愈伤组织中的Spm含量远低于继代时含量。多胺氧化酶（PAO）及二胺氧化酶（DAO）活性与Put及PAs含

量呈正相关。【结论】愈伤组织继代约第15天时日增殖量最大，体胚发生过程中约在第10天分化体胚。高的PAO活性

与PAs含量有利于荔枝体胚高频发生。
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Abstract:【Objective】Plant regeneration in vitro is the basis of transgenic breeding and rapid propaga-

tion of litchi (Litchi chinensis Sonn.). Components in the medium are the main factors that affect the ef-

ficiency of litchi regeneration in vitro. At present, research on medium components has focused mainly

on cytokinin and auxin, and very few studies have been performed on polyamines. In this study, the ana-

tomical structure, polyamine components, and activity of associated enzymes were investigated during

the subculture and somatic embryo induction of Feizixiao embryonic callus so as to optimize in vitro re-

generation of litchi.【Methods】Daily proliferation was measured during the subculture of embryonic

callus. Structural characteristics of embryonic callus during different stages of subculture and somatic

embryo induction were studied by paraffin section, and the polyamine content was tested by GC-MS.

The activity of enzymes involved in polyamine metabolism was assayed using a colorimetric method.

【Results】The daily proliferation of embryonic callus remained almost unchanged during the early
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荔枝是我国重要的热带水果，然而由于荔枝病

虫害严重，货架期短，严重影响其经济价值，培育荔

枝优良品种是解决这些问题的根本途径。传统育种

由于时效慢等问题难以满足产业发展的需求，生物

技术育种是荔枝品种改良的潜在高效手段，但离体

再生效率低是其最重要的限制因素之一。

离体再生受到培养基、基因型、培养物代谢变化

等多种因素的影响，多胺是影响植物离体再生的重

stage (0–6 d), after which it increased rapidly (7–15 d) to a peak at 15 d after subculture. After that,

the proliferation decreased and then became relatively stable during the late stage (18–24 d). During

the rapid proliferation stage, the granules of the embryonic callus were apparent. The paraffin sections

of the callus showed that the cell divided vigorously, and the cell morphology was uniform with dense

cytoplasm, and thus the sections were deeply stained. After inoculation on the somatic embryo induc-

tion medium, the callus was gradually dried and differentiated, and some early somatic embryos were

visible at the early stage (0–10 d). Microscopic observation showed that there were apparent scleren-

chyma cells in the callus, which resulted in obvious separation of the differentiated proembryos, and ac-

cumulation of many starch grains in the cytoplasm. After 15 d on the induction medium, the somatic em-

bryo showed evident polarization. The cytoplasm of cells in the division region was dense and deeply

stained, and cell division was fast. On the 20th day, the number of somatic embryos increased, and

starch grains accumulated, which accelerated the division and differentiation of cells and caused cotyle-

don embryos to form early. Putrescine (Put) and spermine (Spm) were the main components of poly-

amine (PAs) in litchi callus. The concentration of Put was much higher than that of Spm and spermidine

(Spd), and the concentration of Spd was the lowest. Put content in callus in both subculture and somatic

embryo induction medium maintained a high level; however, the concentration of Spd was low. Put and

Spd concentrations peaked at the same time, i.e., at 6 d of subculture and 10 d of somatic embryo induc-

tion. The concentration of Spm in callus cultured on subculture medium was far higher than in the sam-

ples cultured on somatic embryo induction medium. The concentration of Put determined the changing

trend of Put/ (Spm+Spd), Put/Spm, and Put/Pas ratios. The values of the three ratios were all the lowest

on the 15th day after subculture, and all were higher on the 6th and 21st days after subculture and on

the 10th day after somatic embryo induction. The activities of polyamine oxidase (PAO) and diamine

oxidase (DAO) were positively correlated with the contents of Put and PAs. PAO activity was higher in

callus during somatic embryogenesis than during callus subculture; however, DAO activity showed an

opposite tendency. The changes in PAO activity were consistent with the changes in the concentrations

of Put, Spd, and PAs. They peaked on the 10th day after culture on somatic embryo induction medium

and then decreased. DAO activity was relatively low and continued to decline during somatic embryo

induction.【Conclusion】Cell division was most vigorous for callus of Feizixiao litchi after about 15

days of subculture. It is easy to produce callus tissue if the cells remain in a consistent state and if the

callus at this stage is used for the proliferation. Two periods were found to be critical to somatic embryo

differentiation: one around the 10th day after somatic embryo induction and the other around the 20th

day. The first is essential to further differentiation and development of somatic embryos; the second is

vital for development in large quantities. Put plays a crucial role in maintaining embryonic traits of the

cells, and Spd plays an important role in somatic embryo differentiation. The increase in DAO enzyme

activity regulated the content of PAS. High PAS content and PAO activity were beneficial to the high

frequency of the litchi somatic embryo.
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ed enzymes
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要生理活性物质。研究表明，通过培养基上添加外

