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biosynthesis of essential oil is not only related to plasmid and cytoplasm of secretory cells, but 

also may be closely related to surrounding cells. There were abundant golgi apparatus and 

endoplasmic reticulum in secretory cells, which may participate in transport through the formation 

of vesicles, and then transfer to the lumen through the cell wall. The secretory activity of secretory 

cells was active near the corner of the adjacent secretory cell wall. Then the electron dense 

material was accumulated into the lumen. At the mature stage of secretory canals, a large number 

of number oil droplets in secretory cells and lumen, so we believe that the main accumulation sites 

of essential oil are secretory cells and lumen. This study clarified the occurrence mode, 

distribution and essential oil accumulation position of the secretory canals in the root of A. 

dahurica var. formosana, and revealed the characteristics of transport and accumulation of 

essential oil during the development of the secretory canals. The purpose of this study is to 

provide a detailed theoretical basis for further elucidating the relationship between the growth and 

development of secretory tissue and the accumulation of effective components. 

Key words: Angelica dahurica var. formosana, secretory canal, essential oil, occurrence, 

accumulation  

Ҭ ҹᴮ (Umbelliferae) (Angelica dahurica) (Angelica 

dahurica var. formosana) ̆ ԍȇ ῾ Ȉ̆ȇҬ ֲ ῍ ῖȈ2015

ѿ ̂ ῖ ᴪ̆2015̃ȂҬ ̆ ȁ ̆ ȁ ȁ ̆

ΐ ̆ ̆ ̆ ̆ ⱳ ̂ ̆2014̕ ᵥ

̆2008̃Ȃ ╠῏ԍ № ᵬ ̂ ̆2010̕ ḍ ̆2018̃

ԅ ῒ̆ Ҭ №Һ ȁ ץ ̆ῒҬ

№ΐ └ ȁ ȁ ȁ ȁ ȁ ᵬ ,

Һ ӊѿ̂ ̆2002̃Ȃ 

╠ ῏ ҍ № ῏ ԅ ̂ 2̆018̃̆

Ҭ ᵣῤ ̆ №

(Li et al., 2013̕ Li et al., 2016)̕ № Ӟ ̆

ҍῒ ῏ ℗̂Liang et al., 2006̕ Liu et al., 2012̕ Zheng et 

al., 2014̃Ȃᴮ ΐ № ̂Fahn̆ 2010̕ Ҽ ̆2016̃̆ӊ╠

№ Һ ץ ῀№ ̂Cai et al., 2008̃̆ Ҭ

Һ ᵝҹ № ̆ ҍ№ ῤ ᵣ ῏ ℗̆

№ Һ № Ҭ̂ῌ ̆2012̕ ̆2015̃Ȃ Ҭ

№ ᵥ ῒ̆ Ҭ ᵥ №̆ ҍ

῏ ᵥ̆ Ҍ Ȃ ᵝ ȁ Ҍ

Ҭ№ ȁ ̆ №

ῒ Ҭ ҹ̆ ѿ ԅ № ҍ ῏

Ȃ 

1 ҍ  

1.1  

2018 3 ĺ9 Ҭ Ҍ ҹ

̂ Ҭ ҹ Ȃ̃ 

1.2  

1.2.1 —‟℗  

Һ L̆eica CM 1860—‟℗ ℗ ̆ ҹ 40~60 ɛm̆
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ᶏ Ȃ 