源多胺调控内源多胺可对植物离体再生起作用[1-4]，

如外源多胺能促进橡胶树体胚发生及成株的频

率[5]，使人参体胚数目成倍增加[6]，促进玉米幼苗再

生及增加株高、叶长、叶宽、鲜质量，并提高根系活力

等[7]。Montague等[8]首次证明胡萝卜细胞培养过程

中，细胞中多胺含量与体细胞胚发生有关。程文

翰[9]发现胚性愈伤组织以及体细胞胚形成初期，3种

类型多胺含量显著提高，多胺氧化酶（PAO）在胚性

愈伤组织中表现出较高的活性。早期较高的腐胺

（Put）及多胺含量增加有利于柑橘体胚分化，多胺含

量的增加与精氨酸脱羧酶（ADC）活性升高同步[10]。

笔者研究组前期发现，较低的PAO活性有利于荔枝

胚性愈伤组织的增殖，较高PAO活性则有利于荔枝

体胚发生[11]。但关于荔枝愈伤组织继代及体胚发生

过程中结构及多胺代谢变化鲜见报道。笔者在本研

究中拟利用已保存的妃子笑荔枝愈伤组织为材料，

观察愈伤组织继代及体胚发生过程中结构变化，并

测定多胺及其相关酶活性，分析荔枝愈伤组织结构

与多胺代谢间的关系，为深入解析多胺在荔枝离体

再生中的作用机制提供理论依据与技术基础。

1 材料和方法

1.1 材料

妃子笑愈伤组织于2015年3月以花药为外植体

诱导，在M3（MS基本培养基附加2,4-D 1 mg·L-1）及

M4培养基（MS基本培养基附加2,4-D 1 mg·L-1、KT

0.5 mg·L-1、AgNO3 5 mg·L-1）上以30 d为1个周期交

替继代保存[12]。取在M3培养基上继代增殖0、3、6、

9、12、15、18、21、24 d的愈伤组织，观察并记录其日

增殖量并经FAA固定、苏木精染色后观察细胞组织

形态变化，同时取样于液氮速冻后置于-40 ℃冷冻

保存备用。

取在M3培养基上继代 20 d的愈伤组织，接种

于附加NAA 0.1 mg·L-1及KT 5 mg·L-1的MS培养基

上（编号T3）分化体胚。在接种 5、10、15、20 d后取

材，经 FAA固定、苏木精染色后观察愈伤组织体胚

分化及细胞组织形态变化，并取样于液氮速冻后置

于-40℃冷冻保存备用。

1.2 方法

1.2.1 愈伤组织继代日增殖量测定 愈伤组织初始

接种量为0.15 g·皿-1，分为3~4堆愈伤组织·皿-1。所

有试验均 3次重复，每次接种 10个重复。试验独立

进行2批次，取平均值。

将培养不同天数的愈伤组织培养皿倒扣，轻敲

出愈伤组织置于已知质量的空培养皿上，剩下的少

许愈伤组织可用镊子挑出，合并后称量。采用DPS

软件中 One-way ANOVA 进行单因素方差分析与

Tukey 法多重比较分析，差异显著水平为 p ＜

0.05。试验结果数据采用（平均值±标准差）表示。

按下式计算愈伤组织日增殖量：

ΔN=Ni-Ni-1。

式中，ΔN为相邻两次取样愈伤组织增殖量；Ni

为第 i次取样时的愈伤组织质量；Ni-1为第 i-1次取样

时愈伤组织质量。

1.2.2 愈伤组织继代及其体胚发生过程中组织细胞

学观察 石蜡切片的制作主要参照吉训志等[13]的方

法步骤并稍作调整，切片厚度为 6 μm，展片和粘片

后直接在超景深三维显微系统（KEYENG VHX-

5000）下观察记录。

1.2.3 多胺含量测定 分别配置质量浓度为

0.062 5、0.125、0.25、0.5、1 mg·L-1的腐胺、精胺及亚

精胺标准品上机测定其峰面积，并以多胺浓度为自

变量，峰面积为因变量，绘制标准曲线。

称 0.1 g 各阶段样品，加入预冷 10%（φ）乙腈

2 mL，涡旋混匀后9000 r·min-1离心5 min，过0.22 μm

滤膜，上机测样。

液相色谱条件：色谱柱采用 Waters ACQUITY

UPLC BEH Shield RP18（50 mm×2.1 mm, 1.7 μm），

洗脱程序：流动相A：0.1%甲酸，流动相B：乙腈（含

0.1%甲酸），等度洗脱：90% A，进样量 2 μL，柱温

30 ℃，流速0.3 mL·min-1。

质谱条件：离子源—电喷雾离子源；扫描方式：

正离子模式下 Full MS/AIF 的扫描；碰撞能量—

35 eV；喷雾电压—3.7 kV；离子传输管温度—

320 ℃；辅助气加热温度—320 ℃；鞘气流速—40 arb；

辅助气流速—15 arb，吹扫气流速—5 arb，辅助气，鞘

气，吹扫气均为高纯氮气。

1.2.4 DAO、PAO的抽提及活性测定 PAO活性测

定：参照吉训志等[11]的方法，配制系列浓度分别为0、

20、40、60、80、100 μmol·mL-1的过氧化氢标准溶液，

分别各取 1 mL，加入 0.1 mL 的 5%硫酸钛溶液与

0.2 mL的浓氨水，充分混匀，反应5 min后，4 ℃ 10 000

r·min-1离心15 min，去上清液。用3 mL的2 mol·L-1
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硫酸溶液溶解黄色沉淀，充分溶解后再离心1次，取

上清液在 410 nm下测定吸光度。以过氧化氢浓度

为横坐标，吸光度为纵坐标，绘制标准曲线，计算回

归方程。

取待测材料 0.2 g，加入 1 mL的 0.1 mol ·L-1（pH

6.5）的磷酸缓冲液，充分研磨，4 ℃ 10 000 r·min-1离

心15 min，取上清液0.2 mL，加入0.2 mL的20 mmol·L-1

腐胺（Put）溶液和 0.6 mL的蒸馏水，充分混匀后于

37 ℃水浴30 min，参照制作过氧化氢标准曲线的方

法与标准曲线，测定出过氧化氢的含量。以每分钟

每克鲜样中分解腐胺产生过氧化氢变化 1 mmol表

示1个酶活性单位。

二胺氧化酶（DAO）活性测定：参照赵福庚等[14]

的方法。用2倍体积0.5 mol·L-1 NaCl（以0.1 mol·L-1，

pH 6.0柠檬酸缓冲液配制，内含 0.01mol ·L-1 磷酸吡

哆醛）冰浴中充分研磨，4 ℃ 10 000 r · min- 1 离心

15 min，离心，收集上清液用于酶活性分析。

反应混合液包括4 mL柠檬酸缓冲液（0.1 mol·L-1，

pH 6.0）和 1 mL酶提取液，30 ℃水浴预保温 2 min，

加入1 mL 10 mmol·L-1 Put、1 mL 3.6 mol·L-1 H2SO4，

1 mL 8% KI，2~3滴 10%（NH4）6Mo7O4、0.5 mL 1%淀

粉液，于550 nm下测吸光度。以每克鲜样品每分钟

吸光度变化值增加1时为1个酶活性单位。

2 结果与分析

2.1 愈伤组织增殖过程观察

如图1~图4所示，M3培养基上愈伤组织日增殖

量呈现先平缓后急剧增加再下降的过程，在第6天最

低，第15天最高。在初期（0~3 d）愈伤组织无形态变

化，由于失水等原因，愈伤组织渐干燥颜色渐黄；细

胞小染色深，含较多原胚，随着周围细胞逐渐裂解凋

亡，原胚开始游离。在第6天时愈伤组织质量增加最少，

图 1 妃子笑荔枝愈伤组织继代日增殖量变化

Fig. 1 The changes of callus daily proliferation

during subculture

0~24 d. 继代培养时间。

0-24 d. Time after subculture.

图 2 妃子笑荔枝愈伤组织继代过程中形态变化

Fig. 2 The morphological changes of litchi callus during subculture
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