1.2.2 ℗  

Ҍ №◓ 0.5~1 cm 7̆0%FAA 3~5 d̆ ̆

L̆eica RM 2335℗ ℗ ̆ 10~12 ɛm̆ Ҭ̆ L̆eica 

DMLB Ȃ 

1.2.3 ℗  

Ҍ ℗ 2~3 mm ̆ 2.5% ԋ ̂pH=7.0

‖ └̃ 24 ĥ 4 ̃̆ ‖ 3 ̆ 20 min 0̆.5% ̂pH=7.0

‖ └̃ 2 h Ῥ̆ ‖ 3 ̆ 20 min̆ ̂30%ȁ

50%ȁ70% ѿ ̆90%ң ̆100%҈ ̆ 20 miñ̆ Ҙ ̆Epon 812 ╕

̆60 ̆Leica EM UC7 ℗ ℗ ̆℗ ҹ 1~2 ɛm̆

̆Leica ICC50 W Ȃ 

1.2.4  

҉ Leica EM UC7 ℗ ℗ ̆ ҹ 60~80 nm̆

̆  H-7650 Ȃ 

1.2.5  

̔ —‟ ℗ ̆ Ҹ ̆Leica DMBL ̆

℗ ̆ Ҹ B L̆eica DMBL ̕ ̔

℗ —‟ ℗ ̆№≢ ̆Leica DMLB Ȃ  

1.2.6 └ᵬ  

ᶏ ChemBioDraw└ᵬ№ ȁ ץ ̂ 2 Ȃ̃ 

2  

2.1 Ҭ№ №  

ᵌԍ ̆ ῤᶭ ȁ

ȁ ȁ Ȃ Ҭ№ Ҭ ᾢ ̆ Ҭ№ Һ

№ Ҭ̆ ԍ № Ȃ № 5~12ҩ№  

̆ № № Ҭ № ҹҬ № ̆

Ҭ № ҹ № ̆ 1 Ȃ 

 

 

PE. ̕C. ̕SP. ̕SX. ̕SC. № ̕ Ҭ № ̕

PE 
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№ ̕ =200 ɛmȂ 

PE. Periderm; C. Cortex; SP. Secondary phloem; SX. Secondary xylem; SC. Secretory canal; The black arrows 

show the origin of the pericycle from the secretory canals; The white arrows show the origin of the phloem from 

the secretory canals; Bar=200 ɛm. 

1 ℗ ╩  

Fig. 1 Cross section of root  

Ҭ№ Ҭ ᾢ ̆ Ҭ Ҭ₮ 1ҩ ̆ ᵣ ̆

↕̂ ̔1 Ȃ̃ ҍ ӊ ₮ ̆ 3-4 ҩ

№ № ̆ № ᵣ ̆ ̂ ̔2̆3̃̆ №

ῤ Ȃ № ѿ № ῀̆ ⱴ̆

Ӟ ӊ ̂ ̔4̃̆ ῤ Ӟ ⱴȂӊ ̆№

ԍ ̆ ̂ ̔5̃̆ ῤᾟ ̆ №  

ῤ № Ȃ Ҍ ̆ ꜚ ̆  

Ҭ̆ 3~4ҩ ȁ№ ̆ ̂ 6̔̃̆ ӊ ̆ 4~5 

ҩ№ ѿ ̂ 7̔̃̆ № ԍ ̆ ̂ ̔

8̃̆ ̆ № ῤӞΐү Ȃ ̆ Ҭ

ңҩ ҩ№ ѿҩ № ̂ ̔9 Ȃ̃

℗ ҉̆№ ↓̆Ҭ № ᵝԍ ̆  ̆

ѿ ↓̆ ̆ № ᵝԍ ̆ Ҭ ̆ԋ⌠҈ ↓  ̆

̂ 1 Ȃ̃ 

 

 

 

 

 

 

1-9. ℗ ̕1-5. ҬҬ № ̕6-8. Ҭ № . 1. Ҭ

ch
in

aX
iv

:2
02

00
3.

00
05

9v
1

ChinaXiv合作期刊



 

̂ ̃̕ 2. № ̂ ̃̕ 3. № ̂ ̃

῀̂ ̃̕ 4. № ̂ ̃ ̆№ № ̂ ̃

῀̂ ̃̕ 5. ῤ № ̂ ̃̕ 6. Ҭ № ̂

̃̕ 7. № ̂ ̃̕ 8. Ҭ № ̂ ̃̕ 9. 

№ ӊ № ̂ ̃̕ 1-9. =12 ɛmȂ 

1-9. Semi-thin sections; 1-5. The pericycle originates from the development of the secretory canal; 6-8. The 

phloem originates from the development of the secretory canal. 1. The origin of the pericycle from the primary 

cells (black dotted circle); 2. Small lumen in the secretory canal (black dotted circle); 3. The secretory canal forms 

a small lumen (black arrow), the insertion of adjacent cells (white arrow); 4. Increased lumen in secretory canal 

(black dotted circle) , the division of the secretory cells (black arrow), the insertion of adjacent cells (white arrow); 

5. Mature secretory canal in the cortex (black arrow); 6. The origin of the phloem from the secretory canal in the 

early stage (black dotted circle); 7. Increased lumen of secretory canal (black dotted circle); 8. Mature secretory 

canal in secondary phloem (black dotted circle); 9. The adjacent secretory canals connect to form a large secretory 

canal (black arrow); 1-9. bar =12 ɛm. 

 Ҭ№  

Plate  Occurrence and distribution of secretory canals in root  

2.2 Ҭ№ ᵝ 

—‟℗ Ҭ № № ῤ

̂ ̔1̃̕ № ҍ Ҹ ̆ № ῤ

̂ ̔2̃̕ Ҹ B ѿ ̆ Ҭ № ῤ

ῤ ̂ 3̔ Ȃ̃ —‟℗ ҍ ℗ ץ ₮̆

№ № ῤҌ ̆ ῤΐ ̂ 1̔ 4̆ Ȃ̃ 

 

 

1-2. —‟℗ ̕3. ℗ ̕4. ℗ . 1. № ῤ ̂ ̃̆ ῤ

̂ ̃̕ 2. Ҹ ̆ № ῤ ̂ ̃̕ 3. Ҹ ̆ № ῤ

̂ ̃̕ 4. ℗ ̆ № ῤ ̂ ̃̆ ῤ

̂ ̃̕ 1-4. =12 ɛmȂ 

1-2. Frozen sections; 3. Semi-thin section; 4. Paraffin section. 1. Showing yellow oil droplets (white arrow) in the 

lumen of the secretory canals, and the starch in the surrounding cells were blue-purples (black arrow); 2. Sudan  
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stains, showing orange-red particles in secretory canals (white arrow); 3. Sudan black stains, showing black fat 

droplets in secretory canals (white arrow); 4. Iodine solution showed no starch granules in the secretory cells 

(white arrow), while starch in the surrounding cells showed blue-purples (black arrow); 1-4. bar=12 ɛm. 

 Ҭ№ ᵝ 

Plate  Histochemical localization of the secretory canals 

2.3 № Ҭ  

ץ ̆ Ҭ ⌠№ ̆ῒ ↕̆ᵣ ̆

̂ ̔1̃̆ ᵣҬ ̂ ̔2 Ȃ̃ӊ

ӊ № ̆ № ̆ Ҍ ̆  

̆№ ᵣ ̂ ̔3̆4̃̆ ῤ  

ⱴ̆ ῤ ̂ ̔4̃̆ ̆ ᵣ Ӟ ⱴ̆ Ҍ

ѿ̆ ᵣҬ ̂ ̔5̆6̃̆ ѿ֓ ᵣ Ҭᾟ

̂ ̔7̃̆ ѿ֓ ᵣҬ ̂ ̔5̃̆ ᵣץ  

ῤ ᵣ̂ ̔5̆7̆8 Ȃ̃ № ΐ Ҝ̆  

Ҝ ᵣץ ῤ ̂ 9̔̃̆ ̆ ֓

̆ ҍ ̆ ̂ 1̔̃̆

№ ̆ ̆

̂ ̔2 Ȃ̃ 

ӊ № ѿ №̆ ᵣ Ӟ №̆ ῤ ⌠ ᵣ

ľ ᵣ Ŀ̂ 3̔ 4̆̃̆ ᵣῤ ̆

ᵣ ȁ ⱴ̂ 4̔̃̆ ѿ֓ № ᵣ ̆ ᵣ

ᵞ̆ ̆₮ ̂ ̔5̃̆ ̆ ԅ ᵣ

̆ ῤ ⁞ ̆ ῤׅ ̂ ̔3̆4̃̆ ῒז

⌠ ̂ 3̔̃̆ ү № ̆

ѿ ҍ ̆ ⱴ ̆ ῤ ̂ ̔

6 Ȃ̃ 
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1. № ̕2. № ῤ ᵣȁ ץ ᵣῤ ̂ ̃̕ 3. №

ῒ ̕4. № ῤ ̂ ̃̕ 5. ᵣῤ ̂ ̃

̂ ̃̕ 6. ᵣῤ ̂ ̃̕ 7. ᵣῤ ̕8. ᵣȁ ᵣ

ץ ῤ ̆ ̂҈ ̃̕ 9. № Ҝ̂ ̃̆ ῤ

ᵣ̕CW. ̕ER. ῤ ̕G. ᵣ̕OD. ̕P. ᵣ̕L. ̕M. ᵣ̕N. 

̕V. Ȃ 

1. Primary cells of secretory canal; 2. Secreting intracellular plastids, gray oil drops and black oil drops in plastids 

(black arrow); 3. Secretory canal and lumen; 4. The gray oil drops in secretory cells (white arrow); 5. The black oil 

drops (black arrow) and transparent vesicle (asterisk) in the plastids; 6. Black oil drops (black arrow) in the 

plastids; 7.The gray oil drops in the plastids; 8.The golgi apparatus, mitochondria, and endoplasmic reticulum, 

cells wall expansion(triangle). 9. Secretory intercellular plasmodesmata (thick black arrow), endoplasmic 

reticulum and golgi apparatus are seen nearby; CW. Cell wall; ER. Endoplasmic reticulum; G. Golgi apparatus; 

OD. Oil drop; P. Plastid; L. Lumen; M. Mitochondrion; N. Nucleus; V. Vacuole. 

 №  

Plate  Secretory canals ultrastructure 
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1. ҍ ̂ ̃̕ 2. № ̂҈ ̃̕ 3. 

№ ѿ 4̕. ľ ᵣ Ŀ̆ ᵣῤ ̂ ̃̕ 5. ᵣ̕

6. ѿ ҍ ̂ ̃̕ CW. ̕ER. ῤ ̕G. ᵣ̕OD. ̕

P. ᵣ̕L. ̕N. ̕V. Ȃ 

1. Vesicles are fused with plasmalemma (white arrow); 2. The cell wall of the adjacent secretory cells was 

expanded near the corner of the lumen (triangular); 3. The secretory canal increased further; 4. "plastid ring" is 

shown, and local magnification shown the transparent vesicles inside (asterisk)the plastids; 5. A large number of 

vesicles surrounded the plastids; 6. Numerous vesicles are further fused with the plasmalemma (white arrow); CW. 

Cell wall; ER. Endoplasmic reticulum; G. Golgi apparatus; OD. Oil drop; P. Plastid; L. Lumen; N. Nucleus; V. 

Vacuole. 

 №  

Plate  Secretory canals ultrastructure 

№ ̆ Ҭ № ѿ №  

Ȃ ̆ № ᵣ ̆ ̆ ׅ̆ΐѿ 

֓ ̂ 1̔ 2̆̃̆ ῤ ѿ֓ ᵣ̂ 3̔ Ȃ̃

№ ѿᶷ ғ ҹᾣ ғ̆ Ӟ ̆ ̆ ῤΐү

̂ ̔1̆2 Ȃ̃ 

Ӟ ԅ ҩ Ҭ№ ҍ ῏ Ȃ ̆

ῤ ҍ̆ Ҝ Ҍ Ȃ №  ̆

№ ҍ Ҝ̆ ῤ Ҝ ̆

ᵣ № ̂ ̔4̃̆ № ῤ Ҝ ᵣ ̆

ᵣ ̂ 5̔̃̆ῤ ↓̆ ᵣ̂ 6̔̃̆

№ ̆№ ҍ ⌠ ҜȂ 
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1. № № ̕2. № ῤ ̆ ̕3. 

№ ῤ ̂ ̃̕ 4. ҍ№ Ҝ̂ ̃̆ ῤ

ȁ ̕5. № ῤ Ҝ ΐ ᵣ̂ ̃̕ 6. № ῤ

Ҝ ΐ ᵣȁῤ ץ ᵣ̕CW. ̕ER. ῤ ̕G. ᵣ̕OD. ̕P. 

ᵣ̕L. ̕M. ᵣ̕N. ̕V. ̕SC. ̕SG. Ȃ 

1. Large lumen and flat secretory cells in the mature stage; 2. Abnormal nuclei were found in secretory cell, and 

gray oil drops were seen; 3. Black mass in secretory cell (black arrow); 4. The plasmodesmata between 

surrounding cells and secretory cells (black arrow), starch granules and gray oil drops can be seen in surrounding 

cells; 5. Golgi apparatus in secretory cell near the plasmodesmata (black arrow); 6. It was shown that there were 

golgi apparatus, endoplasmic reticulum and mitochondria in secretory cell near the plasmodesmata; CW. Cell wall; 

ER. Endoplasmic reticulum; G. Golgi apparatus; OD. Oil drop; P. Plastid; L. Lumen; M. Mitochondrion; N. 

Nucleus; V. Vacuole. SC. Surrounding cell; SG. Starch granule. 

 №  

Plate  Secretory canals ultrastructure 

3  

3.1 Ҭ№ ⱳ  

Ҭ № ԍ № ̆ Ҭ ᾢ Ȃ

ң № ѿ֓ Ȃ Ҭ ῤ № №

Ҭ ῀ԅ № ̆̓̀ № ̆ Ҭ №

ӊ ԑ№ ̆ ⌠ ῀Ȃ ԍ ῤ̂ Ҭ

№ ̃ № ᾢ ̆ғ ᵣ ̆ ↓ ̆ ̆

ῤῒז ᵣ ̆ ↓Ӟ ҹ ̆ ̆ ῤ№ ԍ

№ Ȃ 

ȁѿ֓ ῤ֟ ֓ ף ҹ
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̆ № ᵬҹ ᵣ ӊѿ̂ Lincoln & Eduardŏ 2002̕ Harbornĕ

2010̕ ֒ 2̆009̃Ȃ ᴮ Ҭ № № ̂Fahn̆ 2010̕ Ҽ ̆

2016̃̆ ԍ ҹ Ҋ №̆ ⌠ ȁ ᷅ ̆ № ῤ ԍ

ѿ ̆ῒ Ӟ ץ ᷅ ̂Corsi & Biascĭ 1998̃Ȃ

Ҭ№ ᵝ №̆ ῒ ̆

ῤ № ѿ № ғᵣ ̆ ̆ № Ҭ № ̆

֓№ ῍ Ȃ 

3.2 ȁ ץ  

Ҭ№ ῤ ү ̆ ᵣῤ ̆

ῤ№ ̆ ᵣ ̆ № ῤ Һ ҍ ᵣץ

῏ ℗Ȃӊ╠ Ӟ ҹ№ Ҭ ᵣ ҍԅ ῒ

╠ᵣ ̆ɒ , Ҭ ᵣ ҹ , ᵣҬ ,

ᵣ ᵣ ῀ Ҭ̂ ̆2002̃Ȃ ғ̆ ױ ̆ № ҹ

№̆ ҍ ΐ Ҝ̆ Ҝ ΐ

ȁ ץ ᵣ̆№ ῤ Ҝ ΐ ῤ ȁ ᵣȁ

ȁ ᵣ ᵣ ̆ ᵣῤ Ȃ № ̆

̆ № ҍ ⌠ ҜȂ Ҭ Һ Ữ

ԍ Ҭ № ̆ Ӟ ҍ ̆ Ҭ

Ҍ ̂ ̆2015̃ Ȃ ̆ ױ ҹ̆ Ҭ Ҍֽҍ№ ῤ

ᵣ ῏̆ ҍ ῏ ℗̆ Ҝ ѿ

№ ῤ ̆Ῥ ѿ № ῤ ̂ 2̔ÃȂ ̆ Ҭ

№ ῤ ⌠ ᵣῤ ⱴ̆ ֓ ץ Ҋ

̆ ҍ № Ҭ ᵌ̂Cai et al., 2008̃ Ȃ 

╠ Ҭ№ ҹ №̆ Һ ̂

2̆015̃ Ȃ ᵝ ̆ № ̆ №

№ Ҭ ̆ ῒ ԅ№

№ Ȃ № ץ ̆ Ҭ№ ̆ ᵬҹ

Ȃ 

῏ԍ ѿ ץ Ҍ ̆ɒ ῤ̆ ҍԅ

Ҭ ̂Platt-Aloia et al., 1983̃ ̆ ѿ֓ ҹ̆ №

ꜚ № ̂Fahn̆ 2010̕ Fahn & Shimony̆ 1998̃ Ȃ

Ҭ№ Ҭ̆ № ῤ ᵣȁ ᵣῤ ץ

ⱴ̆ῤ Ӟ ѿ ⱴ ғ̆ № ᵣ ̆

↓̆ ῤ ѿ֓ᴪ Ȃ ↔ ̂1992̃ Ҭ№

Ҭ ҹῤ Ӟ ҍԅ№ ̆ ױ Ҭ№ Ҭ ⌠

ῤ ҍ ̆ ῒҍ № ῤү ῏ ℗̆

ῤ ҍԅ Ȃ ̆ ᵣ Ӟ ҹү ̆ ῒң

Ȃӊ №̆ ῤ₮ ѿ̆֓ ҍ ̆

̆№ ѿᶷ ̆ғ Ȃ

№ ᾣ ̆ ῤΐ Ȃ ̆ Ҭ№

ᵣ ῤ ̆ ѿ ҍ Ῥ̆

№ № ꜚ ⌠ ῤ̂ 2̔B̃Ȃ ҍ

№ Ҭ ҹ ᵌ̂ ̆2000̃ Ȃ 
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A. Ҭ ҍ№ ῏ ̕B. ̕ Ȃ 

A. The relationship between surrounding cells and secretory cells in the biosynthesis of essential oil; B. The 

transport of essential oil. The short arrow indicates the direction of material transfer. 

2 № ȁ ץ  

Fig 2 Pattern diagram of secretory cell, surrounding cell and lumen 
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